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FRIDAY,  NOVEMBER  20,  1885.  {VOL.  XXXIV. 


ONE- HENDRED-AAE- THIRTY-SECOND  SESSION,  1885-86. 


COUNCIL. 

H.R.H.  THE  PRINCE  OF  WALES,  K.G.,  President  of  the  Society. 

Sir  Frederick  Abel,  C.H.,  D.C.L.,  F.R.S.,  Vice-President  and  Chairman  of  Council. 


H.R.H.  THE  Duke  of  Edinburgh,  K.G.,  Vice-Pres. 
H.R.H.  Pri.nce  Albert  Victor  of  Wales,  K.G.,  Vice-Ptes. 
Duke  of  Abercorn,  Vtce-Pres. 

William  Anderson. 

The  Attorney-General,  M.P. 

Sir  Francis  Dillon  Bell,  K.C.M.G. 

Sir  George  Birdwood,  M.D.,  C.S.I.,  Vtce-Pres. 

Edward  Birkbeck,  M.P.,  Vtce-Pres. 

Sir  Frederick  Bramwell,  F.R.S.,  P.Inst.C.E.,  Vice-Pres. 
Duke  of  Buckingham  and  Chandos,  G.C.S.I.,  Vtce-Pres. 
Alfred  Carpmael. 

R.  Brudenell  Carter,  F.R.C.S. 

Andrew  Cassels,  Vice-Pres. 

Edwin  Chadwick,  C.B.,  Vtce-Pres. 

Charles  Cheston,  M.A. 

Lord  Alfred  S.  Churchill,  Vice-Ptes. 

B.  Francis  Cobb,  Treasurer. 

VicAT  Cole,  R.A. 


Thomas  Russell  Crampton. 

Sir  Philip  Cunliffe-Owen,  K.C.M.G.,  C.B.,  C. I. E.,  Vtce- 
Pres. 

Professor  James  Dewar,  M.A.,  F.R.S.,  I' tee- Pres. 
Captain  Douglas  Galton,  C.B.,  D.C.L.,  F.R..S  , Vtce-Pres. 
Earl  Granville,  K.G.,  F.R.S.  Vice-Pres. 

Lieut. -Colonel  A.  C.  Hamilton,  R E. 

Sir  Frederick  Leighton,  P.R.A.,  Vice-Ptes. 

Sir  Villiers  Lister,  K.C.M.G. 

J.  M.  Maclean. 

W.  R.  Malcolm,  Treasurer. 

George  Matthey,  F.R.S. , Vtce-Pres. 

AV.  G.  Pedder. 

General  Sir  Henry  F.  Ponsonby,  K.C.B.,  V tee- Pres. 
AV.  H.  Preece,  F.R..S.,  Vice-Pres. 

Sir  Robert  Rawlinson,  C.B.,  Vice-Prei. 

Owen  Roberts,  ALA.,  F.S.A.,  Vtce-Pres. 

Lord  Sudeley,  Vice-Pres. 


SECRETARY. 

H.  Trueman  AVood,  M.A. 

ASSISTANT  SECRETARY.  / ACCOUNTANT.  t AUDITOR. 

Henry  B.  AVheatley,  F.S.A.  ' Howard  H.  Room.  I J.  Oldfield  Chadwick 


SESSIONAL  ARRANGEMENTS. 

The  First  Meeting  of  the  One  Hundred  and  Thirty-second  Session  of  the  Society  was  held 
on  Wednesday,  the  18th  November,  when  the  Opening  Address  was  delivered  by  SiR 
Frederick  Abel,  C.B.,  D.C.L.,  LL.D.,  F.R.S.,  Chairman  of  the  Council.  Previous  to 
Christmas  there  will  be  -Four  Ordinary  Meetings,  when  papers  will  be  read  by  Professor 
Silvanus  Thompson,  Mr  F.  F.  Hulme,  and  Professor  F.  Elgar. 


OR  DINA  R V MEE  TINGS. 

Wednesday  evenings  at  Eight  o’clock.  The  following  dates  have  been  fixed : — 

November  25. — Prof.  Silvanus  P.  Thompson,  “ Apparatus  for  the  Automatic  Extinction  of  Fires.” 
December  2. — F.  Edward  Hulme,  F.L.S.,  F.S.A.,  “Technical  Art  Teaching.” 

,,  9.— Prof.  Francis  Elgar,  LL.D.,  F.R.S.E.,  M.Inst.C.E.,  “ The  Loadlines  of  Ships.” 

,,  16. — (To  he  hereafter  announced.)  ' • . - ' 
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-r  Meetings  after  Christmas  : — 

Dr.  C.  Meymott  Tidy,  “The  Treatment  of  Sewage.” 

C.  V.  Boys,  “ Calculating  Machines,” 

GF-.-rge  Clulow,  “The  History  and  Manufacture  of  Playing  Cards.” 

\V.  H.  Prkece,  F.R.S.,  “ Domestic  Electric  Lighting.” 

P OK.  R.  Meldola,  F.C.S.,  “The  Scientific  Development  of  the  Coal  Tar  Industry.” 

F.  Price  Edwards,  “ The  Experiments  with  Lighthouse  Illuminants  at  the  South  Foreland.” 


FOREIGN  AND  COLONIAL  SECTION 

■]  h - meetings  of  this  Section  will  take  place  on  the  following  Tuesday  evenings  at  Eight  o clock;  - 
J.inuary  26  : February  16;  March  2,  23  ; April  13  ; May  18. 


APPLIED  CHEMISTRY  AND  PHYSICS  SECTION 
1 .1  ’ meetings  of  this  Section  will  take  place  on  the  following  Thursday  evenings  at  Eight  0 clock:  — 
January  28;  February  ii,  25;  March  ii;  April  8 ; May  13. 


INDIAN  SECTION. 

1 h • m-^etings  of  this  Section  will  take  place  on  the  follow'ing  Friday  evenings,  at  Eight  o’clock  : — 

J.inuary  22  ; February  19;  March  19;  April  2;  May  7,  21. 


CANTOR  LECTURES. 

.'  I c Lay  evenings  at  Eight  o’clock  : — 

■j  li  ■ l-'irst  Course  will  be  on  “ The  Microscope.”  By  John  Mayall,  Jun. 

I.*--  tiiM-  I.  November  2j.— Origin  of  the  Microscope.  Its  construction  to  the  date  of  the  application  of  achromatism. 

1.  •’.‘  ■ ting  .Mil  rosro|)cs. 

• lure  II. —November  30. — Modern  Microscopes.  Peculiarities  of  construction  (i)  in  General  Form,  and  (2)  for 
.'  '•ri.il  ‘ lli .iTv.ilions. 

1-.  tuielll.  I lerember  7. — Rinocular  Microscopes.  Demonstration  Microscopes. 

I.e<  tore  IV.  1 )erember  i ]. — Objectives,  Oculars,  and  Accessory  Apparatus. 

■ •;i.e  \.  -I Jei cinber  21. — Tlic  desiderata  of  a Modern  Microscope  as  exemplified  by  English,  Continental,  and 

;.i  .in  moilel.s.  Curiosities  in  Microscope  construction. 

■J  . -M-.  on  1 foursc  will  be  on  “ Friction.”  By  Prof.  H.  S.  Hele  Shaw. 

i <1  ‘uif  I.  January  18. — The  Friction  of  .Solids. 

I-e.  tuii'  II  January  25. — J'lie  Friction  of  Fluids. 

.1  lit.-  III.  ^■(•l^ruary  i.— The  .Mechanical  Applications  of  Friction. 

I <•  III  •■  l\'.  February  — The  .Methods  of  Reducing  Friction. 

'1  t;<-  Third  Course  will  be  on  “ Science  Teaching.”  By  Prof.  F.  GUTHRIE,  F.R.S. 

t ■ • “'f"  ••  I'ebruary  13.  .Science  as  an  element  in  Education. 

I e-  lute  II.  I'ebru.iry  22. — Kn.iwledge  about  common  Stuffs  and  Things. 

I e tun-  III.  .M.ireh  i. — Teaching  I’hysics. 

I!  ■ l-ou:th  Course  will  be  on  “Petroleum  and  its  Products.”  By  BOVERTON  REDWOOD, 
F.C.S. 

I ii.te  I.  M in  h 8.~  I listorical  account  of  Petroleum,  and  of  the  development  of  the  Petroleum  industry. 

' i;.'v  \ .ind  ge.ilngi.  al  distrilrition.  Chemistry. 

‘ •’^I'''^‘  h K I’rodiietion.  I ransportation,  and  Storage  of  Crude  Petroleum.  Well  drilling.  Use  of  the 

i p'-d  •.  Pipe  line  -lystem.  I’.ulk  transportation. 

; ■ •tiirein  • M .irih  22. Manufacture  of  Petroleum  products: — Naphtha,  Burning  Oil,  Lubricating  Oil,  Paraffin. 

• .-■■h  .ifs  of  disiill.ition  and  purification.  Barrel  and  case  making.  Testing: — Flashing  point,  viscosity,  lubricating 
J "r.  m -bing  point. 

le.  tu:r  I \ M.irrh  29,— 1 he  uses  of  Petroleum  and  its  products.  Illumination  :— Paraffin  candles,  mineral  oil  and 
; :it  lamp.,  air-gas,  natural  gas.  I leating :— Crude  Petroleum  and  Petroleum  residuum  as  fuel,  mineral  oil  stoves. 
N-itur.lI  gal  as  fuel.  Imbrication.  Plmrmaccutical. 
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The  Fifth  Course  will  be  on  “The  Arts  of  Tapestry  Making  and  Embroidery.”  By  Alan  S.  Cole, 

Lecture  L- April  5. — Tapestrj- making  and  Embroidery,  and  tbeir  relationship  to  weaving  and  to  one  another.  The 
ornamental  character  of  Tapestries  and  Embroideries.  Comparison  of  designs  and  ornamental  motives  in  wjrks  of  art 
which  have  similar  forms  and  intentions.  Their  development  from  a common  source  and  their  independent  develop  nent. 

Lecture  IL— April  12.— Tapestry  making  as  connected  with  carpet  miking.  Tiie  use  of  Tapestry.  .Me:hols  of 
making  various  Tapestries.  Designs  in  various  Tapestries. 

Lecture  III.— April  19. — Embroidery;  its  antiquity  and  connection  with  costumes,  &c.  Develop  nent  of  Forms  of 
stitches.  Designs  in  Embroidciy. 

The  Si.xth  and  Concluding  Course  will  be  on  “Animal  Mechanics.”  By  B.  VV.  RicharDoON, 
M.A.,  M.D.,  F.R.S. 

Lecture  I- — May  3. — Animal  and  ordinary  Mechanisms  considered  and  compared. 

Lecture  IL— May  10.— Some  details  of  Animal  Mechanisms.  The  valve,  the  pulley,  and  the  joint 

Lecture  III. — May  17. — Some  details  continued.  Animal  elasticity  an  1 contractility. 

Lecture  IV. — May  24.— Some  special  Mechanisms.  The  animal  camera. 

Lecture  V.— May  31.— Review.  In  regard  to  practical  applications. 


JUVENILE  LECTURES. 

Two  Juvenile  Lectures  on  “ AVaves  ” will  be  given  by  Prof.  Silvanus  P.  Thomison, 
D.Sc.,  on  Wednesday  evenings,  December  30,  1885,  and  January  6,  1886. 

Lecture  I. — December  30. — Air  Waves  and  Water  Waves. 

Lecture  I L— January  6.— Ether  Waves  and  Electric  Waves. 


PROCEEDINGS  OF  THE  SOCIETY. 

Charter. — The  Society  of  Arts  was  founded  in  1754,  and  incorporated  by  Roy  J 
Charter  in  1847,  for  “The  Encouragement  of  the  Arts,  Manufactures,  and  Commerce  of  the 
Countr)’,  by  bestowing  rewards  for  such  productions,  inventions,  or  improvements  as  tend  to  the 
employment  of  tne  poor,  to  the  increase  of  trade,  and  to  the  riches  and  honour  of  the  kingdom  ; 
and  for  meritorious  works  in  the  various  departments  of  the  Fine  Arts;  for  Discoveries,  Inven- 
tions, and  Improvements  in  Agriculture,  Chemistr}-',  Mechanics,  Manufactures,  and  other  useful 
Arts ; for  the  application  of  such  natural  and  artificial  products,  whether  of  Home,  Colonial,  or 
Foreign  gro\^'th  and  manufacture,  as  may  appear  likely  to  afford  fre.sh  objects  of  industry,  and 
to  increase  the  trade  of  the  realm  by  extending  the  sphere  of  British  commerce  ; and  generally 
to  assist  in  the  advancement,  development,  and  practical  application  of  every  department  of 
science  in  connection  with  the  Arts,  Manufactures,  and  Commerce  of  this  country  ” 

The  Ses.SION. — The  Session  commences  in  November,  and  ends  in  June.  The  number  of 
Meetings  held  during  the  Session  amounts  to  between  70  and  80. 

Ordinary  Meetings. — At  the  Wednesday  Evening  Meetings  during  the  Session  papers 
on  { objects  relating  to  inventions,  improvements,  discoveries,  and  other  matters  connected  with 
the  Arts,  Manufactures,  and  Commerce  of  the  country  are  read  and  discussed. 

Indian  Section. — This  Section  was  established  in  1869,  for  the  discussion  of  subjects 
connected  with  our  Indian  Empire.  Six  or  more  Meetings  are  held  during  the  Session. 

Foreign  and  Colonial  Section. — This  Section  was  formed  in  1874,  under  the  title  of  the 
African  Section,  for  the  discussion  of  subjects  connected  with  the  Continent  of  Africa.  It  was 
enlarged  in  1879,  so  as  to  include  the  consideration  of  subjects  connected  with  our  Colonies  and 
Dependencies,  and  with  Foreign  Countries.  Six  or  more  Meetings  are  held  during  the  Session. 

Applied  Chemistry  and  Physics  Section. — This  Section  was  formed  in  1874,  foi  the 
discussion  of  subjects  connected  with  Practical  Chemistry  and  its  applications  to  the  Arts  and 
Manufactures.  It  was  enlarged  in  1879,  so  as  to  include  the  consideration  of  subjects  con- 
nected also  with  the  Applications  of  Physical  Science  to  the  Arts.  Six  or  more  Meetings  are 
held  during-  the  Session. 
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Cantor  Lectures. — These  Lectures  orig-inated  in  1863,  with  a bequest  by  the  late  Dr. 
Can ‘.or.  I'here  are  several  Courses  every  Session,  and  each  course  consists  generally  of  from 
'Ihr  *e  to  Si.\'  Lectures. 

ADiiTiTONAL  Lectures.— Special  Courses  of  Lectures  are  occasionally  given. 

JuvKNii.E  Lectures. — A short  Course  of  Lectures,  suited  for  a Juvenile  audience,  is 
cl-livcp  d to  the  Children  of  Members  during  the  Christmas  Holidays. 

Admts.sion  to  Meetings.— Members  have  the  right  of  attending  the  above  Meetings  and 
L-  tun  >.  'I'hey  require  no  tickets,  but  are  admitted  on  signing  their  names.  Every  Member 
a-  admit  hro  friends  to  the  Ordinary  and  Sectional  Meetings,  and  one  friend  to  the  Cantor 
and  .-ther  Lectures.  Books  of  tickets  for  the  purpose  are  supplied  to  the  Members,  but  ad- 
V ,i  .n  can  be  obtained  on  the  personal  introduction  of  a Member.  For  the  Juvenile  Lectures 
•.jH  ’ ial  tickets  are  issued. 

Journal  of  the  Society  of  Arts. — The  Journal,  which  is  sent  free  to  Members,  is 
p.ihli  Iv  d weekly,  and  contains  full  Reports  of  all  the  Society’s  Proceedings,  as  well  as  a variety 
ui  i f--rmation  connected  with  Arts,  Manufactures,  and  Commerce. 

F.x \MiNATiONS. — Examinations  are  held  annually  by  the  Society,  through  the  agency  of 
I ■ ■ .il  Committees,  at  various  centres  in  the  country.  They  are  open  to  any  person.  The 
*suhj<  ■ ts  include  the  principal  divisions  of  a Commercial  Education,  Political  and  Domestic 
l-.<  •nemy,  and  Music.  A Programme,  containing  detailed  information  about  the  Examinations, 
.tu  be  had  on  application  to  the  Secretary. 

Lihrarv  and  Reading-room. — The  Library  and  Reading-room  are  open  to  Members, 
wli  - are  also  entitled  to  borrow  books. 

CoNVER.SAZiONi  are  held,  to  which  the  Members  are  invited,  each  Member  receiving  a 
■r.iid  for  himself  and  a Lady. 


MEMBERSHIP. 

Th-'  Sueicty  numbers  at  present  between  three  and  four  thousand  Members.  The  Annual 
: .i  riptiun  is  'I'wo  Guineas,  or  a Life  Subscription  of  Twenty  Guineas  may  be  paid. 

l-.v-  T)'  Member  whose  subscription  is  not  in  arrear  is  entitled  : — 

1)  h.-  pp,‘sent  at  the  Evening  Meetings  of  the  Society,  and  to  introduce  two  visitors  at  such 
mc(  tings,  subject  to  such  special  arrangements  as  the  Council  may  deem  necessary  to  be 
:n.i  1<-  from  time  to  time. 

I ) hi'  I rcsi'iit  and  vote  at  all  General  Meetings  of  the  Society. 

1 c 1..‘  j.r<  ml  at  the  Cantor  and  other  Lectures,  and  to  introduce  one  visitor, 
i r.  li-ivr  per-^.inal  free  admissions  to  all  Exhibitions  held  by  the  Society  at  its  house  in  the  Adelphi, 
i . hr  pr^-sent  at  all  the  Society’s  Conversazioni. 

] 0 r--  r-ivr  a copy  of  the  Weekly  Journal  published  by  the  Society, 
d c flu*  iisc  of  the  Library  and  Reading-room. 

t aiididates  for  Membership  are  proposed  by  three  Members,  one  of  whom,  at  least,  must 
•,  n on  p.<  Ts..nal  knowledge;  or  are  nominated  by  the  Council.  The  Annual  Subscription  is 
I V.  . (luineas,  payable  in  advance,  and  dates  from  the  quarter-day  immediately  preceding 
el  '<  fion  ; or  a sum  of  1 wenty  Guineas  in  lieu  of  all  further  contributions,  may  be  paid. 

/Ml  subscriptions  should  be  paid  to  the  Secretary,  H.  T.  Wood,  and  all  Cheques  or  Post- 
ofr.i  .•  Ordt  rs  hould  be  crossed  “ Coutts  and  Company,”  and  forwarded  to  him  at  the  Society’s 
lh)U‘^(•,  John-strcct,  Adelphi,  London,  W.C. 
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NOTICES. 

♦ 

APPLIED  CHEMISTRY  & PHYSICS 
SECTION. 

A meeting  of  the  Committee  of  this  Section 
was  held  Monday,  i6th  inst.,  at  4 p.m.  Pre- 
sent:—Sir  Frederick  A.  Abel,  C.B.,  F.R.S., 
Chairman  of  Council  (in  the  chair),  Mr.  W. 
Anderson,  Mr.  G.  Matthey,  F.R.S.,  withMr.  H. 
Trueman  Wood,  Secretary,  and  Mr.  J.  M. 
Thomson,  Secretary  of  the  Section.  The  pro- 
gramme of  papers  to  be  read  during  the 
session  was  discussed. 


Proceedings  of  the  Society. 


FIRST  ORDINARY  AIEE TING. 

Wednesday,  November  i8th,  1885 ; Sir 
Frederick  Abel,  C.B.,  D.C.L.,  F.R.S., 
Chairman  of  the  Council,  in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society: — 

Adames,  Cornelius  George,  Pembroke-house,  Lon- 
don-road,  Kingston,  Portsmouth. 

Barrow,  Samuel,  jun.,  Fontainebleu,  Dacres-road, 
Forest-hill,  S.E. 

Bassano,  Alexander,  25,  Old  Bond-street,  W.,  and 
12,  Montagu-place,  Biyanston-square,  W. 

Beck,  Joseph,  68,  Comhill,  E.C. 

Binns,  Richard  William,  Royal  Porcelain  Works, 
Worcester. 

Bishop,  Frank,  22,  Soho-square,  W. 

Blair,  Thomas  Edward,  Royal  Army  Clothing 
Depot,  Grosvenor-road,  S.W. 

Bond,  Henry  Cooper,  Westw’ood,  Ipswich. 

Boys,  Admiral  Henry,  East  Dean,  Kidbrook-park- 
road,  Blackheath,  S.E. 

Brinsmead,  John,  18,  Wigmore  street,  W. 
Bromhead,  S.  S.,  The  Birches,  Jasper-road,  Upper 
Norwood,  S.E. 

Brown,  Joseph,  Savile  Town,  Dewsbury. 

Burnett,  Cuthbert,  Bum-terrace,  Hartlepool. 

Candy,  hrank,  Leigh-house,  Leigh-road,  Highbury, 
N. 

Capel,  Charles  Cecil,  North  Cray-place,  Foot’s  Cray, 
Kent. 

Carbutt,  Edward  Hamer,  Llanwem  - house,  near 
, Newport,  Monmouthshire. 


Carey,  Arthur,  56,  Talgarth-road,  West  Kensington, 

S.W. 

Carver,  James,  Garfield-house,  Nottingham. 

C hater,  John,  89,  Fleet-street,  E.C. 

Clowes,  William  Charles  Knight,  M.  A.,  Duke-street, 
Stamford-street,  S.E. 

Cohen,  Nathaniel  Lewis,  3,  Devon  shire-place.  Port- 
land-place,  W.,  and  Round  Oak,  Englefield-green, 
near  Staines. 

Colby,  William  Henry,  Oak  Leigh,  Denbigh,  North 
Wales. 

Converse,  Fred  B.,  8,  Holborn-viaduct,  E.C. 
Copeland,  Major  Alfred  James,  Bridewell  Royal 
Hospital,  Blackfriars,  E.C. 

Corbett,  Edward,  jun.,  Kuabon,  North  Wales. 

Cox,  John,  Hunstanton,  St.  Edmunds. 

.Crabb,  William,  Silloth,  Cumberland. 

Crofton,  Rev.  William  d’Abzac,  M.A.,  Hillside, 
Welwyn,  Herts. 

Crookes,  William,  F.R.S.,  7,  Kensington-park- 
gardens,  W. 

Curtis-Hayward,  Arthur  Cecil,  Lonsdale-chambers, 
27,  Chancery-lane,  W.C. 

Cutler,  George  Benjamin,  4,  Westcomlee  - park, 
Blackheath,  S.E. 

Crozier,  Mrs.  (Laura), Grafton-house,  Grafton-square, 
Clapham,  S.W. 

Dornbusch,  Ernest  G.,  35,  Stapleton-hall-road, 
Crouch-hill,  N. 

Durham,  Arthur  Edward,  F.R.C.S.,  82,  Brook- street, 
Grosvenor- square,  W. 

Drysdale,  Mrs.  J.  Dockar,  39,  Belsize-park,  N.W. 
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S.E. 

Gates,  J.  S.,  9,  Fenchurch-avenue,  E.C. 
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'hur  t.  Sir  Walter  Henry,  Formosa,  Kent’s-road, 
■!'(!. ..y,  I*cvon. 
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iVrhi.rr,  If.-nry,  l ast  Howie,  Fcrryhill,  Durham. 

Ecr.pold,  4, 1 lolborn-circus,  ELC.,andBohemian- 
Milri,  riapham-park,  S.W. 

IS:..’,  \lvania  .Museum  and  School  of  Industrial  Art, 
lairmount-park,  Philadelphia,  U.S.A. 

I’ixlcy,  Stewart,  21,  Leinster-gardens,  Hyde-park, 
W. 

I’ncc,  Samuel,  38,  Walbrook,  E.C. 


Ramsden,  Frederick  Frank,  Arthur's  Club,  S.W., 
and  Uffington  Rectory,  Stamford. 

Ramsden,  Joseph,  The  Lion  Br  ewery,  Lambeth,  S.E. 
Redrup,  Sidney,  Park-street,  Windsor. 

Riordan,  T.  Vincent,  i,  Whiteley-road,  Upper  Nor- 
wood, S.E. 

Robertson,  James,  21,  Berners-street,  W. 

Rooper,  Maximilian  George,  6,  Kensington-gardens- 
square,  AV. 

Schipper,  J.  F.,  10,  King-street,  Covent-garden, 

W.C. 

Schreiber,  Richard,  Bloomsbury- mansions.  Hart- 
street,  W.C. 

Shipley,  Mrs.  R.,  Acacia-house,  186,  Brixton-road, 

S.W. 

Simpson,  'Ihomas,  Silbury-villa,  Ravenscroft-road, 
Beckenham,  Kent. 

Smith,  Sebastian,  Shipley  Collieries,  Derby. 

Smithe,  Joseph  Doyle,  ii,  Delamere  crescent,  W. 
Stanley,  Christopher  Philip,  6,  Sussex-villas,  Faraday- 
road,  Leyton,  Essex. 

Temple,  Captain  R.  C.,  Naval  and  Military  Club, 
94,  Piccadilly,  W.,  and  The  Elms,  Porchester- 
gardens,  Hyde-park,  W. 

Testard,  Henry,  53,  Blackheath-road,  Greenwich, 

S.E. 

Thomasson,  Ebbe  Salvinius,  Messrs.  Ibbotson  Bros., 
and  Co.,  Limited,  Globe  AVorks,  Sheffield. 
Thompson,  A.  M.,  Rossmore,  Chislehurst-road, 
Sidcup,  Kent. 

Tress,  Cooper,  West-lodge,  Clapham-park,  S.AV. 
Viner,  L.  L.,  54,  Westbourne-grove,  AV. 

AVaine,  Thomas  Glover,  139,  Newington-butts,  S.E. 
AVaterworth,  Alfred,  Thorncliffe,  Fulwood-park, 
Preston. 

Webster,  Charles  S.  Stanford,  Malvern-house,  Red- 
land,  Bristol. 

Welling,  Gysbertus,  10,  County-grove,  Camberwell, 

S.E. 

Winser,  Frederic  Sawyer,  52,  Buckingham-palace- 
road,  S.W. 

Andas  an  Honorary  Corresponding  Member: — 
Landreth,  Burnet,  21,  South  Sixth-street,  Phila- 
delphia, U.S.A. 

The  Chairman  delivered  the  following 
ADDRESS. 

The  address  to  which  the  members  of  the 
Society  of  Arts  were  so  good  as  to  afford  a 
favourable  reception  at  the  opening  meeting  of 
last  Session,  was  in  great  measure  devoted  to 
topics  suggested  by  the  International  Health 
Exhibition  of  that  year.  Wide  as  was  the 
scope  of  that  Exhibition,  which  dealt  not  only 
with  the  necessaries  and  comforts  of  life,  and 
the  promotion  of  bodily  health  in  the  feeding, 
clothing,  and  housing  of  all  classes,  but  also 
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with  the  all-important  subjects  of  physical  and 
mental  training,  the  Exhibition  of  Inventions 
— which  has  just  terminated  a prosperous 
and,  I believe,  a very  useful  career— was 
certainly  not  less  comprehensive,  in  regard 
to  the  number  of  subjects  which  it  embraced. 
The  thirty-one  groups,  comprising  no  less  than 
165  more  or  less  extensive  classes  of  subjects, 
in  connexion  wnth  wmich  w’ere  exhibited  inven- 
tions or  improvements  originated  or  practically 
applied  since  1862,  constituted  a wealth  of 
material  for  study  which  could  bear  com- 
parison, as  regards  extent  and  interest,  wath 
that  presented  by  any  one  of  the  great  In- 
ternational Exhibitions  of  former  years,  the 
initiation  of  w’hich  w'e  ow^e  to  that  illustrious 
Prince  whose  memory  the  Society  of  Arts 
delights  to  honour. 

I have  resisted  the  temptation,  which  was 
strong  upon  me,  to  devote  this  evening  to  a 
brief  review’  of  some  of  the  chief  matters  of 
interest  presented  by  the  most  prominent  sec- 
tions of  the  Exhibition,  because  I entertain  a 
lively  hope  that  a thorough  examination  of  at 
any  rate  many  of  these  will  afford  topics  for 
important  communications  to  this  Society, 
and  I consequently  feel  that  it  might  be 
detrimental  to  the  interest  presented  by 
such  papers,  and  scarcely  just  to  those 
who  may  consent  to  devote  themselves  to 
their  preparation,  were  I to  cull  specially 
attractive  matter  from  the  mass  of  information 
opened  up  to  the  student  by  the  achievements 
demonstrated  at  the  Exhibition.  I have,  there- 
fore, coerced  myself  into  modest  action  on  the 
present  occasion,  and  I propose  to  initiate  a 
mode  of  treatment  of  the  topics  presented  for 
study  by  the  late  Exhibition,  w’hich  I hope  may 
be  of  benefit  to  our  members,  and  perhaps  to 
the  public  at  large,  by  dealing  in  this  address 
only  with  some  matters  relating  to  one  branch 
of  a division  of  the  Exhibition,  namely,  the 
class  which  deals  with  machinery  and  appli- 
ances used  in  mines. 

I venture  to  think  that  this  class  of  subjects 
has  claims  to  special  interest,  because  the 
mining  industry  ranks  among  the  most  im- 
portant sources  of  the  w’ealth  and  cosmo- 
politan influence  of  the  empire  ; because  its 
development  and  successful  pursuit  have  in- 
volved the  utilisation  of  the  resources  of  many 
branches  of  applied  science,  and  have  taxed  the 
talents  and  ingenuity  of  some  of  our  greatest 
mechanics  and  most  accomplished  physicists 
and  chemists ; and,  though  last  not  least, 
because  the  pursuit  entails  the  encountering 


of  dangers  and  vicissitudes  which  will  aptly 
bear  comparison  with  those  involved  in  the 
careers  of  a soldier  and  a sailor.  Thrilling 
and  harrowing  accounts  of  great  disasters  in 
coal  mines  direct  public  attention  from  time 
to  time  to  certain  special  dangers  which  the 
miner  has  to  encounter,  but  the  annual  reports 
of  H.M.  Inspectors  of  Mines  show  that  there 
are  yet  other  dangers  to  which  miners  in 
general  are  daily  exposed,  which,  although 
they  do  not  attract  public  attention,  partly 
because  of  the  very  circumstance  of  their  con- 
stant occurrence,  and  partly  because  the 
sufferers  by  them  meet  their  deaths  in  most 
cases  singly,  are,  nevertheless,  very  decidedly 
more  formidable,  in  regard  to  the  gross  extent  of 
the  fatalities  attending  them,  than  are  coal- 
mine explosions. 

When  the  late  Mr.  Macdonald,  M.P.  for 
Stafford,  made  his  remarkable  speech  in  the 
House  of  Commons,  in  1878,  advocating  the 
necessity  for  the  more  rigorous  inspection  of 
coal  mines,  and  supported  his  arguments  W’ith 
the  enumeration  of  an  appalling  list  of  colliery 
explosions,  attended  in  most  cases  by  the  loss 
of  many  lives,  it  w’as  pointed  out  by  Mr. 
Thomas  Burt,  and  some  other  members  W’ho 
took  part  in  the  subsequent  interesting  debate, 
that  explosions  did  not  constitute  the  chief 
element  of  danger  which  the  miner  had  to 
encounter,  and  that,  while  out  of  25,000  lives 
which  had  been  lost  in  mines  since  1851,  over 
6,000  deaths  had  been  caused  by  explosions, 
there  were  more  than  10,000  due  to  falls  of 
stone  and  coal  in  the  mine  workings,  w’hich 
attracted  little  or  no  attention.  Mr.  Cow’en 
also  called  attention  to  the  fact  that  there  w'as 
a still  larger  number  of  injuries,  due  to  such 
causes  as  these,  which  were  never  heard  of 
beyond  the  locality  of  the  disasters,  because 
they  were  not  attended  with  fatal  results, 
although  in  the  larger  proportion  of  such 
cases  the  sufferers  were  either  maimed  for  life, 
or  died  after  more  or  less  brief  intervals.  The 
following  Table  (p.  8)  which  has  been  compiled 
from  the  annual  reports  of  the  Mine  Inspectors 
for  the  past  ten  years,  shows  the  total  number 
of  deaths  annually  due  to  accidents  in  mines, 
and  the  deaths  due  respectively  to  explosions* 
to  the  falls  of  roof  or  sides  in  mine  workings, 
and  to  other  miscellaneous  causes ; and 
it  will  be  seen  that  even  in  those  years 
when  especially  disastrous  explosions  had 
occurred,  causing  the  deaths  of  scores  or 
hundreds  of  men,  the  fatalities  due  to  them 
were,  with  the  exception  of  two  years,  con- 
siderably in  the  minority  compared  with  deaths 
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It  is  not  surprising,  however,  that  the 
paralysing  moral  effect  exercised  upon  small 
mining  communities,  and  the  heartrending 
local  misery  and  suffering  which  suddenly  and 
simultaneously  fall  upon  many  families,  should 


. Proportion  of  Deaths  from  Explosions  in  Coal  Mines,  from  Falls  of  Roof 

AND  FROM  OTHER  MISCELLANEOUS  CAUSES,  TO  TOTAL  DEATHS  IN  MINES  FROM  ALL 
f \ : ,vL.  ING  THE  YEARS  1875-1884. 


•;  - ^ 

N-  . 

f Deaths  from 

Results  of  some  of  the  more  disastrous  Explosions  in  each  year. 

i § 

S c 

Roof  and  .Sides  1 
filling.  1 

1 

Other  causes.  | 

) 

1 

288 

459 

497 

Explosion  at  the  Swaithe  Main  Colliery,  near  Barnsley ... 

. 143  lives  Lst. 

,,  Bunker’s  Hill  Colliery,  Stoke-on-Trent 

,,  New  Tredegar  Colliery,  Monmouthshire 

II 

,,  Elan  Colliery,  near  Cardiff  

..  16 

s- 

419 

389 

„ South  Wales  Colliery,  Abertillery 

- 

448 

415 

i» 

,,  Pemberton  Colliery,  near  Wigan  

• 3j 

II 

i • 

5Sf  ■ 

469 

358 

„ Abercarn  Colliery,  Monmouthshire  

,..168 

,,  Wood  Pit,  Haydock  

i» 

,,  Apedale  Colliery 

„ Barwood  Colliery,  Kilsyth,  near  Glasgow 

>> 

tP.}  ' 

426 

3'53 

-r 

.,  Blantyre  Colliery 

...  28 

ir 

,,  Stanley  Colliery,  near  Wakefield  

1 IS 

4O2 

357 

„ Seaham  Colliery  

,,  Risca  Colliery  

,,  Penygraig  Colliery  

„ 

,,  Leycett  Colliery  

- 

116 

I 450 

388 

,,  Abram  Colliery,  Wigan 

...  4S 

„ Whitfield  Colliery,  Tunstall 

4f'8 

408 

,,  Trimdon  Grange  Colliery,  Durham  

• ••  74 

,r 

„ Tudhoe  Colliery,  Durham 

— 37 

,,  Clay  Cross  Colliery,  Derbyshire 

,,  Baddesley  Colliery,  Warwickshire  

...  23 

It 

.,  West  Stanley  Colliery,  Chester  le-Street 

>r 

t 

r 1 

409 

451 

„ Altham  Colliery,  Lancashire  

....  68 

„ 

,,  Wharncliffe  Carlton  Collier}-,  near  Barnsley 

>r 

» 

482 

395 

„ Pochin  Colliery,  near  Tredegar,  Monmouthshire.., 

,, 

,,  Naval  Steam  Coal  Colliery,  Penygraig  

....  14 

” 

rmtiirciir-l  in  llin  .liiovc  Table  ha\'c  been  long’ 
a 1 .i:(r  !<>  j.n  w!i:>  r-^^r  to  inform  lltrin.iclvcs  correctly,  by 
[M’-’i'^bral  annual  reports  of  H.M.  Mine 
' • a : thrr.  f.,re,  ...mrwliat  surprising  to  find  the 

V r ; r.  'p^in^  of  the  7'inirs,  to  whose  views  that 
f-  much  weiglit,  and  wliose  evident 

..  i -x  v tii  hi;-h  nuthorilics  in  matters  relating  to 

• '*  ‘ ‘ si'ii  Mr.  F.llis  Lever,  should  have,  at  any  rate, 
■ ‘ A *..nou  >dgr ' f the  existence  of  those  reports, 

, ff  i.t  . tl.v  truth  relating  to  a subject  with  which  he 


deals  in  a fashion  somewhat  over-authoritative  for  the 
representative  of  “ unenlightened  earnestness,”  which  is 
“ impatient  ” to  learn  the  reason  for  “ hesitation  ” on  the  part 
of  a Royal  Commission  on  mine  accidents  in  promulgating* 
its  conclusions,  is  “ incredulous  of  the  difficult}’’  of  speaking 
out,”  and  indignantly  regards  “the  delay  as  a nationaj 
scandal.”  In  support  of  this  somewhat  strong  expression  of 
sentiment,  “unenlightened  earnestness”  inquires  whether 
it  has  “ really  needed  so  long  to  dispel  any  doubt  that  shot- 
firing,  for  instance,  is  the  commonest  cause  of  the  loss  of  life 
in  coal  mines.” 
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causecoal-mine  explosionsto  command  special 
sympathy,  and  to  call  forth  public  expressions 
of  regret  and  surprise  that  the  resources 
of  science  and  of  legislative  power  should 
have  failed  utterly  to  prevent,  or  even  very 
greatly  diminish,  such  sad  disasters ; while,  on 
the  other  hand,  the  daily  occurrence  of  fatal 
accidents  in  the  ordinary  pursuit  of  the  miners’ 
vocation  attracts  little  public  attention , although 
it  receives  at  the  hands  of  those  who  study  the 
official  reports  of  mining  casualties  the  serious 
consideration  which  it  equally  merits.  It  has 
been  contended  that  the  classes  of  minor  and 
constantly  recurring  accidents,  which  combine 
to  cause  a far  more  formidable  total  of  deaths 
than  even  an  unusual  succession  of  serious 
explosions,  are  to  a great  extent  made  up  of 
unavoidable  sources  of  danger  to  which  the 
miner  must  be  exposed;  and  that,  on  the  other 
hand,  the  causes  which  lead  to  explosions  have 
been  long  known,  and  can  be  readily  grappled 
with  and  removed  by  the  colliery  owner  or 
manager.  That  the  former  is  the  case,  as 
regards,  at  any  rate,  the  greater  proportion  of 
the  smaller  accidents,  can  however,  be  as 
little  admitted  as  that  it  would  have  been 
possible  in  the  past  to  attain  to  security  against 
explosions  by  perfection  of  ventilation,  by  the 
prohibition  of  the  use  of  e.xplosives  in  so-called 
fiery'  mines,  and  by  the  exclusion  of  naked 
lights  from  localities  where  fire-damp  is  known 
to  exist,  or  is  liable  to  make  its  appearance. 
The  nature  of  some  of  the  chief  and  most  pre- 
valent conditions  favourable  to  mine  explo- 
sions is,  in  fact,  only  now  being  thoroughly 
established  and  made  clear,  and  the  same 
may  be  said  of  the  nature  of  measures  and 
appliances  by  which  explosions  may  be  avoided 
or  diminished  in  magnitude,  and  comparative 
safety  in  working  made  compatible  with  a 
reasonably  profitable  encounter  of  the  diffi- 
culties attendant  on  the  getting  of  coal,  which 
are  continually  increasing  as  the  exhaustion 
of  our  supplies  is  approached. 

From  the  foregoing  considerations,  it  is 
evident  that  very  great  interest  and  impor- 
tance must  attach  to  any  decided  improve- 
ments in  systems  of  working,  or  in  appliances 
connected  with  mining,  and  bearing  directly 
upon  the  safety,  facility,  and  degree  of 
comfort  from  a sanitary  point  of  view,  with 
which  subterranean  operations  can  be  carried 
on,  and  upon  the  general  welfare  of  that  con- 
siderable proportion  of  the  country’s  popula- 
tion composed  of  the  toilers  underground. 
The  members  of  the  Society  of  Arts  will, 
therefore,  I feel  sure,  take  a lively  and  sym- 


pathetic interest  in  the  statements  and  ob- 
servations which  I have  to  offer  in  connection 
with  the  Mining  Section  of  the  late  Ex- 
hibition, and,  in  reference  to  the  labours, 
now  fast  drawing  to  a close,  of  a Commission, 
appointed  by  her  Majesty  about  six  and  a half 
years  ago,  to  inquire  and  report  whether  the 
resources  of  science  could  furnish  any  practical 
expedients,  not  then  in  use,  which  might  be 
calculated  to  prevent  the  occurrence  of  acci- 
dents in  mines,  or  to  limit  their  disastrous 
consequences  ; a Royal  Commission  whose 
earnest  and  disinterested  labours  have  been 
patiently,  steadily,  and  faithfully  pursued  to. 
successful  issues,  in  spite  of  engrossing  official 
public  and  professional  duties,  and  undeterred' 
by  the  public  censure  and  abuse  with  which  the- 
persevering  efforts  of  its  members  to  complete,, 
as  far  as  practicable,  the  heavy  task  allotted 
to  them,  have  as  yet  been  alone  encouraged. 

The  display  at  the  recent  Exhibition  of  imple^ 
ments  and  appliances  connected  with  mining, 
though  not  extensive,  was  yet  sufficiently  com- 
prehensive to  be  fairly  representative  of  the 
nature  of  improvements  which  have  of  late 
been  accomplished  in  boring  and  drilling 
machines,  in  miners’  tools,  in  haulage  and 
hoisting  machinery,  and  the  provision  of 
power  underground,  in  appliances  for  pre- 
venting accidents  in  connection  with  the 
lowering  and  raising  the  cages,  in  the  me- 
chanical appliances  for  coal-getting,  in  pro- 
posed substitutes  for  explosives,  and  in  means 
for  safe  underground  illumination.  Some  of 
the  exhibits  included  under  these  heads 
demonstrate  very  important  progress  made 
since  the  Accidents  in  Mines  Commission 
commenced  their  labours,  and  are  traceable 
in  several  directions  to  certain  results  of  those 
labours,  which,  though  not  formally  commu- 
nicated to  the  public  in  the  shape  of  Reports, 
have  become  known  to  many  who  are  actively 
engaged  in  the  management  and  supervision 
of  mines. 

In  the  preliminary  report  of  the  Accidents  in 
Mines  Commission,  published  in  i88r,  it  was 
pointed  out  that  the  great  advance  which  had 
been  made  in  the  previous  thirty  years  in  the 
reduction  of  the  death-rate  in  mines,  the 
number  of  persons  employed  having  been 
nearly  doubled,  while  the  total  number  of 
deaths  remained  about  the  same,  was  due  not 
merely  to  improved  legislation  connected  with 
mines,  but  also  to  the  spirit  of  inquiry  and 
emulation  fostered  by  local  scientific  Insti- 
tutes of  mine  managers  and  mining  engineers. 
These  Institutes,  among  which  the  North 


0 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


of  England  and  the  Midland  Institutes  of 
Mining  and  Mechanical  Engineers  may  be 
specially  mentioned,  have  continued  to  labour 
actively  for  the  advancement  of  knowledge 
bearing  upon  the  reduction  of  danger  in 
mines,  not  only  by  the  reading  and  discussion 
ot  papers,  but  also  by  the  prosecution  of 
systematic  experiments  on  the  relative  merits 
of  safety  lamps  and  other  matters  intimately 
connected  with  the  experimental  work  which 
the  Commission  has  been  at  the  same  time 
pursuing,  and  the  results  arrived  at  have  been 
most  valuable,  as  contributing  to  and  confirm- 
ing important  conclusions  which  have  been 
arrived  at. 

The  preliminary  report  of  the  Commission 
consisted  to  a great  extent  of  a summary  of  a 
large  mass  of  evidence  taken  by  them  from 
the  inspectors  of  mines,  from  experienced 
colliery  owners  and  mining  engineers,  and  from 
a number  of  workmen  selected  for  the  purpose 
by  the  miners’  associations.  An  examination 
of  that  evidence  showed  that  there  were  several 
important  subjects  connected  with  the  safe  and 
efficient  working  of  mines  upon  which  large 
differences  of  opinion  prevailed,  even  among 
those  who  combined  great  practical  experience 
with  scientific  knowledge  of  no  mean  order. 
This  was  especially  the  case  with  reference  to 
the  employment  of  naked  or  open  lights  in 
mines,  the  relative  merits  of  well-known  safety 
lamps,  the  uses  of  gunpowder  or  other  explo- 
sives underground,  and  the  possible  influence 
of  coal-dust  in  the  development  or  extension  of 
explosions.  It  was,  therefore,  especially  in  these 
directions  that  the  Commissioners  considered 
it  their  paramount  duty  to  pursue  experimental 
inquiries,  and,  as  those  investigations  pro- 
ceeded, their  importance  and  the  useful  results 
likely  to  emanate  from  them  became  the  more 
apparent,  while  each  succeeding  step  demon- 
strated the  necessity  for  proceeding  further  in 
the  inquiries,  so  that,  even  up  to  this  the  period 
fixed  by  them  for  the  completion  of  their  final 
report,  the  Commissioners  have  found  them- 
selves still  engrossed  in  experiment. 

Without  presuming  to  deal  in  anticipation 
with  the  conclusions  arrivedat  by  my  colleagues 
and  myself  as  the  results  of  our  protracted 
investigation,  I may  venture,  in  touching  upon 
the  chief  points  of  interest  suggested  by  the 
Mining  Section  of  the  Inventions’  Exhibition, 
to  indicate  the  nature  of  some  of  those  results 
sufficiently  to  illustrate  the  progress  which  has 
been  made  in  certain  matters  most  vitally 
affecting  the  safety  of  the  miner. 

The  important  advances  which  have  of  late 
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been  made  in  the  methods  of  operation  and 
mechanical  appliances  provided  for  exploring 
and  for  breaking  ground,  were  illustrated  in  the 
Exhibition  by  some  of  the  most  recent  im- 
provements in  boring  and  drilling  machines, 
and  in  the  construction  of  the  more  ordinar}’ 
hand  tools.  Without  dwelling  upon  the  marked 
advance  which  has  been  made  in  the  operations 
of  deep  boring  and  of  tunnel  driving,  by  com- 
bining the  utilisation  of  steam  or  compressed 
air  with  the  method  of  continuous  flushing, 
by  replacing  the  solid  rods  and  sludge  pumps 
by  hollow  rods  and  continuous  water  circula- 
tion for  the  removal  of  detritus,  special  reference 
must  be  made  to  the  great  improvement  effected 
in  mining  operations  by  the  use  of  drills  or 
perforators  driven  by  compressed  air,  of  w’hich 
six  varieties  were  shown,  representing  only  a 
small  proportion  of  the  various  forms  of 
mechanical  drills  introduced  into  practice 
during  the  last  twenty  years.  Considerable 
improvements  have  also  been  made  in  hand- 
drilling machines,  which,  supplemented  by  the 
employment  of  w^edges,  have  been  used  suc- 
cessfully for  bringing  down  coal  or  rock  in 
some  localities  where  fire-damp  is  prevalent. 
These  drills,  of  which  that  exhibited  by  Messrs. 
Asquith  and  Ormsby  appears  to  be  a ver)' 
efficient  form,  are  mounted  upon  wrought  iron 
standards  which  are  firmly  wedged  between 
floor  and  roof,  and  are  worked  by  a ratchet- 
bar  or  a winch-handle  (the  Asquith  drill  being 
worked  by  an  endless  chain,  which  enables  a 
hole  to  be  bored  close  to  the  roof) ; a long  taper 
steel  wedge  is  then  introduced  between  two  side 
clips  or  “feathers,”  and  is  driven  home  by  blows 
from  a sledge  hammer;  or  the  wedge  is  forced  in 
between  the  feathers  by  the  operation  of  a screw- 
bar.  Here,  again,  Messrs.  Asquith  and  Ormsby 
have  achieved  comparatively  considerable 
success,  by  the  application  of  an  efficient  modi- 
fication of  the  plug  and  feathers  system  of 
wedging.  So-called  coal-cutting  machines, 
for  holing  or  undercutting  ccal,  of  which  many 
forms  have  constituted  prominent  features  in 
the  mining  sections  of  former  exhibitions,  were 
only  represented  by  one  variety  on  the  present 
occasion,  and  appear  to  have  hitherto  made 
little  way,  although  their  use  would  seem  to 
be  attended  with  some  decided  advantages. 
Hydraulic  pressure  has  been  applied  with  some 
degree  of  success  in  connection  with  drilling 
machines  and  with  the  forcing  down  of  coal ; 
thus  Mr.  Chubb  has  applied  the  hydraulic 
press  to  the  working  of  a range  of  pistons 
placed  inside  the  holes ; Messrs.  Bidder  and 
Jones  used  a long  wedge  in  a similar  manner. 
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in  some  apparently  successful  work  in  South 
Wales  and  the  Potteries  ; and  more  recently, 
Messrs.  Dubois  and  Francois,  who  exhibited 
their  apparatus  at  last  year’s  Health  Exhibi- 
tion, have  applied  a very  efficient  hydraulic 
arrangement,  called  the  Bossoyeuse,  with  con- 
siderable practical  success  at  Blanzy  near 
Liege,  for  the  last  three  years,  to  the  removal 
of  rock  or  stone  in  mines  where  fire-damp 
exists.  The  method  of  operation  is  very 
simple.  Anumber  of  holes,  grouped  together  in 
a particular  manner,  are  bored  by  means  of 
drills  actuated  by  compressed  air,  and  plug 
and  feather  wedges  are  then  driven  into  the 
holes  by  means  of  an  hydraulic  ram.  The 
rapidity  with  which  rock  is  thus  removed  is 
stated  to  compare  even  favourably  with  gun- 
powder. 

I should  fear  to  be  led  too  much  into  detail 
were  I to  refer  to  the  different  methods  of 
working  seams  of  coal,  which  have  been 
subject  to  but  few  modifications  of  late, 
and  to  the  variety  of  circumstances  which 
determine  their  expediency  or  relative  merits 
in  different  cases,  or  of  opinions  entertained 
by  advocates  of  each  particular  system. 

I will  limit  myself,  therefore,  to  the  statement 
that  the  so-called  long  wall  system,  which 
consists  in  the  continuous  excavation  of  the 
coal  throughout  or  along  a considerable 
distance  of  the  breadth  of  the  seam,  the  ex- 
cavated pari  being  filled  up,  as  the  work 
advances,  with  stone  and  slack,  or  with 
material  brought  from  the  surface,  pre- 
sents facilities  for  securing  efficient  venti- 
lation, and  other  advantages  in  regard 
especially  to  the  safety  of  the  workmen,  by 
which  it  recommends  itself  for  choice  where- 
ever  it  is  applicable,  and  more  especially  in 
districts  where  fire-damp  prevails,  it  being 
decidedly  the  safest  method  of  working,  both 
because  of  the  facilities  it  affords  for  effective 
ventilation,  and  because  it  entails  less  liability 
to  accidents  from  falls  of  coal,  &c.,  than  other 
systems  of  working. 

The  large  proportion  which,  with  rare  ex- 
ceptions, accidents  arising  from  falls  of  roof 
and  sides  in  mine-workings  bear  to  casualties 
of  all  other  descriptions,  should  render  the  sub- 
ject of  their  possible  diminution  a matter  for 
anxious  and  constant  consideration  and  study 
at  the  hands  of  those  connected  with  the 
management  of  coal  and  mineral  mines.  The 
tendency  to  a sudden  dislodgment  or  giving 
way  of  the  roof  or  sides  of  a w’orking  depends 
upon  a considerable  variety  of  causes,  such  as 
the  conditions  under  which  different  seams, 


beds,  or  veins,  over  or  under-lying  each  other, 
are  worked,  the  inclination  at  which  they  are 
found,  the  character  of  stone  or  mineral  com- 
posing the  floor  and  roof  of  the  mine.  Some- 
times there  are  slips  or  cleavages  intersecting 
the  seam,  and  running  up  into  the  roof;  in 
other  cases  comparatively  loose  masses,  or 
“balls,”  of  ironstone  are  irregularly  inter- 
spersed in  a bed  or  seam,  and  may  become 
suddenly  detached  from  the  roof,  their  pre- 
sence having  been  unsuspected  ; or  some- 
times, when  seams  are  worked  close  together, 
great  pressure  may  be  brought  to  bear  upon 
the  floor  or  sides,  and  the  roof  may  suddenly 
yield  in  consequence. 

An  examination  of  the  Mines  Inspectors’ 
Casualty  Returns,  and  of  evidence  given  be- 
fore the  Royal  Commission  by  Mr.  Dickinson, 
Chief  Inspector  of  Mines,  happily  show’s  that 
although,  at  first  sight,  the  deaths  from  the 
falls  of  roofs  and  sides  appear  to  form  a larger 
proportion  of  the  total  deaths  in  mines  than 
they  did  thirty  years  ago,  a considerable  im- 
provement has  actually  taken  place  in  the  death- 
rate  from  falls  duringthelasttw’enty  years.  This 
is  unquestionably  owing  to  bestowal  of  in- 
creased care  upon  the  proper  support,  by 
timbering  or  arching,  of  the  roof  and  sides  of 
many  w’orkings,  or  upon  improvements  in  the 
system  upon  which  this  most  important  w'ork 
is  carried  out.  Cheering  as  these  results  are, 
it  cannot  be  doubted  that  much  remains  to  be 
accomplished  in  order  to  reduce  the  proportion 
of  casualties  from  these  causes  to  some 
approach  towards  what  might  be  reasonably 
accepted  as  unavoidable  at  the  present  day. 

Attempts  have,  from  time  to  time,  been 
made  to  apply  iron,  in  one  form  or  another,  as 
a means  of  giving  increased  security  or 
stability  to  the  support  applied  to  roof  and 
sides  in  mines,  and  some  of  the  more  recent  of 
such  applications  are  said  to  have  presented 
decided  advantages,  though,  as  yet,  no  really 
extensive  use  appears  to  have  been  made  of 
iron  supports  or  frames,  at  any  rate  in  this 
country.  There  is  no  doubt  that  unremitting, 
careful  inspection,  and  the  continual  devotion 
of  skilled  labour  judiciously  applied,  the  pro- 
vision and  maintenance  of  thoroughly  reliable 
supports,  even  where  their  necessity  may  be 
somewhat  open  to  question,  are  the  best  safe- 
guards against  accidents  due  to  falls.  While 
it  may  be  very  desirable  for  mine  ow’ners  to 
make  special  provision  for  the  maintenance  of 
the  timbering  and  arching  of  the  w’ays  of  a 
mine  in  a thoroughly  efficient  condition,  by 
skilled  labour  specially  provided  for  the  pur- 
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pose,  the  proper  timbering  of  the  working 
places  will  generally  be  in  the  hands  of  the 
miner  himself ; it  is,  therefore,  of  the  highest 
importance  that  ample  means  should  be  pro- 
vided, in  convenient  positions  underground,  to 
enable  him  to  do  this  readily  and  thoroughly, 
and  that  every  encouragement  and  facility 
should  be  afforded  to  enable  him  to  obtain 
training  in  the  operation  of  timbering,  and  to 
prevent  him  from  grudging  the  extra  time  and 
labour  necessary  for  carrying  out  the  work 
thoroughly. 

One  great  safeguard  to  the  miner  against 
accidents  from  falls  of  stone  and  coal  would 
obviously  be  the  provision  of  efficient  illumina- 
tion of  the  ways  and  working  placings.  It  is 
of  small  avail  to  impress  upon  him  the  necessity 
for  constant  vigilance,  so  that  he  may  escape 
as  soon  as  he  perceives  the  first  signs  of  an 
impending  fall,  unless  he  has  sufficient  light  to 
enable  him  to  see  distinctly,  if  only  in  his 
immediate  vicinity.  One  powerful  excuse  for 
the  use  of  naked  lights,  even  where  risk  of 
producing  explosions  was  known  to  be  incurred 
thereby,  has  been  sought,  and  even  sometimes 
admitted,  in  the  necessity  for  more  light  in 
insecure  places  than  that  furnished  by  the 
Davy,  the  Geordie,  or  the  Clanny  lamp  ; and 
the  argument  against  enforcing  the  general 
adoption  of  safety  lamps,  strongly  urged  by 
Mr.  Burt  and  other  authorities,  on  the  occasion 
of  the  debate  in  the  House  of  Commons  to 
which  I have  already  referred,  was  the  miser- 
able insufficiency  of  the  light  afforded  by  them, 
and  the  consequent  necessary  increase  in  the 
number  of  accidents  due  to  causes  other  than 
explosions,  and  which  could  often  be  avoided 
if  sufficient  light  were  at  hand.  Among  im- 
provements of  late  effected  by  many  in 
connection  with  the  construction  of  safety 
lamps,  has  been  the  increase  of  their 
illuminating  power;  and  this  subject  of 
underground  illumination,  which  has  re- 
ceived the  special  attention  of  the  Commis- 
sion, as  I shall  presently  have  occasion  to 
point  out,  is,  I may  confidently  say,  ripe  forvery 
great  amelioration.  Such  improvement  can- 
not fail  to  operate  beneficially  in  reducing 
the  number  of  particular  kinds  of  accidents 
grouped  together  as  miscellaneous,  which  occur 
but  too  frequently  during  the  daily  routine  work 
of  a mine,  especially  those  connected  with  the 
output  of  the  coal,  i.e.,  its  removal  from  the 
working  places  to  the  bottom  of  the  shaft  or 
pit. 

The  simple  modes  of  underground  transport 
of  coal  by  manual  or  horse  labour  have  now,  to 


a very  considerable  extent,  given  place  to  its 
haulage,  in  large  quantities  at  a time,  along 
tramways,  by  means  of  wire  ropes  or  chains 
actuated  either  by  steam  hauling  engines 
placed  near  the  pit  bottom,  or  by  compressed 
air  engines  stationed  in  different  parts  of  the 
main  roads.  Some  good  illustrations  of  haul- 
ing machinery  of  these  kinds  were  included  in 
the  exhibition,  and  members  of  the  Society  of 
Arts  cannot  fail  to  remember  with  interest 
that  our  late  lamented  chairman.  Sir  William 
Siemens,  was  the  pioneer  in  the  introduction  of 
electric  hauling  arrangements  for  mining  work. 

A fruitful  source  of  disaster  connected  with 
mines  has  been  the  descent  or  ascent  of  the 
men  by  the  shafts,  and  many  contrivances  have 
been  devised,  some  of  which  have  been  more 
or  less  extensively  applied,  for  preventing 
accidents  resulting  from  the  overwinding  of 
the  cages  in  which  the  men  and  the  coal  are 
brought  to  the  surface,  or  from  the  fracture  of 
the  rope  with  which  these  cages  are  worked; 
so-called  safety  hooks,  or  detaching  hooks, 
being  used  for  disconnecting  the  cage  from 
the  rope  in  the  event  of  overwinding,  while 
safety  catches  are  applied  to  a free-falling  cage 
in  its  descent  down  the  shaft,  by  gripping  the 
pit  guides  or  cutting  into  them.  Although  the 
utility  and  real  efficiency  of  not  a few  of  these 
devices  have  been  demonstrated  by  actual 
experience,  their  possible  fallibility  and  occa- 
sional failure  have  engendered  hesitation  in 
their  general  adoption  ; but  they  cannot  fail  to 
be  important  safeguards,  equally  perhaps  with 
those  afforded  by  great  improvements  which 
have  been,  and  are,  continually  effected  in  the 
construction  and  quality  of  the^hauling  or  pit 
ropes,  of  which  a new  form  of  wire  rope 
recently  exhibited  by  Mr.  Latch  afforded  an 
interesting  illustration.  It  need  scarcely  be 
pointed  out  that  it  is  impossible  to  overrate  the 
necessity  for  the  bestowal  of  the  highest  skill 
and  care  upon  the  manufacture,  testing,  and 
periodical  inspection  of  these  all-important 
adjuncts  to  mining  work,  to  which  many  thou- 
sands have  daily,  in  blind  confidence,  to  trust 
their  lives. 

The  great  improvements  which  have  been 
effected  in  the  steam  brakes  and  reversing 
gear  applied  to  the  powerful  winding-engines 
which,  as  monuments  of  mechanical  skill, 
merit  the  careful  inspection  of  all  interested  in 
mining  industry,  are  most  important  additions 
to  the  safety  appliances  provided  in  the  present 
day  in  connexion  with  the  pit  work  of  our 
mines.  To  these  must  be  added  the  improve- 
ments made  in  signalling  arrangements  from 
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the  surface  and  underground,  in  connexion 
with  which  electricity  has  of  late  commenced 
to  play  an  important  part. 

The  great  advance  which  has  been  made  in 
the  ventilation  of  mines  during  the  past  half 
century  is  well  known  to  all  who  have  paid  the 
least  attention  to  these  matters.  Not  only 
has  the  ventilating  furnace  been  greatly  im- 
proved in  efficiency  and  power;  the  steam  jet 
and  compressed  air  have  received  important 
application  within  the  last  thirty-six  years,  and 
mechanical  ventilating  agents  of  great  power 
have  come  into  extensive  use  during  the  past 
twenty- three  years.  In  1850,  Mr.  Kenyon 
Blackwell,  the  well-known  authority  on  mining, 
reported,  as  Commissioner  to  the  Home  Secre- 
tar}--,  that  “the  liability  to  derangement  in  all 
machines  appears  to  preclude  their  use  in  ven- 
tilation, in  other  than  exceptional  cases.  In 
mines  of  large  extent  it  would  be  difficult, 
perhaps  impossible,  to  withdraw  the  workmen, 
in  case  of  breakage,  before  danger  ensued.” 
But  at  the  present  time,  many  hundreds  of 
fan-  and  other  mechanical  ventilators  are  in 
operation  in  connection  with  mines  in  this 
country,  such  as  the  Guibal,  Waddle,  Schiel, 
and  Rammel  fans — some  of  which  are  of  stu- 
pendous dimensions — and  the  Nixon,  Cooke, 
Roots,  and  other  mechanical  ventilators.  The 
volumes  of  air  which  are  passed  through  mines 
in  the  present  day  would  not  have  been  dreamt 
of  a few  years  ago.  Thus,  a current  of  air 
travelling  at  the  rate  of  more  than  400,000 
cubic  feet  per  minute  is  maintained  at  the 
South  Hetton  and  Merton  collieries  by  means  of 
three  furnaces.  By  some  it  is  even  contended 
that  ventilation  is  now  carried  in  certain  mines 
to  an  extreme  which  may  not  be  unattended 
with  danger,  as  the  tendency  of  powerful 
currents,  in  rushing  to  the  point  of  egress,  is 
to  favour  the  emission  of  fire-damp  from  the 
surface  of  the  coal ; there  are  some  who 
maintain  that  the  forcing  of  air  down  the  pit- 
shaft,  a practice  which  has  received  some 
limited  application,  is  much  safer  than  drawing 
rapid  air  currents  through  the  mine  and  up  the 
shaft,  because  the  pressure  of  air  forced  in 
would  tend  to  check  the  escape  of  gas  from 
the  coal,  and  from  receptacles  where  it  may  be 
lodging.  It  scarcely  can  admit  of  doubt, 
however,  that  the  release  and  rapid  removal  of 
gas  by  air  currents  sweeping  rapidly  towards 
the  upcast  shafts  of  the  pit  must  be  com- 
paratively more  conducive  to  safety.  The 
proper  distribution  of  the  air  which  is  drawn 
down  into  the  pit,  and  the  arrangements  neces- 
sary for  ensuring  the  distribution  of  fresh  air 


throughout  the  different  roadways  and  work- 
ings in  amine,  and  its  isolation  from  return-  or 
foul  air-  currents  which  are  passing  to  the  up- 
cast or  exit  shaft,  are  now  carried  out  effectually 
in  a large  proportion  of  our  coal  mines ; 
though  here  and  there  much  still  remains  to  be 
accomplished  in  this  direction. 

Although  we  have  long  been  familiar  with 
the  nature  of  fire-damp,  and  with  the  gene- 
rally-accepted explanations  of  its  origin  in 
coal,  considerable  uncertainty  and  conse- 
quent diversity  of  opinion  still  prevail  as  to 
the  condition  in  which  the  gas  is  pent  up  in 
coal,  and  in  the  strata  immediately  associated 
with  it.  That  the  light  carburetted  hydrogen, 
which  chiefly  composes  fire-damp,  exists,  with 
with  its  associated  gases,  in  a more  or  less 
condensed  condition,  in  coal,  even  some  time 
after  removal  from  the  pit,  and  that  the 
gradual  escape  of  the  condensed  inflammable 
gas  from  coal  has  constituted  a fruitful  source 
of  disaster  to  coal-laden  ships,  and  to  steam- 
vessels  carrying  a large  provision  of  coal  — 
such  as  our  ships  of  war — are  very  well  known 
facts  ; but  there  are  constantly-recurring 
phenomena  connected  with  the  escape  of  gas 
from  coal,  a really  satisfactory  explanation 
of  which  is  still  wanting,  although  patient 
inquiry  has  long  been  devoted  to  its  discovery. 
The  distribution  of  gas  through  certain  seams 
of  coal  under  very  considerable  pressure  is 
rendered  manifest  to  those  visiting  a new^ 
drift  in  such  a seam,  by  the  escape  of  gas 
more  or  less  over  the  entire  face  of  the  coal 
with  a singing  or  hissing  noise,  sometimes 
almost  deafening,  as  it  forces  its  w^ay  through 
films  of  water  which  frequently  cover  the  coal, 
or  as  it  bubbles  up  through  puddles  on  the 
floor.  If  cavities  exist  in  the  coal,  or  are 
bored  into  it  and  plugged,  the  gas  will  accumu- 
late there  so  as  to  exercise  considerable  pressure, 
as  demonstrated  by  some  recently  published 
experiments,  instituted  by  one  of  the  Royal 
Commissioners  at  the  suggestion  of  his  col- 
leagues, in  several  collieries.  Borings  of 
different  depths  were  made  into  the  coal,  and 
the  pressure  of  gas  which  accumulated  at  the 
far  end  of  these  borings  was  measured  by 
pressure  gauges  fixed  into  their  openings,  and 
found  to  range  up  to  over  200  lb.  upon  the 
square  inch,  and  in  one  case  even  up  to  460  lb.  ; 
the  pressures  attained  varied  very  considerably 
even  in  one  and  the  same  seam,  and  in  borings 
in  close  proximity  to  each  other. 

In  some  localities,  the  gas  issues  as  a jet, 
or  so-called  blower,  with  very  considerable 
force,  and  many  of  these  blowers  furnish  a 
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continuous  supply  of  gas  under  fairly  uniform 
pressure,  so  that,  closing  in  the  face  of  the 
■coal  with  brick-and-cement-work,  into  which  an 
exit  pipe  is  fixed,  the  gas  may  be  conducted 
in  a steady  stream  to  the  surface,  where  it  is 
■utilisedfor  heating  and  even  for  illuminatingpur- 
poses.  It  often  happens  that  these  natural  gas 
supplies,  which  continue  for  very  long  periods  to 
be  evolved  in  undiminished  quantity,  suddenly 
fall  off  considerably,  or  cease  altogether.  Many 
explanations  have  been  offered  of  the  existence 
-of  these  blowers,  and  of  the  maintenance  of  the 
;gas  supply,  but  they  have  remained  a mystery. 
Their  occurrence  has  been  an  interesting 
feature  connected  with  coal  mines,  from  a 
comparatively  early  period.  Thus,  in  1765, 
such  considerable  quantities  of  gas  were 
evolved  from  the  seams  of  Whitehaven  and  of 
Workington,  that  a copious  supply  was  brought 
to  the  surface  by  pipes,  and  a proposal  was 
made  to  light  up  the  streets  of  Whitehaven  by 
means  of  this  gas.  For  many  years  the 
Wallsend  colliery  was  noted  for  a copious 
blower,  which  was  brought  to  the  surface,  and 
continued  for  a long  period  to  furnish  a con- 
stant supply  at  the  rate  of  about  120  cubic 
feet  per  minute,  and  many  similar  examples 
might  be  quoted.  Remarkable  as  these  sup- 
plies of  natural  gas  are,  they  do  not  bear  com- 
parison, however,  with  the  stupendous  sup- 
plies which  are  yielded  by  the  petroleum 
districts  of  the  Caucasus,  and  of  the  United 
States ; an  interesting  account  given  of  the 
latter  to  the  Society  by  Professor  Dewar,  last 
May,  will  be  fresh  in  the  memory  of  the  mem- 
bers. It  may  be  mentioned  that  Mr.  Andrew 
Carnegie,  in  his  description  of  the  Pittsburg 
oil  and  gas  fields,  mentions  one  well  in  the 
Murraysville  district,  which  yields  30,000,000 
cubic  feet  of  gas  in  twenty-four  hours.  In 
comparison  with  this,  the  most  copious  gas- 
supplies  which  have  been  furnished  by  blowers 
from  coal  are  quite  insignificant. 

The  systems  of  ventilation  now  in  use  in  coal 
mines,  and  the  powerful  circulation  of  air 
maintained  thereby,  deal  effectually  with  the 
removal  of  gas,  as  it  exudes  from  freshly- 
worked  coal  even  in  very  fiery  mines,  when  it 
passes  into  the  main  ways  and  the  workings 
which  are  actually  in  use  ; but  in  old  workings, 
recesses,  or  cavities,  and  in  the  so-called 
goaves,  where  the  worked  out  space  has  bien 
filled  up  with  stone  and  debris  of  coal,  such 
localities  being  more  or  less  out  of  the  reach 
of  the  regular  ventilation  of  the  colliery,  the 
gas  may  lurk  and  lodge,  and  may  at  any  time 
constitute  a source  of  great  danger,  if  special 


means  are  not  adopted  to  favour  its  removal  ; 
and,  under  any  circumstances,  even  with  the 
most  efficient  and  searching  ventilatingarra  nge- 
ments,  the  almost  unavoidable  existence  of 
some  accumulations  here  and  there  in  mines 
where  fire-damp  is  prevalent,  renders  absolute 
freedom  of  the  air  in  the  mine  from  fire-damp 
practically  unattainable  in  such  cases,  although 
the  amount  diffused  through  the  air  may 
seldom,  under  ordinary  conditions,  approach, 
even  distantly,  to  the  minimum  proportion 
which,  ;per  se,  might  constitute  a source  of 
danger. 

It  is  now  generally  admitted  that  variations 
of  atmospheric  pressure  influence  the  tendency 
of  fire-damp  to  escape  from  goaves  or  old 
workings  in  a mine  where  accumulations  are 
iable  to  exist,  and  that,  when  a reduction  of 
pressure  suddenly  sets  in,  such  an  escape  may 
take  place  even  to  some  considerable  extent 
before  the  barometer  indicates  the  depression. 
Some  even  maintain  that  the  emission  of  gas 
from  the  face  of  coal  which  is  being  worked 
is  considerably  promoted  by  such  alterations  of 
pressure.  Some  years  ago  Messrs.  Galloway 
and  R.  H.  Scott  published  a series  of  interest- 
ing observations  which  indicated  a connection 
between  the  occurrence  of  meteorogical 
changes  and  of  collier}'  explosions ; but, 
although  there  are  many  undoubted  instances 
of  explosions  having  occurred  during  sudden 
and  very  considerable  depressions  of  the  baro- 
meter, different  observers  in  this  and  other 
countries  are  by  no  means  in  accord  as  to  the 
extent  to  which,  in  a properly  - ventilated 
mine,  the  existence  of  fire-damp  in  the  air  is 
influenced  by  barometric  changes.  A fortnight 
ago,  the  72>/2£’Jcorrespondent  in  Vienna  directed 
attention  to  experimental  observations  which 
are  being  carried  on  systematically  at  some 
collieries  of  the  Arch-Duke  Charles  at  Karwin, 
in  Silesia,  with  a view  to  investigate  this  ques- 
tion. A report  has  been  recently  issued  on 
the  first  series  of  these  experiments,  but  while 
its  authors  consider  themselves  already  justi- 
fied in  the  conclusion,  that  the  proportion  of 
fire-damp  in  the  air  of  a mine  generally  in- 
creases with  a diminution  of  atmospheric 
pressure,  and  vice  versa,  and  that  the  increase 
or  diminution  in  the  emission  of  gas  is  rapid 
in  proportion  to  the  rapidity  and  extent  of  the 
atmospheric  change,  the  actual  observations 
given  include  many  conflicting  points.  The 
report  dwells  on  the  fact,  as  a forcible  illus- 
tration of  the  connection  between  explosions 
and  barometric  expressions,  that  in  the  case 
of  four  extensive  explosions  which  occurred 
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during  the  past  year,  including  that  at 
Clifton-hill  colliery  in  June  last,  the  catas- 
trophe took  place  during  a rapid  and  con- 
siderable fall  of  the  barometer.  In  the  Hou^e 
of  Commons  debate  of  1878,  to  which  I have 
more  than  once  referred,  Mr.  Cowen  suggested 
that  warnings  of  approaching  depressions 
should  be  telegraphed  to  collieries  from  the 
Meteorological  Office,  and  the  same  suggestion 
has  been  made  in  other  quarters  ; but  opinions 
differ  greatly  as  to  the  wisdom  of  such  a 
course.  There  can,  however,  be  no  doubt  of 
the  importance  of  local  meteorological  obser- 
vations, systematically  carried  out,  and  of 
their  receiving  constant  attention  in  con- 
nection with  the  ventilation  of  the  mines  and 
with  regulations  respecting  the  firing  of  shots. 

There  are  some  mines  so  free  from  fire-damp 
that  naked  lights,  in  the  form  of  candles  or  oil 
lamps,  may  be  used  therein  with  perfect  safety 
as  illuminating  agents,  and  others  where  the 
occurrence  of  fire-damp  being  confined  to  some 
few  localities,  the  use  of  safety  lamps  need 
apparently  be  only  insisted  upon  in  certain 
parts  of  the  workings.  There  can  be  no  doubt, 
on  the  other  hand,  that  the  adoption  of  even 
the  most  perfect  ventilation  cannot  secure  such 
absolute  safety  as  to  render  the  use  of  naked 
lights  warrantable  where  seams  are  worked  in 
which  fire-damp  exists  in  any  abundance, 
because  danger  may  there  arise  at  any  time, 
from  some  accidental  stoppage  or  partial 
failure  of  the  ventilating  arrangements,  from 
the  effect  of  a reduction  of  atmospheric  pres- 
sure in  promoting  the  escape  of  gas  from 
lurking  places,  or  from  a liability  to  the  sudden 
emission  of  gas  in  considerable  quantity  from 
coal,  to  which  reference  will  presentl}’  be  made. 
The  ver)"  poor  light  furnished  by  the  forms  of 
safety  lamp  still  chiefly  in  use,  and  the  con- 
sequent increase  in  the  difficulties  of  working 
and  in  the  risk  to  which  the  miner  is  exposed 
from  sudden  falls  of  coal  or  stone,  have 
afforded  very  strong  temptation  to  the 
men  to  have  recourse  to  naked  lights,  and  to 
the  managers  of  mines  to  regard  such  pro- 
ceeding with  indulgence,  even  where  its  danger 
is  well  recognised.  The  strongest  incentives 
have,  therefore,  existed  to  the  application  of 
inventive  and  constructive  ability,  either  to  the 
improvement  of  the  light  furnished  by  existing 
forms  of  safety  lamps,  or  to  the  production  of 
new  forms  of  lamps  presenting  decided  su- 
periority over  them  in  light-giving  power. 

It  is,  however,  not  only  in  this  direction 
that  the  miners’  lamps  have  needed  and 
received  improvement ; the  poor  light  fur- 


nished by  the  older  forms  of  lamps  in  a 
quiet  atmosphere  becomes  even  much  worse 
when  they  are  exposed  to  such  currents 
as  are  now  met  with  in  properly  venti- 
lated mines ; in  order,  therefore,  to  afford 
that  advantage  over  naked  lights  from  the 
simple  point  of  view  of  efficiency  for  working 
purposes,  which  shall  tend  to  secure  its  pre- 
ference over  these,  the  lamps  should  burn 
brightly  and  steadily  even  in  strong  currents  of 
air.  1 .astly,  though  first  in  order  of  importance, 
the  lamp  should  be  unable,  under  any  circum- 
stances at  all  likely  to  arise  in  coal  mines,  to 
ignite  an  inflammable  or  explosive  mixture  of 
fire-damp  and  air,  even  when  this  is  passing 
at  the  highest  velocities  which  can  occur  in 
any  part  of  a mine. 

The  importance  of  determining  how  far 
modifications  of  existing  lamps,  or  new  kinds 
brought  forward  from  time  to  time,  fulfil  the 
latter  condition,  has  led  individuals  specially 
interested  in  the  subject,  and  associations  of 
mining  engineers,  for  many  years  past,  to 
submit  lamps  to  comparative  experimental 
tests  ; and  the  first  branch  of  inquiry  which 
was  taken  up  by  the  Royal  Commission,  and 
which  has  been  steadily  pursued  by  the 
members  up  to  a quite  recent  date,  was  the 
systematic  comparison  of  the  behaviour  of 
different  lamps  in  currents  of  explosive  mix- 
tures of  gas  and  air,  travelling  at  different 
and  accurately-determined  velocities.  More 
than  200  different  lamps,  partly  received  from 
various  manufacturers  and  inventors  in  this 
country,  and  partly  from  France,  Belgium, 
and  Germany,  have  been  submitted  to  tests 
in  explosive  atmospheres,  under  variously 
modified  conditions,  representing,  as  far  as 
possible,  every  variety  of  circumstances  under 
which  the  lamp  might  be  employed  in  a mine. 
As  the  experiments  proceeded,  and  the  results 
of  tests  applied  to  particular  lamps  became 
known  to  the  makers,  modifications  in  con- 
struction were  introduced  by  them  and  by 
others,  or  new  arrangements  demised,  and 
even  up  to  the  present  day  the  Commis- 
sion have  continued  to  receive  new  lamps, 
with  urgent  requests  that  they  should  be 
included  in  the  trials,  the  difficulty  of  bringing 
the  inquiry  to  a termination  having  thereby 
been  much  enhanced.  The  investigation  has 
not  only  dealt  with  the  question  of  the  safety  of 
the  lamps,  but  has  also  included  a careful 
determination  o^  the  amount  of  light  furnished, 
and  of  the  burning  qualities  of  all  the  more 
promising  lamps,  as  well  as  an  examination  into 
the  practical  merits  of  the  lamps,  in  regard  to 
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construction,  weight,  and  handiness,  it  being  of 
high  importance  that  a miner’s  lamp  should  be 
simple,  handy,  and  easily  taken  to  pieces  and 
put  together,  with  the  certainty  that  all  parts 
are  properly  fitted,  so  as  to  secure  safety,  and 
that  the  lamp,  when  once  lighted,  cannot  be 
readily  opened.  Collateral  experiments  have 
been  made  upon  the  relative  merits  in  point  of 
safety  and  efficiency,  of  different  illuminating 
agents  susceptible  of  employment  in  safety 
lamps.  The  experiments  have  beeen  carried 
out  by  the  Commission,  partly  at  particular 
collieries  in  South  Wales  and  Lancashire, 
where  natural  blowers  of  fire-damp,  which  are 
piped  to  the  surface,  furnished  the  supplies  of 
gas  with  which  the  tests  were  made;— and 
partl}^  at  Woolwich  Arsenal,  where  special 
facilities  were  furnished  for  accurate  and  ex- 
tensive experiment. 

The  results  of  these  extensive  investigations 
will  now  very  shortly  be  in  the  hands  of  the 
public,  and  I must  not  presume  to  do  more 
than  indicate  their  general  nature. 

Until  within  a comparatively  recent  period, 
only  three  types  of  lamp  were  in  extensive  use 
in  this  country — the  original  safety  lamps  which 
the  miners  owe  to  the  genius  of  Davy  and  of 
Stephenson,  and  a lamp  not  long  afterwards 
devised  by  Dr.  Clanny.  When  the  safety 
lamp  was  first  invented,  the  ventilating  currents 
in  mines  were  very  moderate,  seldom  attaining 
a velocity  of  even  5 feet  per  second  in  the 
principal  roads  or  air-ways,  while  in  the  work- 
ing places  themselves  the  currents  were  very 
slight.  The  Davy,  Stephenson,  and  Clanny 
lamps  were  fairly  safe  under  these  conditions 
in  the  presence  of  fire-damp.  But  at  the 
present  time  the  air  currents  in  the  main  road- 
ways of  mines  often  travel  at  a rate  of 
20  to  25  feet  per  second,  and  at  the 
working  places  their  velocity  ranges  from 
5 to  15  feet  per  second.  Moreover,  it  is 
even  possible  that  under  special  conditions > 
which  may  obtain  in  particular  parts  of  the 
mine,  current  velocities  of  30  to  35  feet  may  be 
met  with.  Under  conditions  such  as  these, 
the  Davy  and  Clanny  lamps  cease  to  afford 
any  security,  and  it  has  been  demonstrated  by 
the  experiments  of  the  Commission  that  even 
the  Stephenson  lamp,  which  is  generally  extin- 
guished by  an  atmosphere  highly  charged  with 
fire-damp,  may  bring  about  an  explosion  in 
currents  of  fire-damp  and  air.  These  facts 
had  already  been  indicated  by  the  results  of 
previous  experiments  when  the  Commissioners 
commenced  their  woilc,  but  their  own  investiga- 
tions so  clearly  established  the  great  danger  of 


relying  upon  the  Davy  and  Clanny  lamps,  and 
the  facts  already  known  on  the  subjectappeared 
to  have  received  so  little  attention  on  the  part  of 
managers  ofmines  (great  confidence  in  the  safety 
of  those  lamps  having  even  been  expressed  by 
experienced  witnesses),  that  the  Commissioners 
considered  it  their  imperative  duty  to  direct 
the  attention  of  the  Home  Secretary  to  the  fact 
“ that  the  employment  of  the  ordinary  Davy 
lamp,  without  a shield  of  metal  or  of  glass,  in 
an  explosive  mixture,  when  the  air  currents 
exceed  6 feet  a second,  is  attended  with  risk  of 
accident  almost  amounting  to  certainty,”  and 
that  ‘‘the  Clanny  lamp,  when  tested  in  a 
similar  current,  has  proved  to  be  scarcely, 
if  at  all,  less  dangerous.”  They  hoped  that 
the  most  prominent  publication  would  be  at 
once  officially  given  to  this  warning.  After 
some  delay,  a circular  embodying  the  sub- 
stance of  it  was  issued,  but  without  any  indica- 
tion that  it  bore  the  authority  of  the  Royal 
Commission.  This  action  was  taken  as  far 
back  [as  December,  1880  (they  having  been 
appointed  early  in  1879),  yet  the  Davy  and 
Clanny  lamps  have  continued  in  use  in  mines 
where  the  elements  of  danger  insisted  upon  by 
the  Commissioners  exist. 

The  Davy  lamp  had,  some  years  back,  been 
rendered  much  less  dangerous  when  exposed 
to  strong  air  currents  by  the  addition  of  a 
metal  shield  partially  surrounding  the  gauze 
cylinder,  or  by  the  provision  of  an  external 
glass  cylinder  extending  up  the  gauze  to 
various  distances.  The  latter  modification, 
known  as  the  Jack  lamp,  if  properly  carried 
out,  proved  to  be  the  most  efficient  safeguard  of 
thetwo ; a much  more  important  protection  has, 
however,  been  comparatively  recently  afforded 
to  the  Davy  lamp  by  enclosing  it  in  a case, 
which  protects  it  to  a great  extent  from  the 
action  of  currents,  but  which,  at  the  same 
time,  even  when  constructed  with  glass  on  all 
sides,  considerably  diminishes  the  already  very 
meagre  light  afforded  by  this  lamp. 

A lamp  of  Belgian  origin,  termed  the 
Mueseler,  and  which  has  for  many  years  past 
been  officially  adopted  for  use  in  the  Belgian 
mines,  presents  important  advantages  over  the 
lamps  already  referred  to.  These  were  recog- 
nised by  the  experimental  committees  of  the 
leading  Institutions  of  Mining  Engineers  before 
the  appointment  of  the  Royal  Commission, 
and  the  lamp  was  then  being  introduced  into 
some  collieries,  an  action  which  has  since  then 
extended  considerably.  Some  experiments  and 
certain  results  of  practical  experience  had, 
however,  already  tended  to  throw  some  doubt 
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upon  the  wisdom  of  placing  absolute  reliance 
in  the  safety  of  this  lamp,  especially  when  the 
precise  details  of  its  construction,  as  worked 
out  in  Belgium,  were  more  more  or  less 
departed  from  by  English  makers.  The  results 
of  the  Commission’s  experiments  confirmed  the 
doubts  which  had  been  raised  by  experiments 
of  the  Midland  Institute  respecting  the  abso- 
lute safety  of  the  Mueseler  lamp,  even  when 
carefully  constructed  as  regards  the  proportions 
of  its  component  parts,  and  demonstrated  that, 
under  special  circumstances,  it  might  cause  an 
explosion  \vhen  exposed  to  a current  of  fire- 
damp mixture  having  a velocity  of  from  six  to 
ten  feet  per  second.  Under  corresponding 
conditions,  and  even  in  currents  of  much  higher 
velocities,  the  cased  Davy  lamp  was  found  to 
be  perfectly  safe,  and  the  establishment  of  this 
important  fact  has  led  to  the  adaptation  of 
cases  in  various  ways  to  the  old  types  of  safety 
lamps,  many  so-called  new  safety  lamps  con- 
sisting, in  fact,  of  the  Da\y  or  Clanny  pro- 
tected, by  inclosure  in  various  ways,  from  the 
direct  action  of  the  current. 

Protracted  as  have  been  the  investigations 
which  the  Commissioners  have  carried  out  with 
safety  lamps,  their  publication  will,  I venture 
to  affirm,  convince  even  those  who,  because  they 
have  not  cared  to  inform  themselves  of  the 
character  and  extent  of  work  which  was  being 
done,  have  thought  it  right  and  just  to  publicly 
reproach  the  Commission  with  dilatoriness, 
that  the  curtailment  of  these  researches  w’ould 
only  have  been  detrimental  to  the  conclusive, 
and  therefore  practically  important,  nature  of 
the  results  arrived  at.  For  these  have  not  only 
led  to  decisive  conclusions  regarding  the  de- 
fects of  the  best  known  and  most  extensively 
used  types  of  lamps,  and  the  degree  of  safety 
and  other  merits  of  a large  variety  of  modifi- 
cations of  them,  as  well  as  of  new  forms  of 
lamps,  but  they  will  also  enable  the  Com- 
missioners to  indicate  with  confidence  several 
lamps  which  combine  a great  degree  of  safety 
with  other  important  merits,  and  to  specify 
a few'  among  these  which,  while  ranking 
highest  in  point  of  safety,  and  leaving  very  little 
to  be  desired  in  this  respect,  combine  with 
this  first  essential  the  important  adjuncts  of 
simplicity  of  construction  and  fair  illuminating 
pow’er.  It  will,  moreover,  be  possible  to  indi- 
cate some  directions  in  w’hich  even  these  lamps 
are  susceptible  of  improvement.  It,  therefore, 
only  remains  to  be  hoped  that  the  results  of  the 
labour  which  the  Commissioners  have  devoted 
to  this  branch  of  their  inquiry  will  be  accepted 
with  the  confidence  they  merit,  and  will  be 


speedily  utilised  both  by  those  who  are  re- 
sponsible for  the  management  of  mines  and  by 
those  who  control  the  actions  of  the  miner. 

When  the  Commission’s  investigation  of  the 
relative  merits  of  different  safety  lamps  were 
already  considerably  advanced,  Mr.  Ellis 
Lever  publicly  offered  a premium  of  £^00  for 
a miners’  safety  lamp,  either  a perfectly  self- 
contained  electric  lamp,  or  other  lamp,  which, 
while  being  of  convenient  size  for  carrying 
about,  would  continue  to  give  a useful  amount 
of  light  for  not  less  than  twelve  hours,  and 
which  would  “ not  caicse  an  explosion  of  gas 
zmder  any  circumstances  at  all  likely  to  re- 
present conditiofis  which  may  occiLr  in  actual 
practice."'  It  was  proposed  that  the  judges  to 
whom  lamps  submitted  for  competition  w’ere  to 
be  referred  should  include  three  scientists,  no- 
minated respectively  by  Mr.  Lever,  by  the  Royal 
Society,  and  by  the  Society  of  Arts.  No  less 
than  108  different  lamps  were  sent  in,  and  it 
need  scarcely  be  said  that  the  determination 
whether  any  among  them  fulfilled  the  pre- 
scribed conditions  involved  a very  extensive 
series  of  experiments.  The  adjudicators  ap- 
pointed included  two  members  of  the  Commis- 
sion, who  cheerfully  consented  to  take  upon 
themselves  this  very  considerable  addition  to 
the  voluntary  labours  already  being  carried 
on  by  them  in  the  interests  of  the  miners. 

In  arranging  for  and  carrying  out  the  tests 
of  these  lamps,  the  adjudicators  had  the  great 
advantage  of  the  experience  gained  by  the 
Commission  as  to  the  nature  of  tests  best 
adapted  to  elicit  information  regarding  the 
good  or  bad  features  of  a lamp,  and  as  to 
the  performances  of  the  different  types  or 
modifications  of  lamps  already  known. 

Only  four  electric  lamps  were  submitted, 
and  these  altogether  failed  in  fulfilling  any 
one  of  the  conditions  laid  down,  excepting 
that  of  being  self-contained  lamps.  As  the 
tests  of  the  various  other  lamps  progressed  in 
severity,  the  number  of  promising  ones  was 
rapidly  reduced,  and,  eventually,  not  one  lamp 
was  found  completely  to  fulfil  the  w’hole  of  the 
conditions  under  which  the  premium  was 
offered,  although  there  were  several  which 
ranked  very  high  as  regards  safety  and 
efficiency ; foremost  among  these  being  the 
lamp  of  M.  Marsaut  (with  three  gauzes)  and 
that  of  Mr.  N.  Morgan,  of  Pontypridd.  To 
the  constructors  of  these  lamps  gold  medals 
have  been  awarded  at  the  Inventions  Exhi- 
bition, and  it  will  be  found  that  they  rank 
among  the  lamps  which  the  Commissioners 
are  able  to  speak  most  highly  of.  But  the 
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premium  which  Mr.  Lever  placed  at  the  dis- 
posal of  the  adjudicators  reverted  to  him,  and 
those  who  have  great  experience  of  the 
behaviour  of  safety  lamps  of  the  various  well- 
known  and  recently  developed  types  could 
scarcely  have  anticipated  a diiferent  result,  in 
face  of  the  conditions  laid  down.  Mr.  Lever  has, 
since  then,  again  offered  a similar  premium, 
this  time  for  “the  invention  or  discovery  of 
an  economical,  efficient  and  safe  substitute  for 
gunpowder  and  other  dangerous  explosives 
used  in  the  getting  of  coal.”  The  Council  of 
the  Society  of  Arts  could  not  see  their  way  to 
attempt  to  comply  with  the  suggestions  of  Mr. 
Lever  that  they  should  award  this  premium 
or  appoint  adjudicators  for  that  purpose. 
Apart  from  the  circumstance  that  there  would 
be  much  less  probability  of  the  owner  of  the 
money  being  called  upon  to  pay  the  premium, 
than  in  the  case  of  the  lamp  competition,  the 
Council  could  not  have  presumed  even  to  sug- 
gest the  great  sacrifice  of  time  in  the  perform- 
ance of  the  very  laborious  and  exhaustive 
experiments  indispensable  in  this  case,  to 
such  as  would  be  really  competent  to  perform 
the  work  of  adjudication,  which  Mr.  Lever 
appears  to  think  at  least  as  lightly  of  as  of  the 
offer  of  these  prizes.  It  borders  upon  the 
amusing  to  observe  in  the  article  by  the  Man- 
chester correspondent  of  the  Times,  to  which 
such  prominence  was  given  on  the  27th  of 
last  June,  how  the  writer  heralds  offers  of  sub- 
scriptions and  of  premiums  as  illustrating  the 
way  in  which  his  hero  “gallantly  attacks  the 
problem  (of  accidents  in  mines)  at  all  points,” 
while  he  has  no  encouraging  word  for  the  men 
of  science  whose  disinterested  devotion  to  very 
arduous  work,  for  which  their  sole  probable 
recognition  would  be  hostile  criticism,  or 
worse,  can  alone  give  any  point  to  the  “ gal- 
lant attacks  ” of  philanthropists  like  Mr.  Ellis 
Lever. 

The  possibility  of  applying  the  electric  light 
to  the  illumination  of  coal-mine  workings  was 
one  of  the  most  prominent  of  the  subjects 
which  first  suggested  themselves  to  the  Royal 
Commissioners  as  demanding  careful  study. 
The  superficial  observer,  in  noting  the  real 
progress  made  during  the  last  few  years  in 
the  facility  and  success  with  which  the  electric 
light  has  been  utilised  equally  upon  a large 
scale,  for  purposes  of  display  or  for  the  light- 
ing up  of  large  areas  and  buildings,  upon  the 
comparatively  small  scale  needed  for  illumina- 
tion of  small  dwelling-houses  and  offices,  and 
upon  the  very  minute  scale,  as  in  connection 
with  surgical  requirements,  might  have  been 


pardonably  led  to  the  conclusion  that  there 
existed  no  very  great  difficulties  in  the  way  of  at 
once  presenting  the  miner  with  an  electric  light 
in  almost  as  portable  a form  as  a safety  lamp, 
incomparably  safer  than  the  best  of  these, 
and  capable  of  affording  him  a much  superior 
light  for  the  entire  duration  of  his  longest 
working  hours  underground.  A little  inquiry 
into  the  subject  demonstrated  to  the  Royal 
Commission  that  such  a conclusion  would  be 
at  least  very  premature,  and  that,  although  the 
subject  was  one  most  worthy  of  patient  pur- 
suit, the  attainment  of  really  useful  results 
was  beset  with  formidable  difficulties.  It  is 
one  thing  to  announce  in  oracular  fashion,  as 
the  Times  did,  in  a leading  article  last  June, 
“ that  collieries  ought  to  be  lighted  in  a way 
to  dispense  with  safety  lamps,”  “that  elec- 
tricity is  the  one  illuminating  medium  which 
can  supply  the  light  which  miners  want, 
without  the  flame  which  endangers  them.” 
It  is  quite  another  thing  to  apply  the  electric 
light  with  safety,  even  along  main  roadways, 
in  mines  in  which  fire-damp  is  prevalent.  The 
writer  of  those  lines  would  have  been  less  con- 
fident in  his  assertions  had  besought  sufficient 
information  to  teach  him  that  the  fracture  of 
a glow-lamp,  or  the  rupture  of  a conducting- 
wire,  in  a mine,  might  be  as  much  fraught 
with  danger  as  the  injury  of  a safety  lamp  or 
the  lighting  of  a pipe.  Had  he,  moreover,  but 
learned  by  simple  inquiry  what  progress  had 
been  made  by  patient  workers,  at  the  time  he 
was  inspired  thus  to  write,  towards  setting 
aside  those  sources  of  danger,  and  providing 
the  miner  with  a portable  and  efficient  self-con- 
1 tained  lamp,  he  would  certainly  have  hesitated 
to  assert  that  “ no  proper  zeal  has  been 
brought  to  bear  upon  the  conquest  of  difficul- 
ties ” in  the  application  of  electric  lighting 
in  mines,  or  to  sneer  at  “ the  scientific  brains, 
whom  the  public  may  encourage,  though  it 
cannot  compel,  to  exert  themselves  as  keenly 
for  the  illumination  of  a murky,  dirty  coal-pit, 
as  in  the  transformation  of  a plot  of  ground  in. 
South  Kensington  into  fairyland.” 

The  Royal  Commissioners’  report  will  deal 
with  attempts  which  have  been  made  in  several 
of  the  mining  districts  to  apply  electricity  ta 
underground  illumination ; so  far  as  distribu- 
tion of  the  light  in  main  roads  is  concerned,  no 
great  progress  has  been  made,  though  there  is 
now  no  reason  why  glow-lamps,  protected  after 
the  manner  in  use  at  our  Government  Gun- 
powder Works  (as  shown  at  the  recent  Exhibi- 
tion), should  not  be  distributed  to  considerable 
distances  along  such  portions  of  a mine,  the 
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conducting^  wires  being  placed  in  secure  posi- 
tions and  effectually  protected.  At  Risca 
Colliery,  in  Monmouthshire,  at  Harris’s  Navi- 
gation Colliery,  near  Pontypridd,  and  at 
Earnock  Collier}',  at  Hamilton,  N.B.,  a com- 
mencement has  already  been  made  in  this 
direction  with  satisfactory  results.  If,  however, 
the  miner  is  to  have  an  electric  lamp  for  light- 
ing up  drifts  and  working  places,  it  must  be 
supplied  to  him  in  a self-contained  and  really 
portable  form,  with  absolute  protection  or 
isolation  of  the  glow-lamp  from  the  surround- 
ing atmosphere,  and  with  a store  of  power 
sufficient  to  maintain  an  efficient  light  for  ten 
or  twelve  hours. 

The  considerable  improvements  which  have 
of  late  been  made  in  secondary  batteries,  or 
accumulators,  and  the  advance  which  has  also 
been  made  in  the  construction  of  constant 
primary  batteries,  have  led  to  very  important 
progress  toward  the  attainment  of  these  essen- 
tials since  lamps  were  submitted  for  competition 
for  the  Lever  premium  about  two  years  ago. 
Mr.  J.  Wilson  Swan,  universally  celebrated  for 
his  achievements  in  the  matter  of  glow-lamps, 
who  was  encouraged  by  the  Commission  in  the 
early  days  of  its  existence  to  give  his  attention 
to  the  adaptation  of  the  glow-lamp  to  the 
miner’s  use,  and  has  since  patiently  pursued 
the  subject,  has  not  long  since  succeeded  in 
producing  a lamp  which,  with  its  small  storage 
battery,  weighs  little  more  than  8 lb.,  and  which 
will  furnish  a light  equal  to  from  two  to  four 
times  that  given  by  the  better  forms  of  safety 
lamp  for  a duration  of  ten  or  twelve  hours.  The 
beautiful  miniature  glow-lamp  which  furnishes 
the  light  is  perfectly  shut  out  from  the  air  and 
protected  from  accidental  fracture,  and  the 
battery  will  bear  swinging  about  without  detri- 
ment. Mr.  Swan  is  sanguine  that  he  will  ere 
long  be  able  to  effect  an  important  reduction 
in  the  weight  and  bulk  of  the  lamp,  and  he  is 
not  less  hopeful  of  elaborating  a primary  battery 
similar  in  portability  and  light-giving  power, 
the  substitution  of  which,  if  successful,  for  the 
accumulator  would  have  the  advantage  of  dis- 
pensing with  the  necessity  forproviding  dynamo- 
electric  machines  and  power  for  charging  the 
storage  cells,  though  the  great  advantages 
presented  by  electric  illumination,  especially 
w'ith  arc  lamps,  of  the  surface  establishments  of 
a colliery,  will  probably  lead  ere  long  to  the 
extensive  employment  of  dynamo  machines  for 
such  purposes.  Other  workers  besides  Mr. 
Swan,  such  as  Mr.  Coad  and  M.  Trouve,  have 
been  applying  small  primary  batteries  to  the 
production  of  miners’  lamps  with  some  promise 


of  success,  although  as  yet  the  results  furnished 
do  not  bear  comparison  with  those  obtained 
by  Mr.  Swan  with  the  storage  battery.  Those 
who  have  spent  any  length  of  time  under 
ground,  especially  in  the  very  low  workings 
which  abound  in  coal  mines,  and  at  the 
high  temperature  which  often  prevails  in  the 
workings  of  deep  mines,  will  have  experienced 
the  fact  that  any  incumbrance  may  sometimes 
become  very  burdensome,  and  can  well  under- 
stand, therefore,  that  the  weight  and  size 
of  even  the  lightest  form  of  battery  w'ith 
which  an  efficient  light  could  be  maintained 
for  a sufficient  length  of  time,  may  prove 
grave  obstacles  to  its  extensive  employ- 
ment. Moreover,  as  the  electric  light  can 
afford  no  indication  of  the  condition  of  the 
atmosphere  in  a mine-working,  its  employ- 
ment may  not,  even  under  the  most  favourable 
conditions,  altogether  allow  of  the  safety  lamp 
being  dispensed  with.  But  even  if  used  onlv 
as  an  auxiliary  means  of  illumination  in 
working  places,  such  lights  as  those  which 
Swan  and  others  will  supply,  will  prove  very 
valuable.  A similar  lamp,  of  somewhat  larger 
size  and  comparatively  much  greater  illuminat- 
ing power,  may  also  prove  invaluable  for  ex- 
ploring purposes,  especially  after  accidents 
due  to  outbursts  of  gas,  when  the  best  safety 
lamps  may  be  of  little  use,  even  if  they  con- 
tinue to  burn.  Such  electric  lamps  must 
indeed  become  formidable  competitors  of  the 
Fleuss  lamp  (included  in  the  recent  Exhibition), 
which  has,  in  conjunction  with  the  portable 
apparatus  for  the  supply  of  respirable  air  to 
explorers,  already  performed  important  service 
in  rendering  access  to  mine-workings  possible 
where  an  ordinary  lamp  could  not  burn,  and 
where  the  atmosphere  was  too  foul  to  support 
life  for  any  time. 

The  sudden  escape  into  a mine-working  of  a 
very  large  volume  of  fire-damp,  the  accumu- 
lating pressure  of  which  has  at  length  over- 
come the  resistance  opposed  to  it,  either  by 
the  coal  or  by  the  stone  which  form  the  floor 
or  the  roof  of  the  mine,  and  the  outrush  of 
which  is  sometimes  accompanied  by  the  ejec- 
tion of  very  large  quantities  of  disintegrated 
mineral,  constitutes  themostformidable  danger 
connected  with  this  associate  of  coal,  because 
little  or  no  warning  is  received  of  its  occur- 
rence, and  because  the  volume  of  gas  suddenly 
liberated  is  often  so  considerable  that  the 
most  powerful  ventilating  currents  are  for  a 
time  inoperative,  while  their  very  action  may 
be  to  distribute  gas  rapidly  in  the  form  of  an 
explosive  mixture  with  air  to  distant  parts  of 
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the  mine-working-s.  In  the  earlier  records  of 
these  “sudden  outbursts”  of  gas,  when  the 
ventilating  currents  in  a mine  were  compara- 
tively very  feeble,  men  were  not  unfrequently 
asphyxiated  by  the  gas  which  for  a time  re- 
mained but  little  diluted  with  air  in  the  neigh- 
bourhood of  the  outburst ; on  the  other  hand, 
the  considerable  time  which,  under  these  cir- 
cumstances, was  required  to  bring  about  the 
production  of  an  explosive  mixture  has,  in 
some  cases,  facilitated  the  escape  from  critical 
surroundings  of  those  who  have  been  in  the 
neighbourhood  of  the  outburst.  It  appears 
that,  as  the  depth  of  coal-mines  has  increased 
both  in  this  country  and  in  Belgium,  these 
violent  emissions  of  gas  have  increased  in 
frequency.  The  volume  of  gas  suddenly  set 
^ree  varies  very  greatly ; sometimes  it  is  so 
considerable  that,  even  with  very  powerful 
ventilation,  the  workings  have  not  been  restored 
to  a safe  condition  for  work,  in  regard  to  com- 
parative freedom  from  fire-damp,  until  several 
days  after  the  occurrence  of  the  outburst. 
One  of  the  most  formidable  outbursts  of  gas 
upon  record  is  that  which  occurred  in  April, 
1875,  in  the  district  of  Mons,  at  L’Aggrapp, 
near  Frameries,  which  caused  the  death  of 
twenty-one  persons.  An  overwhelming  volume 
of  pent-up  gas  became  suddenly  liberated  ; 
passing  up  the  downcast  shaft  it  was  fired  at 
the  engine-house,  and  burned  as  a column  of 
flame  120  feet  high,  of  the  diameter  of  the 
shaft.  The  eruption  continued  for  three  hours 
in  almost  undiminished  extent. 

The  Royal  Commission  has  paid  very  con- 
siderable attention  to  these  remarkable  occur- 
rences, with  the  view  of  endeavouring  to  throw 
some  light  upon  their  nature  and  origin,  and 
it  is  not  impossible  that  the  results  of  their 
study  of  the  subject  may,  when  published,  at 
any  rate  remove  some  little  of  the  absolutely 
mysterious  character  which  has  hitherto  been 
their  attribute. 

That  these  sudden  outbursts  of  gas  have 
been  intim.ately  connected  with  some  of  the 
most  appalling  disasters  which  have  occurred 
in  coal  mines  appears  beyond  question,  and 
there  is  equally  little  room  for  doubt  that  the 
firing  of  shots,  or  use  of  gunpowder  for  blasting 
coal  or  stone  in  mines,  has  been,  in  many 
cases,  intimately  connected  with  those  disas- 
ters. The  concussion  and  local  disturbance, 
or  breaking  up  of  the  coal  or  stone,  produced 
when  a shot  is  fired,  may  have  the  effect  of 
releasing  a large  volume  of  gas  pent  up  in  the 
immediate  vicinity  of  the  shot,  or  of  determining 
the  sudden  outburst  of  a quantity  of  gas  accu- 


mulated under  great  pressure  in  the  neigh- 
bourhood, and  the  firing  of  a shot  is  but  rarely 
quite  unaccompanied  by  the  production  of 
flame,  ortheprojection  of  incandescent  particles, 
whereby  gas  may  become  inflamed  at  the 
moment  of  its  liberation.  This  result  could  in 
itself  scarcely  ever  be  likely  to  be  productive 
of  any  serious  destructive  effects,  because  the 
gas  would  be  inflamed  before  it  had  time  to 
become  mixed  with  more  than  a small  quantity 
of  air,  and  certainly  not  with  the  compara- 
tively large  volume  necessary  to  produce  ex- 
Jlosive,  and  consequently  destructive,  effects 
If,  however,  the  gas  escapes  ignition  by  the 
flame  of  the  shot  which  has  released  it,  or  if 
it  becomes  liberated  at  too  great  a distance 
from  the  shot  to  be  reached  by  any  flame  that 
is  developed,  it  will  rapidly  mix  with  the  air  in 
the  workings,  filling  these  more  or  less  ex- 
tensively with  an  explosive  gas  mixture  which, 
as  shots  are  rarely  fired  singly,  is  liable  to  be 
exploded  by  the  firing  of  the  next  shot,  the 
fuse  of  which  is  already  burning. 

The  production  of  a sudden  outburst  of  gas, 
or  the  liberation  of  gas  by  the  violent  breaking 
up  of  coal  or  stone,  is,  however,  not  essential  to 
the  production  of  disastrous  results  by  the  firing 
of  powder  or  other  explosives  in  coal  mines. 
Indeed,  the  opinion  has  been  entertained  by 
those  who  are  inclined  primarily  to  ascribe  the 
occurrence  of  these  disasters  to  neglect  or 
supineness  on  the  part  of  colliery  proprietors  or 
managers,  that  coal  mine  explosions  are  too 
readily  assumed  to  have  been  brought  about 
by  a sudden  outburst  of  gas,  which  affords  a 
comparatively  easy  and  apparently  satisfactory 
explanation  when  others  fail,  and  one  which 
may  have  a tendency  to  arrest  sufficiently 
searching  inquiry. 

The  flame  or  fire  projected  by  the  firing  of  a 
powder-shot  may,  without  any  favouring  cir- 
cumstances, be  projected  to  a considerable 
distance  beyond  the  face  of  the  coal  or 
stone  in  which  it  is  fired,  if,  as  is  frequently 
the  case,  the  force  developed  is  insufficient  to 
accomplish  the  fracture  of  the  bore-hole  in 
which  the  charge  of  explosive  is  confined,  and 
the  highly  heated  products  of  the  explosion 
are  entirely  projected  from  the  hole,  as  if  the 
shot  had  been  fired  from  a gun.  Thus,  in 
some  experiments  made  on  this  head  by 
the  Commissioners,  in  military  mine  galleries 
corresponding  in  dimensions  to  coal  mine 
workings,  and  where  no  conditions  prevailed 
which  were  calculated  to  favour  the  extension 
of  flame  from  a shot,  charges  of  i^lb.  of  gun- 
powder, fired  so  as  to  ensure  the  production  of 
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a so-called  blown-out  shot,  extended  to  dis- 
tances of  about  20 ft.,  in  a capacious  gallery 
representing  the  main  road  of  a mine,  and  to 
distances  of  30  to  35  ft.  in  galleries  of  much 
smaller  dimensions,  similar  to  mine-workings. 
In  these  experiments  the  powder  charges  were, 
in  some  cases,  not  tamped  at  all,  in  others 
they  were  tamped  with  clay.  It  is  by  no 
means  an  uncommon  practice  in  coal  mines  to 
employ  the  small  debris  of  coal,  which  is  ready 
to  hand  in  the  working  places,  as  the  tamping 
material ; and  it  has  been  recently  demon- 
strated, in  the  course  of  a series  of  valuable 
e.xperiments  made  by  the  Prussian  Mines  Com- 
mission in  the  Saarbriicken  district,  that  the 
volume  of  flame  projected  by  a blown-out 
powder-shot  is  very  greatly  increased  when  the 
shot-hole  has  been  thus  tamped.  In  an  experi- 
mental galler}%  intermediate  in  size  between 
the  large  and  small  mine  galleries  used  in  the 
Royal  Commission’s  experiments  at  Chatham 
with  blown-out  shots,  the  charge,  about  ilb.  of 
powder  tamped  with  clay,  projected  flame  to  a 
distance  of  about  13  ft.,  in  good  accordance 
with  the  Chatham  results,  while  corresponding 
charges  of  powder,  tamped  with  coal  dust, 
and  fired  under  the  same  conditions,  projected 
flame  to  about  60  ft.  It  is  evident  that  the 
flame  from  a blown-out  shot,  even  where  coal- 
dust  has  not  been  used  for  tamping,  may  be 
projected  to  such  a distance  as  to  reach 
to  the  goaves  of  old  working  places  or  cavities 
where  a fire-damp-and-air  mixture  may  be 
lurking,  which  has  escaped  obser\’ation  by  the 
official  or  miner  whose  duty  it  is  to  see  that  the 
surroundings  are  free  from  fire-damp  before 
shots  are  fired.  This  is,  however,  by  no  means 
the  only,  or  even  the  most  prominent,  danger 
which  may  attend  the  occurrence  of  a blown - 
out  shot  in  even  the  best  ventilated  coal-mine, 
quite  independently  of  the  possibility  of  a 
sudden  release  of  a considerable  volume  of 
fire-damp  during,  and  consequent  upon, 
blasting.  But  before  referring  to  what  now 
appears  to  be  well  established  as  the  chief 
general  source  of  danger  attending  the  use  of 
explosives  in  coal-mines,  I must  touch  briefly 
upon  the  means  hitherto  employed  for  searching 
for  fire-damp,  and  for  inspecting  the  workings 
of  a mine,  to  ascertain  that  all  is  safe  before 
men  descend  to  work,  or  before  shots  are  fired. 

The  first  effect  of  introducing  a Davy  or  other 
safety  lamp  into  an  atmosphere  containing 
small  proportions  of  fire-damp  is  to  cause  the 
flame  to  elongate,  the  extremity  becoming 
narrow  and  more  pointed  as  the  proportion 
of  fire-damp  increases  ; when  the  latter 
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approaches  a proportion  which  produces  with 
air  an  inflammable,  and  ultimately  an  explo- 
sive, mixture,  a pale  blue  halo  or  cap  is  per- 
ceptible over  the  flame,  and  this  increases  with 
an  increase  in  the  proportion  of  gas,  until  the 
cage  or  gauze  of  the  lamp  is  filled  \\ith  flame. 
With  some  varieties  of  fire-damp,  however, 
which  are  known  technically  as  sharp  gas,  the 
gradations  are  not  readily  perceived  between 
the  first  lengthening  of  the  flame  and  the  filling 
of  the  cage  with  flame,  consequent  upon  the 
burning  of  a gas  mixture  which  contains  six 
per  cent,  or  more  of  fire-damp. 

The  Davy  lamp  is  generally  preferred  by  the 
overmen,  mine  managers,  or  inspectors  for  gas- 
testing purposes  ; the  search  lamp  is  made  of 
small  dimensions,  so  as  to  admit  of  the  flame 
being  approached  pretty  closely  to  the  roofs  of 
a working,  or  of  the  lamp  being  inserted  into 
cavities  where  fire-damp  is  most  likely  to  be 
lurking.  The  flame  is  always  reduced  to  small 
dimensions  for  testing  purposes,  so  that  slight 
alterations  in  size  or  form  may  be  more  readily 
detected.  An  experienced  observ’er,  whose 
eye  has  been  trained  to  detect  the  first  symptom 
of  change  in  the  appearance  of  the  lamp  flame 
consequent  upon  the  presence  of  fire-damp  in 
the  air,  may  identify  so  large  a quantity  as  two 
per  cent,  of  gas  in  the  air  of  a mine,  but  even 
this  is  doubtful,  except  in  the  case  of  obser\-ers 
who,  like  Mr.  William  Galloway,  the  well- 
known  mining  engineer  (formerly  Government 
Inspector  of  Mines),  have  specially  trained 
themselves  to  the  discovery  and  estimation  of 
the  proportion  of  small  quantities  of  fire-damp 
by  the  detection  of  minute  changes  in  the 
character  of  the  safety  lamp  flame,  and  who 
may  even,  perhaps,  succeed  in  thus  detecting 
the  presence  of  1-5  per  cent,  of  fire-damp. 

It  has,  however,  now  been  conclusively 
demonstrated  to  be  of  the  greatest  import- 
ance that  responsible  persons  in  coal  mines 
should  be  furnished  with  reliable  means  for 
expediously  detecting,  without  the  exercise 
of  any  very  special  skill,  smaller  quantities 
of  fire-damp  than  it  is  possible  to  identify 
with  certainty,  even  by  the  exercise  of  great 
skill  in  the  use  of  a safety  lamp.  Hence 
much  interest  and  moment  attach  to 
the  efforts  which  have  been  made  from  time 
to  time  by  scientific  men  to  devise  sensi- 
tive and  reliable  fire-damp  indicators.  The 
late  Mr.  Ansell  applied  in  several  very  ingenious 
ways  some  results  of  Professor  Graham  s 
classical  researches  on  the  diffusion  of  gases 
to  the  construction  of  sensitive  fire-damp 
detectors,  which,  however,  did  not  realise  the 
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sanguine  expectations  of  the  inventor  and 
others  who  entered  zealously  into  the  applica- 
tion of  these  instruments,  that  a delicate  and 
really  reliable  fire-damp  detector  had  been 
found  which  could  be  expeditiously  used  in  the 
mine  at  any  moment.  The  same  principles 
have  since  been  applied,  but  apparently  with 
no  greater  success,  by  several  foreign  inventors 
of  so-called  Grisott.  metres.  Two  eminent  scien- 
tists well  known  to  this  Society,  the  late  Dr. 
Angus  Smith  and  Professor  George  Forbes, 
have  proposed  to  detect  and  estimate  the 
quantity  of  fire-damp  in  the  air  of  a mine  by 
ingenious  applications  of  other  important  prin- 
ciples in  physical  science,  and  the  acoustic 
indicator,  lately  exhibited  by  Mr.  Blaikley,  is  a 
very  pretty  application  of  the  principle  utilised 
n a ditferent  way  by  Professor  Forbes.  Various 
forms  of  eudio-metrical  apparatus  have  been 
constructed  with  the  same  object ; the  varia- 
tions in  the  density  of  air  due  to  the  presence 
of  different  proportions  of  fire-damp,  have  been 
made  the  basis  of  other  gas  - indicating  ap- 
paratus ; a test-lamp  has  been  constructed  to 
furnish  a flame,  when  burning  alcohol,  which 
is  much  more  sensitive  than  the  oil  flame 
of  an  ordinary  safety  lamp  ; and  an  electro- 
photometric test  apparatus  has  been  devised 
by  Mr.  E.  H.  Liveing,  which  appears  to 
be  the  most  thoroughly  practical  form  of 
gas-indicator  shown  at  the  recent  Exhi- 
bition. This  apparatus,  in  a very  portable 
and  convenient  form,  was  made  the  sub- 
ject of  experiment,  to  determine  its  delicacy 
and  accuracy,  and  was  afterwards  extensively 
used  by  a Committee  (of  which  I was  a mem- 
ber) appointed  by  the  Admiralty  to  report  on 
the  means  to  be  adopted  for  guarding  against 
the  occurence  of  explosions  due  togas  emitted 
from  the  coal  stored  in  ships’  bunkers, 
and  was  recommended  for  employment  in 
H.M.  ships  for  testing  the  air  in  the 
bunkers.  It  was  found  that,  with  very  little 
practice,  there  was  no  difficulty  whatever 
in  detecting  o'5  per  cent,  of  marsh-gas 
or  fire-damp  in  air  by  means  of  it.  The 
merits  of  the  most  prominent  of  the  several 
gas-indicators  have  been  made  the  subject  of 
careful  consideration  by  the  Royal  Commis- 
sion, and  there  is  no  doubt  that  there  is  now 
no  important  practical  difficulty  in  the  way  of 
identifying  in  the  air  of  mines,  without  the 
exercise  of  very  special  skill,  smaller  propor- 
tions of  fire-damp  than  can  be  detected  by 
those  most  skilled  and  experienced  in  the  use 
of  a sensitive  safety  lamp  for  this  purpose. 

The  importance  of  being  able  to  recognise 


very  small  proportions  of  fire-damp  in  air  has 
become  specially  evident,  since  the  fact  has 
become  thoroughly  established,  by  recent 
careful  and  comprehensive  investigation, 
that  when  fire-damp  is  present  in  the  atmo- 
sphere of  a mine  in  proportions  greatly 
below  those  necessary  to  produce  a feebly  ex- 
plosive or  even  barely  inflammable  mixture,  it 
may  )'et  constitute  a most  formidable  source 
of  danger,  by  its  co-operation  with  the  dust 
which  exists,  in  more  or  less  abundance,  in 
every  mine-working. 

The  fact  that  coal-dust  adds  considerably 
to  the  disastrous  effects  of  fire-damp  ex- 
plosions, was  noticed  already  more  than 
180  years  ago,  and  was  referred  to  in 
published  reports  by  well-known  mine  in- 
spectors, such  as  Mr.  J.  Buddie,  who 
was,  during  the  first  half  century,  the 
chief  mine  viewer  in  the  Newcastle  dis- 
trict ; but  Faraday  and  Lyell  were  the  first  to 
demonstrate,  forty  years  ago,  how  important 
a part  might  be  played  by  coal-dust,  in  aggra- 
vating and  extending  the  destructive  effects 
of  fire-damp  explosions.  When  investigating, 
for  the  Home  Office,  a serious  explosion  which 
occurred  in  the  Has  well  Colliery  in  1844,  they 
observed  (and  detailed  in  their  report  of  1845) 
many  signs,  quite  recently  described  as  novel 
observations  by  others,  that  the  coal-dust  was 
partly  burned,  and  partly  subjected  to  a char- 
ring or  coking  action,  by  the  fire-damp  ex- 
plosion; that  it  covered  the  roof,  floor,  and 
sides,  and  the  props  and  pillars  of  the 
working-places,  with  friable  deposits  of  partly 
fused  coke-dust,  and  that,  when  swept  up 
by  the  rush  of  flame,  and  acted  upon  as 
described,  it  yielded  quantities  of  inflam- 
mable gas,  which  added  to  the  violence 
and  magnitude  of  the  explosion.  The  lucid 
account  then  published  of  the  evidence 
that  coal-dust  may  play  an  important 
part  in  the  effects  produced  by  mine- 
explosions  possesses  great  interest ; it  covers 
much  of  the  ground  gone  over  by  recent 
workers  and  writers  on  the  subject,  and 
affords  a curious  illustration  of  the  ease  with 
which  the  work  of  the  most  illustrious  men 
may  be  overlooked  or  forgotten,  even  by  those 
who  should  be  specially  interested  in  informing 
themselves  of  the  existing  state  of  knowledge 
on  the  subject.  Several  well-known  French 
mining  engineers  published,  many  years  after 
Faraday  and  Lyell’s  work,  observations  and 
experimental  results  as  new  w'hich  w'ere  simply 
confirmatory  of  those  philosophers’  original 
statements  and  conclusions  ; and  to  some  ex- 
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tent  this  was  also  the  case  in  still  more  recent 
publications  in  this  country,  by  Galloway,  and 
by  Freire  Marreco.  Both  these  observers,  of 
whom  the  latter  worked  in  association  with 
Mr.  Morris  and  the  North  of  England  Insti- 
tute of  Mining  Engineers,  added,  however, 
considerably  to  our  knowledge  of  the  probable 
behaviour  of  dust  in  mines  on  the  occasion  ofex- 
plosions ; and  Mr.  Gallowa}'^  performed  experi- 
ments upon  a considerably  larger  scale  than 
had  previously  been  the  case,  which  led  him 
successively  to  conclusions  not  in  harmony  with 
each  other,  but  which  unquestionably  combined 
to  advance  ourknowledge  considerably  regard- 
ing the  possible  nature  of  the  operation  of  coal- 
dust  in  propagating  and  even  in  developing 
e.xplosions.  Mr.  Galloway  was  certainly  the  first 
to  enunciate  the  conclusion  that  a small  pro- 
portion of  fire-damp  is  essential  to  impart  to  a 
mixture  of  air  and  coal-dust  the  power  of  propa- 
gating flame,  though  he  afterwards  abandoned 
this  conclusion  in  favour  of  the  one  some  time 
previously  accepted  by  Marreco,  to  the  effect 
that  fire-damp  is  altogether  unnecessary  for 
the  conveyance  of  flame,  with  explosive  elfects, 
by  a mixture  of  dry  coal-dust  and  air.  Even 
his  latest  publication  on  the  subject  tends  in 
the  same  direction,  and  emphasises  his  desire 
to  “claim  that  no  earlier  author  has  gone  the 
length  of  crediting  coal-dust  with  the  role  of 
principal  agent,  and  relegating  fire-damp  to  a 
secondar}’  position.”  The  more  recent  results 
of  other  workers  in  this  direction  have,  how- 
ever, conclusively  demonstrated  that  this  is 
far  too  great  a length  to  go,  and  that  while, 
on  the  one  hand,  a dry,  very  fine,  and  highly 
inflammable  coal-dust  may,  when  raised  and 
mixed  with  the  air  by  the  force  of  a blown-out 
shot,  become  inflamed,  and  may  then  carry 
flame  to  very  considerable  distances,  with 
a rapidity  and  violence  of  action  similar  to 
that  of  a fire-damp  explosion,  the  extent  to 
which,  on  the  other  hand,  flame  is  propagated, 
under  corresponding  conditions,  by  most 
descriptions  of  coal-dust,  in  the  complete 
absence  of  fire-damp,  is  very  limited.  Con- 
sequently, fire-damp  must  play  in  the  majority 
or  cases,  at  least  as  important  a part  as  coal- 
dust,  in  explosions  which  may  be  designated 
dusi  expiosio7is,  in  contradistinction  to  those 
which  have  unquestionably  been  primarily 
occasioned  by  the  accidental  liberation  or 
accumulation  of  large  volumes  of  fire-damp  in 
mine-workings 

In  a series  of  experiments  w’hich,  after  the 
calamitous  accident  in  Seaham  Colliery^  in  the 
autumn  of  1880, 1 was  requested  by  the  present 


Home  Secretary  to  carry  out  with  coal-dusts, 
and  in  which  every  possible  precaution  was 
taken  to  ensure  accuracy  in  the  composition 
and  uniformity  of  the  air-and-fire-damp  mix- 
tures used,  in  the  dryness  and  fineness  of  the 
coal,andin  othermatters  essential  to  the  attain- 
ment of  thoroughly  trustworthy  results,  the 
fact,  which  had  been  indicated  by  the  results 
of  previous  experiments,  was  conclusively 
established,  that  the  proportion  of  fire-damp 
required  to  be  present  in  the  air  of  a mine,  to 
bring  dust  readily  into  operation  as  an  explo- 
sive agent,  when  thickly  suspended  in  the  air 
(as  it  is  when  raised  by  the  force  of  a blown - 
out  shot),  borders  upon,  and  is  even  sometimes 
decidedly  below  the  smallest  amount  (2  per 
cent.)  which  a practised  overman  or  mine  in- 
spector can  detect  by  means  of  a Davy  lamp.  1 1 
was  found  that,  with  certain  dusts  which  were 
very  sensitive,  either  because  ofthe  high  propor- 
tion of  combustible  matters  they  contained,  oron 
account  of  physical  peculiarities,  the  presence 
of  1-5  per  cent,  of  fire-damp,  and  even  less, 
sufficed  to  render  them  explosive  when  thickly 
suspended  in  the  air.  Various  other  points 
were  established  by  this  series  of  experiments, 
such  as  : the  reciprocal  influence  of  very  small 
quantities  of  dust  upon  fire-damp  and  air 
mixtures,  approaching,  in  composition,  to 
explosive  mixtures,  and  of  very  small 
proportions  of  fire-damp  upon  mixtures  of 
much  inflammable  dust  with  air,  in  deter- 
mining the  occurrence  of  explosions ; the 
fact  that  some  descriptions  of  mine  dust, 
comparatively  very  poor  in  combustible  con- 
stituents, but  possessed  of  particular  physical 
characteristics,  rank  equal  in  regard  to  sensi- 
tiveness with  other  dusts  comparatively  rich  in 
inflammable  matter;  and  the  fact,  since  cor- 
roborated by  the  experiments  of  MM.  Mallard 
and  Le  Chatelier,  of  the  French  Fire-damp 
Commission,  that  an  absolutely  incombustible 
dust  may  determine  the  inflammation  of 
mixtures  of  fire-damp  with  air  in  proportions 
insufficient  to  be  inflammable  under  ordinary 
circumstances  provided  it  presents  physical 
characteristics,  which  impart  to  it  properties 
similar  to  those  of  certain  metals  in  a ver}' 
porous  condition.  No  positive  evidence  was 
furnished,  by  a large  number  of  observ'ations 
made  upon  the  comparatively  small  scale  of 
these  gas  and  dust  experiments,  that  even 
what  may  be  called  sensitive  dusts  would  pro- 
pagate flame  to  any  considerable  distance, 
when  thickly  suspended  in  air,  in  the  complete 
absence  of  fire-damp,  but  the  more  extensive 
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experiments  subsequently  made  by  the  Com- 
mission, in  the  Military  Mine  Galleries  at 
Chatham  (in  1882),  demonstrated  not  only  that 
this  was  the  case,  but  that,  even  with  very 
moderate  proportions  of  highly  inflammable 
dust  suspended  in  the  air  in  which  no  trace  of 
hydrocarbon  gas  was  present,  a blown -out  shot, 
obtained  with  1-5  lb.  of  powder,  and  no  coal- 
dust  tamping,  produced  ignitions  which 
extended  as  far  as  the  mixture  of  air  with 
sufficient  dust  to  maintain  flame  extended. 

The  important  series  of  experiments  upon  a 
large  scale,  already  referred  to,  which  have 
been  carried  out  by  the  Prussian  Fire-damp 
Commission,  at  Neunkirchen,  in  the  Saar- 
briicken  district,  in  a specially  constructed 
gallery  of  large  dimensions,  and  resembling  a 
mine  gallery  in  its  proportions,  have  con- 
firmed and  also  considerably  extended  the 
results  which  have  just  now  been  alluded  to. 
They  appear  to  have  thoroughly  established 
the  principal  facts  already  referred  to,  which 
are  so  important  that  they  may  well  be  suc- 
cintly  recapitulated  : — 

1.  The  sensitiveness  of  dusts  to  explosion 
depends  not  only  upon  their  inflammability, 
or  the  proportion  of  combustible  matter  they 
contain,  but  also  upon  their  fineness  and 
certain  other  mechanical  and  physical  pecu- 
liarities. 

2.  The  presence  of  fine  coal-dust  in  the  im- 
mediate vicinity  of  the  working  place,  gives  rise 
to  more  or  less  considerable  elongation  of  the 
flame  from  a blown-out  shot,  whether  small 
quantities  of  fire-damp  be  present  in  the  air 
or  not. 

3.  This  elongation  or  propagation  of  flame 
by  dusts  is  generally  of  limited  extent,  in  the 
complete  absence  of  fire  damp,  even  if  de- 
posits of  the  dusts  extend  to  considerable  dis- 
tances beyond  the  seat  of  the  shot.  The  use 
of  coal-dust  tamping  has  the  effect  of  decidedly, 
though  not  very  greatly,  favouring  this  limited 
propagation  of  flame  by  dust. 

4.  There  are,  however,  some  descriptions  of 
very  inflammable  dust  which,  when  raised  in 
dense  clouds  by  the  action  of  a blown-out  shot 
and  fired  by  it,  will  not  only  continue  to  carry 
the  flame  on,  even  to  distances  beyond  the 
confines  of  the  dust  deposits,  but  will  also 
produce  explosive  effects,  in  the  complete 
absence  of  fire-damp,  which  resemble  those 
burnished  by  some  other  dusts,  only  when 
there  is  a large  admixture  of  fire-damp  in 
the  air. 

5.  All  the  phenomena  produced  by  the  burn- 
ing of,  and  propagation  of  flame  by,  coal-dust. 


are  intensified  by  the  presence  in  the  air  of  only 
small  proportions  of  fire-damp,  the  required 
quantity  varying  with  the  sensitiveness  or 
ready  inflammability  of  the  dust. 

It  has  also  been  demonstrated  by  the  German 
experiments  that  a coal  - dust  ignition  or 
explosion,  produced  in  the  absence  of  fire- 
damp, with  highly  inflammable  dust,  can 
communicate  ignition  to  an  explosive  gas 
mixture,  existing  at  a very  considerable 
distance  from  the  point  of  first  ignition,  and 
•vice  versa.  It  need  scarcely  be  stated  that 
confirmatory  evidence  was  obtained  of  the  fact 
first  pointed  out  by  Faraday  and  Lyell,  that  a 
fire-damp  explosion  may  bring  into  operation 
supplementary  effects  of  coal-dust,  which  add 
considerably  to  the  total  destructive  effects  of 
an  explosion. 

It  appears  to  be  well  established  that  the 
considerable  volume  of  flame  and  rush  of 
gas  produced  by  a blown-out  shot  is  indis- 
pensable to  the  attainment  with  certainty  of 
any  of  the  effects  of  coal-dust  enumerated  in 
the  foregoing.  Inasmuch  as  blown-out  shot  are 
of  very  common  occurrence  in  blasting  opera- 
tions, it  is  evident  that  in  dusty  mines  there  is 
a frequent  liability  to  the  production  of  a 
more  or  less  extensive  ignition  or  explosion  of 
coal-dust,  at  any  rate  when  even  only  very 
small  proportions  of  fire-damp  exist  in  the  air 
of  the  mine  ; and  it  must  be  borne  in  mind 
that  the  failure  to  discover  fire-damp  by  a 
careful  search  with  a sensitive  safety  lamp 
flame,  as  hitherto  practised,  affords  no  security 
against  the  existence  in  the  air  of  a propor- 
tion of  fire-damp  quite  sufficient  to  determine, 
or  to  greatly  promote,  the  propagation  of  flame 
by  mine-dust.  It  will  be  seen,  therefore,  that 
it  needs  not  a sudden  liberation  or  a sudden 
outburst  of  fire-damp  in  considerable  quanti- 
ties, through  temporary  failure  of  the  venti- 
lating arrangements,  or  through  the  escape 
of  considerable  quantities  of  hidden  fire-damp 
from  goaves,  old  workings,  or  cavities,  con- 
sequent upon  sudden  changes  in  atmospheric 
pressure,  to  cause  the  flame  which  may  be 
projected  into  the  air  by  the  firing  of  a powder- 
shot,  to  bring  about  extensive  explosions,  or 
ignitions,  spreading  over  large  areas,  and 
possibly  communicating  to  distant  accumu- 
lations ofexplosive  mixtures  of  gas  and  air 
in  old  workings. 

These  most  serious  dangers,  arising  chiefly 
from  the  use  of  powder  in  coal-mines,  have 
received  the  anxious  attention  of  the  Commis- 
sioners, who  have,  in  the  first  place,  considered 
how  far  it  might  be  practicable  to  prescribe 
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effectual  means  for  removing  or  counteracting 
the  elements  of  danger  presented  by  the  exist- 
ence of  dust  accumulations  in  mines  where, 
even  with  the  most  efficient  ventilating  arrange- 
ments in  unerring  operation,  it  is  impossible  to 
guard  against  the  distribution  of  small  propor- 
tions of  fire-damp  through  the  air.  The  fairly 
complete  removal  of  dust,  even  only  from  the 
neighbourhood  of  the  working  places,  presents 
enormous  difficulties,  and  effectual  measures 
for  laying  or  otherwise  dealing  with  the  dust, 
so  as  to  prevent  its  being  disseminated  to  a 
dangerous  extent  through  the  air  by  the  firing 
of  shots,  have  yet  to  be  discovered,  though  such 
expedients  as  watering  the  dust,  and  impreg- 
nating it  with  some  material  which  might 
perhaps  maintain  it  in  a sufficiently  damp 
condition  to  prevent  its  flying,  have  received 
much  attention.  Similarly,  other  devices, 
which  have  been  tried  with  the  object  of  pre- 
venting the  occurrence  of  blown-out  shots, 
where  powder  is  used,  have  failed  to  furnish 
promising  results. 

The  possible  substitution  for  gunpowder  of 
other  explosives  which  may  be  applicable  to 
the  kind  of  work  performed  with  it  in  coal- 
mines, has  naturally  received  attention  from 
mine  owners  and  managers,  and  the  superior 
merits  of  various  explosive  agents,  not  only 
in  respect  to  efficiency,  but  also  as  regards 
safety,  have  been  from  time  to  time  advocated, 
generally  by  interested  persons,  though  they 
not  unfrequently  possessed  little  or  no  claim  to 
consideration  beyond  that  which  lies  in  the 
possession  of  a new  fancy  trade  name.  A 
reduction  in  the  volume  of  flame  produced  by 
gunpowder  when  used  as  a blasting  agent  has 
been  effected  by  modifications  in  its  compo- 
sition, whereby  the  proportions  of  the  two 
sources  of  flame,  carbonic  oxide  and  alkaline 
sulphide,  produced  by  the  explosion  of  powder, 
would  be  more  or  less  considerably  diminished ; 
but  the  best  result  attained  until  recently  in 
this  direction  had  not  materially  reduced  the 
danger  of  using  powder,  either  in  the  presence 
of  an  explosive  mixture  of  fire-damp  and  air, 
or  in  the  air  of  a mine  in  which,  at  the  time  of 
firing  a shot,  coal-dust  becomes  thickly  sus- 
pended, and  in  which,  at  the  same  time,  some 
small  proportion  of  fire-damp  exists.  Some 
promising  lesults  have,  however,  been  quite 
lately  attained  in  Germany  with  a special 
powder  produced  by  the  original  maker  of  the 
now  celebrated  cocoa  powder,  the  publication 
of  which  is  looked  for  with  much  interest. 

Of  the  many  explosive  mixtures  analogous 
to  powder  in  composition  which  have  had,  or 


are  destined  to  enjoy,  a brief  existence,  there 
is  not  one  which,  even  approximately,  fulfils 
the  conditions  of  a safe  explosive  agent  for 
coal-mines.  Special  forms  of  gun-cotton  were 
prepared  for  use  in  coal  in  the  early  days  of 
the  improvements  made  in  its  preparation ; 
but  the  large  proportion  of  the  inflammable 
and  poisonous  gas,  carbonic  oxide,  which  its 
explosion  furnishes,  prohibits  its  employment 
in  this  direction  ; even  when  the  additional 
oxygen  required  by  theory  for  the  complete 
oxidation  of  the  carbon  is  supplied,  in  the 
form  of  saltpetre  or  other  nitrate,  with  which 
finely  divided  gun-cotton  may  be  incor- 
porated (as  in  the  original  nitrated  gun- 
cotton, and  the  similar  preparations,  tonite 
and  potentite),  there  is  still  no  reliance  to  be 
placed  in  the  explosion  of  such  a preparation 
being  unattended  by  flame. 

Nitroglycerine  contains  actually  more 
oxygen  than  required  for  the  complete  burn- 
ing of  its  constituents,  carbon  and  hydro- 
gen, and  hence  its  detonation  in  the  open 
air  is  attended  only  by  the  appearance  of 
a lightning-like  flash  of  light.  When  diluted 
with  an  inert  non-combustible  material  (such 
as  the  silicious  earth  Kiesel-guhr),  whereby 
it  is  converted  from  the  liquid  form  into  a 
moist,  mouldable  powder,  known  as  dyna- 
mite, its  detonation  raises  to  a high  red 
heat  the  particles  of  mineral  matter  with 
which  it  is  mixed,  many  of  which  are, 
therefore,  projected  in  a glowing  state,  like 
a shower  of  sparks,  if  the  dynamite  be 
fired  ' in  a strong  shot  - hole.  If,  as  is 
frequently  the  case  in  modifications  of  the 
so-called  No.  i Dynamite,  some  proportion 
of  combustible  or  inflammable  material  be 
used,  with  or  without  oxidising  agent,  in  con- 
junction with  the  inert  absorbent,  the  employ- 
ment of  such  a preparation  in  coal-mines  must 
always  be  attended  by  a risk  of  flame  being 
projected.  Even  with  Nobel’s  blasting  gela- 
tine, the  latest  and  rr.ost  powerful  explosive 
agent  (consisting  of  nitroglycerine,  incorpo- 
rated with  a small  quantity  of  gun-cotton,  the 
complete  oxidation  of  which  is  accomplished 
by  the  excess  of  oxygen  in  the  nitroglycerine), 
a blown-out  shot  may  be  attended  by  the  pro- 
jection of  some  glowing  particles  of  the  tamp- 
ing used,  or  of  particles  detached  from  the 
blast-hole,  and  at  the  same  time  exposed  to  the 
high  heat  of  the  exploding  charge. 

The  Commissioners  have  satisfied  themselves 
by  many  experiments,  of  which  a considerable 
proportion  have  been  most  ably  carried  out 
for  them  by  Mr.  W.  Galloway,  that  an  explo- 
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sive  mixture  cf  fire-damp  (or  coal  gas)  and  air 
may  be,  and  is  very  generally,  though  not 
invariably,  exploded  by  the  projection  into  it 
of  these  sparks,  or  incandescent  particles, 
from  a dynamite  or  blasting  gelatine  shot ; 
they  will  even  occasionally  produce  ignition, 
when  projected  into  air  containing  only  a 
small  proportion  of  fire-damp,  but  in  which 
coal-dust  is  thickly  suspended.  These  nitro- 
glycerine preparations  are  too  violent  and 
local  in  their  action  for  use,  in  the  ordinary 
manner,  in  coal ; they  are  efficient  in  hard 
rock  and  stone,  but  they  cannot  be  safely  em- 
ployed in  the  usual  way  upon  work  of  this  kind 
in  mines  where  there  is  a possibility  of  the 
existence  or  liberation  of  fire-damp,  or  of  the 
production  of  a dust-laden  atmosphere  con- 
taining a small  proportion  of  that  gas. 

The  outline  which  I have  given  you,  I trust 
not  in  too  wearying  a detail,  of  the  dangers 
attending  the  use  of  explosives  in  coal-mines, 
and  of  the  very  formidable — apparently  unsur- 
mountable — difficulties  attending  any  attempts 
to  approach  immunity  from  the  two  great 
elements  of  danger  naturally  existing  in  a very 
large  proportion  of  coal-mines,  namely,  fire- 
damp and  dust,  will  probably  lead  you  to  the 
■conclusion  that  there  is  but  one  effectual 
method  of  dealing  with  the  serious  question  of 
accidents  due  to  explosions  in  coal-mines, 
namely,  that  of  enforcing  the  exclusion  of  the 
other  great  source  of  danger,  by  prohibiting 
the  use  of  explosives. 

In  the  House  of  Commons  Debate  of  June, 
1878,  to  which  I referred  some  time  since,  Mr. 
Macdonald  acknowledged  that  the  provisions 
of  the  Coal  Mines  Regulation  Act  of  1872, 
for  prevention  of  accidents  through  the  use  of 
gunpowder  in  fiery  mines,  had  been  productive 
of  great  good.  A general  rule,  included  in  that 
Act,  prescribes  that  gunpowder  shall  not  be 
used  in  a mine  during  three  months  after  any 
inflammable  gas  has  been  fired  in  it,  unless  a 
competent  person,  whose  duty  it  is  to  examine 
the  place  where  the  powder  is  proposed  to  be 
used  and  the  places  contiguous  thereto,  finds 
it  safe  to  do  so,  and  accordingly  allows  the 
shot  to  be  fired.  It  also  directs  that  no  shot 
shall  be  fired  except  by,  or  under  the  direction 
of,  a competent  person  appointed  for  the  pur- 
pose ; that  if,  on  examination,  inflammable 
gas  is  found  in  such  quantities  as  to  show  a 
blue  cap  on  the  flame  of  a safety  lamp,  powder 
shall  only  be  used  in  stone-drifts,  stone-work, 
or  shaft' sinking,  when  particular,  well-defined 
conditious  in  the  ventilation  of  those  places 
are  fulfilled,  and  only  when  the  persons  ordi- 


narily employed  in  the  mine  are  out  of  it,  or 
of  that  part  where  the  powder  is  to  be  used. 
Mr.  Macdonald  insisted,  however,  that  these 
regulations  were  insufficient  to  guard  against 
fire-damp  explosions,  and  referred,  in  illustra- 
tion, to  the  fact  that  the  firing  of  the  shot 
itself  might  liberate  a large  quantity  of  gas 
which  no  previous  inspection  would  discover. 
He  urged  in  the  strongest  terms  that,  until 
blasting  in  any  fiery  mine  were  absolutely  pro- 
hibited, there  must  be  a continual  recurrence 
of  terrible  disasters  ; and,  in  the  debate  which 
followed,  there  was  a general  consensus  of 
of  opinion  among  the  speakers  most  com- 
petent, from  personal  experience,  to  express  a 
decided  view  on  the  subject  (such  as  Mr. 
Burt,  Sir  G.  Elliot,  and  the  late  Mr.  Knowles), 
that  blasting  should  be  prohibited  in  fiery' 
mines.  It  was  pointed  out  by  several  speakers 
that,  while  the  use  of  any  light  except  a locked 
safety  lamp,  in  a place  where  there  was 
likely  to  be  an  accumulation  of  explosive  gas, 
was  prohibited  by  the  Act  of  1872,  the  firing  of 
shots,  whereby  a large  volume  of  flame  might  be 
projected  into  the  working  place,  was  pcr- 
missable  under  conditions  which  might  lead 
to  disastrous  explosions.  It  was  admitted 
that  the  cost  of  working  coal  would  be 
much  increased  by  the  enforcement  of  the 
suggested  prohibition,  and,  in  the  evidence 
taken  two  years  afterwards  by  the  Royal 
Commission,  it  was  maintained  by  the  majority 
of  the  witnesses  who  were  competent  to  speak 
from  practical  knowledge  and  experience  of 
the  state  of  things  existing  in  districts 
where  powder  was  largely  used,  that  the 
abolition  of  shot  firing  in  the  working  of 
coal  must  be  attended  by  very  formidable 
difficulties,  and  must,  in  fact,  cause  the 
closing  of  many  pits.  The  greater  number 
of  H.M.  Inspectors  of  Mines  held  the 
view  that,  if  the  general  rule  of  the  Act 
which  relates  to  blasting  is  stringently 
carried  out,  no  additional  precautions  are 
necessary.  Some  few,  on  the  other  hand, 
considered  that  shot  firing  should  not  be  allowed 
in  any  mines  where  fire-damp  is  liable  to  exist, 
unless  all  the  workmen  are  out  of  the  mine, 
excepting  those  who  have  actually  to  fire  the 
shots. 

I have  shown  that  it  is  now  established, 
beyond  reasonable  doubt,  that  even  the  com- 
paratively very  small  amount  of  fire-damp 
which  may,  at  any  rate  occasionally,  pervade 
the  air  in  portions  of  mines  where  thorough 
ventilation  is  most  effectually  provided  for — 
an  amount  quite  insufficient  in  itself  to  con- 
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stitute  a source  of  danger,  and  not  even 
detectable  by  the  ordinary  method  of  inspec- 
tion— may  determine  the  production  of  a 
disastrous  explosion,  if,  under  these  circum- 
stances, a blown-out  shot  occurs  where  an 
accumulation  of  dust  exists  ; and  that  it  is  even 
possible,  in  the  complete  absence  of  fire-damp, 
for  a blown- out  shot  to  give  rise  to  an  ex- 
plosion in  a ver}'^  dusty  working  or  mine,  where 
the  coal  is  of  a specially  inflammable  and 
sensitive  character.  Such  being  the  case,  the 
fact  cannot  be  ignored  that  last  year’s  decision 
of  the  late  Home  Secretary,  which  raised 
consternation  in  many  mining  districts,  to 
prohibit  the  firing  of  shots  in  any  colliery 
within  a period  of  three  months  after  the 
existence  of  gas  had  been  there  reported, 
while  the  workmen  were  in  any  part  of  the 
mine,  is  far  from  affording  the  contemplated 
protection  against  disaster  resulting  from  the 
use  of  explosives  />/  the  07'dinary  7uanner, 
inasmuch  as  the  conditions  favourable  to  exten- 
sive explosions  may  exist  in  mines  in  which  the 
search  for  fire-damp,  carried  out  as  hitherto, 
may  have  failed,  for  very  long  periods,  to  afford 
any  indication  of  its  existence. 

These  con  iderations  undoubtedly  favour  the 
conclusion  that  the  suggestion  so  strongly 
supported  in  the  debate  of  1878,  that  the  use  of 
powder  should  be  prohibited  in  fier}’  mines, 
disastrous  as  its  adoption  might  be  to  the  coal- 
mining industry  in  many  parts  of  the  country, 
falls  very  short  of  the  necessities  demanded  by 
the  safety  of  those  employed  underground, 
w’hich  could  only  be  thoroughly  met  by  pro- 
hibiting blasting  in  all  mines  where  dust  is 
produced  in  any  abundance  at  the  working 
places  (which  would  amount  to  almost  complete 
prohibition),  or,  at  any  rate,  in  all  mines  where, 
by  means  of  special  gas-indicators,  fire-damp 
to  the  extent  of  1-5  per  cent,  is  detected  in  the 
air  of  the  mine,  and  in  goaves  or  other  lurking 
places  within  a given  distance  from  the  place 
where  a shot  is  to  be  fired. 

This  most  grave  aspect  of  the  question,  which 
w’ould  have  afforded  scope  for  even  more  highly 
sensational  writing  than  that  which  appeared 
in  some  public  prints  a few  months  ago,  had 
it  been  under  the  cognisance  of  such  editorial 
pens  as  that  which  counselled  Sir  Richard 
Cross  to  “shake  the  Royal  Commissioners 
out  of  their  long  but  premature  repose,” 
has  received  the  anxious  attention  of  these 
Commissioners.  They  have  considered  it 
their  duty  not  to  relinquis'i  their  work  till 
they  had  practically  investigated,  as  far  as  in 
their  power,  any  measure  or  suggestion  ap- 


pearing to  afford  promise  of  aid  in  furnishing 
definite  replies  to  the  following  important 
questions  : — 

a.  Whether  sufficiently  efficient  substitutes 
for  explosives  in  the  working  of  coal-mines 
exist,  to  warrant  the  assertion  that  their  aboli- 
tion need  not  interfere  very  materially  with  the 
reasonably  profitable  working  of  collieries  ; 

b.  Whether,  therefore,  it  is  practicable 
to  limit  the  use  of  explosives  strictly  to 
localities  where  the  absence  of  every  possible 
risk  of  explosion  can  be  demonstrated  to  the 
satisfaction  of  the  official  authorities  ; or 

c.  Whether  any  modifications  in  the  ordinary 
method  of  using  explosives  can  be  so  con- 
fidently relied  upon  to  guard  against,  or 
overcome,  certain  dangers  attendant  upon 
blasting  operations  in  collieries,  that  it  maybe 
practicable  to  clearly  define  and  lay  down 
conditions  which  will  ensure  the  safe  use 
of  explosives,  either  generally,  or  in  all  but 
special  cases,  which  can  be  precisely  defined. 

The  improvements,  which  have  of  late  years 
been  effected  in  mechanical  appliances  for 
bringing  down  coal,  or  for  the  taking  down  of 
stone  overlying  thin  seams,  or  in  the  driving 
of  headings  or  crossways,  have  been  referred  to 
by  me  in  the  early  part  of  this  discourse  ; the 
Commissioners  have  made  themselves  prac- 
tically acquainted  with  the  working  of  the  most 
prominent  of  these,  and  the  power  and 
efficiency  of  some  of  them  appear  to  warrant 
the  sanguine  expectation  that  compressed  air 
and  even  manual  power  may  be,  at  no  distant 
day,  brought  to  bear  so  advantageously, 
and  with  such  comparative  expedition  and 
economy,  upon  the  work  to  be  done  in  stone  or 
hard  coal,  in  mines  where  fire-damp  occurs,  as 
to  render  it  no  hardship  to  dispense  with  the 
use  of  explosives  in  some  of  the  descriptions 
of  work  where  at  present  they  are  considered 
indispensable. 

The  considerable  and  very  rapid  increase  in 
volume  which  freshly-burned  quick  lime  sus- 
tains when  slaked,  led,  many  years  ago, 
to  attempts  to  apply  it  to  the  bringing 
down  of  coal ; but  the  idea  did  not  assume  a 
really  practical  form  until  Messrs.  Sebastian 
Smith  and  Moore  worked  out  a simple  method 
of  applying  the  lime  so  as  to  ensure  the 
effective  operation  of  the  disruptive  force 
which  it  is  capable  of  exerting,  and  to  utilise 
the  considerable  heat,  developed  by  the 
energetic  chemical  union  of  the  lime  with 
water,  in  the  rapid  generation  and  super- 
heating of  steam  in  somewhat  considerable 
quantity,  thus  supplementing,  in  an  im- 
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portant  manner,  the  force  exerted  by  the 
expansion  of  the  lime.  The  public  has  been 
made  familiar,  in  last  year’s  and  this  year’s 
Exhibitions,  with  the  general  nature  of  Messrs. 
Smith  and  Moore’s  lime  cartridges,  and 
of  the  system  of  using  them ; briefly,  the 
freshly  burned  and  finely  ground  lime  is  com- 
pressed into  the  form  of  very  compact  cylinders, 
and  the  introduction  into  a bore-hole  of  a 
simple  appliance,  together  with  these  lime 
cartridges  (the  hole  being  charged  with  them, 
and  lamped  in  the  ordinary  manner),  enables 
the  operator  to  accomplish  expeditiously  the 
simultaneous  application  of  water  throughout 
the  entire  length  of  the  charge.  Several  holes^ 
at  suitable  distances  from  each  other  in  the 
face  of  the  coal,  are  charged  before  the  water- 
ing is  taken  in  hand ; they  are  then  set  into 
operation  in  rapid  succession,  and  after  the 
lapse  of  several  minutes  their  combined  action 
brings  down  the  coal  in  large  masses.  The 
Commissioners  witnessed  the  performances  of 
these  lime  cartridges  at  Shipley  Collieries, 
in  Derbyshire,  soon  after  their  successful 
elaboration,  and  the  results  of  subsequent 
inquiries  and  experiments  connected  with  this 
subject  have  convinced  them  that,  for  coal 
getting,  the  lime  process  can  be,  to  a large 
extent,  substituted  for  powder,  and  that  its 
employment  secures  comparative  immunity 
from  danger,  and  is  unattended  by  any  im- 
portant practical  difficulties. 

In  spite  of  the  obstacles,  which  have  always 
to  be  surmounted  by  any  complete  departure 
from  old  practices  and  traditions,  the  lime 
system  has  gradually  received  more  or  less 
extensive  trial  in  many  of  our  mining  districts, 
and  also  on  the  Continent,  and  has  already 
taken  firm  root  in  some  parts  of  Staffordshire, 
Yorkshire,  and  Derbyshire,  having  proved 
itself  capable  of  competing,  and  even  advan- 
tageously in  point  of  economy,  with  powder 
in  many  descriptions  of  coal,  which  are  so 
worked  as  to  allow  of  several  charges  being 
applied  at  one  time. 

It  is  not  contended  by  the  elaborators  of  the 
lime-cartridge  system  that  it  affords  the  means 
of  dispensing  with  the  use  of  explosives,  or  of 
specially  powerful  mechanical  appliances,  in 
the  removal  of  stone,  or  even  in  some  hard 
coal  or  in  connection  with  certain  methods 
of  working  underground  ; but  it  is  now  beyond 
doubt  that  in  many  of  the  collieries,  where 
the  prevalence  of  fire-damp  renders  the  use 
of  the  safety-lamp  imperative,  the  replacement 
of  shot-firing  by  the  use  of  lime-cartridges, 
while  unattended  by  any  increase  in  the  cost 


of  getting  the  coal,  would  reduce  the  risk  of 
explosions  to  those  arising  from  carelessness 
on  the  part  of  the  men,  or  from  what  should 
now  become  the  very  remote  contingency  of 
the  use  of  unsafe  or  defective  lamps. 

The  idea  has  been  entertained  that,  by  sur- 
rounding or  covering  the  charge  of  powder  in 
a shot-hole  with  some  material  which  evolves 
vapour  of  water,  or  carbonic  acid,  when  ex- 
posed to  sufficient  heat,  these  would  be 
liberated  by  the  firing  of  the  shot  in  sufficient 
quantity  and  with  sufficient  rapidity  to  ex- 
tinguish flame  and  sparks  projected  by  it. 
Prescriptions,  based  upon  assumed  chemical 
reactions,  for  the  preparation  of  extinguishing 
powders,  have  been  made  the  subject  of 
patents,  but  the  authors  of  these  suggestions 
have  failed  to  realise  the  fact  that  the  ex- 
posure of  such  substances  to  heat  on  the 
firing  of  a shot  would  be  almost  instantaneous, 
and  would  therefore  leave,  at  any  rate,  the 
greater  proportion  practically  unaltered.  It 
was  suggested  by  me  to  the  Commissioners 
that  possibly  the  sudden  liberation  of  carbonic 
acid,  confined  in  the  liquefied  state,  in  a 
suitable  case,  and  placed  either  over  or  under 
the  charge  in  a shot-hole,  might  prove  effect- 
ive in  extinguishing  flame  and  sparks,  and  a 
number  of  experiments  have  been  made  in  this 
direction,  with  considerable  though  not  com- 
plete success. 

Some  time  before  the  appointment  of  the 
Commission,  Dr.  McNab  put  into  practical 
execution  the  idea  of  using  water  tamping,  in 
the  form  of  a long  cylinder  filled  with  the 
liquid  and  placed  over  the  powder  charge, 
with  the  two-fold  object  of  extinguishing  the 
projected  flame  and  sparks,  and  of  diminish- 
ing, by  dispersion  of  the  water  in  the  immediate 
vicinity  of  the  shot,  the  persistence  of  the 
powder  smoke,  which  is  a source  of  much 
inconvenience  and  loss  of  time,  if  not  of  danger 
to  the  miner. 

Practical  experience  appears  to  have  demon- 
strated that  decided  economy  in  time  does 
result  from  the  more  rapid  clearing  of  the  air 
from  smoke  when  the  water  tamping  is  used  in 
firing  shots  in  drifts,  but  many  careful  experi- 
ments conducted  by  the  Commission,  and  on 
their  behalf  by  Mr.  Galloway  under  my  in- 
structions, showed  that  no  reliance  could  be 
placed  upon  the  extinguishing  power  of  water, 
applied  in  conjunction  with  gunpowder  in  the 
way  originally  suggested  by  Dr.  McNab.  It 
has  been  demonstrated,  in  fact,  that,  in  the 
majority  of  cases,  a blown-out  powder  shot, 
in  the  preparation  of  which  water-tamping  has 
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been  employed,  will  fire  an  explosive  mixture 
of  fire-damp  and  air  into  which  the  shot-hole 
debouches.  On  the  other  hand,  the  raising  of 
coal-dust  by  the  firing  of  a blown-out  powder 
shot  in  air  which  contains  a proportion  of  fire- 
damp below  that  required  to  produce  an  ex- 
plosive mixture,  may  not  be  attended  by  the 
firing  of  the  mixture  (which,  as  already  pointed 
out,  it  certainly  would  be,  if  powder  were 
employed  in  the  ordinary  manner)  provided 
the  water-tamping  be  very  considerable  in 
proportion  to  the  powder  charge  used. 

When  the  Royal  Commissioners  commenced 
their  labours,  in  1879,  I suggested  to  them  a 
plan  by  which  possibly  the  more  violent  ex- 
plosives of  the  dynamite  class  might  be  safely 
and  eflSciently  applied  to  the  getting  of  coal. 
This  plan  was  based  upon  the  principle  first 
developed  by  me  in  1873,  in  the  course  of  my 
researches  on  detonating  agents  which  were 
then  communicated  to  the  Royal  Society,  of 
distributing  the  force  developed  by  the  detona- 
tion of  small  charges  over  a considerable  area, 
through  the  agency  of  a column  of  water, 
TL'ithui  which  the  detonated  charge  was  con- 
fined. It  appeared  to  me  that  this  principle, 
which  has  since  received  important  applica- 
tions in  connection  with  military  service,  was 
applicable  to  elfect  a modification  of  the  so- 
called  local,  or  shattering  action,  which 
renders  a violent  explosive  like  dynamite 
inapplicable  to  coal  getting,  when  fired  in 
a shot-hole  loaded  in  the  ordinary  manner, 
and  that  the  disruptive  effects  might  thus 
be  rendered  similar  to  those  of  gun-powder, 
while,  at  the  same  time,  the  quenching  of 
the  sparks  projected  by  firing  a dynamite- 
shot  in  a shot-hole  might  be  accomplished  by 
this  enclosure  of  the  charge  in  water. 

With  the  kind  assistance  of  Mr.  William 
Smethurst,  I carried  on  a series  of  ex- 
periments in  the  Garswood  Hall  Colliery, 
near  Wigan,  in  1880,  which  demonstrated 
that,  as  I had  anticipated,  the  operation 
of  dynamite  as  a blasting  agent  was  so  modi- 
fied by  this  mode  of  applying  it,  that  the 
coal  brought  down  by  small  charges  en- 
closed in  water,  compared  favourably,  in 
regard  not  only  to  quantity,  but  also  to  its 
condition  in  respect  to  size  and  small  pro- 
portion of  shattered  material,  with  the  best 
results  furnished  by  full  powder  charges. 
These  results  were  fully  confirmed  by  others 
obtained  in  a more  extensive  series  of 
trials  carried  out  for  the  Commission, 
by  Mr.  Galloway  in  the  Bute  Merthyr  Colliery. 
Many  and  searching  experiments  were  made, 


first  by  myself,  and  afterw'ards  under  my  direc- 
tion by  Mr.  Galloway,  for  the  Commission, 
with  the  view  of  determining  to  what  extent 
reliance  could  be  placed  upon  the  non-ignition, 
by  the  use  of  dynamite  water-cartridges,  of 
explosive  mixtures  of  fire-damp  and  air,  and 
subsequently  of  non-explosive  mixtures  of  air 
and  gas,  in  which  coal-dust  was  thickly  sus- 
pended by  the  action  of  a blown  out  shot.  The 
Commissioners’  report  will  shortly  deal  fully 
with  these  important  experiments,  but  I may 
briefly  state  that,  while  immunity  from 

danger  of  the  ignition  of  an  explosive  gas- 
mixture  by  a blown-out  shot  was  not  found  to 
be  secured  by  this  system  of  blasting,  such 
was  the  case  in  every  instance  in  a large 
number  of  trials,  when  the  blown-out  shot 
was  projected  into  air  containing  fire-damp 
in  proportions  approaching  that  of  an  ex- 
plosive mixture,  and  in  which  a very  in- 
flammable coal-dust  was  thickly  suspended. 
Results  confirmatory  of  these  have  been  quite 
recently  obtained  by  Mr.  A.  R.  Sawyer,  one  of 
H.M.  Inspectors  of  Mines,  at  Mill  Bank  Col- 
liery, with  another  form  of  nitro-glycerine 
explosive,  used  in  the  same  manner.  It  has 
also  been  found,  in  the  Commissioners’  experi- 
ments, conducted  by  Mr.  Galloway,  that  the 
superposition  of  the  water-tamping,  according 
to  Dr.  McNab’s  original  plan,  over  a dyna?nite- 
charge,  appears  to  afford  security  against  the 
ignition  of  a dust-laden  mixture  of  air  with  a 
somewhat  considerable  proportion  of  gas,  and 
these  results  have  been  borne  out  by  experi- 
ments recently  made  by  members  of  the 
German  Fire  - damp  Commission,  conse- 
quent upon  their  learning  of  the  results 
which  we  have  obtained.  In  these  cases, 
the  comparatively  moderate  cleaving  action 
of  the  dynamite,  secured  by  its  enclosure 
in  water,  and  which  renders  it  commercially 
applicable  to  coal  getting  is  not  secured,  but 
for  blasting  stone  with  dynamite,  gun-cotton, 
tonite,  or  gelatine-dynamite,  in  coal  mines 
where  dust  and  some  proportion  of  fire-damp 
may  co-exist,  the  use  of  water-tamping  may 
prove  to  be  sufficient  to  afford  perfect  security. 

Even  while  actively  engaged  in  the  com- 
pletion of  their  report,  the  Commissioners  are 
still  pursuing  this  subject  experimentally,  ^^ith 
the  desire  of  furnishing,  as  far  as  in  their 
power,  decisive  and  thoroughly  reliable  data 
regarding  the  amount  of  security  which  appears 
to  be  afforded  by  these  methods  of  working, 
against  the  most  prominent  and  prevalent 
sources  of  danger  in  connection  with  the  use 
of  explosives  in  coal  mines,  and,  while  I have 
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been  engaged  upon  this  address,  a still  more 
•simple  method  of  applying  water  to  counteract 
the  dangers  arising  from  blown-out  shots  has 
suggested  itself  to  Mr.  Galloway,  preliminary 
■experiments  with  which  have  furnished  most 
promising  results. 

I have  now  attempted  to  give  you  a fairly 
eomprehensive  outline  of  the  progress  made 
within  the  last  few  years  towards  a thorough 
comprehension  of  the  nature  and  causes  of 
those  dangers  attending  the  work  in  coal 
mines  which  most  prominently  direct  public 
attention  to  the  perils  of  the  miner’s  calling, 
and  in  the  advances  already  made,  and 
still  rapidly  progressing,  towards  the  pro- 
vision of  the  miner  with  really  safe  and 
efficient  underground  illumination,  with 
efficient  substitutes  for  explosives  for  a con- 
siderable proportion  of  the  work  connected 
with  coal  mining,  and  with  methods  of  using 
explosive  agents,  where  these  cannot  be  dis- 
pensed with,  so  safe  that  the  terrors  which 
have  attended  blasting  in  mines  may  be  con- 
fidently expected  speedily  to  fade  away.  Im- 
perfect as  this  sketch  has  necessarily  been,  I 
venture,  therefore,  to  believe  that  I have  demon- 
strated that  we  have  made  most  satisfactory  and 
important  progress  in  all  of  these  several  direc- 
tions, thanks  to  the  labours  of  professional 
associations,  of  scientific  and  practical  experts, 
and  I think  I may  also  say,  thanks  to  the 
exertions  of  the  Royal  Commission  on  Acci- 
dents in  Mines. 

I have  been  led  to  refer  more  fully  than  I 
had  first  intended  to  the  work  which  had  been 
performed  by  the  Royal  Commission  — the 
results  of  which,  in  detail,  will  shortly  be  in 
the  hands  of  the  public — because  I felt  sure 
that  the  members  of  the  Society  of  Arts  would 
take  a most  lively  and  sympathetic  interest  in 
the  labours  of  men  who  have  not  allowed 
themselves  to  be  discouraged,  by  unjust  attacks 
and  ignorant  criticism,  from  endeavouring  to 
•carry  to  a useful  termination  the  arduous  work 
which,  at  her  Majesty’s  desire,  they  cheerfully 
took  upon  themselves. 

The  Commissioners  have  been  silent  while 
hard  things  have  been  said  of  them  ; but  it 
were  idle  to  deny  that  they  have  acutely  felt 
the  injustice  reflected  upon  them  by  some 
writers  in  the  public  Press  who,  while  posing 
as  judges  and  philanthropists,  have  not  earned 
for  themselves,  by  knowledge  acquired  or  by 
work  performed,  the  right  to  criticism. 

During  the  four  years  which  have  passed  since 
the  Commission  submitted  their  preliminary 
report,  several  among  them  have  ungrudg- 


ingly devoted  time  which  should  have  been 
theirs  for  needful  rest  from  arduous  official  and 
scientific  work,  to  pursue  the  laborious  and 
often  discouraging  investigations  which  fell 
especially  to  their  lot.  Thirty  years’  personal 
experience  of  the  work  of  experimental  Com- 
mittees has  taught  me  that  ad  inferiin  reports 
are  not  unfrequently  worse  than  valueless,  and 
this  would  certainly  have  been  the  case  had 
the  Commissioners  attempted,  during  this 
interval  of  time,  to  make  any  so-called  pro- 
gress reports,  because  conclusions  or  sugges- 
tions might  have  been  put  forward  in  them 
which  would  have  had  to  be  afterwards  re- 
called, or  incomplete  data  given  which 
might  have  been  misleading,  and,  there, 
fore,  even  dangerous.  As  regards  the 
question  of  the  unsafe  nature  of  certain 
so-called  safety  lamps,  however,  I have 
pointed  out  that  the  Commissioners  con- 
sidered it  their  duty,  just  five  years  ago,  to 
report  to  the  Home  Secretary  in  no  hesitating 
terms,  in  the  belief  that  their  statements  would 
have  beenpublished, — and  it  is  no  fault  of  theirs 
that  the  public  was  not  informed  of  their 
strongly  expressed  conclusions  on  this  subject, 
but  has  been,  on  the  contrary,  recently  told  in 
the  Times  by  a well-known  mining  engineer 
that  the  results  of  the  Royal  Commission’s 
labours  “ have  not  even  extended  to  the  official 
condemnation  of  the  known  unsafe  lamps.” 
The  dailyjournals  have  at  any  rate  chronicled 
the  activity  of  the  Commission  by  recording  the 
dates  and  locale  of  their  frequent  meetings, 
and  have  been  cognisant,  therefore,  of  the  fact 
that  their  place  of  work  was  easily  accessible. 
This  being  so,  it  is  somewhat  matter  for  sur- 
prise that  the  writer  of  very  condemnatory 
paragraphs  in  an  editorial  article  suggested 
by  correspondence  published  in  the  Times  last 
June,  should  not  have  cared,  in  the  first 
instance,  to  inform  himself,  however  imper- 
fectly, of  the  kind  of  work  upon  which  the 
Commission  were  engaged,  and  to  take  that 
opportunity  of  seeking  some  little  correct 
information  on  the  subjects  with  which  his 
graphic  pen  was  directed  to  deal.  Had  he 
done  so,  he  would  scarcely  have  instructed  the 
public  that  “ a huge  majority  of  colliery  acci- 
dents arise  from  explosions  ; ” that  “ coal 
mines  generate  an  explosive  gas,  which,  when 
collected  in  a quantity,  and  exposed  to  a flame, 
ignites,  and  blows  into  fragments  the  workings 
in  which  the  vapour  and  flame  meet;”  “that 
every  coal  mine  has  its  explosive  gas,”  or 
that  “ often  the  miner  has  opened  the  door  of 
his  lamp  to  light  up  the  cavern,  already 
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perhaps  darkening  with  the  heaviness  of  a 
gas-laden  atmosphere.”  I will  do  him  the 
justice  to  believe  that  he  would  not  have  felt 
disposed,  after  even  very  brief  inquiry,  to 
endorse  as  ” not  exaggerated”  the  declaration 
of  the  ” strenuous  and  benevolent  correspond- 
ent,” Mr.  Ellis  Lever,  ” that  the  delay  in  the 
issue  of  the  Commission’s  Report  was ‘‘to  the 
eternal  discredit  of  Royal  Commissions.” 

After  all,  however,  it  rests  entirely  with  the 
public  Press  to  decide  for  itself  whether  the 
ends  it  has  in  view  are  such  as  to  render  it 
desirable  to  seek  for  correct  information  before 
administering  public  condemnation. 

But,  with  a public  official,  especially  when 
connected  with  the  ver}-^  Department  of  State 
most  directly  concerned  in  the  w’ork  of  the 
Commission,  the  case  is  very  different,  and  it 
is  scarcely  to  be  credited  that  the  gentleman 
entrusted  with  reporting  to  the  Home 
Secretary  upon  the  circumstances  attend- 
ing the  explosion  last  summer  at  Clifton- 
hall  Colliery',  should  not  have  thought 
it  worth  his  while  to  ascertain,  by  inquiry, 
which  could  not  but  have  been  of  imme- 
diate ser\'ice  to  him,  whether  the  delay  in 
the  completion  of  the  Commissioners’  re- 
port was  ” unaccountable.” 

To  this  Society,  which  has  always  dis- 
tinguished ifself  by  its  encouragement  of 
earnest  workers,  and  its  just  judgment  of 
their  labours,  I have  ventured,  as  one  of 
its  members,  to  make  these  comments, 
which  could  not  be  uttered  by  me  in  my 
capacity  as  a member  of  her  Majesty's  Com- 
mission, whose  duty  it  is  simply  to  report  the 
results  of  their  labours  when  they  have,  to  the 
best  of  their  judgment,  fulfilled  the  duties  im- 
posed upon  them. 


Sir  Frederick  Bramwell,F.R.S.,  said  it  was  his 
privilege,  as  the  last  surviving  occupant  of  the  chair 
now  so  w'orthily  filled  by  Sir  Frederick  Abel,  to  pro- 
pose a vote  of  thanks  to  him  for  the  address  he  had 
just  delivered.  The  Society  was  very  fortunate  in 
having  a Chairman  of  Council  whose  scientific  training 
and  good  common  sense  entitled  him  to  respect  and 
admiration  for  the  way  in  w-hich  he  conducted  the 
business  of  the  Society,  and  also  to  the  gratitude  of 
all  the  members  and  of  the  public  in  general  for  the 
labours  he  undertook  gratuitously  in  connection  with 
various  inquiries  and  Commissions,  but  for  which  it 
appeared  thanks  w’ere  not  always  forthcoming. 
Naturally,  those  who  did  not  know  the  care  required 
in  ascertaining  the  truth  in  a difficult  matter, 
imagined  that  all  the  Commissioners  had  to  do 


was  to  sit  down  and  elaborate  from  their  inner 
consciousness  a certain  amount  of  fairly  good 
English,  which  would  form  a quantity  of  printed 
matter,  easy  and  pleasant  to  read,  but  absolutely 
valueless  for  any  practical  purpose.  That  was  the  kind 
of  thing  an  impatient  public  seemed  to  want,  but  he 
was  quite  sure  all  the  members  of  the  Society  would 
heartily  sympathise  with  their  Chairman,  when  he 
described  the  patience  which  must  be  evinced  by  those 
who  desired  to  have  a really  useful  report,  as  this 
report  would  be  when  published,  no  one  could  doubt ; 
but  that  it  would  have  been  a great  pity,  and  might 
easily  have  been  a source  of  danger,  to  publish  an 
incomplete  report  could  not  be  doubted  either.  In 
addition  to  the  many  labours  and  discomforts  which 
attended  the  work  of  any  Commission  such  as 
that  of  which  Sir  Frederick  Abel  was  a member, 
involving  as  it  did,  work  in  coal  mines  under  circum- 
stances of  great  discomfort,  and,  to  some  extent,  of 
danger,  and  the  giving  up  of  their  ordinary  pursuits 
for  the  purpose  of  benefiting  their  fellow-subjects,  it 
w'as  very  hard  indeed  that  these  men  should  not  obtain 
the  earnest  support  and  thanks  of  the  public  instead 
of  unmerited  opprobrium.  It  was  for  this  Society  to 
endeavour  to  reverse  that  course  of  things,  and  to  give 
Sir  Frederick  Abel  and  his  colleagues  their  heartiest 
thanks,  not  only  for  the  work  they  had  done,  but  also  for 
the  wise  discretion  they  had  exercised  in  not  publishing 
imperfect  matter,  which  might  only  do  harm  here- 
after. They  had  also  to  thank  the  Chairman  for  the 
manner  in  which  he  had  presided  over  the  interests  of 
the  Society  during  his  tenure  of  office  last  year,  and 
for  the  very  able  address  he  had  now  delivered. 

Prof.  Odling,  F.R.vS.,  in  seconding  the  motion, 
said  he  had  listened  to  the  address  with  very  great 
interest,  and  recalling  many  interesting  and  important 
introductory  addresses  which  he  had  heard  in  that  hall, 
he  considered  that  it  was  second  to  none  in  interest 
and  importance.  Sir  Frederick  Bramwell  had  well 
referred  to  the  liberality  with  which  Sir  Frederick 
Abel  invariably  placed  his  great  attainments  at  the 
service  of  the  public  in  every  possible  way,  as  chair- 
man of  the  Council  of  the  Society,  as  Chairman  cf 
the  Jury  Commission  of  the  Inventions  Exhibition, 
as  one  of  the  most  active  spirits  on  the  Royal  Com- 
mission on  Mines,  and  in  many  other  ways ; yet 
there  was  no  man  who,  with  all  this  liberal  use  of  hrs 
superfluous  time,  was  more  actively  engaged  in  the 
proper  duties  of  his  office  than  Sir  Frederick  Abel. 
Elsewhere  he  might  enlarge  on  his  many  excellent 
qualities,  but  these  were  no  doubt  well  known  to  all  the 
members,  and  he  would  only  say  that  they  owed  to  him 
that  mixture  of  extensive  scientific  knowledge,  good 
judgment,  and  thorough,  never-failing,  pains-taking, 
in  everything  he  undertook,  which  brought  about 
results  which,  if  not  very  pleasant  reading  when  put 
before  the  public,  were  thoroughly  trustworthy  from 
beginning  to  end.  He  had  not,  in  his  address,  en- 
larged on  the  great  services  which  he  individually  had 
rendered  to  the  working  of  the  Commission,  nor  told 
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them  how  much  of  those  valuable  experiments  had 
been  pf  his  devising,  how  much  his  scientific  know- 
ledge had  led  to  the  suggestion  of  these  various 
experiments,  and  how  much  his  own  personal  courage 
had  assisted  in  carrying  them  out  at  what  many  men 
would  have  considered  very  considerable  risks.  On 
all  these  accounts,  however,  he  wi  s eminently  deserv- 
ing of  the  Note  of  thanks  which  had  been  proposed. 

Mr.  William  Botly  supported  the  motion,  and 
leferred  to  the  forthcoming  International  Exhibition, 
and  especially  to  an  article  in  the  Journal  dealing 
with  this  subject. 

The  motion  having  been  carried  unanimously, 

Sir  Frederick  Abel,  in  responding,  said  it  was 
very  gratifying  to  him  to  find  that  the  subject  he  had 
selected  for  his  address  had  interested  the  meeting, 
and  that  the  Society  sympathised  with  him  in  regard 
to  the  important  and  useful  work  lately  carried  on 
with  the  view  of  ameliorating  the  condition  of  our 
miners.  He  also  thanked  the  mover  and  seconder  for 
their  kind  expressions  with  regard  to  his  efforts  to  be 
of  use  to  the  Society.  As  an  old  member  he  naturally 
took  a warm  interest  in  the  welfare  of  that  great 
Society,  and  having  been  elevated  to  the  position  he 
now  occupied,  it  w^as  his  first  endeavour  to  carry  out 
the  duties  of  the  office  to  the  best  of  his  ability. 


The  Lilne  Cartridge  Company  exhibited  specimens 
of  their  cartridges  and  apparatus.  Mr.  Swan  also 
exhibited  his  safety  lamp,  and  Mr.  E.  H.  Liveing  his 
gas  indicator. 


The  Chairman  then  presented  the  following 
medals : — 

The  Society’s  Gold  Medal,  awarded  by  the 
Council  of  the  Society  of  Arts  to  Exhibitors  at 
the  International  Inventions  Exhibition,  on  the 
recommendation  of  the  Juries  : — 

GROUP  I. 

*Sir  Henry  Bessemer,  F.R.S. : — For  the  invention 
of  Bessemer  steel. 

*Percy  Gilchrist : — For  the  Thomas- Gilchrist  basic 
process  of  steel  making. 

GROUP  IV. 

Hathom,  Davey  and  Co.,  for  their  domestic  motor. 

{Medal  offered  under  the  Howard  Trust.) 

•Samson  Fox : — For  his  corrugated  iron  and  steel 
flues  for  steam-boilers.  {Medal  offered  under  the 
Howard  Trust.) 

Crossley  Brothers  : — For  the  “ Otto  ” gas-engine. 
{Medal  offered  ^lnder  the  Howard  Trust.) 

GROUP  XI. 

Ralph  H.  Tweddell : — For  his  system  of  applying 

* These  medals  were  awarded  by  the  Council  in  conse- 
quence of  an  application  from  the  Jury  Commission,  who 
were  anxious  to  carry  into  effect  recommendations  from  the 
respective  Juries,  urging  the  claims  of  the  Exhibitors  'to 
special  recognition.  ■ v ^ ' 


' hydraulic  power  to  the  working  of  machine  tools, 
and  for  the  riveting  and  other  machines  which  he 
has  invented  in  connection  with  that  system. 
{Medal  offered  under  the  Howard  Trust.) 

GROUP  XIV. 

^Badische  Anilin  und  Soda  Fabrik  : — For  their  im- 
provements in  the  manufacture  of  colouring  matters 
and  intermediate  products  from  coal  tar. 

GROUP  XXVHI. 

William  Crookes,  F.R.S. : — For  his  improvements 
in  apparatus  for  the  production  of  high  vacua,  and 
for  his  invention  of  the  radiometer.  {Medal  offered 
U7ider  the  Bother  gill  Trust.) 

GROUP  XXXII. 

Messrs.  John  Broadvvood  and  Sons : — For  pianos. 
{Medal  offered  under  the  Alfred  Davis  Tru<:t.) 

Messrs.  Steinway  and  Sons  : — For  pianos.  {Medal 
offered  under  the  Alfred  Davis  Trust.) 

Messrs.  W.  E.  Hill  and  Sons : — For  Violins  and 
Violoncellos.  {Medal  offered  under  the  Alfred 
Davis  Trust.) 

Society’s  Silver  Medal  for  papers  read 

during  last  session  : — 

To  Anton  Jurgens,  for  his  paper  on  “The  Pre- 
paration of  Butterine.” 

To  P,  L.  SiMMONDs,  for  his  paper  on  “ Present  and 
Prospective  Sources  of  the  Timber  Supplies  of 

. Great  Britain. 

To  A.  J.  Ellis,  B.A.,  F.R.S.,  for  his  paper  on 
“ The  Musical  Scales  of  Various  Nations.” 

To  Thomas  Wardle,  for  his  paper  on  “ Researches 
on  Silk  Fibre.” 

To  H.  H.  Johnston,  “ for  his  paper  on  “ British 
Interests  in  East  Africa,  especially  in  the  Kilima- 
njaro Distiict.” 

To  E.  C.  Buck,  for  his  paper  on  “ The  Agricultural 
Resources  of  India.” 

To  Mancherjee  M.  Bhownaggree,  for  his  paper 
on  “ The  Present  Condition  and  Future  Prospects 
of  Female  Education  in  India.” 

To  Dr.  Frederick  Siemens,  for  his  paper  on 
“Tempered  Glass.” 

To  Frederick  J.  Lloyd,  for  his  paper  on  “ The 
Chemistry  of  Ensilage.” 


! Miscellaneous. 

- . . ^ 

INTERNA  TIOHAL  INVENTIONS 
EXHIBITION. 

GROUP  XV.— GAS,  AND  APPARATUS 
RELATING  THERETO. 

By  W.  j.  Dibdin. 

The  numerous  exhibitions  of  gas  appliances  which 
have  been  held  during  the  last  few  years  in  various 
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parts  of  England,  have  so  thoroughly  disseminated 
a comprehensive  knowledge  of  the  various  im- 
provements made  from  time  to  time  in  apparatus 
both  for  the  manufacture  and  utilisation  of  coal  gas, 
that  the  novelty  which  one  naturally  looks  for  in 
such  an  Exhibition  as  the  present  has  undoubtedly 
lost  its  freshness.  However,  notwithstanding  these 
frequent  displays  in  various  industrial  centres, 
the  observant  visitor  to  the  East  Arcade  found, 
amongst  many  familiar  exhibits,  much  to  interest  and 
instruct. 

Amongst  the  inventors  of  exhibits  relating  to  the 
manufacture  and  distribution  of  gas,  the  well-known 
names  of  Somerville  and  Waller  are  deservedly  con- 
spicuous as  the  introducers  of  numerous  valuable 
appliances  in  connection  therewith.  The  manufacture 
of  air-gas,  i.e.  air  or  other  non-illuminating  gaseous 
compound,  enriched  with  the  vapour  of  hydrocarbor^, 
was  also  well  illustrated.  The  apparatus  of  Messrs. 
Kirkham,  Hersey,  and  Clark,  and  that  of  Messrs. 
Hearson  and  Co., who  exhibited  the  “Sun”  gas 
making  machine,  were  both  good  examples  of  w'hat 
may  be  done  in  this  direction,  and  are  especially 
adapted  for  use  in  places  wdiere  only  a limited  quantity 
of  gas  is  desirable.  Although  the  use  of  carburetted 
carbonic  oxide  is  in  no  little  favour  in  America 
it  has  found  no  considerable  support  in  this 
countr}',  where  the  older  method  of  obtaining  gas 
from  coal  is  preferred.  The  poisonous  character  of 
carbonic  oxide  is  one  of  the  chief,  if  not  the  only 
objection  to  its  use,  as,  in  the  event  of  a leak  from  bad 
fittings,  disastrous  results  are  likely  to  ensue ; although 
this  does  not  seem  to  be  a practical  objection  in  the 
newer  country. 

After  the  various  improvements  in  methods 
appertaining  to  the  manufacture,  of  illuminating 
gases,  the  measurement  of  the  quantity  used 
by  the  consumer  calls  next  for  attention.  The 
tw'O  systems  of  meteis  in  use,  namely,  “wet 
and  dr)',”  were  well  represented,  the  e.xhibit  of 
Messrs.  Glover  and  Co.  being  very  instructive  as 
showing  the  various  improvements  in  details  of  con- 
struction. Messrs.  Foxall,  Llewellin,  Jones,  and  Co.  ex- 
hibited anew  patternof  dry  meter  in  which  the|leathers 
open  to  a greater  extent  than  in  the  older  forms,  thus 
ensuring  slower  action.  In  the  three-light  meter 
constructed  on  this  principle,  one  foot  of  gas  is  passed 
in  six  revolutions,  whereas  eight  revolutions  are  re- 
quired to  pass  the  same  quantity  through  one  made 
on  the  usual  pattern.  The  principal  characteristic  of 
a good  meter  is  that  it  should  continue  to  register 
accurately  under  varying  pressures  and  speeds,  a 
result  which  is  very  satisfactorily  obtained  by  the 
system  adopted  by  Messrs.  Foxall  and  Co. 

Messrs.  Cowan’s  self-regulating  wet  meter  has  a 
definite  capacity  within  wide  limits,  irrespective  of 
the  height  of  the  actual  water  line.  This  result  is 
obtained  by  the  use  of  a small  inner  drum,  which,  at 
reduced  water  levels,  withdraws  the  excess  of  volume 
of  gas,  and  returns  it  into  the  space  under  the  hollow 
drum,  where  it  mixes  w'ith  the  gas  entering  by  the 


spout,  and  with  it  forms  the  supply  to  the  succeeding 
and  filling  chamber.  ■ - 

The  much  vexed  question  of  meter  indices  has 
also  received  considerable  attention.  Mr.  Grey  ex- 
hibited an  improved  index  in  which  the  dial  hand 
ends  in  an  open  circle  embracing  the  number 
to  be  read,  thus  infallibly  indicating  the  correct 
reading  As  so  many  of  the  public  profess  them- 
selves unable  to  read  the  ordinary  form  of  index, 
this  system  will  doubtless  be  welcomed.  The  inter- 
locking arrangement  in  the  wheels  is  very  simple  and 
ingenious.  Other  excellent  forms  were  exhibited,  but 
none  surpass  Mr.  Grey’s  in  simplifying  the,  to  many, 
difficult  task  of  reading  the  meter  indications,  and 
thus  checking  the  operations  of  that  mysterious  being, 
the  “ gas-man.” 

The  ready  method  by  which  gas-meter  indices  may 
be  tested  before  being  attached  to  the  meters  was  ad- 
mirably shown  by  Messrs.  Cowan’s  “Tester.”  In 
this  arrangement  a whole  series  of  indices  may  be 
readily  examined  simultaneously  by  means  of  a 
simple  train  of  wheels.  The  experience  of  gas- 
meter  inspectors  has  long  pointed  to  the  desirability 
of  some  such  system  being  made  compulsory.  It 
not  infrequently  happens  that  the  remarkable  in- 
crease or  decrease  in  the  gas  bill,  after  the  fixing  of  a 
new  meter,  is  explained  by  some  one  of  the  train  of 
wheels  having  been  misplaced,  or  another  wheel  from 
a different  system  having  been  accidentally  intro- 
duced ; a mistake  which  it  is  often  impossible  to  dis- 
cover during  the  testing  of  the  meter  by  the  ordi- 
nary legal  methods.  This  is  one  of  those  minor 
matters  calling  for  legislation,  but  which,  in  the 
hurly-burly  of  political  discussion,  is  pushed  aside 
until  a “ more  convenient  time.” 

The  importance  of  controlling  the  supply  of  gas 
to  the  consumer’s  fittings  is  now  beginning  to  be 
generally  acknowledged,  and  many  forms  of  regu- 
lators, or  “ governors,”  are  before  the  public.  The 
two  competing  methods  employed  are  the  “ mer- 
curial” and  “leather  diaphragms.”  In  the  first 
the  diaphragm  is  is  an  inverted  cup,  constructed 
either  of  metal  or  glass,  floating  upon  a surface  of 
mercury,  whilst  in  the  second  form  the  flexible  leather 
is  attached  to  a metallic  centrepiece  which  sustains, 
as  does  the  metallic  cup  in  the  mercurial  governor, 
the  pin  supporting  the  valves  regulating  the  flow 
of  gas.  Some  six  or  seven  exhibitors  showed  speci- 
mens of  their  various  specialities,  which  are  all  ex- 
cellent in  their  way,  and  would  go  far  to  satisfy  the 
requirements  of  those  who  habitually  complain  that 
the  companies  “force”  gas  through  their  burners. 
The  comfort  afforded  by  the  judicious  use  of  a good 
governor  is  only  appreciated  by  those  who  have  one 
properly  fitted.  The  disagreeable  singing  of  the 
burner  is  at  once  stopped,  and  a steady,  noiseless 
illumination  obtained. 

Next  after  the  meter  and  governor  the  burner 
naturally  claims  attention.  The  exhibits  of  the 
various  flat  flame,  Argand,  and  inverted  recuperative 
burners  were  exceedingly  interesting,  the  latter 
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especially  so,  Messrs.  Sugg  and  Co.  made  an  admirable 
display  ; their  “ Cromarty  ” and  “ Vincent  ” burners, 
constructed  on  the  latter  system,  being  especially 
noticeable  and  interesting,  as  affording  a high 
“ duty  ” with  a small  consumption  of  gas,  thus 
biinging  into  a practicable  form  the  invention  of  Dr. 
Frederick  Siemens,  who,  as  is  well  known,  was  the 
first  to  adapt  the  regenerative  principle  to  gas- 
burners.  The  Wenham  Patent  Gas  Burner  Company 
aho  exhibited  a fine  series  of  burners  constructed 
cn  the  same  system,  but  having  essential  points  of 
difference.  The  exhibit  of  this  company  included 
burners  suitable  for  ordinary  dwelling  rooms,  with 
others  of  larger  size,  giving  very  high  duties,  for  the 
illumination  of  halls  and  other  large  spaces.  Mr. 
George  Bower  had  evidently  abandoned  the  whilom 
much  talked  of  Grimston  burner,  which  took  the 
gold  medal  at  the  Crystal  Palace  Gas  and  Electric 
Exhibition,  in  1H82.  Messrs.  Kirkham,  Hersey  and 
Clark  exhibited  the  “ Clark  ” burner,  which  has  sur- 
vived the  ordeal  of  time,  while  its  competitor,  the 
Grimston,  is  now  considered  out  of  date.  The 
special  point  in  connection  with  this  form  of  recupera- 
tive burner  is  its  suitability  for  railway  carriages. 
In  view  of  the  numerous  satisfactoiy  substitutes  for 
the  wretched  oil  lamp  so  fondly  adhered  to  by  many 
of  our  railway  authorities,  it  is  surprising  that  greater 
advance  has  not  been  made  in  the  lighting  of  railway 
conveyances.  The  dismal  glow  which  still  finds 
favour  cn  many  of  the  main  lines  is  such  a constant 
source  of  annoyance  and  vexation  of  spirit  to  helpless 
railway  travellers,  that  it  is  to  be  hoped  some  speedy 
reformation  in  this  direction  will  take  place.  The 
recuperative  principle,  as  applied  to  gas  illumination, 
affords  one  more  aid  to  the  solution  of  the  problem, 
and  want  of  knowledge  cannot  be  put  forward  as  an 
excuse  for  the  continuance  of  the  old-fashioned,  and 
long  since  condemned  oil  lamp. 

The  various  forms  of  burners  constructed  on  this 
system  are  all  so  nearly  alike  in  principle  as  to  puzzle 
anyone  not  an  expert  to  explain  the  difference  be- 
tween any  two.  Whatever  their  points  of  disagree- 
ment, however,  they  are  alike  in  one  important  factor, 
in  that  they  are  adnjirably  adapted  for  assisting  in 
the  ventilation  of  the  room  in  which  they  are  fitted, 
whilst  the  products  of  combustion  may  be  carried 
away  by  the  same  system.  Those  who  have  the  mis- 
fortune to  work  for  hours  in  a badly  ventilated  room, 
lighted  with  the  usual  three  or  five  burners,  cannot 
do  better  than  try  this  great  improvement  in  gas 
illumination  and  ventilation.  A good  soft,  or 
powerful  light  may  be  obtained  at  will,  with  perfect 
freedom  from  those  distressing  sensations  so  com. 
monly  experienced.  The  great  objection  which  some 
have  to  the  use  of  gas,  by  reason  of  its  destructive 
effect  on  furniture,  frames.  See.,  caused  by  the 
presence  of  sulphur,  is  completely  overcome  by  this 
system,  and  perfect  immunity  secured  to  the  most 
delicate  plants.  In  addition  to  these  great  advan- 
tages, the  remarkable  development  of  the  illuminating 
power  of  coal-gas  must  not  be  overlooked.  While 


an  ordinary  flat-flame  burner  will  yield  a light  equal 
to  two  or  three  candles  per  cubic  foot  of  gas  con- 
sumed, some  of  these  burners  will  afford  as  much  as 
seven  or  eight  candles  per  cubic  foot,  which,  by  the 
judicious  use  of  reflectors,  may  be  increased,  in  par- 
ticular directions,  to  fifteen  candles  per  foot. 

The  utilisation  of  bye-products  produced  in  the 
manufacture  of  gas,  in  increasing  its  illuminating 
power,  was  well  shown  by  the  Albo-Carbon  Company, 
who  made  a very  neat  display.  The  pure  colour  and 
brilliance  of  the  light  obtained  by  their  system  has 
long  since  obtained  for  it  a firm  hold  on  the  public 
favour. 

The  exhibits  of  photometers  and  other  instruments 
for  ascertaining  the  illuminating  power  and  quality  of 
coal-gas  is  well  worthy  attention,  the  stalls  of  Messrs. 
A.  Wright  and  Co  , and  Messrs.  Sugg  and  Co.,  de- 
serving in  themselves  far  greater  notice  than  the  limits 
of  the  present  report  permit.  The  universal  photo- 
meter of  the  former  firm,  devised  by  Mr.  Hartley,  is 
a great  advance,  for  experimental  researches,  on  the 
ordinary  form,  affording  the  means,  as  it  does,  of 
estimating  the  illuminating  power  of  rays  emitted 
from  a luminous  point  at  various  downward  angles. 
This  result  is  also  arrived  at  by  the  travelling  photo- 
meter of  Messrs.  Sugg  and  Co.,  which  has  been 
largely  used  for  estimating  the  quantity  of  light 
afforded  by  various  electric  and  other  systems  in 
situ. 

The  stanlards  of  light  are  naturally  prominent. 
The  various  discussions  which  have  taken  place  on 
this  subject  set  forth  the  necessity  for  a revision  of 
the  existing  system.  The  competing  proposals  of 
Mr.  A.  Vernon  Harcourt,  Mr  Methven,  the  late  Mr. 
Keates,  and  Messrs.  Sugg  and  Co.,  are  illustrated  in 
the  exhibits  of  Messrs.  Wright  and  Messrs.  Sugg. 
In  connection  with  the  proposed  standard  of  Mr. 
Harcourt,  the  “Table  Photometer”  devised  by  that 
gentleman  was  shown,  in  which  the  relative  posi- 
tions of  the  standard  of  comparison,  and  the 
light  to  be  tested  as  well  as  that  of  the  screen, 
are  fixed ; the  adjustment  being  made  by 
burning  sufficient  gas  in  the  standard  burner 
to  afford  a volume  of  light  which  shall  exactly 
balance  on  the  screen  that  thrown  thereon  by  the 
standard  pentane  flame.  The  actual  consumption  of 
gas  required  to  produce  a flame  equal  to  sixteen 
candles  being  taken  as  the  indication  of  its  illuminat- 
ing power.  The  results  are  stated  in  per  centage 
value  instead  of  “ candle  power”  as  by  the  present 
legal  system,  too  per  cent,  being  equal  to  sixteen 
candles. 

Amongst  the  mechanical  appliances  in  this  group 
was  the  ingenious  patent  lock  connection  exhibited  by 
Messrs.  Garratt  and  Fowler.  The  ordinary  union 
joint  possesses  a very  serious  fault,  viz.,  that,  on 
screwing  up  the  nut,  the  lining  also  revolves,  causing 
the  attached  hose,  or  pipe,  to  kink  or  twist.  The 
“ lock  ” connection  effectually  remedies  this  defect, 
the  lining  and  guide  having  an  hexagonal  form 
instead  of  the  ordinary  round  one,  thus  effectually 
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preventing  the  objectionable  twist  of  the  guide,  and 
enabling  the  union  to  be  screwed  up  much  more 
tightly  than  is  possible  with  the  usual  pattern.  The 
same  firm  also  exhibited  an  improved  blow  lamp,  which 
can  be  used  in  any  position  with  safety,  and  is  useful 
for  wiping  joints  in  positions  where  it  is  impossible 
to  work  with  irons,  &c.  A smaller  form  of  this  lamp 
is  useful  also  for  gas-fitters,  as  it  dispenses  with  the 
objectionable  and  dangerous  rushes  commonly  em- 
ployed. 

The  automatic  gas  lighting  and  extinguishing 
apparatus  of  Messrs.  Caink  was  an  interesting  exhibit, 
pro\dding  for  the  lighting  and  extinguishing  of  gas  at 
any  distance  from  the  burners,  without  the  necessity 
of  providing  separate  supply  pipes,  or  electric  wires, 
for  any  considerable  distance,  the  battery  employed 
being  placed  conveniently  near  to  the  burner,  and 
actuated  by  raising  or  lowering  the  gas  pressure  by 
means  of  a governor.  The  automatic  pressure- 
changing gas  governor,  of  the  same  firm,  is  an  ex- 
ceedingly ingenious  contrivance,  and  seems  well  cal- 
culated to  answer  its  purpose.  It  is  constructed  on 
the  principle  of  obtaining  an  outlet  pressure  varying 
in  the  same  direction  as  the  consumption,  the  altera- 
tion in  pressure  being  obtained  by  a system  of  self- 
acting syphons,  which  transfer  the  water  from  the 
inner  to  the  outer  chambers,  or  vice  versa,  according 
to  the  pressure  on  the  outlet. 

It  is  impossible,  within  the  limits  of  a short  review 
of  the  leading  features  of  the  many  adjuncts  of  the  gas 
industry  which  were  shown  at  the  Exhibition,  to  do 
more  than  briefly  glance  at  the  more  prominent  features 
that  were  presented  for  inspection.  A thorough  treatise 
on  the  various  subjects  would  alone  do  justice  to  them, 
and  to  the  energy  and  ability  displayed  in  the  production 
of  so  many  ingenious  contrivances,  all  well  calculated 
to  further  the  better  manufacture  of  the  primary 
article,  gas,  and  its  most  advantageous  application. 
The  remarkable  development  in  the  various  forms  of 
burners  introduced  during  the  last  decade  is  in  itself 
a subject  of  consideiable  interest,  made  more  so  than 
would  otherwise  have  been  the  case  by  the  recent 
introduction  into  practical  use  of  the  electric  light,  a 
means  of  illumination  which  has  perhaps  done  more 
for  the  development  of  gas  illumination  than  any 
previous  competitor. 


FISHERIES  OF  THE  SEA  OF  AZOFF. 

The  fisheries  of  the  Sea  of  Azof!  were  renowned 
in  former  ages.  Herodotus  and  other  historians 
allude  to  them,  and  Strabo  states  that  the  fish  froni 
the  delta  of  the  Tanai’s  (Don)  was  an  important 
article  of  commerce  between  ancient  Greece  and 
Rome.  In  more  modern  times,  the  Little  Russians 
became  engaged  in  this  branch  of  industry,  and  for 
many  years  the  right  of  fishing  on  the  coast  was  dis 
puted  by  the  different  settlers,  who  often  made 
desperate  attacks  on  each  other.  Consul  Wagstaff 


says  that  the  chief  fishing  grounds  are  in  the  Bay  of 
Taganrog,  and  along  the  coast  of  the  Rosloff  distret. 
During  the  year  1883,  the  number  of  hands  regularly 
employed  in  the  fishing  trade  in  the  Taganrog  district 
was  2,084,  besides  these,  2,412  men,  farm 

labourers  and  fishermen,  find  employment  after 
harvest  lime  at  the  fisheries.  The  trade  during 
the  winter  is  usually  remunerative,  as  fish  are  sent  tc 
market  throughout  the  country  in  a frozen  state. 
I'owards  the  close  of  the  season  it  is  salted,  after- 
w’ards  dried,  and  sent  into  the  interior,  and  this 
description  of  food  is  in  great  demand  among  the 
working  classes.  The  salting  of  fish  and  curing  of 
halik  (dried  salted  sturgeon)  was  carried  on  by  care- 
less ignorant  peasants,  until,  through  the  influence 
of  Prince  Woronsoff,  persons  were  brought  from 
abroad,  chiefly  fro.n  Holland,  to  superintend  the 
work,  and  at  the  present  time  it  is  conducted  in  a 
very  efficient  and  cleanly  manner.  Fishing  is  divided 
into  two  classes — red  and  white.  To  the  first  belong 
the  three  kinds  of  sturgeon — belortga,  sevringa,  and 
osetyor — ^from  which  balik,  caviare,  and  isinglass  are 
made ; sterlet  is  rare.  The  white  fish  consist  of 
perch,  bream,  carp,  Cyprmus  vimba,  roach,  razoi 
fish,  and  several  other  smaller  species.  Sturgeon  is 
caught  from  May  to  June,  and  from  September  to 
November,  when  they  are  in  good  condition  ; the 
belonga,  weighing  from  500 lbs.  to  550 lbs.,  yields 
from  16  lbs.  to  25  lbs.  of  caviare  in  summer,  while  in 
winter  from  54  lbs.  to  72  lbs.  are  extracted.  White 
fish  are  taken  all  the  year  round  ; the  roach  and 
Cyprinus  vimba  principally  in  spring  and  autumn  ; 
the  razor  fish  in  summer,  and  the  bream  and  perch 
in  winter.  There  are  four  classes  engaged  in  the 
fishing  industries  ; first,  fishermen  who  have  their 
own  boats  and  tackle ; second,  those  who  have 
neither,  and  who  hire  themselves  out  on  various  con- 
ditions for  the  season ; third,  fish  jobbers ; and 
fourth,  land  and  other  proprietors  possessing  fishing 
stations.  The  tackle  employed  consists  of  seines, 
400  to  500  fathoms  long;  nets  12  to  20  fathoms, 
and  hooks,  the  last  two  being  in  general  use,  whilst 
the  first  are  owned  only  by  large  proprietors  and  the 
chief  fishing  stations.  Besides  the  tackle,  there  are 
fishing  boats  of  different  sizes  and  construction,  from 
the  six  to  eight  oared  launch,  or  baidaky,  costing 
about  to  the  kaiouk,  which  may  be  purchased 
for  C".  The  boats  are  built  during  the  summer  by 
men  who  come  from  North  Russia,  but  they  require 
constant  repairs.  The  small  boats  fish  along  the 
coast,  and  the  larger  boats  20  to  50  miles  from  their 
stations  ; each  fishermen  has  to  attend  to  from  7,000 
to  10,000  hooks.  In  winter,  fishing  is  carried  on  on 
the  ice  up  to  40  miles  distant  from  the  station,  and  the 
whole  of  the  coast  during  that  season,  from  Taganrog 
to  Yeisk,  is  a scene  of  great  activity,  sometimes  as 
many  as  20,000  men  being  employed,  and  from  3,000  to 
5,000  horses.  The  following  is  the  system  of  wintci 
fishing.  From  fifty  to  sixty  nets  are  taken  on  a sledge 
with  three  to  seven  days’  provisions,  and  fodder  for  the 
horses.  Holes  are  made  in  the  ice  about  fourteen 
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inches  in  diameter  seven  paces  apart,  and  a rope  to 
which  the  nets  are  fastened,  is  passed  by  means  of  a 
pole  pushed  along  underneath  the  ice  from  hole  to 
hole.  The  first  long  narrow  hole  is  the  most  im- 
portant, as  the  pole  has  first  to  be  introduced  into 
it ; afterwards  Ja  place  is  cut  for  drawing  up  the  nets, 
which  are  generally  twelve  to  twenty  fathoms  long, 
and  four  of  these  are  placed  in  a line.  The  nets  are 
secured  at  each  end  to  a pole  driven  into  the  bottom 
of  the  sea,  and  also  by  a grapline,  w'ith  a pointer 
fifteen  fathoms  long.  This  system  is  adopted  by 
the  poorer  fishermen,  but  large  proprietors  establish 
fishing  stations,  huts  for  men,  &c.,  and  use  princi- 
pally seines  which  are  put  down  in  the  form  of  a 
horse- shoe,  commencing  from  the  tip  where  the 
body  of  the  seine  is  dropped,  working  towards  the 
two  ends  in  the  same  manner  as  the  small  nets  are 
laid,  and  they  await  the  arrival  of  the  shoals  of  fish. 
The  two  ends  are  then  brought  near  each  other,  and 
hauled  up  through  a large  hole,  which  is  encircled 
with  nets  to  prevent  the  fish  from  escaping.  Thg 
average  value  of  fish  annually  taken  in  the  province 
of  Taganrog  amounts  to  about  ^80,000  ; but  inclu- 
ding the  Delta  and  Lower  Don,  the  total  value  of 
the  fish  ranges  between  J^oo,ooo  to  ^400,000 
annually. 


Notes  on  Books, 


The  Paper  Makers’  Directory  of  all 
Nations.  Edited  and  compiled  by  Charles 
Phillips.  London.  1885-6. 

This  is  the  second  issue  of  the  “ Directory  of 
Paper  Makers,”  which  contains  a notice  of  4,296 
mills.  Of  this  number  369  are  in  the  United  King- 
dom, 512  in  France,  1,037  in  Germany,  378  in  Austro- 
Hungary,  194  in  Italy,  148  in  Russia,  and  1,122  in 
the  United  States.  The  countries  which  contribute 
only  one  each  to  the  grand  total  are  Andorra, 
Mauritius,  Syria,  Egypt,  Cuba,  Demerara,  and  Greece. 


The  Technicalities  of  the  Art  of  Coach 

Body-makiNg.  By  John  Philipson.  London. 

1885. 

Mr.  Philipson  has  here  amplified  a paper  which 
he  read  before  the  Institute  of  British  Carriage 
Manufacturers.  His  little  book  is  fully  illustrated, 
and  contains  a description  of  the  chief  varieties  of 
carriages. 


Christmas  Cards.  Hildesheimsr  and  Faulkner, 
41,  Jewin-street,  E.C. 

Tne  publishers  of  Christmas  cards  are  now  ready 
with  their  wares  intended  for  distribution  next  month. 
The  early  appearance  of  these_  cards,  has  frequently 


been  remarked  upon,  and  Messrs.  Hildesheimer  and 
Faulkner  have  printed  an  explanation  of  this.  They 
say,  in  the  first  place,  that  many  cards  are  required 
in  October  and  November  for  sending  to  friends 
abroad,  and  they  themselves  require  to  have  the 
cards  ready  in  the  first  months  of  the  year,  so  as  to 
be  able  to  send  samples  to  America  and  the  colonies, 
and  they  add,  “ our  specimen  books  for  the  home 
trade  had  to  be  issued  in  May,  to  enable  the  whole- 
sale houses  to  obtain  their  orders  from  the  retail 
stationers  throughout  Great  Britain  and  Ireland,  for 
delivery  about  October.”  It  appears  that  publishers’ 
preparations  for  the  production  of  the  cards  have  to 
be  made  more  than  twelve  months  before  the  cards 
are  offered  for  sale  in  the  shops,  as  it  requires  five  to 
nine  months  to  lithograph  and  print  each  set  of  three 
or  four  designs.  The  designs  for  the  present  year’s 
cards  were  purchased  by  Messrs.  Hildesheimer  and 
Faulkner  between  November,  1883,  and  November, 
1884.  The  artists  are  the  Misses  James,  M.  Dealy, 
Alice  Havers,  Linnie  Watt,  and  Alice  West;  Messrs. 
Albert  Bowers,  Frank  Feller,  Fred  Hines,  W.  J. 
Hodgson,  C.  G.  Noakes,  F.  C.  and  A.  Price,  Percy 
Robertson,  B.  D.  Sigmund,  and  Ernest  Wilson. 

, The  subject  of  the  cards  are  landscapes  and  sea- 
scapes, trees  and  flowers,  scenes  of  old  travelling, 
children  at  play,  soldiers,  See.,  and  the  forms  are 
varied,  some  represent  palettes,  others  folding  frames, 
&c.  The  majority  of  the  cards  are  in  colours,  but 
some  are  in  sepia. 

Christmas  and  New  Year  Cards.  Davidson 
Brothers,  9,  Jewin-street,  E.C. 

The  cards  produced  by  Messrs.  Davidson  are  bright 
with  colour,  and  consist  chiefly  of  landscapes  and 
flowers,  and  children  at  play.  There  are  wdnter 
land  scenes  and  water  scenes,  and  figures  of  fish- 
wives and  highland  pipers.  Some  have  views  upon 
them,  and  others  music  ; in  one  the  wires  supported 
by  telegraph  poles  are  made  to  do  duty  for  the 
musical  staff. 


Through  the  Meadows.  By  Fred.  E.  Weatherly, 
illustrated  by  M.  Ic.  Edwards,  vignettes  by  J.  C. 
Staples.  London  : Hildesheimer  and  Faulkner. 
This  volume  contains  a collection  of  verses  by  Mr. 
Weatherly,  illustrated  with  monochrome  vignettes  in 
the  text  and  also  full-paged  coloured  plates. 

The  White  Swans,  and  Other  Tales.  By  Hans 
Andersen,  with  illustrations  by  Alice  Havers. 
London  : Hildesheimer  and  Faulkner. 

These  are  a selection  from  Andersen’s  fairy  tales, 
translated  by  Mrs.  H.  B.  Pauli,  and  they  are  printed 
with  tinted  illustrations  in  the  text  and  • full-paged 
coloured  plates  in  addition. 

History  of  Prices  since  the  Year  1850.  By- 
Michael  G.  Mulhall.  London ; Longmans.  1885. 
Thirty  years  ago  Tooke  andNewmarch’s  “ History 
of  Prices”  was  completed,  and  M''.  Mulhall  has  now 
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taken  up  the  subject  of  the  rise  and  fall  of  prices  since 
1S50.  In  dealing  with  the  precious  metals, .the  author 
states  that  the  fall  in  silver  is  because  plate  has  gone 
out  of  fashion,  “that  prices  are  not  regulated  or 
affected  by  the  amount  of  metallic  money  per  inhabit- 
ant, and  that  we  make  20  shillings  of  coin  in  Great 
Britain  do  as  much  trade  as  85  shillings  in  France,  40 
in  Italy,  58  in  United  States,  or  100  in  Spain.”  This 
book  is  fully  illustrated  by  diagrams  showing  the 
range  of  price-levels. 


The  Practical  Telegraphist.  By  William 
Lynd,  with  an  appendix  on  the  application  of 
Gravet’s  Slide  Rule  to  Electrical  Testing.  London : 
Wyman  and  Sons. 

In  his  first  chapter  the  author  describes  the  different 
batteries  used  in  telegraphy,  and  subsequent  chapters 
are  devoted  to  the  single  needle  instrument,  reading 
by  sound,  the  universal  battery  system,  testing,  &c. 
!Mr.  Preece,  F.R.S.,  contributes  to  the  volume  an 
account  of  Duplex  Telegraphy,  and  Mr.  James 
Graves  one  on  Ocean  Telegraphy.  The  volume  is 
illustrated  with  diagrams. 


Interior  Decor.\tiox  : A Practical  Treatise  on 
Surface  Decoration  with  Notes  on  Colour  Stencil- 
ling and  Panel  Painting.  By  Fred.  Miller.  London: 
Wyman  and  Sons. 

In  this  work  the  author  deals  but  slightly  with 
structural  points,  his  object  being  chiefly  to  show  how 
the  architectural  details  already  present  in  house  can 
be  best  treated  by  the  decorator.  The  decoration  of 
walls  and  ceilings  forms  a large  portion  of  the  subject, 
and  the  various  points  that  arise  in  respect  both  to 
the  design  and  the  colouring,  are  here  treated  of. 


Chronograms  Continued  and  Concluded; 
more  than  5,000  in  number,  a supplement  volume 
to  “Chronograms,”  published  in  the  year  1882. 
By  James  Hilton,  F.S.A.  London  : Elliot  Stock. 
1885. 

hen  Mr.  Hilton  published  his  previous  volume, 
in  1882,  he  thought  that  the  subject  was  practically 
exhausted,  but  renew’ed  and  continued  research  since 
then  has  brought  many  more  chronograms  to  light, 
so  that  he  is  able  now  to  publish  a volume  equal  in 
size  to  the  original  one.  In  these  two  volum<=‘s  it  is 
calculated  that  about  21,000  instances  are  quoted  or 
alluded  to,  and  the  author  has  given  a list  of  books 
not  accessible,  in  which  many  further  chronograms 
will  probably  be  found.  The  subject  of  this  book  is 
so  intimately  connected  with  history,  that  it  naturally 
contains  much  information  respecting  historical 
events.  The  volume  is  also  fully  illustrated  with 
facsimiles  of  titlepages  of  books,  portraits.  Sic.,  con- 
taining chronograms. 


General  Notes. 

❖ 

Industrial  Reforms  in  Russia. — A recent 
enactment  has  prohibited  night  work  in  factories,  as 
far  as  women  and  young  persons  are  concerned,  the 
limit  of  age  in  the  latter  case  being  seventeen.  It  is 
stated,  however,  that  the  application  of  the  new  law 
will  at  first  be  limited  to  cotton  and  wool  spinning 
establishments  and  linen  weaving  factories.  It  is  in 
contemplation  to  open  weaving  schools  in  many  in- 
dustrial centres,  and  thus  afford  Russian  workpeople 
that  technical  training  in  which  they  have  hitherto 
been  deficient. 

Ships’  Signals. — Mr.  Donald  C.  Grant,  one  of 
the  Forth  Bridge  staff,  according  to  the  Engineer,  is 
bringing  out  a new  form  of  signal  for  use  at  sea  to 
indicate  to  other  ships  the  direction  of  movement  of 
the  helm,  so  as  to  avoid  collision  with  ships  close  up. 
He  does  not  propose  to  supersede  the  side  lights  at 
present  employed,  but  only  to  supplement  them. 
The  officer  on  watch  is  supplied  with  a couple  of 
signals  small  enough  to  be  carried  in  a breastcoat 
pocket  of  ordinary  capacity.  Should  he  wish  to 
indicate  that  his  vessel  is  on  the  port  tack,  he  takes  a 
signal— with  a round  handle  and  coloured  red — from 
his  pocket  and  fires  it  by  giving  it  a slight  tap.  The 
result  is  a brilliant  red  light.  After  this  light  has 
burned  for  about  thirty  seconds  it  explodes  a small 
maroon,  the  report  of  which  can  be  heard  a mile  off ; 
and  after  this  the  light  continues  to  burn  for  another  .■ 
thirty  seconds.  The  process  of  firing  the  starboard 
tack  signal  is,  of  course,  the  same,  the  result  being  a 
green  light,  but  in  this  case  the  handle  is  square,  this 
difference  of  form  making  it  easy  in  the  dark  to  dis- 
tinguish the  right  signal  to  be  employed. 

Coal-fields  in  the. North  of  France.- -The 
total  output  of  coal  from  the  mines  in  the  North  of 
France  for  1884  was  9,430,000  tons,  as  against 
10,050,000  tons  in  1883,  this  being  equivalent  to  a 
diminution  of  rather  more  than  6 per  cent.  Accord- 
ing to  the  returns  which  have  come  to  hand  for  the 
first  six  months  of  the  present  year,  this  decrease  is 
likely  to  be  still  more  marked,  and  at  the  same  time 
there  has  been  a falling  off  in  the  quantity  of  coal 
imported,  amounting  to  about  1 1 per  cent,  for  last 
year.  According  to  the  returns  published  by  the 
Minister  of  Public  Works,  the  number  of  miners-- 
employed  in  the  Northern  coal  mines  is  47, 152?  out 
of  a total  of  113,000  for  the  whole  of  France.  The 
amount  of  money  paid  annually  to  them  in  wages  is 
^5,080,000,  this  being  equivalent  to  ^^49  for  each 
man,  but  while  in  some  of  the  southern  coal  mines, 
notably  in  the  department  of  the  Gard,  the  w’ages 
amount  tO;^5i,  they  fall  as  low  as  ;^C43  in  the 
Nord.  This  sum  does  not  include  indirect  additions 
to  wages,  such  as  house  rent  at  a reduced  rate, 

, medical  relief,  coal,  &c.,  which  cannot  well  be  put 
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into  figures.  The  average  cost  ofraisingthecoalis  sa 
nearly  as  possible  5s.  a ton  for  the  whole  of  France,  but 
while  it  is  as  low  as  3s.  lod.  in  the  basin  of  the  Allier 
and  4s.  2d.  in  the  Pas  de  Calais,  it  reaches  6s.  6d.  in 
the  coal  mines  of  the  Card.  The  average  annual 
output  of  each  workman  is  263  tons  for  the  whole  of 
France,  being  320  tons  in  the  department  of  the 
Aveyron,  293  tons  in  the  department  of  the  Gard, 
and  only  287  tons  in  the  Pas  de  Calais.  Many  of 
the  French  coal  mines  appear  to  be  worked  at  a loss, 
for  the  official  returns  for  1883  state  that  while  190 
realised  a total  profit  of  ;^i, 712,287,  the  125  others 
showed  a loss  of  £2^1, 'j 22.  This  leaves  a balance  of 
4585565 5 which  represents  a net  profit  of  about 
4|  per  cent,  on  the  capital  invested. 

Manufacture  of  Writing  Materials.— At 
a meeting  of  the  Academie  des  Sciences,  M. 
de  Boutarel  read  an  essay  upon  “ Paper  and  the 
Industries  connected  with  it,”  in  the  course  of  which 
lie  quoted  some  statistics  as  to  the  rapid  increase  in 
the  quantity  of  pens,  paper,  pencils,  &c.,  which  are 
manufactured  in  Europe  and  the  United  States  alone. 
M.  de  Boutarel  says  that  the  manufacture  of  paper, 
which  at  the  beginning  of  the  century  was  practically 
ml  in  the  United  States,  now  amounts  to  500,000 
tons  per  annum,  and  that  it  is  just  double  this  figure 
in  Europe ; the  value  of  the  straw,  rags,  and  other 
materials  used  in  the  manufacture  of  the  paper  being 
;^20,ooo,ooo.  M.  de  Boutarel  estimates  the  value  of 
these  1,500,000  tons  of  paper,  when  manufactured, 

£40,000,000 ; the  note  paper  being  calculated  at 
120,000  tons,  worth  ;^6,400,000.  M.  de  Boutarel 
estimates  the  value  of  the  steel  pens  manufactured 
annually  at  ^800,000 ; while  the  number  of  heliotype 
plates  may  be  safely  estimated  at  3.000,000 — thirty 
Paris  houses  alone  turning  out  900,000. 

Sulphur  Mines  of  Swoszowice.— According 
to  an  article  by  Gobel  {Oest.  Zeits.  fur  Berg-u- 
Huttenwesen,  1885,  s.  14),  all  work  at  these  mines  is 
suspended,  the  present  price  of  sulphur  precluding 
their  being  carried  on  at  a profit.  The  mine,  two  kilo- 
metres south  of  Cracow,  was  commenced  as  long  ago 
as  1422.  The  workings  are  in  the  Jurassic  formation. 
There  are  two  layers  of  sulphur-yielding  earth,  each 
composed  of  a dark  grey  marly  clay,  through  which 
the  sulphur  is  distributed  in  the  form  of  concrete 
masses,  varying  in  size  from  lin.  in  diameter  to  no 
larger  than  poppy  seed.  These  beds  are  separated 
by  a vein  of  fibrous  gypsum  fluctuating  between  three 
and  six  fathoms  thick.  The  roof  is  of  clay  containing 
petrifactions,  and  enclosing  lumps  of  sulphur  weigh- 
ing as  much  as  3^  lb.  The  total  depth  is  about  30 
fathoms.  The  sulphur  yield  averages  10  per  cent. 
The  smelting  of  the  crude  mineral  is  performed  in 
gallery  furnaces,  the  yield  being  approximately  6| 
per  cent.  For  some  years  past  the  product  has  been 
consumed  locally  for  making  carbon  bisulphide, 
which  is  largely  employed  as  a phylloxera  cure 
throughout  the  grape- growing  districts  of  the  Austrian 
empire.  (See  the  Journal  of  July  ii,  1884.) 


Paper  Rails. — The  Orga?ie  des  Mines  states 
that  a company  is  about  to  establish  large  works  for 
making  rails  from  paper  near  St.  Petersburg.  The 
paper  is  subjected  to  great  pressure,  and  it  is  said 
that  the  material  is  extremely  durable,  and  can 
be  produced  at  one-third  the  cost  of  steel 
rails.  A further  advantage  would  be  in  their 
lightness,  not  only  on  account  of  the  saving  of 
the  cost  of  carriage  and  laying,  but  also  because  they 
could  be  made  in  longer  lengths  than  is  the  case  at 
the  present  time,  therefore  the  number  of  joints 
would  be  fewer,  and  consequently  less  oscillation  to 
the  carriages,  and  the  wear  and  tear  to  both  per- 
manent way  and  rolling  stock  reduced  to  a minimum. 
A greater  adhesion  also  would  be  offered  by  these 
rails  to  the  driving-wheels  of  the  engine,  and  the 
working  expenses  reduced  accordingly. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  Nov.  23. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Mr,  John 
Mayall,  jun  , “The  Microscope,”  (Lecture  I.) 
Surveyors,  12,  Great  George-street,  S W.,  8 p.m. 
Mr.  Edward  Smyth,  “The  Copyhold  Enfranchise- 
ment Bill,  1884-5.” 

Inventors’  Institute,  Lonsdale-chambers,  Chancery- 
lane,  W.C.,  8 pm.  Adjourned  discussion  on  the 
Patent  Act,  1883. 

Medical,  ir,  Chandos-street,  W.,  8^  p.m. 

Asiatic,  22,  Albemarle-street,  W.,  4 p.m. 

Tuesday,  Nov.  24. ..Civil  Engineers,  23,  Great  George- 
street,  S.W.,  8 p.m.  I.  Mr.  John  Imray,  “ High- 
speed Motors.”  2 Mr.  Gisbert  Kapp,  “ Con- 
tinuous-current Dynamo-Electric  Machines,  and 
their  Engines.” 

Medical  and  Chirurgical,  53,  Berners-street,  Oxford- 
street,  W.,  8^  p.m. 

Anthropological,  4,  St.  Martin's-place,  W.C  8 pm. 
WEDNESD.4.Y,  Nov,  25. ...SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W C.,  8 p.m.  Silvanus  P.  Thompson, 
“ Apparatus  for  the  Automatic  Extinction  of  Fires.” 
Royal  Society  oi‘  Literature,  4.  St.  Martin’s-place, 
W.C. , 8 p.m. 

Thursday,  Nov.  26.. .Royal,  Burlington-house,  W.,  4^  p.m. 
Antiquaries,  Burlington-house,  W.,  8J  p m. 
Telegraph  Engineers  and  Electricians,  25,  Great 
George  street,  S.W  , 8 p.m.  Mr.  J.  A.  Fleming, 
“The  Necessity  for  a National  Standardising 
Laboratory  for  Electrical  Instruments.” 

Friday,  Nov.  27,..Quekett  Microscopical  Club,  University 
College,  W.C.,  8 p.m. 

Clinical,  53,  Berners-street,  W.,  8^  p.m. 

Saturday,  Nov.  28... Physical  Science  School,  South  Ken- 
sington, S.W.,  3 p.m.  I.  Mr  T.  Mather  “The 
Calibration  of  Galvano -meters  by  a Constant 
Current.”  2.  Mr.  A.  Hilger,  “A  New  Driving 
Clockwork  of  Isochronous  Motion,  and  on  a New 
Direct-vision  Spectroscope.”  3.  Mr.  C.  V.  Boys, 
“A  Machine  for  the  Solution  of  Equations.”  4. 
Mr.  H.  H.  Cunyngham,  “A  Machine  for  the 
Solution  of  Cubic  Equations.”  ' 

Botanic,  Inner  Circle,  Regent’s- park,  N.W.,  3I  p.m. 


Correction. — P.  1134,  col.  i,  for  Empire  Club 
read  St.  George’s  Club. 
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All  communications  for  the  Society  should  be  addressed  to 
the  Secietary,  John-street,  Adelphi,  London,  W.C. 


NOTICES. 


CANTOR  LECTURES. 

On  Monday  evening,  the  23rd  inst.,  Mr.  J. 
Mayall,  jun.,  delivered  the  first  lecture  of  his 
course  on  “ The  Microscope,”  when  he 
e.xhibited  a large  number  of  microscopes  lent 
by  the  Royal  ^Microscopical  Society,  by  Mr. 
Frank  Crisp,  Secretary  R.M.S.,  and  by  Mons. 
Alfred Xachet.  Microscopes  werealsojexhibited 
in  the  Librar}^  by  Messrs.  R.  and  J.  Beck, 
Ross  and  Co.,  Swift  and  Sons,  Watson  and 
Sons,  and  Mr.  W.  Johnson. 


EXHIBITION  OF  MICROSCOPES. 

The  historical  microscopes  shown  by  Mr. 
Mayall  at  his  lecture,  and  the  microscopes 
exhibited  by  Messrs.  R.  and  J.  Beck,  Ross 
and  Co.,  Swift  and  Sons,  Watson  and 
Sons,  and  Mr.  W.  Johnson,  will  be  on  view 
during  the  week,  and  the  Exhibition  will  be 
kept  open  during  the  period  of  the  delivery 
of  the  Cantor  Lectures,  daily  from  10  to  4, 
and  on  Saturdays  from  10  till  2.  Members 
can  admit  their  friends  to  the  Exhibition  by 
the  use  of  the  tickets  supplied  for  the  evening 
meetings  and  lectures. 


UNION  OF  INSTITUTIONS. 

' The  following  Institution  has  been  received 
into  Union  since  the  last  announcement: — 
ICork  Literary  and  Scientific  Society,  Royal  Cork 
Institute,  Cork. 


COVERS  FOR  JOURNAL. 

For  the  convenience  of  members  wishing  to 
I bind  their  volumes  of  the  Joiiriial,  cloth 
covers  will  be  supplied  post-free  for  is.  6d. 
each,  on  application  to  the  Secretary. 


3Q 


Proceedings  of  the  Society. 

♦ 

SECOND  ORDINARY  MEETING. 

Wednesday,  November  25th,  1885;  Captain 
Douglas  Gallon,  C.B.,  D.C.L.,  F.R.S., 
Vice-President  of  the  Society,  in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society  : — 

Colbeck,  James,  Cork  Literary  and  Scientific  Society, 
Royal  Cork  Institution,  Cork. 

Crouch,  Henry,  66,  Barbican,  E.C. 

Crowdy,  James,  28,  Craven -hill-gardens,  Hyde-park, 

W. 

Denton,  Charles  Lord,  Orielton,  St.  Briavels,  near 
Coleford,  Gloucestershire. 

Glasgow,  David,  20,  Myddelton-square,  E.C. 
Hopkinson,  James,  95,  New  Bond-street,  W , and 
Ardlethen,  West-lieath-road,  Hampstead,  N.W. 
Platt,  S.  R.,  Wemeth-park,  Oldham. 

Spurrell,  Flaxman,  L.R.C.P.  Edin.,  F.R.C.S.  Eng., 
Belvedere,  Kent. 

Squance,  Hany,  South  Moor,  Sunderland. 

Squance,  Thomas  Coke,  M.D.,  4,  Beauclerc-terrace, 
Sunderland. 

The  paper  read  was — 

APPARATUS  FOR  THE  AUTOMATIC 
EXTINCTION  OF  FIRES. 

By  Silvanus  P.  Thompson. 

Great  fires,  like  many  other  misfortunes, 
come  not  single  spies,  but  in  battalions. 
London  has  certainly  had  its  share  during  the 
present  season.  Early  in  the  year  came  the 
great  fire  at  Whiteley’s — the  third  or  fourth  in 
that  famous  establishment — and  in  quick  suc- 
cession there  followed  the  fire  at  the  India 
Museum,  the  fire  at  Messrs.  Jackson  and 
Graham’s,  the  conflagration  which  gutted 
seven  warehouses  in  Curtain-road,  the  fatal 
Bermondsey  disaster,  the  outbreak  at  Messrs. 
Maw’s,  in  Aldersgate-street,  another  Oxford- 
street  fire,  the  burning  of  the  steam  saw  mills 
at  Hackney,  then  the  fearful  devastation  at 
Clerkenwell  (which  destroyed  at  least  £,  1 20,000 
of  property,  and  threw  several  hundreds  of 
persons  out  of  work),  a fire  in  Tottenham- 
court-road  and,  lastly,  the  great  fire  at  Dock- 
head,  which  destroyed  one  of  the  finest  flour 
mills  in  this  country. 

Nor  have  the  provinces  been  more  fortunate. 
The  fire  at  the  works  of  the  Barrow  Ship- 
building Company  cost  ^^250, 000,  and  threw 
2,000  hands  out  of  work,  in  Septembe  last. 
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AJ  few  days  later  a warehouse  at  Brad- 
ford was  burned,  causing  a loss  of  £20,000  ; 
then  the  bleaching  works  at  Church,  near 
Accrington,  were  destroyed,  with  a loss  of 
£1^,000;  after  that  came  the  lace  factory  at 
Nottingham,  with  a loss  of  £20,000 ; then  a 
great  fire  at  Manchester,  in  the  premises  of 
Messrs.  Lewis  Behrens  and  Co.,  shipping 
merchants,  estimated  at  £2^0,000  ; and  lastly, 
Harwood’s  cotton  mill  at  Bolton  was  burned 
ten  days  ago,  with  a loss  of  ;^40,ooo. 

In  a single  season  England  has  to  pay  at  least 
£2,000,000  as  her  fire  bill;  and  she  pays  it 
complacently,  year  by  year,  with  all  the 
unreckoned  incidental  losses,  and  congratu- 
lates herself  that  the  majority  of  the  losses 
are  covered  by  insurance. 

Covered  by  insurance  indeed  ! As  if  that 
made  the  smallest  difference  in  the  long  run 
to  the  community  at  large,  who  practically 
have  to  pay  for  the  loss,  in  the  form  of  higher 
rates  for  insurance,  and  therefore  less  margins 
of  profit  on  all  manufactures,  and  even  on 
agriculture. 

We  all  are  interested,  whether  producers, 
manufacturers,  or  consumers,  in  the  pre- 
vention of  great  fires.  It  is  a disgrace  to  our 
civilisation  that  such  fires  are  possible. 

Naturally,  at  a time  when  we  have  been 
called  upon  to  pay  so  dearly,  we  turn  in 
thought  to  the  systems  adopted  for  the  ex- 
tinction of  fires,  and  begin  to  inquire  whether 
there  is  not  something  radically  wrong  in  our 
methods  of  protection,  if  such  gigantic  con- 
flagrations still  rage  so  often  in  our  midst. 
Our  fire  brigades  are  none  the  less  efficient 
than  of  yore,  our  engines  no  less  powerful  or 
prompt,  our  firemen  no  less  heroic.  Yet  they 
are  powerless  to  cope  with  the  gravest  difficulty 
of  the  case — namely,  that,  by  no  fault  of  their 
own,  they  usually  arrive  upon  the  scene  too 
late  to  stave  off  the  catastrophe.  A night- 
watcher  or  policeman  observes  a glow  in  an 
upper  storey  window,  he  raises  an  alarm  or 
runs  to  the  nearest  station.  There  is  the 
fatal  flaw  in  our  system.  Those  first  few 
precious  minutes  after  the  outbreak  of  flame, 
during  which  the  telegraphic  fire-alarm  or  the 
telephone  has  been  set  to  work  to  summon  aid, 
are  the  critical  moments.  All  might  have  been 
saved  had  there  been  a bucketful  of  water  at 
hand,  and  an  active  arm  to  apply  it.  To  be 
sure  it  is  not  in  all  cases  that  nothing  can  be 
done  before  the  fire  brigade  arrives.  The  old- 
fashioned  fire-bucket,  and  the  more  modern 
extincteur — itself  a triumph  of  applied  science 
—are  not  unfrequently  of  great  service,  always 


provided  there  is  some  person  present  to 
make  use  of  them.  Of  late,  a still  simpler 
appliance  has  found  some  favour  with  the 
public,  in  the  form  of  certain  so  - called 
“hand-grenades,”  or  flasks  of  glass  filled  with 
certain  mysterious  liquors,  which  when  scattered 
over  the  flames  cause  their  extinction,  i 
have  a vivid  recollection  of  seeing  some 
months  ago  in  a provincial  town  a travelling 
agent  for  these  gre?iades,  who  won  great  ap- 
plause by  setting  up  in  a public  square  a 
wooden  shanty  filled  with  combustible  mate- 
rials— brushwood,  tarred  barrel-  staves,  and 
shavings  soaked  with  paraffin  oil.  These  he 
set  alight,  and  when  the  flames  appeared  to 
have  takenfierce  hold,  he  advanced  a few  paces 
and  quietly  tossed  into  the  blaze  half  a dozen 
of  the  brittle  vases,  which,  in  bursting,  dis- 
charged their  contents  and  rapidly  suppressed 
the  flames,  A solution  of  tungstate  of  soda  or 
phosphate  of  ammonia  forms  a suitable  liquid 
for  fire  extinction ; but  I have  heard  one 
more  sceptical  of  the  chemical  fraternity 
roundly  declaring  that  the  precious  fluid  thus 
sold  to  the  public  at  the  rate  of  five  shillings 
per  gallon  was  only  sal  ammoniac  and  water  ! 
Certainly,  the  grenades  produce  surprising 
results,  but  they  are  of  little  use  save  in  the 
very  earliest  stages  of  an  outbreak.  At  the 
fire  at  the  India  Museum  some  hundreds  of 
them  were  fruitlessly  thrown  into  the  flames, 
and  caused  great  subsequent  annoyance  by 
reason  of  the  fragments  of  broken  glass  which 
strew’ed  the  scene.  But,  at  the  best,  there  is 
the  same  objection  to  grenades  as  to  extincteurs 
and  fire-buckets,  namely,  that  they  do  not  set 
themselves  into  operation  ; they  are  absolutely 
useless  until  some  person  arrives  upon  the 
scene  to  put  them  into  operation. 

There  is  nothing,  absolutely  nothing,  in  all 
these  things  that  can  act  for  itself.  The  fatal 
two  minutes  or  five  minutes  that  elapse  before 
help  arrives  are  past,  and  help  comes  too  late. 
Nothmg  but  a self-acting  or  azito7natic 
system,  'which  will  ojerate  at  the  right 
7no777ent  a7id  at  the  very  sjot,  withoitt  the 
i7iterve7ttio7i  of  a7zy  hu77ta7t  ha7id,  will  77ieet 
the  case. 

It  is,  therefore, [|with  the  automatic  methods 
of  extinguishing  a fire  at  its  first  outbreak 
that  my  paper  deals. 

Modern  automatic  appliances  for  the  pre- 
vention and  extinction  of  fire  may  be  grouped 
under  the  following  heads  : — 

(i.)  Automatic  Sprinklers, 

(2.)  Automatic  Fire-doors. 
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(3.)  Automatic  Alarms. 

(4.)  Miscellaneous  Appliances. 

I.— Automatic  Sprinklers. 

Foremost  and  most  important  of  modern 
appliances  stands  the  automatic  sprinkler. 
Lest  any  person  among  my  audience  does  not 
know  what  automatic  sprinklers  are,  let  me 
briefly  say  that  they  are  a species  of  self- 
acting valves  connected  with  a system  of  water 
pipes  placed  in  the  ceiling  of  a room,  which, 
on  the  outbreak  of  a fire,  open  and  distribute 
water  in  a shower  of  spray  exactly  at  the 
place  where  the  fire  breaks  out.  The  auto- 
matic sprinkler  is  also  usually  arranged  so 
that,  whenever  it  is  called  into  operation  by  the 
heat,  it  sounds  an  alarm  bell,  and  summons 
aid  to  the  spot.  It  is  both  fire  extinguisher 
and  fire  alarm  in  one.  Concerning  it,  Mr. 
Edward  Atkinson,  the  well-known  statistician, 
who  occupies  the  honourable  position  of  presi- 
dent of  the  Boston  Manufacturers’  Mutual  Fire 
Insurance  Company,  says,  “ we  consider  the 
automatic  sprinkler  the  most  valuable  auxiliary 
appliance,  the  best  fire  detector,  the  watch- 
man who  never  sleeps,  and  the  device  which  is 
least  likely  to  be  out  of  order  when  needed.” 
This  is  high  testimony  indeed,  yet  not  too 
high,  considering  that  the  automatic  sprinkler 
is  the  most  rational — I had  almost  said  the 
only  rational — means  yet  invented  for  ex- 
tinguishing a fire  at  its  first  stage.  The 
saving  effected  in  New  England  alone  during 
the  past  eight  years  by  the  introduction  of 
sprinklers  is  calculated  to  amount  to  a million 
and  a half  of  dollars,  or  about  ^^300, 000,  and 
their  use  is  extending  every  day.  Careful  in- 
quiry shows  that  the  introduction  of  sprinklers 
reduces  the  risk  of  conflagration  by  fire  to  less 
than  a twentieth  part.  That  is  to  say,  the  loss 
in  England  during  the  past  summer  and 
autumn  by  large  fires,  estimated— and  pro- 
bably much  under-estimated — at  £2,000,000, 
might  have  been  reduced  to  ;^ioo,ooo,  had 
sprinklers  been  fitted  in  all  the  establishments 
which  suffered.  The  extraordinary  thing  is  that 
in  not  a sifigle  one  of  the  factories,  ware- 
houses, and  mills  enumerated,  were  there  any 
automatic  sprinklers  at  all ! 

The  earliest  suggestion  for  the  automatic 
distribution  of  water  in  a building  appears  to 
have  been  made  in  1806  by  John  Carey,  of 
London,  who  took  out  a patent  for  “the  extin- 
guishment of  fires  in  gentlemen’s  apartments 
and  warehouses”  by  means  of  rose  sprinklers 
connected  by  pipes  with  a rain-water  tank. 
Valves  weighted  to  open,  but  held  back  by  a 


combustible  cord,  were  placed  near  the  ceiling, 
so  as  to  burn  and  turn  on  the  water.  A few 
years  later,  SirWm,  Congreve  took  out  patents 
for  a system  of  distribution  of  water  by  bulbs, 
roses,  or  perforated  pipes,  supplied  by  water- 
mains  through  valves  operated  from  outside. 
He  also  proposed  to  work  valves  automatically 
by  cords,  which  were  secured  with  “ a cement 
fusible  at  110°  (F.)  or  less.” 

In  1852,  one  William  Maccaboy  proposed  a 
kind  of  sprinkler,  in  which  the  water  was  dis- 
tributed by  a rotating  “mill”  like  a Hero’s 
engine,  covered  with  a cap  of  lead,  gutta- 
percha, or  fusible  alloy.  Rotating  sprinklers 
have  been  subsequently  patented  by  Granger, 
Parmelee,  and  others. 

In  1861,  Louis  Roughton  patented  a 
sprinkler  having  a rose-head  with  a neck 
plugged  with  a fusible  substance,  such  as 
fusible  alloy,  or  a mixture  of  wax,  resin,  and 
stearine. 

In  1864,  Captain  A.  Stewart  Harrison,  of  the 
ist  London  Engineers,  produced  an  excellent 
form  of  automatic  sprinkler,  which  embodied 
a good  many  of  the  principles  in  the  more  re- 
cent forms  which  are  e.xhibited  here.  Harrison’s 
sprinkler  consisted  of  a rose,  through  the  per- 
forations of  which  the  water  would  be  forced  ; 
but  an  internal  valve  held  back  the  water,  the 
valve  itself  being  secured  by  solder.  But  it 
should  be  noted  as  an  important  point  that 
Harrison  secured  the  valve  at  the  lowest  point 
of  the  sprinkler,  outside  the  rose,  by  a stem, 
which  passed  downwards  through  the  sprinkler. 

Another  form  of  sprinkler,  introduced  by  Mr. 
F.  W.  Whiting,  has  a conical  or  hemispherical 
rosette,  covered  by  a thin  metal  cap,  soldered 
all  round  the  edge.  The  water  pressure  tends 
to  tear  the  soldered  flanges  apart. 

About  the  same  time — 1863  or  1864 — the 
sprinkler  began  to  come  into  real  use  in  New 
England.  In  1863,  the  Tremont  Mills  at 
Lowell,  Massachusetts,  were  fitted  with  a 
system  of  pipes  distributing  water  from  an 
elevated  cistern  along  the  ceilings  of  every 
floor,  the  pipes  being  perforated  at  inter\’als 
with  fine  jets,  through  which  the  water,  when 
turned  on,  issued  in  spray.  In  this  mill  there 
were  two  miles  of  perforated  pipes,  divided 
into  nine  sections,  any  one  of  which  could  be 
turned  on  separately  by  hand.  In  each  section 
were  about  1,650  orifices,  calculated  to  dis- 
charge 450  gallons  per  minute  over  an  area  of 
10,300  square  feet,  or  about  four  gallons  per 
minute  per  hundred  square  feet. 

It  may  be  here  remarked  that  100  square 
feet,  i.e.,  an  area  ten  feet  square,  forms  a 
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convenient  unit  of  reference  in  connection  with 
the  distribution  of  water  by  sprinklers. 

There  were  several  powerful  objections  to 
the  methods  adopted  up  till  that  time.  With 
impure  water  the  perforations  of  roses  or  pipes 
were  liable  to  choke ; and  in  the  case  of  iron 
pipes,  rust  produced  the  same  effect.  The 
ingenuity  of  inventors  was  called  out  to  meet 
these  difficulties.  Harrison  countersunk  the 
orifices  in  his  rose  ; Whiting  patented  a plan 
of  letting  eyelets  of  brass  into  the  orifices  ; 
Burritt  devised  a method  of  dislodging 
sediment  or  dust  by  means  of  a thimble  with 
a rounded  end,  which,  when  detached  by  the 
melting  of  the  solder,  is  churned  round  inside 
a perforated  rose  by  the  action  of  the  water. 

A more  serious  defect  was  that  the  water  in 
the  sprinkler  or  pipe,  by  its  near  presence  to 
the  solder,  abstracted  the  heat  and  delayed 
the  opening  of  the  valve.  This  had  indeed 
been  positively  obviated  in  the  forgotten 
sprinkler  of  Harrison,  by  the  interposition  of  a 
block  of  wood  between  the  water-valve  and 
the  soldered  joint  on  the  stem. 

Another  defect  arose  in  some  cases,  where 
india-rubber  was  used  as  the  material  of  the 
valve,  from  the  clogging  of  the  valve  on  its 
seat.  Mr.  Woodbury,*  who  made  a most 
exhaustive  series  of  tests  for  the  Boston  Manu- 
facturers’ Mutual  Insurance  Company,  on 
sprinklers  of  all  kinds,  states  that  it  required 
a pressure  of  65  lbs.  per  square  inch  to  make 
some  of  these  valves  open. 

In  1875,  the  Boston  Manufacturers’  Mutual 
Company  issued  a pamphlet  recommending 
sprinklers  to  their  clients,  although  the  chief 
forms  to  that  time  were  comparatively  imperfect. 
But  their  use  spread  rapidly  from  that  date. 

In  1874,  Mr.  H.  Parmelee  introduced  a 
sprinkler  which,  though  now  superseded  by 
more  sensitive  arrangements,  did  good  service, 
and  is  still  in  considerable  use.  It  consisted  of 
a metal  cap  sealed  down  with  fusible  solder 
over  an  upright  revolving  turbine-jet.  At  a 
pressure  of  10  lbs.  per  square  inch  this  sprinkler 
discharges  i-^  cubic  feet  of  water  per  minute. 

The  obvious  requisites  of  a good  sprinkler 
are  that  the  solder  should  fuse  at  a low  and 
well-defined  temperature,  without  any  appre- 
ciable prior  softening ; that  the  mechanism 
should  not  be  liable  to  get  out  of  order  or  stick; 

* The  writer  here  desires  to  ackr.owledge  his  indebtedness 
to  Mr.  C.  H.  J.  Woodbury,  of  Boston,  not  only  for  the 
valuable  information  contained  in  his  reyort  to  the  Boston 
Mutual  Company,  and  in  his  lecture  delivered  in  March, 
1885,  to  the  .Society  of  Arts  of  Boston,  but  for  much  personal 
assistance  in  collecting  information,  and  for  a number  of  the 
American  devices  exhibited  at  the  reading  of  this  paper. 


that  the  parts  opened  by  heat  should  be  capable 
of  ready  replacement  without  skilled  labour  ; 
that  there  should  be  no  leakage  at  the  valve ; 
and,  lastly,  that  the  quantity  ©f  solder  to  be 
melted  should  be  small,  and  so  placed  that  it 
is  not  cooled  by  contact  with  too  great  a mass 
of  metal,  or  exposed  to  the  drip  of  the  opening 
valve. 

Now,  the  Parmelee  sprinkler  takes  a con- 
siderable time  to  open  — over  two  minutes 
usually  —owing  to  the  length  of  the  solder 
seam,  and  the  mass  of  metal  near  it  ; yet 
concerning  it,  Mr.  Atkinson  says:— “The 
Parmelee  sprinkler  is  shown,  by  the  tests 
made  by  Mr.  W'oodbury,  to  be  about  the 
least  sensitive  head  on  the  list,  and  the  least 
in  capacity  of  discharge  ; and  yet  the  whole 
experience  with  the  Parmelee  sprinklers  has 
been  a success,  the  discharge  of  water  has 
sufficed,  and  we  have  no  record  of  a fire  getting 
away  from  them.’’ 

If  such  is  the  fact  with  the  least  sensitive 
sprinkler,  what  result  may  we  not  expect 
from  the  later  forms  of  sensitive  types  of 
sprinklers  ? More  than  160,000  of  the  Parmelee 
have  been  used  in  the  States,  and  several  mills 
have  been  fitted  with  them  in  England.  The 
Alexandra  Cotton  Mill  at  Bolton  was  saved 
by  them  in  July  last. 

The  sprinkler  invented  in  1801  by  Frederick 
Grinnell  showed  a marked  advance  in  many 
details,  and  soon  superseded  the  Parmelee. 
By  the  kindness  of  Mr.  James  Sinclair,  I am 
able  to  show  you  several  samples  of  this 
sprinkler,  and  of  its  supply-pipes.  Each 
sprinkler  is  calculated  to  supply  an  area  of 
100  square  feet. 

In  the  Grinnell  sprinkler,  the  valve,  a leaden 
disc  affixed  to  the  centre  of  a larger  disc  of 
brass,  is  held  up  against  the  valve  orifice  by 
a system  of  two  curved  levers,  the  lower  of 
which  is  secured  by  fusible  solder  at  its  lowest 
point  to  a light  metal  frame  (Figs,  t,  2,  and  3, 
p,43).  The  valve-seat  is  itself  made  elastic  by 
the  device  of  fixingit  in  the  centre  of  a diaphragm 
of  thin,  hard  metal,  perforated  for  that  pur- 
pose ; and  the  pressure  of  the  water  upon  the 
diaphragm  keeps  it  tight  against  the  valve. 
The  larger  disc  attached  to  the  valve-disc 
serves  as  a deflector.  When  the  solder  is 
melted,  the  levers  fly  apart,  and  the  valve  and 
deflector  drop  about  half  an  inch,  leaving 
space  for  the  water  to  escape.  It  dashes 
against  the  disc,  which  is  notched,  and 
slightly  dished  at  its  edges,  and  is  then  de- 
flected upwards  in  spray  towards  the  ceiling, 
whence  it  falls  to  the  floor.  When  the  sprinkler 
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has  worked,  it  requires  to  be  re-soldered.  It 
seldom  requires  more  than  15  seconds  to  elapse 
before  the  levers  fly  under  the  influence  of  a 
direct  flame.  With  an  ascending  hot  column 


of  air,  the  sprinkler  seldom  waits  for  a whole 
minute  before  it  works.  In  the  very  short  time 
that  has  elapsed  since  this  invention  was  in- 
troduced, it  has  entirely  superseded  the  Par- 


Fig. 


I. 


Fig.  2. 


melee.  There  are  now  more  than  300,000  of 
these  in  the  States,  and  more  than  30,000  in 
Great  Britnio,  chiefly  in  the  Lancashire  cotton 

Fig.  3. 


The  Grinnell  Sp.rinkle.r  in  Position. 


district,  but  also  in  a number  of  factories  and 
warehouses  in  London. 

The  success  of  the  sealed  Parmelee  and  the 


sensitive  Grinnell  sprinkler  have  been  such  as 
|to  arouse  the  emulation  of  inventors  to  pro- 
duce other  forms  of  sprinkler.  In  the  States 
the  sprinklers  of  Harris,  Brown,  Bishop, 
Burritt,  Ruthenburg,  and  Walworth  are  more 
or  less  known,  though  in  less  extensive  use 
than  either  the  Parmelee  or  Grinnell  forms. 
In  the  Harris,  Brown,  and  Burritt  (sensitive 
forms  the  valve  is  held  up  by  a soldering 
w’hich  holds  up  the  valve-stem  some3vhat  as  ir. 
Harrison’s  original  plan.  In  Ruthenburg’s 
sprinkler  a pair  of  levers,  clamped  by  a bit  of 
fusible  tube,  hold  up  an  indiarubber  ball.  In 
the  Walworth  sprinkler  the  valve-stem  is  held 
up  by  a cam  worked  by  a lever  which  is  either 
soldered  to  the  body  of  the  sprinkler,  or  clie 
clamped  by  an  oval  link  of  fusible  metal.  This 
latter  device  is  good  in  so  far  as  it  enables  the 
sprinkler,  after  working,  to  be  closed  up  again 
by  merely  slipping  on  another  ring  without  the 
need  for  skilled  labour  or  the  removal  of  the 
sprinkler  from  the  ceiling  ; but  the  oval  ring 
of  alloy  is  liable  to  distension  and  fracture,  as 
the  alloy  is  somewhat  brittle,  and  will  not  stand 
much  tensile  stress 

Indeed,  the  question  of  alloys  must  be  con- 
sidered from  several  points  of  view',  as  the 
most  fusible  alloy  does  not  necessarily  possess 
the  greatest  tenacity  or  the  most  sharply  de- 
fined melting  point.  A piece  of  Grinnell  solder 
tested  in  my  laboratory  w'as  found  to  fuse  at 
73  75°  C ; it  w'as  tough  and  even  flexible-. 
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whilst  a Walworth  link,  which  melted  at  the 
slightly  lower  temperature  of  71*65°  C.,  was 
not  nearly  so  tough.  Professor  Guthrie’s 
“eutectic”  alloy,  which  fuses  at  158*9°  F, 
or  70*5°  C,  was  not  found  to  be  so  tough 
or  to  have  so  sharply  defined  a melting 
point  as  some  alloys  of  slightly  higher 
melting  point.  Of  course  it  is  an  advantage, 
from  the  point  of  view  of  sensitiveness,  to  work 
with  an  alloy  that  has  a very  low  melting  point, 
but  it  must  not  be  so  low  as  to  risk  being 
melted  with  the  ordinary  temperatures  at  the 
ceiling  of  a gas-lit  room.  Obviously,  an 
electrically-lighted  mill  may  be  fitted  with 
sprinklers  that  are  more  sensitive  than  those 
which  can  be  used  in  gas-lit  mills.  Conversely, 
in  drying  houses  and  store-rooms  special 
solderswithhighermeltingpoints  are  preferred. 
Progiess  in  the  perfection  of  the  automatic 
sprinkler  has  not  been  confined  to  the  other  side 
of  the  Atlantic,  and  in  addition  to  the  American 
forms  which  I have  exhibited  and  explained  to 
you  to-night,  there  are  several  English  forms 
— all  of  them  so  new  as  not  yet  to  have 
obtained  any  wide  use — well  worthy  of  notice. 
In  one  of  these,  the  invention  of  Mr.  Sydney 
Smirke,  architect,  a valve  is  used  resembling 
the  valve  of  the  Victor  system  presently  to  be 
explained,  and  the  water  when  admitted  by 
the  valve  is  forced  between  the  narrow  annular 
space  between  two  metal  dishes,  the  upper  one 
of  which  is  capable  of  adjustment. 

I ha\e  also  here  a number  of  ingenious 
sprinklers  invented  by  Mr.  Philip  John,  en- 
gineer, of  Bristol,  who,  fired  by  a lecture 
given  by  me,  on  the  automatic  methods  of  fire 
extinction  in  the  spring  of  the  year,  set  him- 
self to  produce  a sprinkler  which  should  be,  if 
possible,  more  reliable  and  sensitive  than  any 
yet  made.  (See  Figs.  4 and  5.)  The  form 
which  promises  best  success  has  a lead- 
topped  ball  valve  held  up  against  the 
supply  orifice  by  a pair  of  springy  metal 
levers,  which  are  clamped  below  by  a 
fusible  clamp.  This  clamp,  which  is  readily 
replaced  after  the  sprinkler  has  worked,  is  of 
an  ingenious  form,  in  which  the  solder  is  re- 
lieved of  all  direct  tearing  stress.  It  consists 
of  a button,  made  in  two  parts,  soldered  at  the 
edges  right  and  left,  and  admitting  the  ends  of 
the  levers  by  an  aperture  which  passes  from 
top  to  bottom.  This  bottom  is  protected 
beneath  a divided  cone,  which  serves  partly  as 
a deflector  for  the  water,  partly  as  a protector 
to  the  clamping  button,  partly  as  a collector  of 
the  ascending  hot  air.  When  the  levers  open, 
the  valve  ball  drops  a short  distance  and 


Jclin’s  Sprinkler  with  Replaceable  Sol- 
dered Button-link. 

Fig.  5. 


Jolin’s  Sprinkler  with  Conical  Alloy  Plug. 
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operates  as  a deflector.  In  another  form 
(Fig.  5,  p.  44),  a small  truncated  cone  of  alloy 
holds  up  the  deflecting  ball  to  its  seat.  In  yet 
another  form  invented  by  Mr.  John,  the  levers 
are  held  together  by  a double  link  of  brass 
(Fig.  6),  the  two  parts  of  which  are  prevented 

Fig.  6. 


from  parting  by  a wedge  of  alloy,  subjected 
only  to  compressing  and  shearing  stresses, 
not  to  tensile  stresses. 

Closely  allied  to  the  automatic  sprinkler 
proper,  is  the  system  of  sprinkling  by  per- 
forated pipes  through  an  automatic  valve.  This 
system,  first  made  practical  by  a deceased 
American  inventor,  Leonard,  has  lately  come 
to  the  front  under  the  name  of  the  “ Victor  ” 
system,  and  before  you  are  the  forms  of  valve, 
and  of  perforated  pipe  which  it  employs.  As 
shown  in  the  accompanying  figures  (Figs. 
7 and  8),  the  valve  is  held  up,  as  in 
Harrison’s  plan,  by  a soldering  at  the 
lower  end  of  the  stalk,  and  this  solder- 
ing is  surrounded  by  a collecting  cone 
of  metal.  On  the  fall  of  the  valve,  the  water 
rushes  into  the  long  pipes,  and  is  distributed 
in  jets  through  its  perforations.  One  valve 


Fig.  7. 


The  Victor  Valve  (closed). 
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suffices  for  400  to  500  square  feet  of  surface 
protected. 

There  are  several  useful  adjuncts  employed 
in  connection  with  these  appliances.  Grinnell 


Fig.  8. 


The  Victor  Valve  (open). 


fixes  in  his  main  pipe,  between  the  supply 
tank  and  the  sprinklers,  a valve  arranged  to 
be  moved  by  the  water  whenever,  on  the  open- 
ing of  any  sprinkler,  the  pressure  is  relieved. 


This  valve  then  sets  a loud  gong  in  motion, 
and  sounds  an  alarm.  Electric  alarms  are 
also  used  in  connection  with  sprinklers. 

II.— Automatic  Fire-Doors. 

I now  pass  to  the  next  item.  Fire-doors  may 
be  made  automatic.  The  Boston  Company 
have  investigated  this  question  by  their  e.xperts, 
and  have  pronounced  most  emphatically 
against  iron  fire-doors.  They  say  they  curl  up 
and  keep  out  the  water  and  men,  and  allow  the 
fire  to  spread.  They  announce  the  opinion  that 
a well-built  wooden  door,  protected  by  tin  plate 
on  each  side,  is  much  better;  the  wood  will 
not  burn,  but  it  becomes  charred,  holds  the  tin 
together,  and  keeps  out  lire  better  than  an  iron 
door  would.  They  make  it  automatic  in  the 
following  way  : — The  door  is  arranged  to  slide 
shut  on  an  inclined  track,  and  is  kept  open  by 
a rod,  which  is  made  with  a scarf-joint  in  two 
parts,  united  in  the  centre  inside  a copper 
ferrule  or  sleeve  which  nicely  fits  the  two  ends 
of  the  rod.  The  joint  is  shown  in  Fig.  9.  This 
sleeve  is  made  in  longitudinal  halves,  which 
are  secured  together  with  fusible  solder.  The 
ends  of  the  rods  where  they  come  together 
are  cut  at  an  angle  of  45  degrees,  and  there- 
fore tend  to  force  the  sleeve  open  when  the 
solder  melts.  One  end  of  the  rod  is  fastened 
to  the  door,  and  the  other  end  to  the  door- 
frame. Another  device  for  holding  a fire-door 
open  is  the  fusible  link. 

The  oval  link  (Fig.  10)  used  in  the  Walworth 
sprinkler  is  unsuited  to  stand  a tensile  stress. 


Fig.  10. 


AValavorth  Link  of  Fusible  Alloy. 

The  Grinnell  link  (Fig.  ii)  is  well  suited  for 
this  purpose  ; it  consists  of  two  links  stamped 


Fig.  9.  Fig.  [ i. 


Scarf-jointed  Rod  united  by  Sleeve  Soldered 
WITH  Fusible  Solder. 


Grinnel  Link  Soldered  with  Fusible 
Alloy. 


in  thin  brass,  laid  over  one  another  so  as  to 
overlap  throughout  three-fifths  of  their  lengths; 
they  are  soldered  together,  and  the  central 
portion  is  filled  up  with  a bit  of  copper  wire 


and  with  solder.  These  links  are  introduced 
into  some  convenient  part  of  a cord  which 
holds  up  a weight,  the  falling  of  which  releases 
the  fire  door. 
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III.— Electric  Alarms  and  Devices. 

I now  come  to  some  electric  devices.  We 
all  know  Mr.  Edward  Bright’s  arrangements 
for  file  alarms,  and  what  excellent  things  they 
are.  I need  only  refer  you  to  the  papers  Mr. 
Bright  has  read  before  the  Society  of  Telegraph 
Engineers  to  give  you  the  best  authority  on 
the  subject.  There  are  several  more  recent 
things  ; one,  a ver}’’  good  fire  alarm,  was  exhi- 
bited at  the  Exhibition  by  Mr.  Martin  ; another, 
known  as  Rowley’s,  has  come  into  the  market, 
and  Grinnell  has  applied  an  electric  alarm  in 
the  form  of  a fusible  link.  He  introduces 
somewhere  into  the  electric  circuit  a little  link, 
which  may  be  made  of  a thin  strip  of  alloy, 
in  some  place  near  the  ceiling  ; on  melting, 
it  breaks  the  circuit  and  rings  an  electric 
bell,  if  it  is  arranged  to  work  in  a closed  cir- 
cuit, and  there  you  have  a fire  signal  of  the 
first  order.  This  is  used  in  England.  There 
is  another  open  circuit  system  usedin  connexion 
with  small  Grinnell  installations  ; it  is  arranged 
so  that  when  the  heat  reaches  a catgut  band 
strained  inside  a copper  tube  it  contracts,  and 
makes  contact  between  two  strips  of  metal 
which  go  to  an  electric  bell. 

Then,  still  more  recently  than  any  of  these 
electric  systems,  there  is  one  quite  new,  to  which 
I can  only  just  refer — the  invention  of  Mr. 
Lorrain.  He  does  not  choose  yet  to  make  the 
whole  of  it  public,  but  he  has  kindly  sent  me  four 
diagrams  to  illustrate  the  system.  It  is  based 
upon  a system  for  making  an  electric  contact. 
The  diagrams  on  the  wall  show  a little  thermo- 
stat arrangement  with  a strip  of  two  metals  sol- 
dered together,  which,  when  they  are  hot,  bend 
and  touch  a contact  screw,  making  the  electric 
circuit  complete.  They  do  not  simply  ring  a 
bell ; that  is  a good  device  for  cahing,  of 
course,  but  there  are  plenty  of  other  things 
which  an  electric  circuit  may  do.  On  the 
next  sheet  there  is  an  arrangement  shown  of 
an  electro-magnetic  solenoid;  it  is  a coil  of 
wire  with  an  iron  core,  which  is  attracted 
in  when  the  circuit  is  completed.  When  that 
core  is  attracted  in,  it  bears  on  a valve,  which 
is  intended  to  perform  the  following  function:  — 
There  is  a tank  containing  sulphuric  acid,  of 
course  constructed  of  some  acid  proof  sub- 
stance, such  as  stone  ware.  The  valve  allows 
a little  acid  to  trickle  into  a lower  chamber, 
where  there  is  already  a solution  of  carbonate 
of  soda,  and  this  generates  an  enormous 
amount  of  carbonic  acid,  which  flies  up  through 
pipes,  and  so,  with  or  without  water,  will 
immediately  cause  a great  distribution  of  spray 
of  carbonic  acid  (which  itself  is  a splendid  ex- 


tinguisher of  fire)  all  over  that  part  of  the 
factory.  The  next  drawing  shows  a centrifugal 
arrangement  for  distributing  the  water,  which 
is  turned  on,  and  is  caused  to  rotate  by  a 
small  electro-  magnet,  which  is  also  automatic. 
And  the  last  diagram,  which  again  is  an 
independent  piece  of  apparatus,  quite  distinct 
from  the  others,  represents  a very  strong 
cylinder  charged  with  compressed  carbonic 
acid,  having  a valve  weighted,  but  propped  up 
by  a little  trigger  arrangement  below.  Di- 
rectly the  electric  circuit  is  complete  by  the 
arrangement  I first  described,  the  electro- 
magnet below  the  cylinder  attracts  its  arma- 
ture, lets  off  the  trigger,  the  weight  falls, 
turns  on  the  valve,  and  you  immediately  have 
carbonic  acid  either  distributed  through  pipes 
or  led  directly  into  the  open  air.  These  systems 
of  Mr.  Lorrain  have  not  yet,  as  far  as  1 am 
aware,  been  tried,  but  possibly  he  maybe  able 
in  a little  time  to  explain  his  system  more 
completely  to  the  world. 

IV.— Miscellaneous  Appliances. 

Then  passing  from  the  electric  arrangements, 
we  come  to  some  miscellaneous  ones,  of  which 
there  are  one  or  two  here.  Here  is  one  of  Mr. 
John’s  devices  to  take  the  place  of  the 
Grinnell  link.  Here  is  the  little  button  I spoke 
of,  in  which  the  edges  - of  the  brass  disks 
receive  the  thrust,  and  take  off  the  stress  from 
the  alloy.  When  it  is  required  for  use  in  a 
cord  to  hold  up  a valve  lever  or  a fire 
door,  it  is  provided  with  a couphj  of  loops 
to  attach  it  to  the  cord  It  is  readily  re- 
placeable after  the  fire  has  b irned  out, 
and  would  be  a little  more  eliable,  I 
think,  than  the  Grinnell  link.  Another  con- 
trivance I have  here,  also  of  Mr.  John’s,  looks 
like  a little  electric  lamp  hung  up,  but  it  is 
not ; it  is  an  arrangement  to  make  a grenade 
automatic.  My  greatest  objection  to  these 
grenades  is  that  they  do  not  throw  themselves, 
and  they  do  not  easily  break.  Now,  l\Ir. 
John  wanted  to  make  these  grenades  self- 
acting when  a fire  broke  out,  therefore  he 
proposes  to  hang  a grenade  up  in  a sort  of 
cage  at  the  top  of  the  room,  the  cage  being 
provided  with  a small  button  held  together 
with  fusible  alloy.  When  that  is  affected  by 
the  ascending  hot  air,  the  button  bursts  open, 
the  cage  opens  and  allows  the  grenade  to 
fall,  and  directly  the  grenade  falls,  an  iron 
weight  follows  after  it,  and  breaks  it  in  mid 
air  and  sprinkles  the  liquid  about.  How 
many  of  these  would  be  required  in  a room  I 
do  not  yet  know,  but  it  is  a thoroughly  auto- 
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matic  device,  and  comes  strictly  within  the 
scope  of  my  paper. 

I have  also  here  sent  me  for  exhibition — 
although  I do  not  know  that  they  are  very 
automatic — a number  of  interesting  devices 
for  the  prevention  of  fire.  Here,  particularly, 
is  some  non-inflammable  wood,  which  has 
been  carried  through  a process  called  cyanit- 
ing.  I have  also  sent  to  me,  from  the  United 
Asbestos  Company,  a number  of  samples  of 
asbestos  cloth  and  objects  painted  with  as- 
bestos paint,  to  show  that  they  will  not  burn. 
The  cyanite  is  not  a paint  on  the  outside,  but 
this  asbestos  paint  is,  and  is  a very  effectual 
paint ; the  wood  may  be  charred,  but  still  we 
do  not  have  any  flame  from  it,  and  of  course 
that  means  that  the  fire,  if  it  spread  at  all, 
will  spread  very  slowly. 

It  is  now  time  to  consider  what  results  have 
been  attained  by  the  use  of  automatic  appli- 
ances, in  particular  by  automatic  sprinklers, 
by  automatic  fire-doors,  and  by  pumps  set  in 
motion  by  automatic  appliances.  And  for 
information  on  this  subject  we  must  look  to 
that  part  of  the  world  where  the  automatic 
sprinkler  has  been  mostly  used — New  England. 
But  the  statistics  of  the  New  England  insur- 
ance companies,  and  in  particular  of  the 
Boston  Manufacturers’  Mutual  Company,  show 
no  uncertain  record.  The  latter  company 
gives  accounts  of  the  fires— over  one  hundred 
in  number — occurring  on  protected  property 
insured  with  them,  between  the  years  1877  and 
1884.  The  average  loss  per  fire  was  only 
331  dollars.  Property  protected  by  sprinklers, 
but  insured  in  non-mutual  offices,  came  off 
still  better,  the  average  loss  per  fire,  for  the 
same  period,  being  327  dollars  only.  From 
the  statistics  of  the  same  offices  for  the  same 
period  of  years,  it  appears  the  loss  per  fire  on 
non-protected  property  was  7,700  dollars  ; that 
is  to  say,  if  a fire  broke  out  on  non-protected 
property  it  did  about  23  times  as  much  damage 
as  a fire  breaking  out  on  protected  pro- 
perty would  do.  If  these  figures  have  any 
meaning  at  all,  they  mean  that  the ;premiums 
suffi-cient  to  cover  risks  on  ;property  protected 
by  azctomatic  appliajtces  need  only  be  i-i^^rd 
part  as  high  as  they  now  ai'e  on  non-pro- 
tected property . What  factory  or  mill-owner 
would  not  willingly  reduce  his  premiums  to  a 
shiling  in  the  pound  of  the  present  rate  ? It 
would  be  a good  investment,  indeed,  to  put 
up  sprinklers,  as  the  saving  on  insurance 
would  cover  the  interest  on  the  outlay  and 
charge  of  maintenance  two  or  three  times 
over.  The  greatest  reduction  I have  yet  heard 


of,  in  the  premium  charged  by  any  English 
insurance  office^  is  33^  per  cent.,  but  a still 
greater  reduction  would  pay  well. 

And  if  automatic  sprinklers  can  do  so  much 
in  saving  property  in  New  England,  they  can 
do  the  same  in  Old  England  too.  Already, 
indeed,  they  are  beginning  to  do  it. 

The  following  is  an  account  of  a fire  at  a 
Bolton  cotton  mill  in  July  last:  — 

A fire  occurred  at  the  Alexandra  Mill,  belonging 
to  Mr.  John  Butler.  The  preservation  of  the  mill 
from  perhaps  total  destruction  is  attributed  by  the 
proprietor  and  other  competent  judges  to  the  action 
of  an  appliance  known  as  “ Parmelee’s  Sprinklers,” 
patented  and  invented  by  Messrs.  Parmelee  Brothers, 
of  the  United  States  of  America.  The  Alexandra 
Mill — which  was  built  about  twenty-two  years  ago, 
and  contains  35,000  mule  spindles,  emplo\ing 
nearly  200  operatives — was  fitted  throughout  with 
the  sprinklers  something  like  two  years  ago,  being 
extended  over  every  ten  square  feet  from  the  top  to 
the  bottom  storey,  and  fixed  near  the  ceiling.  The 
apparatus  consists  of  ranges  of  pipes,  running 
lengthways  and  breadthways,  and  at  each  end  of  the 
side  branches  is  affixed  a rose  in  a fusible  casing. 
The  plug  or  cover  of  the  sprinkler  is  made  to  melt  at 
a heat  of  from  150'’  to  160",  and  when  this  occurs 
the  water  is  liberated,  and  dispersed  over  the  burn- 
ing material  in  thick  spray  The  fire  broke  out  near 
the  centre  of  the  fourth  pair  of  spinning  mules  on 
the  third  floor — two  storeys  above  the  card-room — 
and  so  sudden  was  the  manifestation  that  the  entire 
wheelgate,  which  extends  about  100  feet,  was  a mass 
of  flame  in  two  or  three  seconds.  The  hands 
engaged  in  the  room,  with  praiseworthy  courage, 
instantly  began  to  attempt  to  check  the  fire  by  means 
of  buckets  of  water ; but,  finding  all  their  efforts 
ineffectual,  they  quitted  the  room,  which  was  by  this 
time  densely  filled  with  smoke.  The  last  man  had 
only  just  darted  into  the  staircase  when  some  of  the 
sprinklers  over  the  mules  where  the  fire  arose  came 
into  operation,  and  this  had  an  immediately  beneficial 
effect.  The  fire-engine  was  not  brought  into  requisi- 
tion, only  a few  jets  from  the  adjoining  street 
hydrants  being  used  for  a few  minutes  to  extinguish 
the  smouldering  cotton  and  other  material  which  had 
remained  in  isolated  parts  of  the  room  after  the 
flames  had  been  overcome  by  the  sprinklers. 

Concerning  this  case,  the  owner  of  the 
Alexandra  Mill,  Mr.  John  Butler,  writes  as 
follows  “ Without  the  Parmelee  Sprinkler, 
which  was  affixed  some  two  years  ago,  this  mill 
would  certainly  have  been  destroyed.  Such 
of  the  hands  as  had  presence  of  mind  to 
contend  with  the  flames,  being  overpowered, 
had  to  beat  a hasty  retreat,  when  forthwith  the 
heat  put  the  sprinklers  into  play,  one  by 
one,  as  tlie  fire  was  spreading,  and  in  five 
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minutes  entirely  extinguished  it.  I may 
say  it  was  confined  to  the  pairs  of  mules 
in  the  third  storey  in  which  it  began. 
I have  always  felt  sure  that  the  mill  was 
safe  with  this  sprinkler,  and  on  Thursday  the 
result  fully  justified  me.  In  future,  should  a 
similar  accident  unfortunately  occur,  all  the 
operatives  will  grapple  with  it  more  coolly, 
being  sure  that  the  floors  will  not  be  burnt 
from  under  their  feet.” 

I might  give  many  other  cases,  did  time  and 
space  permit. 

It  may  be  asked — If  there  are  all  these 
automatic  things  which  will  put  fires  out  in 
the  incipient  stage,  why  is  it  that  they  are  not 
more  known  ? Why  are  they  not  put  every- 
where, if  they  will  reduce  fire-risks  to  one- 
twentieth  ? Automatic  arrangements  of  this 
kind  are  thoroughly  reliable,  always  pro- 
vided they  are  properly  put  in,  with  an 
independent  supply,  and  no  rooms  left  un- 
protected. Not  leaving  a cellar  or  an  attic 
unprotected,  because  fires  do  break  out  in 
cellars  where  things  are  stored,  and  also  in 
attics,  and  therefore  it  does  not  do  to  leave 
the  top  or  the  bottom  floor ' without  pro- 
tecting it.  But  it  is  said — Why  do  not  you 
have  ever}’  factory  that  stands  on  its  own 
ground  protected  from  top  to  bottom  ? It  must 
be  because  people  do  not  know  how  good  a 
protection  science  can  offer.  But  another 
reason  is  that  the  insurance  offices  of  this 
country’  have  obstructed  this  most  desirable 
reform. 

I have  made  this  statement,  and  the  truth  of 
it  has  been  challenged,  that  fire  insurance 
companies  are  not  good  friends  to  scientific 
progress.  That  there  may  be  no  doubt  of  the 
truth  of  my  statement,  I will  read  a letter  which 
was  sent  to  me  by  a gentleman  who  had  gone 
to  the  expense  of  ;^400  in  putting  sprinklers 
into  his  establishment : — 

“ We  have  fitted  our  works  with  nearly  400 
sprinklers,  at  a total  cost  (with  an  independent  tank) 

of  about  ;^400.  When  the  surveyor  of  the 

company  called  to  look  us  over,  we  pointed  them  out 
to  him,  and  suggested  that  some  rebate  should  be 
allowed  to  us.  He  only  jeered  at  them,  and  considered 
them  of  so  little  importance  that  he  would  allow  us 

nothing  at  all.  He  is  endorsed  in  this  by  the 

and  companies.  May  we  venture  to  trouble 

you  by  asking  you  if  you  had  any  office  in  your  mind 
at  the  time  you  wrote  that  statement  } ” 

Of  course  I had.  I knew  there  were 
thoroughly  reliable  offices  (though  it  is 
not  my  business  to  advertise  them)  which  will 


make  a rebate  and  do  make  rebates.  I 
believe  there  is  not  an  insurance  company 
in  this  country  that  would  not  find  it  to  its 
interest  to  make  a rebate  on  its  insurance  in 
cases  of  risks  of  this  kind  of  factories  and 
warehouses,  and  all  places  that  can  be  protected 
by  themselves,  and  which  are  self-contained, 
and,  indeed,  in  a great  many  other  cases  too. 
There  are  one  or  two  cases  where  mills  partially 
protected  have  been  burned  down,  but  they 
are  instructive  as  showing  that  the  protection 
had  not  been  carried  out  in  a scientific  way. 

The  report  of  the  Boston  Mutual  Company 
says : — 

“ We  do  not  underrate  what  has  been  accomplished, 
and  we  may  affirm  that  what  has  been  done  has 
already  saved  losses  more  than  amounting  to  the  cost 
of  the  whole  service  ; but  we  have  also  lost  two  mills 
by  fires  which  oiiginated  and  gained  a completely 
destructive  headway  in  the  lower  storeys  in  which 
there  were  no  sprinklers,  so  that  the  mills  fell  with 
the  service  in  the  upper  storeys  in  full  operation.  We 
now  urgently  advise  sprinklers  everywhere  in  evety 
department  of  a mill,  over  wheel-pits  as  well  as 
elsewhere.” 

The  two  cases  referred  to  are,  first,  that  of 
the  woollen  mill  of  Messrs.  Craven  and  Millard, 
where  the  fire  started  in  an  unoccupied  base- 
ment, spread  to  the  w’eaving-room  on  the 
ground  floor,  wffiich  was  unprotected,  and 
gained  such  headway  that  the  mill  was  com- 
pletely destroyed,  although  the  automatics  in 
the  upper  rooms  kept  the  fire  out  of  these 
rooms  until  the  supports  gave  w’ay  below’. 

The  second  case  w’as  at  the  Annisquam 
Mill,  wffiere  the  fire  started  in  the  engine-house, 
spread  to  the  unprotected  w’eaving-room  on 
the  ground  floor,  and  destroyed  the  mill,  while 
the  sprinklers  in  the  carding  and  spinning 
rooms  over  were  in  full  operation.  This  was 
therefore  in  reality  an  unprotected  case. 

I have  tried  to  show  you  how  modern  science 
has  provided  mankind  with  systems  of  appli- 
ances which,  if  properly  used,  are  thoroughly 
reliable,  and  afford  a protection  which,  if  not 
absolutely  perfect,  is  far  in  advance  of  the 
clumsy  methods  hitherto  relied  upon.  If  the 
new  and  automatic  methods  do  not  cause  a 
revolution  in  insurance  tariffs  for  factor}’  and 
mill  risks,  that  w’ill  be  the  fault  of  the  factor}’ 
and  mill  owners.  And  it  will  be  the  fault  of 
the  public  themselves  if  such  a disastrous 
series  of  fires  as  that  w’hich  marks  the  year 
1885  be  ever  again  permitted  to  disgrace  the 
annals  of  London. 

That  our  ordinary  methods  of  extinction  of 
fire  should,  in  the  year  1885,  be  so  thoroughly 
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antiquated,  as  they  are,  is  a blot  on  our  social 
organisation.  But  science  has  shown  the 
means  of  reform,  and  her  duty  ends  there. 
Common  sense,  whether  in  the  form  of  written 
or  unwritten  law,  m.ust  now  step  in  and  see 
that  the  needed  reform  is  carried  out. 


DISCUSSION. 

Captain  Shean  said  he  had  been  present 
at  some  of  the  fires  referred  to  in  the  paper. 
These  sprinklers  were  certainly  very  efficacious,  if 
used  in  the  way  intended ; but  at  the  great  lire 
at  Bermondsey,  when  the  first  steamer  from 
Tooley-street  arrived,  it  had  to  wait  twenty  minutes 
before  water  could  be  obtained  ; and  in  the  same  way, 
before  these  sprinklers  could  be  of  any  practical 
use,  the  water  companies  must  be  reformed.  The 
Fire  Brigade  attached  as  much  importance  to  the 
safety  of  life  as  to  the  protection  of  property,  if 
not  more ; and  however  efficacious  these  sprinklers 
were  when  fire  attacked  them,  smoke  would  not  put 
them  in  operation,  and  therefore  danger  to  life  would 
still  exist.  He  then  drew  attention  to  one  of  Shand 
and  Mason’s  hand-pumps,  which  were  in  extensive 
use  by  the  Fire  Brigade,  and  put  out  about  5,000 
fires  on  the  average  every  year  in  London.  One 
great  difficulty  was  the  great  amount  of  indifference 
with  which  any  improvement  whatever  was  met 
with.  He  had  recommended,  some  time  ago,  a 
theatrical  manager  to  introduce  one  of  these 
hand-pumps,  which  were  not  patented,  and  cost 
about  ^3  each.  The  manager  said  he  certainly  would 
have  one,  and  when  he  came  out  of  the  building, 
the  watchman  said  they  had  long  wanted  one, 
and  was  very  much  pleased  with  the  suggestion  ; but 
he  passed  the  theatre  six  or  eight  months  afterwards, 
and  no  pump  had  yet  been  provided.  There  were 
many  mills  in  Yorkshire  where  the  Fire  Brigade  As- 
sociation had  recommended  simple  and  inexpen- 
sive protections,  but  they  were  not  adopted  ; 
and  he  thought  it  was  necessary  to  have  a Par- 
liamentary inquiry  into  the  means  for  preventing  fires 
to  bring  pressure  to  bear  on  the  insurance 
companies  who,  at  present,  had  a complete  mono- 
poly. If  people  used  the  appliances  which  common 
sense  dictated,  the  insurance  companies  ought  to 
make  some  allowance,  and  if  they  would  not  do  it 
voluntarily,  they  should  be  compelled. 

The  Secretary  said  he  had  received  a letter 
from  Captain  Eyre  Shaw,  regretting  that  he  was 
unable  to  be  present,  as  he  had  only  that  day  re- 
turned from  a voyage,  and  calling  attention  to  the 
following  paragraph  in  a pamphlet  he  published 
a few  years  ago  on  “ Fires  in  Theatres  {1876)  ” : — 
“ A few  years  since  an  intelligent  writer  in  this 
country  proposed  that  a series  of  perforated  pipes 
should  be  led  all  over  the  auditorium  for  use  in  case 
of  need.  The  idea  is  an  old  one,  but  it  has  not,  as 


far  as  I am  aware,  been  adopted  in  more  than  a very 
few  instances,  and  then  only  for  extremely  hazardous 
manufacturing  operations.  Indeed,  there  can  be  very 
little  doubt  that,  with  such  an  arrangement,  a great 
power  of  destruction  by  water  is  placed  in  the  hands 
of  the  person  in  charge  of  the  command-cock,  and 
that,  as  it  makes  but  little  difference  to  those  who  are 
only  pecuniarily  interested  whether  the  loss  is  by  fire 
or  by  water,  there  is  generally  ver}-  little  encourage- 
ment to  owners  of  property  to  adopt  this  plan.  At 
all  events,  in  the  case  referred  to,  the  idea  was 
publicly  and  privately  scouted  by  almost  every  one 
who  treated  of  it,  and  yet  the  fact  remains  that, 
however  dangerous  to  property  it  might  be  to  have  a 
series  of  perforated  pipes  distributed  all  over  the 
auditorium  of  a theatre,  such  an  arrangement  would 
make  the  safety  of  an  audience  in  case  of  fire  abso- 
lutely and  completely  certain.” 

Mr.  J.  Sinclair  agreed  with  Professor  Thompson 
that  we  were  much  behind  the  age  in  dealing  with 
fires.  He  had  paid  attention  to  the  subject  for  the  last 
twenty-one  years,  and  had  done  a good  deal  towards 
introducing  small  appliances  for  enabling  people  to 
deal  with  fires  themselves.  About  95  per  cent,  of 
fires  were  discovered  in  time  to  be  dealt  with  in  this 
way,  and  with  that  view  chemical  engines  and 
grenades  were  introduced.  There  were  thousands  of 
cases  in  which  fires  had  thus  been  extinguished. 
While  this  was  going  on,  many  cottou  spinners 
asked  him  if  there  were  not  some  means  possible  by 
which  fires  could  be  put  out  in  large  establishments, 
when  the  watchman  was  asleep  or  neglected  his  duties. 
With  that  view,  he  went  to  America  in  1869,  to 
inspect  the  system  of  perforated  pipes  in  the  mills  at 
Lowell ; but  he  found  these  pipes  were  not  in  favour, 
because  the  perforations  got  corroded  in  the  course 
of  time,  and  when  the  water  was  turned  on,  some 
were  stepped,  and  others  only  emitted  an  almost 
invisible  stream  The  great  fault,  too,  was  that  they 
had  to  be  turned  on  by  some  one.  The  system 
Professor  Thompson  was  trying  to  introduce  was 
one  independent  entirely  of  human  agency,  and 
having  introduced  the  Grinnell  system  into  this 
country,  he  (the  speaker)  quite  agreed  with  Professor 
Thompson  that,  if  it  were  properly  used,  the  day  of 
large  fires  would  be  at  an  end.  It  was  impossible 
for  the  sprinklers  to  fail,  because  there  was  no  point  of 
weakness  about  them.  As  to  the  water  supply,  that 
was  provided  for  by  having  a tank  at  the  top  of  the 
building  always  full,  and  not  to  be  used  for  any  other 
purpose  whatever.  In  addition  to  that,  there  was 
the  supply  from  the  main,  which  in  many  cases  was 
continuous,  but  where  intermittent,  the  Worthington 
pump  was  adopted.  He  knew  55  cases  of  fires  which 
had  occurred  during  the  last  two  and  a-half  years  in 
America  where  the  Grinnell  system  had  been 
adopted,  and  in  no  case  had  it  failed.  The  aggre- 
gate amount  of  damage  claimed  from  the  insurance 
companies,  instead  of  being  tens  of  thousands  of 
dollars,  did  not  amount  to  one  thousand  on  the 
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whole.  Some  people  said  the  water  would  freeze  in 
the  winter,  and,  in  America,  that  was  a danger,  but  it 
was  got  over  in  this  way.  When  winter  set  in,  the 
water  was  driven  back  out  of  the  pipes,  which  were 
filled  with  air  at  eight  or  ten  pounds  pressure.  There 
was  an  equilibrium  valve  between  the  pressure  of  water 
outside  in  the  main  and  the  air  inside.  If  a fire  took 
place,  the  sprinkler  came  into  action,  the  air  rushed 
out,  the  valve  immediately  opened,  and  the  \vater 
ran  in  after  it,  and  put  out  the  fire  exactly  where  it 
I occurred.  If  the  fire  were  too  active,  and  got 
; beyond  the  radius  of  the  first  sprinkler,  the  next 
one,  ten  feet  off,  would  come  into  operation,  but 
I not  otherwise,  so  that  there  was  a perfect  economy 
of  water,  and  the  destruction  by  water  was  practically 
I nil,  and  need  not  be  taken  into  account.  The  only 
thing  the  system  would  not  do  that  a man  could  do, 
was  to  turn  off  the  water  when  the  fire  was  put  out, 
but  it  did  the  next  best  thing,  it  started  a gong  or 
bell,  which  sounded  the  alarm,  so  that  invariably,  when 
the  operatives  were  called  together,  they  had  simply 
to  turn  the  water  off.  With  respect  to  insurance 
companies,  it  must  be  a surprise  to  many  that  the 
cotton  mills  of  Lancashire  had  not  adopted  this 
system  ; but  just  now  they  were  fitting  up  23 
cotton  mills  in  Lancashire.  Some  t me  ago,  the 
insurance  companies  did  not  see  it  to  be  their  interest 
to  make  any  reductions  in  the  premiums  on  this 
account ; because  they  had  suffered  so  seriously  for 
many  years  past,  they  could  not  afford  to  lessen  their 
income.  Then  the  fire  occurred  in  Bolton,  at  John 
Butler’s  mill,  where  a sprinkler  acted  effectually.  This 
created  great  interest  among  cotton-spinners,  and  they 
immediately  wrote  to  all  the  companies  to  know  what 
would  be  allowed  if  sprinklers  were  introduced  ; and 
about  five  weeks  ago  the  companies  came  to  the 
unanimous  conclusion  that  they  must  abandon  the 
tariff  system  in  regard  to  cotton  mills,  and  let  every 
mill  be  taken  on  its  own  merits.  That  was  now  being 
done,  and  the  result  was  a large  application  for 
estimates  for  these  sprinklers.  Xo  doubt,  in  the 
course  of  time,  the  same  principle  would  be  applied 
to  other  property. 

Mr.  Alfred  Langston  said  Professor  Thompson 
ought  to  be  thanked,  not  only  for  his  paper,  but  for 
two  letters  he  had  written  to  the  Times  on  the  subject. 
He  was  interested  in  the  Victor  system,  which  he 
considered  superior  to  any  other,  because  the  water, 
being  supplied  through  pipes,  had  a much  better 
chance  of  covering  a given  area  than  when  it 
only  came  through  sprinklers.  One  objection  urged 
against  pipes  was  that  they  rusted,  but'  he  had 
it  on  very'  good  authority  that  for  20  years  an 
iron  pipe  had  been  used  in  America  without  the 
slightest  defect.  The  Victor  system,  however,  was 
made  not  only  with  pipes,  but  with  a rose,  and  it  had 
the  advantage  that  it  could  be  worked  by  a key  at 
the  end  of  a pole,  and  th6  water  stopped.  Again, 
nothing  would  break  the  sprinkler  ; a ladder  might 
knock  against  it  without  injuring  it  or  putting  it  out 
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of  shape.  At  the  same  time,  with  each  valve  there 
was  an  electric  arrangement  which  set  the  bell  ring- 
ing. With  regard  to  Captain  Shean’s  remark  about 
the  water  supply,  it  was  always  understood,  in  the 
protection  of  large  premises,  that  you  had  a large 
tank,  holding  from  5,000  to  8,000  gallons.  This 
system  would  practically  cover  any  area,  either  with 
one  valve  to  100  square  feet  or  one  to  400;  and  it 
had  actually  reduced  the  rate  of  insurance  in  one  case 
he  knew  of  33  per  cent.  That  was  in  a theatre. 

]Mr.  H.  BateJiIAN  said  he  was  much  interested  in 
hand  grenades,  and  it  had  perhaps  escaped  Professor 
Thompson’s  attention  that  these  grenades  were  to  a 
certain  extent  automatic.  If  they  were  liberally  dis- 
tributed over  premises  or  in  small  rooms,  and  a fire 
broke  out,  the  gi'enade,  if  attacked  by  heat,  would 
burst,  and  in  all  pn.'bability  would  extinguish  the  fire, 
as  had  been  proved  in  many  instances  in  America.  This 
was  especially  the  case  in  lumber-yards,  where  they 
had  often  been  placed  in  drying-rooms.  The  wood 
sometimes  got  overheated  and  charred,  and  when  the 
sheds  were  opened,  it  was  found  that  a fire  had 
occurred,  which  had  been  extinguished  automatically. 
He  wished  to  say,  how'ever,  that  these  grenades  were 
not  intended  to  extinguish  conflagrations.  The 
advantage  of  the  hand-grenade  was,  that  it  provided 
a means  w'hich  could  be  used  for  no  other  purpose,  and 
w'as  at  once  ready  to  extinguish  fire  if  propeilyapplied. 
During  the  short  period  since  grenades  w^ereintroduced 
they  had  endless  testimonials  showing  they  were 
most  efficient.  He  made  these  remarks  because 
Professor  Thompson  had  alluded  to  the  fire  at  the 
Inventions  Exhibition,  where  he  said  they  had  failed  ; 
and  anyone  could  readily  imagine  that  a small  appli- 
ance, holding  about  one  pint  of  liquid,  could  not 
be  expected  to  extinguish  a large  conflagration. 
At  the  same  time,  he  was  informed  that  they 
did  good  work  on  that  occasion.  Only  yester- 
day, a case  occurred  in  London,  w'here  a fireman 
with  a hose  went  up,  and  found  a large  amount  of 
inflammable  material  had  caught  fire,  and  had  been 
extinguished  by  this  means.  This  w’as  another  case 
wirere  the  insurance  companies  did  not  make  any 
allow^ance  in  the  premium. 

Mr.  J.  G.  Lorrain  remarked  that,  amongst  other 
objections  that  had  been  raised  during  the  discussion, 
one  w'as  the  length  of  time  before  sufficient  pressure 
was  turned  on.  Now',  one  function  w'hich  his  appa- 
ratus performed,  besides  those  mentioned  by  Pro- 
fessor Thompson,  was  to  supply  pressure  where  it 
was  wanting.  He  used  the  generation  of  caibonic 
anhydride  in  the  lower  chamber  to  force  the  water 
up  to  the  top  of  the  building.  The  other  methods 
of  having  a tank  and  automatic  pump  to  be  called  into 
action  when  necessar}’’,  required  expensive  apparatus  ; 
but  his  object  was  to  have  an  inexpensive  one. 
Another  objection  w’as  that  w’ater  did  as  much  harm 
as  fire,  and  that  was  the  object  of  introducing  the  bottle 
of  carbonic  anhydride.  He  preferred  to  use  it  m 
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the  liquid  form,  as  it  occupied  very  little  space,  but 
it  ceased  to  be  liquid  as  soon  as  it  came  out  of  the 
vessel,  assuming  the  gaseous  form,  and  descended 
like  a cloud,  extinguishing  the  fire.  Another  draw- 
back referred  to  was  that  the  water  was  not  turned 
off  as  soon  as  the  fire  was  put  out.  In  order  to  meet 
that,  he  had  a duplex  .system  of  contact,  so  that, 
after  a certain  time,  the  second  electro-motor  was 
set  in  action  to  turn  off  the  water. 

Mr.  Liggins  thought  the  most  important  point 
was  that  referred  to  by  Captain  Shaw,  who  pointed 
out  that  this  beautiful  apparatus  would  be  thoroughly 
useless  in  the  event  of  there  being  no  supply  of 
water.  He  could  refer  to  several  cases  in  London 
where  fires  had  taken  place,  and  no  water  was  avail- 
able until  the  place  was  burned  down ; amongst 
others  Her  jNIajesty’s  Theatre,  where  there  was  a 
large  iron  water-tank  at  the  top,  but  when  the  fire 
occurred  it  was  found  to  be  empty.  Another  was 
Covent  - garden  Theatre,  where  there  was  a short 
supply  of  water ; another  was  the  Royal  Exchange. 
The  reason  it  would  have  been  no  use  there  was  it 
having  been  severely  frosty  weather,  for  he  remem- 
bered seeing  long  icicles  hanging  against  the  walls 
of  the  building  close  to  the  flames.  He  had  seen 
some  of  the  mills  in  Lowell.  It  appeared  to  him 
they  were  nearly  fireproof  buildings.  And  there  was 
also  another  element  of  danger  removed  from  them, 
because  the  river  which  ran  through  the  town 
had  such  a flow  of  water  that  all  the  factories 
worked  by  water  power,  and  were  not  therefore 
obliged  to  use  steam  engines  and  boilers.  He 
agreed  with  Captain  Shean  that  a hand -pump 
was  a most  valuable  implement  to  have,  and 
he  had  seen  many  fires  in  the  AVest  Indies 
extinguished  in  that  way.  Most  large  buildings 
were  protected  more  or  less  by  watchmen,  and 
he  had  not  much  faith  in  these  new  invention;  > 
because  valves  sometimes  would  not  act  when 
they  were  wanted  ; and  when  he  saw  these  com- 
plicated little  valves,  he  asked  himself  whether 
they  were  likely  to  act  when  they  had  been  up  some 
years.  He  could  not  but  recollect  the  accident 
which  occurred  on  board  a man-o’-war  in  Portsmouth 
Harbour,  where  a safety-valve  of  a boiler  got  stuck 
fast  through  disuse,  and  35  men  were  killed  by  an 
explosion.  He  thought  the  most  important  point 
about  thepaper  was  that  it  would  draw  public  attention 
to  the  great  difficulty  there  was  in  procuring  water 
at  the  right  moment. 

Mr.  Ivey  said  it  was  useless  to  object  to  these 
inventions  that  they  would  not  act  if  there  was  no 
water,  because  neither  fire-engine  nor  anything  else 
would  act  under  this  circumstance.  The  important 
point  was,  that  they  would  work  where  a watch- 
man would  sleep.  If  you  wanted  a watchman  to 
watch,  you  must  watch  him  yourself.  The  metal 
used  in  the  construction  of  these  valves  would  melt 
in  five  or  ten  years’  time  as  quickly  as  to-day;  and 


even  if  it  were  covered  with  dust,  that  would  assist 
the  operation  by  catching  fire.  The  same  with  regard 
to  the  perforated  pipes.  The  holes  were  supposed  to 
rust ; but  this  would  not  be  so,  because  they  were 
made  of  brass ; and  even  if  tliere  were  any  film  over 
the  holes,  the  pressure  of  water  would  break  through 
it.  The  hand-pump  was  a very  good  article,  but  it 
required  tw'O  men  to  work  it.  If  a fire  broke  out 
in  a factory  500  feet  long,  a watchman  might  be  at  the 
other  end,  and  would  have  all  kinds  of  obstacles  to 
pass  before  he  could  get  at  it.  Then  he  would  have 
to  call  the  assistance  of  another  man,  and  before 
anything  could  be  done,  it  might  be  too  late.  But 
with  these  appliances  it  did  not  matter  whether  the 
watchman  was  there  or  not ; he  was  only  required 
to  turn  the  water  off  and  prevent  further  damage 
being  done. 

The  Chairman,  in  moving  a vote  of  thanks  to 
Professor  Thompson,  drew  attention  to  the  manner  in 
which  most  London  houses  were  built,  apparently 
with  the  view  of  facilitatiug  their  being  burnt  down. 
When  the  Metropolitan  Board  of  AVorks  took  such 
great  pains  to  establish,  at  an  enormous  cost,  fire- 
stations  all  over  London,  it  was  very  remarkuble  that 
it  took  no  pains  whatever  to  insist  on  the  partitions- 
in  houses  being  made  to  a certain  extent  incom- 
bustible. 

The  vote  of  thanks  having  been  carried. 

Professor  Thompson,  in  reply,  said  he  could  not 
but  be  gratified  at  the  reception  his  paper  had  met 
with,  and  especially  at  the  valuable  criticism  it  had 
called  forth.  He  was  much  obliged  to  Captain  Shean 
for  the  information  he  had  given,  but  he  did  not  seem 
to  have  quite  understood  one  point.  It  was  quite 
true  that  the  apparatus  contained  a limited  supply  of 
water,  but  so  did  ever}  thing  else.  Even  a dock  was 
pumped  dry  at  the  fire  at  Dockhead.  There  must 
be  a limit  somewhere,  and  that  contemplated  in 
this  apparatus  was  the  tank  erected  at  the  top  of  the 
building.  But  in  every  well  organised  system  of 
automatic  sprinklers,  there  were  two  supplies  in- 
dependent of  each  other;  the  tank  which  ought  to  be 
constantly  inspected,  and  the  supply  from  the  main 
and  some  other,  in  fact  that  was  the  rule,  and  one 
of  the  fire  insurance  companies  did  make  an  allow- 
ance where  this  appliance  was  used.  There  must 
be  two  distinct  sources.  If  it  were  properly  set  up, 
you  would  not  depend  on  any  one  supply,  and, 
therefore,  were  not  likely  to  have  a disastrous  failure, 
especially  considering  the  small  quantity  of  water 
required  at  the  instant.  Again,  with  regard  to  the 
fire-pump,  one  man  might  pump  it,  but  what  was 
the  limit  1 It  was  about  six  or  seven  gallons  to 
begin  with,  and  you  wanted  a second  man  to 
run  continually  with  buckets  of  water,  and  if  the 
water  supply  failed  in  the  tank  belonging  to  the 
place  itself,  it  would  fail  in  the  bucket.  Explosions 
occasionally  occurred  in  boilers  because  the  tank  ran 
dry,  but  they  were  very  few.  There  was  a difficulty 
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in  keeping  tanks  supplied  for  steam-engines— why 
not  for  sprinklers  ? In  London,  there  being  an 
intermittent  supply,  people  were  obliged  to  have 
tanks,  but  he  hoped  there  would  be  a Parliamentry 
inquiry’  into  the  better  prevention  of  fires.  One  of 
the  first  things  to  be  insisted  upon  would  be  the  reform 
of  the  water  companies,  compelling  a continuous  sup- 
ply by  meter,  for  this  was  a most  important  point. 
He  hoped  they  would  have  that  reform  whether  they 
had  a constant  supply  or  not,  and  then  at  any  rate 
they  would  not  be  charged  for  what  they  did  not  use. 
Mr.  Bateman  had  referred  to  the  hand  grenades  as 
being  automatic.  He  knew  they  could  be  hung  up 
all  round  the  building,  and  he  had  seen  one  building 
so  decorated  ; but  he  had  also  seen  experiments  in 
which  they  did  not  break  when  they  fell  down,  and 
they  did  not  get  into  the  fire  at  all,  and  therefore  he 
did  not  look  upon  them  altogether  as  an  automatic 
appliance  ; it  wanted  something  to  break  the  grenade 
at  the  moment  the  fire  broke  out.  iSIr.  Liggins 
objected  that  the  valves  would  not  act,  and  instanced 
a valve  on  board  a steam-ship  which  was  jammed, 
but  there  would  be  a sprinkler  to  every  ten  scjuare 
feet.  In  the  case  of  the  cotton  mill  at  Bolton,  seven- 
teen started  at  once,  so  that  even  if  one  jammed, 
there  would  be  sixteen  others  which  had  not ; but  as 
a matter  of  fact,  not  one  failed,  and  they  had  all 
been  up  about  two  years,  quite  long  enough  to  rust, 
if  rust  did  begin.  But  this  could  not  interfere,  for 
even  if  they  were  put  in  a vinegar  factory,  where  the 
brass  would  corrode  and  become  all  green,  the  solder 
did  not  corrode,  and  so  long  as  it  stood,  all  the  rest 
was  of  little  importance.  The  very  thing  that  must 
come  asunder  came  asunder,  whether  there  was  corro- 
sion or  not.  He  would  much  rather  trust  to  even  the 
obsolete  form  of  the  Parmelee  sprinkler,  the  Grinnell, 
the  Victor,  and  all  the  more  modern  ones,  than  to  the 
ordinary  valve  of  a steam-engine.  The  little  hand- 
pump  was  ver}’  nice,  but  what  use  would  it  be  in  an 
enormous  establishment  like  Mr.  AVhiteley’s,  with  one 
watchman.^  The  fire  might  break  out  a quarter  of  a 
mile  away  from  where  he  was,  and  he  would  have  to 
make  his  way  all  that  distance  before  he  could  use 
it.  It  would  be  impossible  for  any  watchman,  in  fact, 
to  keep  incessant  watch  on  such  a place  day  and  night. 
The  majority  of  fires  broke  out,  not  in  the  daytime, 
but  either  late  at  night  or  early  in  the  morning,  just 
at  the  time  when  there  was  no  one  about,  and  when 
even  the  watchman,  who  had  been  watching 
all  night,  was  most  likely  to  be  asleep. 
There  was  absolutely  nothing  but  this  unsleeping 
automatic  watchman  which  could  relied  be  on  to  put 
out  a fire  in  the  incipient  stage.  That  is  what  was 
claimed  for  the  sprinkler  : it  watched  for  the  fire, 
and  put  it  out  in  its  incipient  stage,  where  it 
broke  out  'and  when  it  broke  out,  and  it  required 
no  human  arm  to  set  it  going.  Besides  this,  it 
gave  protection  and  confidence  to  the  workmen. 
He  entirely  appreciated  Captain  Shean’s  remarks 
with  regard  to  the  saving  of  life  as  well  as  pro- 
perty, but  that  was  exactly  what  these  things 


would  do,  and  they  prevented  panic.  If  a fire  oc- 
curred in  the  day  time,  they  would  put  out  the  fire  at 
one  e ; and  if  it  occurred  at  night,  there  was  no  life  to  I e 
saved,  and  it  was  then  all  important  to  save  property. 
He  hoped  if  nothing  else  came  of  this  discussion,  it 
would  at  any  rate  draw  a little  more  public  attention 
to  the  great  necessity  there  was  for  reforming  the 
water  supply. 
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F.  Edward  Hulme,  F.L.S.,  F.S.A.  Sir  Pjiilii* 
CUNLIFFE  Owen,  K.C.M.G.,  C.B.,  C.I.E.,  will 
preside. 

December  9. — “The  Loadlines  of  Ships.”  By 
Professor  Francis  Elgar,  LL.D.,  P'.R.S.E., 
M.Inst.C.E.  Sir  Edward  J.  Rekd,  K.C.B., 
F.R.S.,  will  preside. 

December  16. — “ Burmah,  Present  and  Future.’ 
By  Holt  S.  Hallett. 

At  the  meetings  after  Christmas  the  following 
papers  (among  others)  will  be  read  : — 

“ The  Treatment  of  Sewage.”  By  Dr.  C. 
Meymott  Tidy. 

“ Calculating  Machines.”  By  C.  V.  Boys. 

“The  History  and  IManufacture  of  Playing  Cards.” 
By  George  Clulow. 

“Domestic  Electric  Lighting.”  By  W.  H. 
Preece,  F.R.S. 

“ The  Scientific  Development  of  the  Coal  Tar 
Industry.”  By  Prof.  R.  Meldola,  F.C.S. 

“ The  Experiments  with  Lighthouse  Illuminants  at 
the  South  Foreland.”  By  E.  Price  Edwards. 


Foreign  and  Colonial^Section. 

The  Meetings  of  this  Section  will  take  place 
on  the  following  Tuesday  evenings,  at  Eight 
o’clock  ; — 

January  26 ; February  16 ; March  2,  23,  April  13  ; 
May  18. 


Applied  Chemistry  and  Physics  Section. 

The  Meetings  of  this  Section  wall  take  place 
on  the  following  Thursday  evenings,  at  Eight 
o’clock  : — 

January  28  ; February  1 1,  25  ; March  1 1 ; April  8 ; 
May  13. 


Indian  Section. 

The  Meetings  of  this  Section  will  take  place 
on  the  following  Friday  evenings,  at  Eight 
o’clock  : — 

January  22;  February  19;  March  19;  April  2; 
May  7,  21 
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Cantor  Lectures. 

The  First  Course  will  be  on  “ The  Micro- 
scope.” By  John  Mayall,  Jun. 

November  30,  December  7,  14,  21. 

The  Second  Course  will  be  on  “ Friction,” 
By  Prof.  H.  S.  Hele  Shaw. 

January  18,  25  ; February  i,  8. 

The  Third  Course  will  be  on  “ Science 
Teaching.”  By  Prof.  F.  GUTHRIE,  F.R.S. 
February  15,  22.  March  r. 

The  Fourth  Course  will  be  on  Petroleum 
and  its  Products.”  By  BOVERTON  REDWOOD, 

F.C.S. 

March  8,  15,  22,  29. 

.The  Fifth  Course  will  be  on  ‘‘The  Arts  of 
Tapestry  Making  and  Embroider}c”  By 
Alan  S.  Cole. 

April  5,  12,  19. 

The  Sixth  and  Concluding  Course  will  be  on 
^‘Animal  Mechanics.”  By  B.  W.  RICHARD- 
SON, M.A.,  M.D.,  F.R.S. 

May  3,  lo,  17,  24,  31. 


Juvenile  Lectures. 

The  Two  Juvenile  Lectures  on  “Waves” 
will  be  given  by  Prof.  Silvanus  P. 
Thompson,  D.Sc.,  on  Wednesday  evenings, 
December  30th,  1885,  and  January  6th,  1886. 
Special  tickets  will  be  issued  for  these  lectures. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  Nov.  30.. .SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Mr.  John 
Mayall,  jun.,  “ The  Microscope.”  (Lecture  II.) 
Geographical,  University  of  London,  Burlington- 
gardens,  W.,  8.j  p.m.  Mr.  W.  Montagu  Kerr,  “ A 
Journey  Overland  from  Cape  Town  across  the 
Zambesi  to  Lake  N}'assa.” 

British  Architects,  9,  Conduit-street,  W.,  7 p.m. 
Special  General  Meeting  to  consider  draft  of  pro- 
posed Charter  of  Incorporation  for  the  Institute. 
Medical,  ii,  Chandos-street,  W.,  83  p.m. 

London  Institution,  Finsbury-circus,  E.C.  Mr.  J. 

E.  Hodgson,  “ The  Life  and  Works  of  Hogarth.” 
Ro}-al,  Burlington-house,  AV.,  4 p.m.  Annual  Meet- 
i ig. 

TciiSDAY,  Dhc.  I . Civil  Engineers,  25,  Great  George-street, 
S.W  , 8 p.m.  Adjourned  discussion  on  Mr.  John 
Imray’s  paper,  “ High-Speed  Motors,”  and  Mr. 
Gisbert  Kapp’s  paper,  “ Continuous  - current 
Dynamo-Electric  Machines,  and  their  Engines.” 
Pathological,  53,  Berners -street,  Oxford-street,  AV., 

83  pm. 


Biblical  Archmology,  9,  Cenduit-strcct,  AY.,  8 p.m 

Zoological,  II,  Hanover-squ, are,  AA".,  83  p.m.  i.  Mr. 
John  Bland  .Sutton,  “ The  Origin  of  the  L^rinary 
Bladder.”  2.  Lieut.  - Colonel  Swinhoe,  ‘‘  The 
Lepidoptera  of  Bombay  and  the  Deccan.”  (Part. 
IV.)  “ Heterocera  ” (concluded).  3.  Dr.  K.  AV* 
Shufeldt,  “ Contribution  to  the  Comparative 
Osteology  of  the  Trochilid.'c,  Caprimulgid.-c,  and 
C3’pselida2.”  4.  Mr.  F.  E.Beddard,  “ Preliminary 
Notice  of  the  Isopoda  collected  during  the  A'oyage 
of  H.M.S.  Challenger."  (Part  II.)  “Munnop- 
sidm.” 

AA^ednesday,  Dec.  2. ..SOCIETY  OF  ART.S,  John-street, 
Adelphi,  AA"  C.,  8 p.m.  Air.  F.  Edward  Hulrae, 
“ Technical  Art  Teaching.” 

Geological,  Burlington-house,  AY.,  8 p.m.  i.  Air. 
AV.  AVhitaker,  “ Some  Deep  Borings  in  Kent — 
A Contribution  to  the  Deep-seated  Geology  of  the 
London  Basin.”  2.  Alr.G.AVareingOrmerod,“01d- 
Sea-beaches  at  Tcignmouth,  Devon.”  3.  Air.  F.A. 
Bather,  “Note  on  some  recent  openings  in  the 
Liassic  and  Oolitic  Rocks  of  Fawler  in  Oxford- 
shire, and  on  the  arrangement  of  those  rocks  near 
Charlbury.” 

Patent  Agexts,  55,  Chancery-lane,  AY.C.,  73  p.m. 
i.  Air.  O.  Imray,  “ The  Establishment  of  a Roll 
of  Patent  Agents.”  2.  Air.  Lloj-d  AA'ise,  “The 
Status  of  our  Profession  and  its  Improvement.” 

Entomological,  ii,  Chandos-street.  A\'.,  7 p.m. 

Ro>-al  Society  of  Literature,  4.  St.  Alartin’s-placc, 
AATC.,  8 p.m. 

Archaeological  Association,  32,  Sackville-street,  AV., 

8 pm.  I.  Eev.  Piebendarj’  Scarth,  “ Remarks  on 
a Alonumental  Stone  with  Gi'cek  Hexameter  Lines, 
at  Brough.”  2.  Air.  Thomas  Alorgan,  “Resume 
of  the  Recent  Congress  at  Brighton.” 

Obstetrical,  43,  Berners-street,  8 p.m. 

Shorthand,  55,  Chancery-lane,  AV.C.,  8 p.m.  Air. 
T.  A.  Reed,  “ Phonographic  v.  Orthographic 
Shorthand.” 

Thursday,  Dec.  3. ...Antiquaries,  Burlington-house,  A\'.,  8.3 
p m. 

Linnean,  Burlington-house,  AA'’.,  8 p.m.  i.  Sir  J.  D. 
Hooker,  “ Castiiloa  el-istica  and  some  allied 
plants.”  2.  Rev.  Geo.  Henslow,  “ Effects  of  Solar 
.Spectrum  on  Transpiration  in  Plants.”  3.  Prof. 
Cobbold,  “ Parasites  collected  b)’  the  late  Chas. 
Darwin.”  4.  Air.  P.  H.  Carpenter,  “ A'ariations 
of  the  Cirri  in  Comatulae.” 

Chemical,  Burlington-house,  AV.,  8 p.m.  i.  Ballot 
for  the  Election  of  Fellows.  2.  Air.  C.  O’Sullivan 
(a),  “The  Sugars  of  the  Cereals,  and  in  Alalted 
Grain.”  (b),  “The  Presence  of  Raffinose  in 
Barley”  3.  Capt.  Abney,  “The  Evidence  of 
Constitution  afforded  by  Absorption  Spectra.” 

London  Institution,  Finsburj'-circus,  E.C-,  7 p.m. 
Air.  C.  Armbruster.  “The  Alusical  Dramas  of 
Richard  AAMgner,”  with  illustrations.  (Lecture  I.) 

South  London  Photographic  (at  the  House  of  the 
Society  of  Arts),  8 p.m. 

Archmological  Institution,  16,  New  Burlington- 
street,  AV.,  4 p.m. 

Friday,  Dec.  4. ..Civil  Engineers,  25,  Great  George-street, 
S.AA^.,  p.m.  (Students’  Aleetisg  ) i.  Air. 
Alaurice  Fitzmaurice,  “Ihe  Foundations  of  the 
Forth  Bridge.”  2.  Air.  E.  AV.  Aloir,  “The  Build- 
ing, Launching,  and  Sinking  of  the  Queensferry 
Pneumatic  Caissons  at  the  Forth  Bridge  AA'orks.” 

Geologists’  Association,  University  College,  AA".C., 
8 p.m. 

Philogical,  University'  College,  AATC.,  8 p.m. 
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FRIDAY,  DECEMBER  4,  1885. 


A ll  communtcaiions  for  the  Society  should  he  addressed  to 
the  Secretary’,  John-street,  Adelphi,  London,  W.C. 


NOTICES. 


CANTOR  LECTURES. 

On  Monday  evening,  30th  November,  Mr.  J. 
Mayall,  jun.,  delivered  the  second  lecture  of 
his  course  on  “The  Microscope,”  when  he 
exhibited  a large  number  of  modern  micro- 
scopes lent  by  the  Royal  Microscopical  Society, 
and  Mr.  Frank  Crisp,  Secretary  of  the  R.M.S. 


EXHIBITION  OF  MICROSCOPES. 

The  Exhibition  of  Microscopes  will  remain 
open  during  the  period  of  the  delivery  of  Mr. 
Mayall’s  Cantor  Lectures,  daily  from  10  to  4 
(on  Saturdays  from  10  till  2).  Members  can 
admit  their  friends  to  the  Exhibition  by  the 
use  of  the  tickets  supplied  for  the  evening 
meetings  and  lectures. 


INDIAN  SECTION  COMMITTEE. 

A meeting  of  the  Committee  of  the  Indian 
Section  was  held  on  Friday,  27th  November, 
at  4 p.m.  Present Major  - General  Sir 
Frederic  J.  Goldsmid,  K.C.S.I.,  C.B.,  in  the 
chair;  Sir  George  Birdwood,  M.D.,  C.S.I.  ; 
Lord  Alfred  S.  Churchill,  Hyde  Clarke,  Sir 
William  Rose  Robinson,  K.C.S.L,  and  J.  T. 
Wood,  with  H.  Trueman  Wood,  Secretary,  and 
Demetrius  Boulger,  Secretary  of  the  Section. 
The  programme  of  papers  to  be  read  during 
the  present  session  was  discussed. 


FOREIGN  AND  COLONIAL  SECTION 
COMMITTEE. 

A meeting  of  the  Committee  was  held  on 
Monday,  30th  November,  at  4.30  p.m.  Pre- 
sent : — Hyde  Clarke,  in  the  chair,  B.  Francis 
Cobb,  Lieut. -Col.  A.  C.  Hamilton,  R.E.,  P.  L. 


Simmonds,  J.  A.  Youl,  C.M.G.,with  H.  True- 
man Wood,  Secretary,  and  Dr.  R.  J.  Mann, 
F.R.C.S.,  Secretary  of  the  Section.  The  pro- 
gramme of  papers  to  be  read  during  the  present 
session  was  discussed. 


COVERS  FOR  JOURNAL. 

For  the  convenience  of  members  wishing  to 
bind  their  volumes  of  the  Journal,  cloth 
covers  will  be  supplied  post-free  for  is.  6d. 
each,  on  application  to  the  Secretary. 


Proceedings  of  the  Society. 

♦ 

THIRD  ORDINARY  MEETING. 

Wednesday,  December  4th,  1885  ; Lord 
Alfred  S.  Churchill,  Vice-President  of 
the  Society,  in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society  ; — 

Bedford,  George,  Art  School,  Torquay. 

Bostock,  Edwin,  Stone,  Staffordshire. 

Brenchley,  Algeron,  M.D.,  124,  Denmark-hill,  Cam- 
berwell, S.E. 

Chichgur,  Darasha  Ratanjee,  Gergaum-road,  Bom- 
bay, and  30A,  Southbrook-road,  Lee,  S.E. 
Glanville,  E rancis  F erratus,  Grove-house,  1 40,  F ulh  am  - 
road,  S.W. 

Hawkins,  Major,  51,  Harrington.road,  Hampstead- 
road,  N.W. 

Turpin,  Edmund  Hart,  6,  Argyle-square,  V .C. 
Westfield,  C.  Marcus,  Sheen-lodge,  Warwick-road, 
Upper  Clapton,  E. 

The  following  candidates  were  balloted  for 
and  duly  elected  members  of  the  Society  : — 

Adames,  Cornelius  George,  Pembroke-house,  Lon- 
don-road,  Kingston,  Portsmouth. 

Barrow,  Samuel,  jun.,  Fontainebleau,  Dacres-road, 
Forest-hill,  S.E. 

Bassano,  Alexander,  25,  Old  Bond-street,  V.,  and 
12,  Montagu- place,  Bryanston-square,  W. 

Beck,  Joseph,  68,  Cornhill,  E.C. 

Binns,  Richard  William,  Royal  Porcelain  V orks, 
Worcester. 

Bishop,  Frank,  22,  Soho-square,  W. 

Blair,  Thomas  Edward,  Royal  Army  Clothing 
Depot,  Grosvenor-road,  S.W. 

Bond,  Henry  Cooper,  Westwood,  Ipswich. 

Boys,  Admiral  Henry,  East  Dean,  Kidbrooke-park- 
road,  Blackheath,  S.E. 

Brinsmead,  John,  18,  Wigmore- street,  V . 
Bromhead,  S.  S.,  The  Birches,  Jasper-road,  Upper 
Norwood,  S.E. 

Brown,  Joseph,  Savile  Town,  Dewsburj'. 
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Burnett,  Cuthbert,  Burn-terrace,  Hartlepool. 

Candy,  Frank,  Leigh-house,  Leigh-rd.,  Highbury,  N. 
Capel,  Charles  Cecil,  North  Cray-place,  Foot’s  Cray, 
Kent. 

Carbutt,  Edward  Hamer,  M.P.,  Llanvvern  - house, 
near  Newport,  Monmouthshire. 

Carey,  Arthur,  56,  Talgarth-road,  West  Kensington, 

S.W. 

Carver,  James,  Garfield-house,  Nottingham. 

Chater,  John,  89,  Fleet-street,  E.C. 

Clowes,  William  Charles  Knight,  M.  A.,  Duke-street, 
Stamford-street,  S.E. 

Cohen,  Nathaniel  Lewis,  3,  Devonshire-place,  Port 
land-place,  W„  and  Round  Oak,  Englefield-green, 
near  Staines. 

Colby,  William  Henry,  Oak  Leigh,  Denbigh,  North 
Wales. 

Converse,  Fred  B.,  8,  Holbora-viaduct,  E.C. 
Copeland,  Major  Alfred  James,  Bridewell  Royal 
Hospital,  Blackfriars,  E.C. 

Corbett,  Edward,  jun.,  Huabon,  North  Wales. 

Cox,  John,  Hunstanton,  St.  Edmunds. 

Crabb,  William,  Silloth,  Cumberland. 

Crofton,  Rev.  William  d’Abzac,  M.A.,  Hillside, 
Welwyn,  Herts. 

Crookes,  William,  F.R.S.,  7,  Kensington-park- 
gardens,  W. 

Crozier,  Mrs.  (Laura), Grafton-house,  Grafton-square, 
Clapham,  S.W. 

Curtis-Hayward,  Arthur  Cecil,  Lonsdale-chambers, 
27,  Chancery-lane,  W.C. 

Cutler,  George  Benjamin,  4,  Westcombe  - park, 
Elackheath,  S.E. 

Dornbusch,  Ernest  G.,  35,  Stapleton-hall-road, 
Crouch-hill,  N. 

Drysdale,  Mrs.  J.  Dockar,  39,  Belsize-park,  N.W. 
Durham,  Arthur  Edward,  F.R.C.S.,  82,  Brook-street, 
Grosvenor- square,  W. 

Edgell-Hunt,  H.,  8,  St.  Mary  Abbott’s-terrace, 
Kensington,  W. 

Edmonds,  James,  67,  Baker-street,  W. 

Elborough,  Alfred  Louis,  Bedford-park,  Croydon. 
Ellis,  Lieut.-ColonelC.  H.  Fairfax,  R.A.,  7,  Palace- 
gardens-terrace,  Kensington,  W. 

Erie, Twynihoe  William,  i, Cambridge  gate,Regent’s- 
park,  N.W. 

Essex,  Richard  Walter,  Abbottsford,  Thirlemere- 
road,  Streathara,  S.W. 

Eve,  Richard  Wafford,  M.B.,  M.R.C.S.,  loi, 
Lewisham  High-road,  S.E. 

Foster,  Herbert  A.,  Queensbury,  near  Bradford, 
Yorks. 

Gadsden,  Henry  Arthur,  6,  Crosby- square,  E.C. 
Gardner,  Henry  Dent,  25,  Northbrook- road,  Lee,  S.E. 
Gates,  J.  S.,  9,  Fenchurch-avenue,  E.C. 

Gay,  Frederick  William,  113,  High  Holborn,  W.C. 
Gray,  Thomas,  C.B.,  Board  of  Trade,  Whitehall,  S.W. 
Greenbank,  Richard  Hewetson,  i8,Leamington-road- 
villas,  Westbourne-park,  W. 

Grevel,  Hermann,  33,  King-st.,  Covent-garden,  W.C. 
Griffitt,  John,  Bournabat,  near  Smyrna,  Asia  Minor. 


Hamilton,  Alfred  G.,  Grosvenor-hil],  Wimbledon, 
Surrey. 

Haycraft,  Alfred  Conyers,  Westcouit,  Lewisham- 
hill,  S.E. 

Heath,  George,  107,  Oxford-street,  W. 

Heyland,  E.  Douglas,  25,  Liverpool  - street,  E.C., 
and  15,  Maze-hill,  Greenwich,  S.E. 

Hill,  Robert  Anderson,  Royal  Mint,  E. 

Holt,  William  Lyster,  17,  Parliament-street,  S.W. 
Honywood,  Thomas,  Courtenay-house,  The  Cause- 
way, Horsham. 

Innes,  John,  Greenfield-villas,  Llanelly,  Camarthen- 
shire. 

Jackson,  William  Lawies,  M.P.,  Allerton-hall,  Leeds. 
Jacobs,  Reuben,  i,  Sheldon-street,  Bayswater,  W. 
Jobling,  Thomas  Edgar,  Croft-villa,  Blyth,  North- 
umberland. 

Kemp,  Dixon,  39,  Palace-gardens-terrace,  Kensing- 
ton, W. 

Kesterton,  Vicesimus,  56,  Seymour-street,  W. 
Knowles,  Henry,  The  Shrubber}’,  Woodville,  Burton- 
on-Trent. 

Lawford,  George,  Sherbrooke-lodge,  Nightingale- 
lane,  Balham,  S.W. 

Lawford,  John  Eeles,  7,  Mowbray-road,  Brondesbury, 

N.W. 

Lickorish,  Sidney,  17,  Highbury-hill,  N. 

Lyster,  George  Fosber}",  Gisburne-house,  Liverpool. 
Mac  Gauvan,  Francis,  Salisbury  Club,  St.  James’s, 

S.W. 

Maling,  Christopher  T.,  14,  Ellison-place,  Newcastle- 
on-Tyne. 

Marshall,  Julian,  13,  Belsize-avenue,  N.W. 

Masters,  W.  F.,  Shenley-lodge,  Acre-lane,  Brixton, 

S.W. 

Mawe,  Frederic  H.,  2,  Willow-grove,  Chislehurst, 
Kent. 

Mayne,  James,  203,  Oxford-street,  Sydney,  New 
South  Wales. 

Medhurst,  Sir  Walter  Henr}%  Formosa,  Kent’s-road, 
Torquay,  Devon. 

Milne,  John  Vine,  B.A.,  Henley-house,  Mor timer- 
road,  St.  John’s-wood,  N.W. 

Milner,  Edward,  32,  New  Cavendish-street,  W. 
Mordey,  William  Morris,  144,  Disraeli-road,  Putney, 
S.W. 

Morgan,  Major  Joseph  Bond,  Stand-house,  Child- 
wall,  Liverpool. 

Mylne,  Henry  Charles,  37,  Ebuiy’-street,  S.W. 
Newton,  Henry  Edward,  6,  Bream’s-buildings, 
Chancery -lane,  E.C. 

Owen,  Thomas,  Ellsbridge-house,  Keynsham,  near 
Bristol. 

Oxley,  Fi'ederick,  8,  Crosby-square,  E.C. 

Palmer,  Henry,  East  Howie,  Ferryhill,  Durham. 

Pam,  Leopold,  4,  Holborn- circus,  E.C.,  and  Bohemian- 
villa,  Clapham-park,  S.VA 
Pennsylvania  Museum  and  School  of  Industrial  Art, 
Fairmount-park,  Philadelphia,  U.S.A. 

Pixley,  Stewart,  21,  Leinster-gardens,  Hyde-park,W. 
Price,  Samuel,  38,  Walbrook,  E.C. 
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Ramsden,  Frederick  Frank,  Arthur’s  Club,  S.W., 
and  Uffington  Rectory,  Stamford. 

Ramsden,  Joseph,  The  Lion  Brewery,  Lambeth,  S.E. 
Redrup,  Sidney,  Park-street,  Windsor. 

Riordan,  T.  Vincent,  i,  Whiteley-road,  Upper  Nor- 
wood, S.E. 

Robertson,  James,  21,  Bemers-street,  W. 

Rooper,  Maximilian  George,  6,  Kensington-gardens- 
square,  W. 

S chipper,  J.  F.,  10,  King-street,  Covent-garden, 

W.C. 

Schreiber,  Richard,  Bloomsbury-mansions,  Hart- 
street,  W.C. 

Shipley,  Mrs.  R.,  Acacia-house,  186,  Brixton-road, 

S.W. 

Simpson,  Thomas,  Silbury-villa,  Ravenscroft-road, 
Beckenham,  Kent. 

Smith,  Sebastian,  Shipley  Collieries,  Derby. 

Smithe,  Joseph  Doyle,  ii,  Delamere-crescent,  W. 
Stanley,  Chiistopher Philip, 6,  Sussex-villas,  Faraday- 
road,  Leyton,  Essex, 

Temple,  Captain  R.  C.,  Naval  and  Militaiy  Club, 
94,  Piccadilly,  W.,  and  The  Elms,  Porchester- 
gardens,  Hyde- park,  W. 

Testard,  Henry,  53,  Blackheath-road,  Greenwich, 
S.E. 

Thomasson,  Ebbe  Salvinius,  Messrs.  Ibbotson  Bros., 
and  Co.,  Limited,  Globe  Works,  Sheffield. 
Thompson,  A.  M.,  Rossmore,  Chislehurst-road, 
Sidcup,  Kent. 

Tress,  Cooper,  West-lodge,  Clapham-park,  S.W. 
Viner,  L.  L.,  54,  Westbourne-grove,  W. 

Waine,  Thomas  Glover,  139,  Newington-butts,  S.E. 
Waterworth,  Alfred,  Thorncliffie,  Ful  wood-park, 
Preston. 

Webster,  Charles  S.  Stanford,  ^falvem-house.  Red- 
laud,  Bristol, 

Welling,  Gysbertus,  10,  County-grove,  Camberwell, 

S.E. 

Winser,  Frederic  Sawyer,  52,  Buckingham-palace- 
road,  S.W. 

Andas  an  Honorar>'  Corresponding  Member : — 
Landieth,  Burnet,  21,  South  Sixth-street,  Phila- 
delphia, U.S.A. 

The  paper  read  was — 

TECHNICAL  ART  TEACHING. 

By  F.  Edward  Hblme,  F.L.S.,  F.S.A. 

So  much  has  already  been  thought,  said, 
and  written  on  this  subject,  and  so  much  evi- 
dence for  and  against  our  need  of  an  extended 
system  of  such  teaching  has  been  brought  to 
bear,  that  it  may  perhaps  seem  the  tiresome 
repetition  of  a thrice -told  tale  to  endeavour  to 
throw  any  further  light  upon  the  question.  It 
has,  nevertheless,  struck  me  that  we  may  still 
advantageously  learn  something  from  the 
actual  teachers,  amongst  whom  I am  proud 


to  enrol  myself,  from  the  men  who  have  to 
reduce  theory  to  practice,  from  those  who  find 
themselves  face  to  face  with  the  difficulties, 
and  who  are  able,  possibly,  to  point  to  friction 
overcome,  and  to  some  little  measure  of  success 
achieved.  No  one  can  look  back  ten  years,  or 
even  five,  without  feeling  that  nationally  we 
have  already  made  immense  strides  in  art. 
Its  study  is  a necessary  part  of  education  ; we 
have  hundreds  of  schools  of  art  and  art  classes 
in  our  midst,  public  galleries  thronged,  picture 
exhibitions  springing  up  on  every  side,  excel- 
lently illustrated  newspapers  and  magazines, 
and  a crowd  of  people  blocking  the  pavement 
in  front  of  every  picture  dealer’s  window,  while 
every  article  of  common  use,  the  furniture  and 
wall  papers  of  our  houses,  the  costumes  of  our 
wives  and  daughters,  the  most  trivial  things  of 
daily  life,  have  a refinement  and  beauty 
stamped  upon  them  that  a dozen  years  ago 
was  utterly  unknown.  It  is  easy,  of  course,  to 
sneer  at  aestheticism  as  a passing  fashion,  and 
certainly  some  of  its  eccentricities  deserve  the 
ridicule  and  scorn  of  all  wholesomely-minded 
people  ; but  when  all  that  is  evanescent  and 
unreal  shall  have  passed  away,  we  shall  yet  see 
beneath  its  frothy  emptiness  the  real  strength 
of  the  advancing  tide.  No  one,  we  are  sure, 
who  has  at  all  studied  the  subject,  would  hesi- 
tate for  a moment  in  ascribing  to  South  Ken- 
sington a full  tribute  of  appreciation  for  its 
noble  share  in  this  great  art  revival.  It  is  not 
to  be  wondered  at  if  even  “ My  Lords,”  those 
mysterious  rulers  of  the  great  organisation  of 
the  Science  and  Art  Department,  have  not  at 
all  times  found  themselves  unscathed  and  their 
actions  free  from  hostile  criticism  ; but  the 
great  fact,  nevertheless,  remains  that  through 
good  repute  and  evil,  against  the  dead  weight 
of  apathy,  the  jarring  notes  of  jealousy,  and 
all  else  of  power  to  hinder  the  good  work  done, 
an  enormous,  an  incalculable,  influence  for  good 
has  been  exerted.  When  I recall  the  excel- 
lent work  done  by  my  much  esteemed  friend, 
Mr.  Sparkes,  or  my  dear  old  fellow-student  and 
life-long  friend,  Mr.  Rawle,  I feel  that  they, 
and  not  they  alone  but  many  another  earnest 
worker  in  the  same  field,  deserve  public  recog- 
nition and  the  national  thanks.  Peerages, 
pensions,  K.C.B. -ships,  garters,  crosses,  and 
the  thanks  of  Parliament  have  been  freely 
awarded  to  many  who  have  done  less  to  deserve 
them.  Neither  of  these  gentlemen,  I am 
well  aware,  has  been  the  agent  for  the  con- 
sumption of  much  gunpowder,  or  has  caused 
enormous  destruction  of  life  and  property  in  a 
more  or  less  real  necessity  for  the  safeguarding 
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of  British  interests,  but  other  material  interests, 
perhaps  as  vital,  have  been  to  the  full  as 
adequately  maintained — Mr.  Sparkes,  I need 
scarcely  tell  this  Society,  has  been  in  the 
forefront  in  the  creation  at  Lambeth  of  a most 
valuable  industry,  the  Doulton  art  pottery,  that 
has  given  healthy  work  to  hundreds  and  plea- 
sure to  thousands ; while  Mr.  Rawle,  by  his 
energy  and  sterling  art  power  at  Nottingham, 
raised  the  lace  trade  from  a period  of  absolute 
dependence,  to  the  tune  of  many  thousands  a 
year,  upon  French  designs,  till  at  length 
the  time  came  that  not  only  could  the 
old  town  dispense  with  such  foreign  aid, 
but  her  designers  in  turn  supplied  the  needs 
of  French  houses,  and  were  sought  for  far  and 
wide.  When  we  consider  how,  some  twenty 
years  ago,  we  were  always  being  told  that, 
though  our  things  themselves  were  probably 
better  made  than  those  of  other  nations,  when 
it  came  to  a question  of  art  we  must  meekly 
stand  aside  and  ask  some  Frenchman  to  be 
good  enough  to  come  and  do  ail  that  sort  of 
thing  for  us,  the  revolution  we  now  see  is 
something  approaching  the  marvellous.  At 
this  point  I can  imagine  that  some  of  my 
audience  will  feel  that  I am  but  acting  the 
part  of  a Balaam,  that  whereas  I have  been 
supposed  by  them  to  have  come  here,  even  if 
not  quite  on  a mission  of  cursing,  that  at 
least  it  was  not  expected  that  I should  have 
brought  altogether  blessing.  Pray  let  me 
then  hasten  to  explain  that  I am  not  so  well 
satisfied  with  everything  as  to  feel  that  I 
need  now  but  “ rest  and  be  thankful,”  but  I 
do  desire  to  raise  my  voice  in  protest,  at  the 
outset  of  my  paper,  against  the  altogether 
unjust  idea  that  the  schools  and  system  of  the 
Science  and  Art  Department  have  been  proved 
a failure  and  must  now  be  swept  aside ; so  far 
from  this,  they  have  been  an  incalculable  gain 
to  the  nation,  and  it  now  only  requires  that  we 
should  not  allow  them  to  crystallise  and  con- 
geal into  a rigid  and  death-like  uniformity, 
but  endeavour  to  graft  into  their  living  struc- 
ture that  additional  and  more  technical  know- 
ledge that  the  necessities  of  the  time  and  of  the 
place  demand.  It  is,  to  my  mind,  sufficiently 
clear  that  the  instruction  given  at  such  places 
as  Paisley,  Coalbrookdale,  Stoke-upon-Trent, 
Manchester,  and  Leeds  must  in  each  case  have 
a special  bearing  upon  the  special  manufactures 
of  the  district,  above  and  beyond  the  teaching 
of  the  general  principles  common  to  all,  if  the 
teaching  is  to  be  really  valuable. 

I suppose  in  most  places  it  will  be  con- 
ceded that  the  special  and  technical  art  train- 


ing required  will  take  the  form  of  decorative 
design,  though,  of  course,  in  some  great 
centres  of  industr}^  such  as  Crewe,  the  special 
direction  the  work  would  more  naturally  take 
would  be  the  power  of  accurate  delineation 
and  comprehension  of  all  kinds  of  machinery. 
At  the  same  time,  I would  strongly  demur 
to  the  idea  that  the  teacher  should  work  in  too 
limited  a groove.  I would  affirm  that  the 
first  test  of  a true  artist  is  that  he  should  sym- 
pathise with  all  art.  The  painter  who  can 
feel  no  interest  in  sculpture,  the  sculptor  who 
cares  nothing  for  architecture— are  in  some 
degree  wanting  and  crippled,  even  in  that  to 
which  they  do  devote  themselves.  I would 
desire,  too,  to  strongly  combat  the  idea  that 
decorative  art  is  essentially  and  intrinsically  a 
lower  thing  than  fine  or  pictorial  art.  Hence, 
then,  even  your  specialist  should  be  a man 
whose  knowledge  and  powers  far  exceed  his 
speciality,  and  whose  sympathies  extend  be- 
yond its  routine,  for  the  requirements  of  the 
designer  are  so  diverse  that  occasions  will  fre- 
quently arise  to  test  a man’s  versatility,  and 
the  greater  culture  and  knowledge  the  man 
possesses  the  better,  certainly,  for  his  work. 
Designing  is  rot  merely  the  putting  together 
of  more  or  less  graceful  forms  — not  merely  an 
exercise  of  the  hand  and  of  the  eye,  but  con- 
siderably more  than  this  ; it  implies  and  re- 
quires brains  at  least  as  much  as  hands,  ideas 
at  least  as  much  as  colours  and  brushes,  and 
a play  of  fancy  that  can  give  grace  and  mean- 
ing to  the  manual  dexterity  and  flow  of  line. 
Some  fifty  years  ago,  the  things  called  designs 
— say,  for  pottery,  or  for  wall-papers — were  of 
the  most  atrocious  description,  because  they 
were  the  emanations  of  men  without  culture, 
knowledge,  or  taste ; but  in  view  of  the  high 
standard  that  is  now  called  for,  the  designer 
should  be  a man  of  wide  reading,  keen  obser- 
vation, and  a lover  of  all  that  is  fine -alike  in 
the  whole  realm  of  nature  and  in  the  wide  field 
of  art. 

Your  designer,  for  instance,  if  he  would 
essay  the  figure,  must  have  at  least  as  good  a 
knowledge  of  anatomy  as  the  sculptor  or  the 
painter,  and  be  thoroughly  familiar  not  only 
with  the  surface  forms,  but  with  whatever  of 
inner  structure  may  modify  the  superficial 
appearance.  A man  who  cannot  tell  you  aJ] 
about  the  gastrocnemius  or  the  pectoralis 
major,  or  sketch  you  off-hand  the  femur,  is 
not  equipped  for  his  work.  The  designer,  again, 
must  have  a good  knowledge  of  plant  structure, 
and,  even  if  he  hesitate  to  call  himself  a 
botanist,  must  be  thoroughly  acquainted  with 
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the  leading-  laws  of  plant  growth.  A wild 
rose  spray  in  all  its  picturesque  beauty,  its 
wealth  of  colour,  is  as  much  constructed 
according  to  law  as  the  botanist  himself,  the 
spiral  growth  of  its  foliage  and  the  beautiful 
foreshortening  of  the  parts  that  results  from 
this  rigid  law  is  as  marked  as  any  anatomical 
fact ; and  it  is  no  more  permissible  to  add  a 
sixth  to  the  ring  of  five  fragrant  petals  in  each 
of  its  beautiful  flowers  than  to  consider  it  im- 
material whether  we  put  four,  five,  or  six  toes 
to  the  human  foot.  Lectures  on  botany,  there- 
fore, so  far  as  all  appertaining  to  the  growth 
and  form  of  plants  are  concerned,  should  form 
a necessary  feature  in  a good  technical  school, 
and  these  should  not  be  of  the  didactic  and 
“ out  of  the  book  ” type,  but  freely  illustrated 
by  abundant  blackboard  figures,  and,  as  far 
as  practicable,  by  the  handling  and  passing 
round  of  the  plants  themselves.  When  once 
the  students  have  got  over  the  preliminary 
dread  that  the  whole  thing  is  going  to  be  dry 
and  full  of  long  names,  I have  always  found 
that  such  a course  is  thoroughly  appreciated, 
and  there  is  no  difficulty  in  gainingtheir  atten- 
tion, or  in  getting  them  to  fill  their  note-books. 

For  many  years,  and,  in  fact,  until  the  discon- 
tinuance of  the  botany  paper  in  the  examina- 
tions required  from  the  art  masters  trained  at 
South  Kensington,  I was  the  examiner  in 
this  subject.  I select  some  few  questions  from 
my  papers,  some  purely  structural,  and  others 
bearing  on  decoration,  and  I think  my  hearers 
will  agree  with  me  that  such  knowledge  as  the 
answering  of  these  simple  questions  involves 
should  scarcely  be  absent  in  the  case  of  any 
who  are  called  upon  to  instruct  others  in  the 
theory',  principles,  and  practice  of  design  : — 

Stems  are  ordinarily  circular  in  transverse  section. 
Can  you  instance  any  other  forms  ? 

Draw  plans  of  some  half-dozen  flowers,  giving 
positions  and  numbers  of  stamens,  8cc.,  correctly,  and 
the  forms  of  the  petals.  State  beneath  each  what 
plant  it  is,  and  the  colour  of  the  corolla. 

In  what  respect  does  a composite  differ  from  a 
liliaceous  flower  ? Give  rough  illustrative  sketches. 

I want  to  fill  some  circles  of  6 in.  diameter  with 
naturalistic  treatments.  Give  a list  of  twelve  garden 
flowers,  bold  in  character  and  as  varied  in  colour  as 
possible,  that  would  be  suitable  for  this  purpose. 

Plants  have  their  flowers  made  up  of  many  similar 
parts,  as  the  buttercup  ; or  their  halves  only  are  like, 
as  in  the  pansy.  Give  five  examples  of  this  multi- 
symmetry, and  three  examples  of  the  bi-symmetrical 
arrangement. 

Give  as  careful  a sketch  as  you  can  of  either  white 
bryony,  hop,  carnation,  or  pansy.  Give  botanical 
facts  respecting  the  plant  you  select. 


Climbing  plants  support  themselves  in  several 
ways.  Mention  some  of  these  ways. 

Mention  two  styles  of  ornament  in  which  plant 
growth  is  introduced  in  a naturalistic  way,  and  two 
wherein  it  is  conventionalised. 

What  plants  would  you  select  to  illustrate  the  four 
seasons  by  appropriate  groups  ? 

Define  and  illustrate  the  various  forms  of  in- 
florescence. 

Draw  roughly  three  equilateral  triangles  having 
their  apices  upwards.  In  each  of  these  place  some 
ornamental  treatment*  of  a plant  that  by  its  in- 
florescence, or  other  cause,  seems  suited  to  such  a 
form.  State  what  plants  the  respective  designs  are 
based  on. 

Leaves  are  variously  arranged  on  the  stem : mention 
the  leading  varieties,  giving  with  each  the  names  of 
two  plants  whereon  it  may  be  seen. 

Sketch  and  name  the  principal  forms  of  fruit, 
writing  beneath  each  the  name  of  a plant  in  which  it 
is  found. 

Then,  again,  not  to  needlessly  multiply  re- 
quirements, I will  mention  in  conclusion  but 
one  more,  your  designer  should  be  a good 
archaeologist.  The  history  of  art,  plastic, 
pictorial,  architectural,  decorative,  should  be 
familiar  to  him  in  at  least  its  broader  divi- 
sions. If  he  does  not  know  the  difference  ever& 
in  look  between  a Greek  and  a Moorish  inscrip- 
tion, between  an  Egyptian  or  an  Assyrian^, 
capital,  or  cannot  identify  a dog-tooth  or  a. 
ball-flower  moulding  when  he  sees  it,  he  is- 
wanting  in  knowledge  that  it  would  be  most 
useful  for  him  to  possess.  In  the  Journal  of 
the  Society  of  Arts  for  January  7th,  1876,  we 
find  the  following  paragraph  : — 

Examinations  in  Fine  Arts  Applied  to 
Industries. 

These  examinations  are  intended  to  apply  to  sub- 
jects which  are  not  at  present  to  be  included  in  the- 
general  Art  Examinations  of  the  Science  and  Art 
Department,  and  especially  to  test  a literary  know- 
ledge of  the  decorative  arts.  Candidates  must  have 
taken  a second-grade  certificate  (Art)  of  the  Science 
and  Art  Department. 

The  examination  will  be  held  in  1876,  on  Tuesday, 
evening,  the  25th  of  April. 

Programmes  may  be  had  gratis  on  application  to 
the  Secretary. 

How  far  this  action  on  the  part  of  the  Society 
was  met  and  rendered  successful  I have  no 
personal  knowledge,  but  the  idea  in  itself 
was  certainly  an  excellent  one.  Since  this 
paragraph  was  written,  the  authorities  of  the 
Science  and  Art  Department  have  included 
this  literary  knowledge  of  the  decorative  arts 
in  the  scheme  of  their  examination  work. 
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Lectures  on  the  leading  principles  and  on 
the  past  practice  of  decorative  art  should  form 
a leading  feature  in  a good  technical  school. 

I trust  that  it  may  not  appear  unduly  con- 
ceited on  my  part  if  I append  here  the 
syllabus  of  a course  of  lectures  which  I have 
at  various  times  given,  as  in  no  other  way, 
perhaps,  can  I so  well  indicate  the  ground 
that,  in  my  opinion,  such  a course  should 
cover.  I need,  of  course,  scarcely  say  that 
such  a series  of  lectures  requires  abundant 
illustration  by  means  of  diagrams,  blackboard 
sketches,  &c.,  and  the  students  should  be 
required  to  make  copious  notes  as  the  lectures 
proceed  : — 

The  principle  of  Fitness  in  ornamental  art,  how 
observed  and  how  broken.  Illustrations  in  nature  of 
the  principle  of  Fitness.  Contrast.  Repetition  and 
Alternation  of  forms.  Radiation.  Variation.  Coun- 
terchange. Interchange.  Simplicity  and  complexity, 
how  affected  by  materials  at  command,  cost,  scale> 
available  labour,  &c.  Symmetry.  The  Kaleido- 
scope. Illustrations  of  symmetry  in  nature  and 
ornamental  art.  Naturalism  and  Conventionalism. 
Conventionalism  of  free  choice,  as  in  Greek ; from 
religious  requirements,  as  in  Egyptian ; from  imperfect 
means,  as  in  stencilled  designs.  The  use  of  inter- 
lacing. Examples  in  Celtic,  &c.  Interpenetration  ; 
a feature  in  German  Gothic.  Intersection  of  forms. 
Use  of  Architectural  forms  as  materials  for  ornament, 
apart  from  constructive  utility.  Influence  of  ma- 
terials, climate,  &c.,  on  form.  Use  of  armour, 
drapery,  &c.,  in  ornament.  How  far  rules  are  bind- 
ing in  art.  Geometry  as  a principle  in  design. 
Reasons  for  its  adoption  in  tile  work,  marqueterie, 
tarsia,  &c.  Natural  geometry,  the  honey-comb, 
stem  sections,  &c.  Examples  of  the  circle  and  other 
geometrical  forms  in  various  styles  of  ornament.  Use 
of  colour  in  ornament.  Opinions  of  authorities. 
Harmonies  and  contrasts  of  colours.  Definitions  of 
hues,  tones,  tints,  and  shades.  Colour-blindness  or 
Daltonism.  The  introduction  of  animal  forms  in 

ornament.  Less  use  of  animal  forms  than  of 

floral,  the  reason  of  this.  Mythological  or  symbolical 
application.  Great  use  during  the  Middle  Ages. 
Mythical  forms,  the  Sphinx,  Dragon,  Chimaera, 
Pegasus,  Centuar,  Sagittarius,  Harpy,  Cerberus, 
Siren,  Hydra,  Griffin,  Unicorn,  Sea-horse,  Triton, 
Mermaid,  Cockatrice,  Basilisk,  &c.  The  lion  in 
classic  and  Christian  art,  and  in  heraldry.  Lion  as  a 
symbol.  The  horse.  Equestrian  statues.  The  dog. 
The  bull.  Apis.  Remains  of  Persepolis  and 
Nineveh.  Classic  myths,  as  the  Cretan  bull,  the  bull 
and  Europa.  The  ram.  The  golden  fleece.  The 
lamb  as  a Christian  symbol.  The  stag.  The  boar. 
Classic  and  mediaeval  symbols.  The  wolf  of  Odin 
and  of  Rome.  The  bear,  fox,  ape,  and  leopard.  The 
elephant.  Ganesa.  The  eagle  in  classic  and  mediaeval 
art,  and  as  a symbol.  The  vulture  and  hawk.  The 


pelican  as  a symbol  in  stained  glass,  &c.  The  swan. 
Greek  and  Roman  coinage.  The  cock.  The  peacock. 
The  dove,  owl,  raven,  and  stork.  The  ibis  of 
Egypt.  Dagon  the  fish-god.  The  dolphin.  Fish 
in  Japanese  art.  Serpent  worship.  The  serpent  in 
symbolism  and  heraldry.  The  tortoise  and  lizard. 
The  bee,  butterfly,  and  beetle.  Origin  of  sym- 
bolism. Symbolism  of  action,  language,  number, 
colour,  and  form.  The  nimbus.  The  vesica  piscis. 
The  sacred  monagram.  The  cross.  Symbols  of  the 
Passion.  Classic  symbols,  as  the  thunderbolt,  tri- 
dent, &c.  The  anchor,  lamp,  crowm,  palm-branch, 
vine,  and  lily.  The  Assyrian  sacred  tree.  The 
Egyptian  lotus.  The  use  of  the  human  and  angelic 
forms  in  symbolism.  Mediaeval  representations  of 
the  soul  of  man  and  of  the  last  judgment.  Heraldry', 
its  meaning  and  use.  Rolls  of  arms.  Ancient  use 
of  distinctive  signs  amongst  the  Jews,  Romans,  &c. 
The  Crusades,  Heraldry  in  coinage,  seals,  and  deeds. 
Canting  heraldry.  JNIetals,  colours,  and  furs  em- 
ployed, with  their  distinctive  signs.  Honourable 
ordinaries,  as  the  chief,  pale,  bend,  chevron,  &c. 
Heraldic  forms  originally  structural.  Subordinaries? 
pile,  quarter,  bordure,  &c.  Diapering.  Common 
charges,  lion,  eagle,  sword,  keys,  &c.  Conventional 
animals,  as  v'yvern,  salamander,  &c.  Laws  of 
heraldry.  Marshalling.  Dimidiation.  Impalement- 
Quartering.  Agroupment.  Crests.  Badges.  Mottoes. 
Supporters.  Cadency.  Marks  of  augmentation  and 
abatement.  Forms  of  coronet.  Mantling.  Importance 
of  accurate  representations  of  heraldic  forms  by  the 
architect, painter  anddesigner.  Theuseof Inscriptions. 
Influence  of  material  over  the  form  of  character  em- 
ployed. Monograms,  their  construction,  examples 
from  bulls,  charters  and  coinage.  Ciphers.  The 
histoiy  and  practice  of  Illumination.  Use  of  pictures 
in  Greek  churches.  The  Book  of  Kells.  Use  of 
grotesque  figures.  Julio  Clovio.  Invention  of 
printing.  Early  block-books.  Branch  letters. 
Ribbon  letters.  Naturalistic  borders.  Decay  of 
Illumination.  Destruction  of  books  by  the  Danes, 
at  the  Reformation,  and  during  the  Civil  Wars.  Art 
processes.  Mosaic.  Origin  in  the  East.  Egyptian 
Mosaic.  The  opus  figlinum,  tessalatum,  vermiculatum, 
&c.  Mosaics  at  Ravenna.  Glass  tesselation.  Golden 
grounds  in  Byzantine  work.  The  value  of  mosaics 
in  the  history  of  art.  Tarsiatura  and  mar- 
queteiie.  Buhl- work.  Parquet erie.  Tempera  paint- 
ing, its  nature  and  working.  Encaustic  painting. 
Fresco.  The  Greek  pigments.  The  necessary  limitations 
of  fresco-painting.  Buon-fresco  and  fresco-secco. 
Enamels,  incrusted,  translucid,  and  painted.  Cloisonne 
and  champleve.  The  enamels  of  Limoges.  Grisaille. 
The  works  of  Limousin.  The  enamels  of  Luca  della 
Robbia.  Terra  cotta.  Majolica.  Palissy  ware. 
Stained  and  painted  glass.  The  stone  age.  Bronze 
and  iron  work.  Egyptian,  Chinese,  Japanese,  and 
Greek  bronzes.  Working  in  the  precious  metals. 
Egyptian  and  Greek  jewellery.  Reliquaries.  The 
work  of  Cellini.  Tapestry.  The  cartoons  of  Raphael. 
Gobelins.  Embroidery.  Wood-car\ing.  The  work 
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of  Grinling  Gibbons.  Leather-work.  Furniture. 
Ancient  and  mediaeval  works  in  ivory;  pastoral 
staves,  diptychs,  caskets,  &c.  Styles  of  ornament. 
Ancient  art.  Eg}-pt.  The  tombs,  temples,  obelisks, 
and  pyramids.  Zigzag,  wave-scroll,  wnged-globe^ 
fret,  (S:c.  Egyptian  influence  in  Assyria  and  India. 
Persepolis.  The  guilloche.  Nineveh.  Greek  art, 
the  echinus,  volute,  acanthus,  authemion,  &c.  Greek 
potter}'.  Chiyselephantine  sculpture.  The  florid 
character  of  Roman  work.  The  remains  of  Pompeii. 
Mediaeval  art.  Byzantine  and  Romanesque.  Norman 
and  Gothic.  The  zigzag,  cable,  dog-tooth,  ball- 
flower,  Tudor  rose,  5cc.  The  Renaissance,  Trecento. 
Quattrocento,  Cinquecento.  Elizabethan.  Strap 
and  cartouche  forms.  Louis  Quatorze,  Louis  Quinze. 
Rococo.  ^lohammedan  eastern  art.  ^Moorish. 
Persian.  Indian.  Chinese  and  Japanese.  Modern 
work. 

The  designer  may  probably  never  be  called 
upon  for  designs  of  Eg}'ptian  or  Assyrian 
character,  for  all  the  associations  connected 
with  the  life  and  religion  and  habits  of  these 
early  people  are  foreign  to  our  time,  and 
gorgeous  as  such  decorations  must  have  been 
in  the  clear  sunlight  by  the  banks  of  the 
sacred  Nile,  or  of  the  swiftly  flowing  Euphrates, 
they  are  not  available  for  modern  use 

“ The  past  is  but  a gorgeous  dream, 

And  time  glides  by  us  like  a stream, 

^\'bile  musing  on  thy  story, 

And  sorrow  prompts  a deep  alas  ! 

That,  like  a pageant,  thus  should  pass 
To  wreck  all  human  glory.” 

Art  at  second-hand  is  already  art  in  its  decay  ; 
art  that  is  unreal  goes  the  way  of  all  other 
shams,  and  the  history  of  art  affords  us  more 
than  one  example  of  this,  Greek  art  was  as 
noble  in  its  simplicity  as  any  that  the 
world  has  ever  seen  ; while  Roman  art,  inferior 
as  it  was,  had  yet  a certain  virile  strength  ; 
but  the  debased  Graeco-Roman  is  feeble, 
unreal,  hastening  to  its  fall.  Hence  each 
healthy  period  of  art  has  asserted  its  own 
individuality.  It  would  appear  then,  at  first 
sight,  may  be,  that  the  study  of  the  art  of 
former  days,  whether  Greek,  Moorish,  or 
Gothic,  can  have  little  value  to  us  in  the  19th 
century,  but  this  is  a most  narrow  and  mis- 
taken view  to  take,  as  most  valuable  lessons 
may  be  learnt  from  the  varied  experiences  of 
the  great  army  of  art  workers  who  have  gone 
before  us  ; general  principles  may  be  formu- 
lated, and  beauties  set  before  us,  not  to  be 
basely  copied,  but  as  spurs  to  emulation,  and 
guides  to  success,  or  faults  and  failures  to 
warn  us  from  like  errors. 

Some  of  my  hearers  may  possibly  think  that 


I am  raising  an  ideal  standard,  but  so  far 
am  I from  thinking  this  myself,  that, 
did  time  and  your  patience  permit,  I 
could  easily  indicate  much  more  that,  in  my 
judgment,  the  fully  competent  teacher  should 
possess.  I should  be  glad  here  to  turn  to 
the  French  Journal  Officiel  of  the  i8th  of 
July,  1881,  and  bring  before  you  the  require- 
ments for  the  “ Certificat  d’ Aptitude  a I’En- 
seignement  du  dessin,”  laid  down  by  the 
Minister  of  Public  Instruction  and  of  the  Fine 
Arts,  as  I think  the  details  are  somewhat 
instructive.  Two  degrees  of  certificate  are 
given,  a lower  and  a higher.  In  the  first  of 
these,  the  candidate  is  required  to  place  in 
correct  perspective  geometrical  solids,  vases, 
(fee.,  to  make  a shaded  drawing  of  an  object 
placed  before  him,  and  also  to  give  its  plan, 
elevation,  and  section  ; also,  to  make  a draw- 
ing of  a piece  of  relief  ornament,  and  of  a 
figure  from  the  antique.  He  is  then  required 
to  pass  an  oral  examination  in  the  principles 
of  perspective,  and  the  laws  governing  the 
projection  of  shadows,  and,  on  the  strength  of 
casts  placed  before  him,  to  point  out  their 
epochs,  and  to  show  his  knowledge  of  the 
principal  points  in  the  history  of  architecture. 
After  this,  he  is  called  upon  to  answer  divers 
questions  on  the  structure  and  properties  of 
the  human  body  ; and,  finally,  a set  of  faulty 
drawings  is  placed  before  him,  and  he  is  re- 
quired to  give  oral  explanations,  as  if  to  a 
student  before  him,  of  the  errors  he  sees  in 
these  drawings,  and,  both  by  means  of  a 
blackboard  and  by  corrections  on  the  drawings 
themselves,  to  rectify  the  faults  they  contain. 
The  higher  certificate  is  much  more  searching, 
and  includes  working  from  the  life,  &c.,  but 
it  is  needless  to  give  details  of  this,  as  what 
I wanted  to  bring  forward  in  mentioning  the 
matter  at  all  was,  to  show  what  was  the  very 
least  which  was  held  passable  by  our  neigh- 
bours. The  following  is  the  programme  given 
as  a guide  for  those  who  are  going  in  for  the 
lower  certificate  of  aptitude  for  teaching 
drawing  at  all : — 

Perspective. 

I.  Definition  de  la  perspective. — Angle  optique. — 
Horizon. — Tableau. — Point  de  fuite  principal. 
Points  de  distance. — Reduction  des  points  de 
distance.  Perspective  des  lignes  horizontales  : per- 
pendiculaires  au  plan  du  tableau  ; — paralleles  au  plan 
du  tableau; — formant  avec  le  tableau  uu  angle 

de45°- 

Perspective  de  figures  geometriques  situees  dans 
un  plan  horizontal  et  dont  les  cotes  sont  perpendi- 
culaires  ou  paralleles  au  plan  du  tableau. — Polygones 
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leguliers  et  compartiments  geometriques.— Perspec- 
tive du  cercle. 

II.  Points  de  fuite  accidentels  situes  sur  la  ligne 
d’horizon. 

Perspective  des  lignes  horizontales  formant  un 
angle  quelconque  avec  le  plan  du  tableau. 

Polygones  irreguliers  situes  dans  un  plan  hori- 
zontal. 

Division  des  lignes  horizontales. 

III.  Perspective  des  hauteurs. — Mise  en  per- 
spective de  lignes  verticales  inegalement  eloignees  du 
tableau. 

Objets  usuels,  solides  geometriques  et  fragments 
d’architecture  dont  les  faces  sont  perpendiculaires 
ou  parallHes  au  plan  du  tableau  (vues  de  front). — 
Vases,  balustres. 

Perspective  de  solides  geometiiques  et  de  fragments 
d’architecture  dont  les  faces  principals  forment  un 
angle  quelconque  avec  le  tableau  (vues  obliques). 

IV.  Points  de  fuite  accidentels  situes  au-dessus  ou 
au-dessous  de  la  ligne  d’horizon. 

Solides  geometriques  places  sur  des  plans  inclines. 

Division  des  lignes  situees  dans  un  plan  formant 
un  angle  quelconque  avec  le  plan  du  tableau. 

Ombres. 

Determiner  les  ombres  propres  de  solides 
•geometriques — d’objets  usuels. 

Determiner  les  ombres  portees  par  ces  corps  les 
nns  sur  les  autres  et  sur  les  surfaces  qui  les  environ- 
nent,  le  soldi  etant  au  dela  ou  en  de9a  du  plan  du 
tableau; — dans  le  plan  du  tableau. 

RELEVE  GeOMeTRAL. 

Principes  de  releve  geometral. — Projection  des 
corps.  — Plan. — Coupe.  — Elevation. — Releve  d’un 
fragment  d’architecture.  — Representation  d’orne- 
ments  traces  sur  des  surfaces^courbes. 

OMBRES  GEOMeTRALES. 

Generalites. — Ombres  propres.  — Ombres  portees. 
Methodes  generales  de  recherche  des  ombres. — 
Principes  generaux. — Conventions. — Rayon  a 45”. — 
Cube  de  lumiere. 

Determiner  les  ombres  propres  et  les  ombres 
portees  de  solides  geometriques  et  d’un  fragmen 
d’architecture. 

ANATOMIE. 

I.  Principals  divisions  du  squelette ; designation 
des  parties  osseuses  sensibles  a travers  la  peau. 

Du  thorax. 

Du  bassin. 

Du  membre  superieur : clavicule  et  omoplate, 
humerus,  os  de  I’avant-bras,  main  en  general. 

Du  membre  inferieur  femur,  sailles  articulaires  du 
genou,  tibia  et  perone,  pied  en  general. 

Du  crane  et  de  la  face. 

Ee  la  mSchoire  inferieure. 

II.  Musculature  superficielle. 

Du  dos.  (Trapeze  et  grand  dorsal) . 


De  la  face  anterieure  du  cou  (sternocleidomasto'i- 
dien),  du  thorax  (grand  pectoral),  de  I’abdomen 
(grand  droit). 

Muscles  superficiels  des  membres  et  plus  speciale- 
ment ; pour  I’epaule,  le  deltoide. 

Pour  le  bras : biceps,  triceps. 

Pour  I’avant-bras  et  la  main  : long  supinateur, 
fiechisseurs  extenseurs. 

Pour  la  hanche  : le  grand  fessier. 

Pour  la  cuisse  : couturier,  triceps. 

Pour  la  jambe  : les  jumeaux,  le  jambier  antericur, 
les  peroniers. 

III.  Des  proportions  du  corps  : 

De  la  tete  comme  commune  mesure. 

Proportions  des  handles  et  des  epaules  dans  les 
deux  sexes. 

Proportions  des  parties  de  la  tete. 

HISTOIRE  DE  L’ART. 

Aniiquite. 

Egypte. — Caract^res  generaux’de  I’architecture  ct 
de  la  sculpture  egyptiennes. 

Ornementation  des  temples. 

Grhe. — Constructions  cyclopeennes  et  pdas- 
giques  ; examples  dans  la  Grece  proprement  dite. 

Dispositions  des  temples. 

Explications  sur  les  ordres  dorique,  ionique  ct 
corinthien ; monuments  de  la  Grece,  de  la  Grande 
Grece  et  de  la  Sidle,  encore  subsistants,  ou  ces 
ordres  ont  ^te  employes. 

Designation  des  principales  moulures  et  de  leurs 
omements. 

Decorations  des  frontons  et  des  entablements. 
Ornementation  des  stdes. 

Vases. — Ceramique. 

CEuvres  principales  de  la  sculpture  grecque 
arrivees  jusqu’a  nous.  Noms  des  principaux  artistes. 

Italie. — Origine  de  I’art  romain. 

Explications  sur  I’ordre  toscan ; exemples  de  son 
emploi  dans  I’antiquite. 

Explications  sur  I’ordre  corinthien  ; en  indiquer 
les  plus  belles  applications  sur  des  monuments 
antiques  subsistants. 

Inten-ogations  sur  les  edifices  de  style  exclusive- 
ment  romain,  situes  en  Italie  et  dans  le  midi  de  la 
France. 

Ornementation  des  frises  et  des  moulures. 

Bas-empire,  epoques  merovingienne  et  car- 
lovingienne. 

Italie,  empire  d' Orient  et  France. — Origine  et  dis- 
position primitive  de  la  basilique  chretienne. 
Ordonnance  des  monuments  religieux  de  style 
byzantin;  leur  ornementation. 

Moyen  age. 

France. — Indiquer  la  disposition  general  d’une 
eglise,  romane ; exemples  pris  en  France. 

Omements  propres  au  style  roman. 

Preciser  le  caractere  du  style  ogival. 

Plan  d’une  cathedrale  fran9aise. 
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Ornementation  des  edifices  de  style  ogival ; ou 
est-elle  le  plus  souvent  puisee  ? 

Citer  les  plus  beaux  monuments  de  I’architecture 
ogivale : eglises,  palais,  demeures  feodales. 

Citer  les  noms  des  architectes  connus  de  cette 
periode. 

Temps  mod  ernes. 

France. — Caracteres  de  Tomementation  sous  la 
Renaissance  ; exemples  a I’appui. 

Quelles  modifications  subit  I’architecture  fran9aise 
au  xviie  siecle;  quelles  modifications  au  siecle 
suivant  ? 

Exemples. 

Nommer  les  plus  grand  artistes  francais  des  xvi  e , 
xviie  et  xvilie  siecles.  Preciser  leurs  oeuvres. 

This,  I must  be  again  allowed  to  impress 
upon  you,  is  not  the  sort  of  certificate  that  is 
suggested  for  special  technical  teaching,  but 
represents  the  minimum  of  art  knowledge  that 
any  one  who  wishes  to  undertake  art  teaching 
at  all  in  France  is  required  to  possess.  It  is 
interesting  in  that  it  illustrates  the  emphasis 
that  the  French  give  to  two  very  definite  aims — 
features  in  which  they  as  yet  certainly  excel 
us — a thorough  knowledge  of  decorative  design, 
and  the  power  of  drawing  the  figure. 

Turning,  however,  from  the  general  to  the 
particular,  I would  desire  to  indicate  my  own 
ideas  as  to  how  the  art  teaching  of  our  schools 
may  be  made  to  contribute  to  the  valuable 
movement  for  technical  art  instruction  that  has 
sprung  up  amongst  us.  It  will  have  been 
already  gathered  from  what  I have  said  that 
I am  not  by  any  means  prepared  to  admit 
that  the  Kensington  system  is  a failure,  but  at 
the  same  time  it  is  the  tendency  of  almost 
everything  to  fall  into  a groove,  and  to  rest 
there  in  happy  contentment  while  time  is  all  the 
while  moving  on,  and  bringing  fresh  light  and 
fresh  experience  in  its  train. 

Freehand  drawing  proves  in  all  our  schools 
the  natural  starting  point.  All  drawing  is 
either  done  by  means  of  instruments  or  by  the 
hand  alone,  so  that  a drawing  from  the  antique 
or  the  life  falls  naturally  into  this  second  class, 
but  the  term  freehand  is  more  ordinarily  limited 
to  the  drawing  in  outline  of  forms  of  flowing 
cur\'e,  and  more  or  less  decorative  character. 
The  discipline  is  a very  excellent  one,  but  in 
my’  own  practice  I always  endeavour,  after  a 
little  while,  to  introduce  it  alternately  with 
model  drawing.  When  weariness  sets  in, 
interest  and  profit  end,  though  we  must  not 
listen  to  the  impatient  remarks  of  those  who 
kick  against  this  discipline  all  the  while  we 
feel  that  the  training  is  doing  them  good.  We 


are  sadly  in  want,  I think,  of  a good  set  of 
freehand  examples,  bold  and  clear  in  form, 
pure  in  line,  and  on  a larger  scale  than  those 
ordinarily  in  use.  Most  of  the  examples  are 
too  small  and  fine  in  detail,  and  are  not  the 
best  preparatives  for  the  bolder  kind  of  draw- 
ing that  will  be  called  for  in  practical  work.  It 
would  be  well  too  if  they  could  teach  something 
instead  of  being  merely  arbitrary  forms.  W'ould 
not  a pupil  be  more  interested  if  he  found  that 
the  example  before  him  was  an  anthemion 
pattern  from  a Greek  vase,  a spray  of  lotus 
from  an  Egyptian  temple,  or  an  acanthus 
capital  from  some  pure  classic  source  ? In 
the  same  way  I have  often  brightened  my 
students’  interest,  and  made  the  work  more  real 
to  them,  by  giving  them  some  such  thing  as  a 
design  on  a book  cover,  for  example,  to  copy 
and  enlarge  for  me. 

It  would  be  eminently  desirable  if  some  kind 
of  censorship  could  be  exercised  on  the  various 
examples  so  freely  produced  by  enterprising 
firms.  Travellers  and  agents  call  on  the  poor 
national  schoolmasters  or  other  teachers  and 
worry  them  into  purchasing  sets,  in  their 
ignorance  of  what  is  really  good,  that  are  by'’ 
no  means  suitable  or  good  in  style.  A very’’ 
common  mistake  is  found  in  many  sets  of  free- 
hand examples ; the  designer  has  drawn  his 
original  sketches  for  publication  by  means  of 
ruler  and  compasses,  but  what  he  has  thus 
found  so  easy  to  produce  is  much  more  difficult 
than  he  at  all  realises  when  it  has  to  be  re- 
produced by  children  to  whom  these  mechanical 
aids  are  forbidden.  The  five-barred  gate,  or 
palings,  or  Greek  fret,  or  rosette,  or  geometric 
pattern  made  up  of  arcs  of  circles,  ordinarily 
appear  a good  deal  too  soon  in  the  course  for 
those  who  have  to  draw  them  without  the  aid 
of  those  instruments  that  make  their  formation 
so  easy. 

For  elementary  work,  Heywood,  of  Man- 
chester, has  hit  upon  the  happy  idea  of  publish- 
ing copy-books  that  combine  the  ordinary 
writing  examples  with  alternate  pages  of  simple 
copies  for  drawing,  so  that  the  child  one  day 
writes  “jealously,  jeopardy,  juvenile,’’  or 
“ question,  quantity,  qualified,’’  in  their 
allotted  spaces,  and  at  another  time,  overleaf, 
finds  in  freehand  a sheet  of  geometrical 
problems  or  a simple  figure  to  be  drawn  to 
scale  awaiting  him.  Messrs.  Cassell,  in  their 
little  sixpenny  book,  “How  to  Draw  Floral 
and  Ornamental  Forms,”  have  hit  upon  a very 
happy  combination,  as  not  only  do  we  get 
therein  the  ordinary  freehand  type  of  thing, 
but  also  a good  many  sketches  of  a more 
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naturalistic  character,  such  as  the  leaves  of 
the  ground  ivy,  or  sprays  of  the  marsh  mari- 
gold, ivy,  or  honeysuckle.  The  idea  is  so 
good  and  the  drawings  are  most  of  them  so 
well  adapted  to  the  purpose,  that  it  seems  a 
pity  that  a little  more  care  should  not  in  some 
cases  have  been  taken.  When  a plant  is 
drawn  in  a definitely  naturalistic  way,  the  facts 
of  nature  should  not  be  violated,  yet  the  speed- 
well flower  is  drawn  with  four  equal  and  similar 
lobes  instead  of  the  beautiful  variety  in  form 
and  size  seen  in  the  natural  flower,  and  the 
anemone  is  twice  drawn  with  its  leaves  in  pairs 
instead  of  the  invariable  three.  The  book  of 
the  same  firm  on  “ Elementary  Forms  and 
Models  ” is  very  good,  and  of  equally  practical 
use. 

The  well  known  Vere  Foster  series  deserves 
entire  commendation.  The  “elementary” 
book  is  just  what  is  required.  As  thirty-five 
out  of  the  forty-five  examples  in  the  “ orna- 
ment ” book  were  supplied  by  myself,  I 
naturally  feel  a little  more  diffidence  in  de- 
claring that  that  too  is  just  what  is  required, 
but  as  I naturally  endeavoured  to  meet  that 
ideal  in  my  own  works,  I am  glad  to  learn 
that  the  book  has  met  general  acceptance. 
Another  book  that  I for  the  same  reason 
hesitate  to  mention  is  my  “ Marlborough  Free- 
hand Drawing  Course,”  though  as  I have  in 
that  endeavoured  to  avoid  what,  as  a practical 
teacher,  I have  felt  to  be  blemishes  in  other 
sets,  I may  at  least  refer  to  it  as  an  exemplar 
of  my  own  ideas,  right  or  wrong,  of  what  such 
a series  should  be. 

Much  of  the  valuable  discipline  of  this  free- 
hand drawing  is  found  in  the  necessity  of 
getting  absolute  balance  of  the  parts,  and 
proper  proportion  of  the  masses,  and  the  stu- 
dent must  never  be  allowed  to  count  his  draw- 
ing finished  until  these  essential  points  are 
mastered.  The  final  clear  outline  is  a good 
enough  thing  in  its  way,  though  I think  we  are 
apt,  perhaps,  to  attribute  over  much  virtue  to  a 
fineness  of  line  that  men  engaged  all  day  in 
manual  labour  cannot  possibly  reach  ; but 
when  this  is  gained  at  the  expense  of  truth,  one 
feels  remorseless.  So  often  one  finds  a student 
saying,  when  errors  are  pointed  out,  “ I have 
lined  it  in  now,”  as  though  the  time  for  criti- 
cism were  gone  by,  and  the  past  irrevocable.  It 
may  seem  hard  to  him  to  indicate  by  a few  bold 
touches  that  utterly  ruin  the  delicate  outline, 
the  salient  faults,  but  if  one  does  not  do  it  one 
is  false  to  one’s  duty.  Rugged  truth  is  worth 
far  more  than  the  most  plausible  sham.  Draw- 
ing is  not  chiefly  the  education  of  the  hand, 


but  of  the  eye,  and  when  that  is  trained  the 
other  will  follow.  I find  it,  too,  very  advan- 
tageous to  sit  down  with  my  pupils,  and, 
starting  with  a central  line,  draw  the  whole  of 
either  the  left  or  the  right  side  of  some  decora- 
tive arrangement  that  occurs  to  me,  and  then 
require  them  to  complete  the  balance  by  draw- 
ing the  remaining  side.  They  thus  see  an 
original  form  grow  before  their  eyes,  and  they 
find  a freshness  in  it  that  is  wanting  in  an 
example  which  they  have  turned  over  every  day 
for  weeks.  They  see,  too,  how  to  set  about 
such  a task,  how  the  leading  lines  appear 
first,  how  the  subordinate  curves  grow  from 
these,  and  then,  finally,  how  the  details  fall 
into  their  places.  I have  often  horrified  my 
students  at  the  completion  of  the  work  by  say- 
ing, “ Yes,  very  good,  but  at  least  half  the 
credit  of  that  belongs  to  me ; now  draw 
another  upright  line,  and  design  something 
yourself  this  time.”  In  vain  they  protest  that 
they  know  nothing  of  designing,  and  never  did 
such  a thing  in  their  lives  ; if  you  are  inexor- 
able, they  presently  commence,  and  when  they 
have  once  put  their  ideas  into  shape  on  the 
paper,  it  gives  one  an  excellent  opportunity  of 
pointing  out  faults  that  must  next  time  be 
avoided,  and  often  of  giving  a commendation 
that  encourages  them  mightily  for  effort  No.  2. 
All  drawings,  I think,  should  be  drawn  to  a 
larger  or  smaller  scale  than  the  example,  and 
that  not  simply  in  a vague  and  haphazard  way, 
but  by  definite  intention  andwithin  fixed  points- 
I do  not,  therefore,  merely  say  “draw  it 
larger,”  but  I indicate  two  points  on  the 
paper,  and  require  it  to  be  just  so  much  larger 
as  those  limits  require.  The  work  should  be 
as  evidently  practical  as  possible  ; if  I were 
appointed  to  a great  machine-making  centre, 
I would  draw  out  a series  of  examples 
of  saws,  brackets,  and  the  like;  for  if 
a man  can  draw  the  implements  about  him, 
and  give,  for  instance,  freehand,  all  the  true 
curves  of  the  saw  handle,  the  taper  of  its  blade, 
and  the  set  of  its  teeth,  he  has  surely  acquired 
a possession  that  cannot  fail  to  be  of  use  to 
him  ; while  in  a great  pottery  district  our 
examples  should  give  all  of  beauty  and  of 
grace  that  search  amongst  the  finest  vases  of 
antiquity  could  reveal  to  us.  In  early  examples, 
at  least  of  this  kind,  the  forms  should  be  treated 
flatly.  Beginners  would  only  copy  the  per- 
spective blindly,  and  without  knowing  why  you 
had  made  the  curve  of  your  saucer  so  much 
fuller  than  that  of  your  cup,  and  you  will  soon 
put  them  in  any  case  to  model  drawing,  where 
all  this  can  be  so  much  better  explained,  and 
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where  they  simply  must  understand  it  before 
they  can  do  anything  at  all. 

Model  drawing  is  a most  essential  feature 
in  art-education,  and  its  practice  can  hardly 
be  too  emphatically  advocated.  The  groups 
drawn  from  should  not  always  be  placed  on 
the  same  level ; it  is  often  convenient  to  place 
them  on  a similar  table  to  that  on  which  the 
students  are  working,  but  they  should  some- 
times be  raised  considerably  above  the  level  of 
the  eye,  and  at  others  placed  nearly  or  quite 
on  the  floor.  The  ordinary  solids,  the  cube, 
cone,  cylinder,  and  so  forth,  are  clear  and  bold 
in  form,  but  it  is  well  to  vary  the  groups,  and 
make  them  more  interesting  to  beginners  by 
the  introduction  of  other  objects  better  known 
to  them.  Thus  a desk  is  as  good  practice  as  a 
cube,  a roll  of  paper  or  a marmalade  pot  make 
excellent  cylinders,  and  a book  stood  open  is  a 
capital  triangular  prism.  As  the  groups  be- 
come somewhat  more  elaborate  it  is,  I think, 
an  excellent  practice  to  point  the  students  to 
the  shelf  of  models,  and  ask  them  to  put  up  a 
group  for  themselves ; one  is  often  able  thus 
to  give  little  hints  on  composition,  balance, 
and  so  forth,  that  are  useful.  As  soon  as 
a reasonable  proficiency  is  attained  in  the 
outline  drawing  of  such  groups,  light  and 
shade  may  be  entered  upon,  the  medium 
employed  being  either  chalk  or  sepia.  The 
student  should  not  be  allowed  to  modify  the 
light  and  shade  at  all,  but  must  be  required  to 
copy  exactly  what  he  sees,  the  reasons  for 
reflected  lights  and  so  forth  being  explained 
to  him.  At  this  stage  his  drawing  should 
have  no  hard  outline,  but  the  forms,  as  in 
nature,  should  be  defined  from  each  other  by 
differences  of  tone  and  shade. 

Simple  studies  of  fruit,  vases,  drapery,  and 
other  objects  admitting  colour  will  gradually 
succeed  the  earlier  groups,  and  these  should 
be  worked  both  in  watercolour  and  in  oil;  and 
here  again  the  student  may  very  advantage- 
ously be  required  to  set  up  his  own  group,  as 
he  will  learn  much  as  to  the  arrangement  of 
masses,  juxtaposition  of  colours,  the  fall  of 
the  folds  of  drapery,  and  so  forth,  that  will  be 
a very  legitimate  part  of  his  art  education. 
People,  unfortunately,  will  not  place  them- 
selves in  full  faith  in  the  hands  of  the  master. 
I only  recently  had  some  pupils  who  lived  in 
a fine  old  country  house,  and  who  wanted  to 
know  how  to  sketch  from  nature,  and  nothing 
would  satisfy  them  but  to  begin  at  the  end. 
I wanted  to  show  them,  by  a little  pre- 
liminary model  drawing,  the  principles  of  per- 
spective, and  so  forth,  but  they  simply  would 


not  have  it.  If  we  go  to  our  solicitor,  we  take 
his  advice,  and  do  not  expect  him  to  learn  law 
from  us;  and  if  we  go  to  our  doctor,  we  do  not 
prescribe  our  own  medicine  ; but  many  a 
student  comes  to  his  master,  not  to  learn,  but 
to  teach,  or  possibly,  after  a while,  brings  you 
the  message  that  was  brought  to  me  one 
evening  last  week,  that  “ father  does  not  want 
me  to  go  on  with  model  drawing,  I am  to  do 
landscape.” 

Another  most  valuable  study  is  plane  gee  - 
metrical  drawing.  The  first  thing,  having  got 
a good  box  of  instruments  (nothing  being 
dearer  than  a cheap  set),  is  to  learn  the  poss  - 
bilities  and  the  best  methods  of  manipulation. 
So  important  did  I deem  this,  that  I pre- 
pared a little  manual  entitled  “ Mathematical 
Instruments,  and  how  to  use  them  ;”  and 
I am  glad  to  know  from  various  sources 
that  it  has  met  a want.  Thousands  of  persons, 
for  example,  have  figured  scales  in  their  boxes, 
without  knowing  at  all  their  value,  getting  no 
more  out  of  them  than,  perhaps,  their  use  as  a 
straight  edge  to  rule  by,  or  possibly  going  so 
far  as  to  find  out  which  are  the  inches  upon 
them.  Most  geometry  books,  I fancy,  err 
through  giving  the  student  too  many  problems, 
and  by  presenting  them  as  a series  of  isolated 
facts  to  be  digested  independently  of  each 
other.  Apart  from  the  mental  discipline,  the 
effort  of  memory,  and  the  manual  dexterity 
gained,  many  problems  often  found  in  these 
books  might  very  well  be  dispensed  with, 
because  practically  they  are  roundabout  ways 
of  doing  what  the  T-square  and  set-square 
will  do  much  more  expeditiously,  so  that— 
although  it  may  appear  heresy  to  say  so— 
there  is,  I believe,  still  room  for  a book  for 
busy  artisans,  to  be  called  the  “ Common- 
sense  Geometry,”  leaving  out  all  kinds  of 
useless  and  fancy  constructions,  and  giving 
only  the  most  useful  problems,  and  those 
again  in  the  most  direct  way.  There  are, 
however,  two  directions  in  which  the  work 
may  very  advantageously  be  taken  con- 
siderably farther  than  has  been  done  in  the 
past — one  being  the  reduction  of  various 
figures  into  similar  areas,  and  the  other, 
abundant  practice  in  working  figures  to 
various  scales.  My  audience  will,  no  doubt, 
be  well  aware  that  the  Science  and  Art  De- 
partment conducts  annually  an  examination 
in  art  in  elementary  schools,  and  a year  or 
two  ago,  or,  to  be  as  precise  as  the  subject 
suggests,  on  August  9th,  1883,  the  authori- 
ties at  the  head  of  affairs  determined  to  in- 
clude drawing  to  scale  amongst  the  subjects 
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to  be  examined,  the  children  being  required  to 
draw  a plan  on  squared  paper  from  a sketch, 
having  its  dimensions  figured  upon  it,  and  to 
enlarge  or  reduce  plane  figures  to  a required 
scale.  From  the  unavoidable  circumstances 
of  the  case,  the  work  is  necessarily  of  a very 
elementary  character,  but,  so  far  as  it  goes, 
there  can  be  no  doubt  but  that  it  is  a valuable 
addition  to  the  modest  programme  possible  in 
such  schools. 

In  my  own  practice,  I often  find  it  a very 
good  plan  to  either  prepare  a diagram,  or 
make  a large  drawing  on  the  black-board,  of 
some  familiar  object,  as  a door,  sign-post, 
water-trough,  or  the  like,  figuring  the  dimen- 
sions upon  it,  and  then  requiring  the  pupils  to 
re-draw  it  carefully  to  some  given  scale. 

It  is  only  natural  that  students— practical 
hard-working  men,  many  of  them  with  none  too 
much  time  to  spare— should  desire  to  see,  at 
an  early  date,  some  practical  use  in  the  work 
they  are  set  to ; and  I always  find  that 
my  students  enter  into  the  geometry  very 
much  more  if  we  can  connect  it  with  objects 
around  them,  either  by  showing  them  a drawing 
of  a window  of  geometric  tracery,  ora  border- 
ing of  Greek  fret  pattern,  or  the  like.  They 
should  also  be  encouraged  to  form  simple  geo- 
metrical patterns,  and  to  note  the  great  variety 
of  form  obtainable  from  very  simple  elements. 
In  the  diagram  on  the  wall  I have  based  four 
very  dissimilar  looking  forms  on  the  simple 
elementary  fact  that  the  radius  of  a circle 
goes  just  six  times  round  its  circumference.* 
Having  made  such  designs,  the  students  may 
be  invited  to  colour  them  ; it  not  only  em- 
phasises the  forms,  but  gives  them  useful  ex- 
perience in  colour  harmonies.  In  this  second 
diagram  we  have  a series  of  fret  patterns 
showing  the  variety  possible  on  so  simple  a 
geometrical  basis.  Another  excellent  piece  of 
practice  is  to  show  the  students  the  pattern- 
book  of  some  good  tile  manufacturer,  and 
then  let  them  work  out  some  few  of  the  many 
ingenious  arrangements  of  octagons,  hexa- 
gons, equilateral  triangles,  «&c.,  that  they  will 
find  there.  They  will  soon  find  the  necessity 
of  neatness  of  working,  or  their  patterns  will 
never  fit  in  ; and  no  problem  should  be  passed 
until  it  is  entirely  satisfactorily  wrought  out. 

The  rule  and  compass  study  of  perspective, 
though  of  essential  value  to  those  who  are 
going  in  for  architecture,  is,  I think,  of  not 
so  much  practical  value,  where  time  is  limited, 

* I am  of  course  aware  that  this  statement  is  not  mathe- 
matically correct,  but  for  all  practical  art  purposes  the  state- 
ment holds  good. 
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as  some  other  subjects.  I think  myself  that 
its  most  useful  principles  may  find  their  most 
useful  demonstration  in  a thoroughly  good 
course  of  model-drawing ; though  as  a piece 
of  mental  discipline  and  practice  in  neatness 
of  working  it  is  undoubtedly  of  great  value, 
and  it  will,  I trust,  be  noted  that  I do  not 
for  a moment  deny  its  intrinsic  worth,  but  only 
feel  that  the  time  it  may  take  up  may,  in  the 
case  of  those  whose  hours  be  few,  be  still 
better  employed.  It  is  a subject  that  I have 
myself  a special  weakness  for,  and  there  are 
few  things  that  I love  better  than  to  worry 
out  a complex  problem  to  the  end  ; and  in  the 
recent  examinations  throughout  the  countr}', 
over  50  per  cent,  of  my  students  at  the  Putney 
School  of  Art  Avho  took  up  the  subject,  got 
the  highest  mark  possible  in  it,  a per-centage 
far  above  the  usual  average.  I mention 
here  matter  so  personal  lest  any  of  my 
audience  should  fancy  that  our  throwing  the 
perspective  over  a bit  mieht  arise  from  our 
own  lack  of  interest  in  it.  What  I really 
feel  is  that,  given  an  ordinary  artisan,  or  other 
man  of  limited  means  or  time,  we  would 
rather  give  him  the  pow'er  of  being  able  to 
draw  a cylinder,  or  chair,  or  prism,  or  other 
such  object  correctly  to  the  eye,  by  means  of  a 
course  of  model-drawing,  than  that  he  should 
produce  it  by  ruler  and  compass,  board  and 
T-square. 

Machine  drawing  is  seldom  fully  taught,  I 
think,  in  our  schools.  It  is  a special  subject 
outside  the  ordinary  art-master’s  experience, 
and  it  is  nothing  derogatory  to  them  to  say 
that,  in  many  cases,  they  do  not  possess  the 
technical  knowledge  of  the  action  of  the  ma- 
chinery itself  in  a sufficient  degree  to  enable 
them  to  superintend  drawings  made  from  it. 
At  the  same  time  much  that  is  profitable  can 
be  usefully  taught.  A second  drawback  is 
that  the  students  in  our  schools  have  consider- 
able difficulty  in  getting  access  to  good 
examples  of  actual  machinery  in  the  schools 
themselves,  and  the  most  that  can  ordinarily 
be  got  are  either  machines  or  models  of  the 
simplest  construction,  or  else  detached  screws, 
cog-wheels,  bevels  and  the  like.  In  our 
English  schools  we  have  hitherto,  I think, 
and  other  practical  teachers  I know  agree 
with  me,  gone  in  too  much  for  teaching  me- 
chanical drawing  by  carrying  the  students 
through  a prolonged  and  disheartening  course 
of  orthographic  projection,  taking  as  subjects 
for  our  plans,  elevations,  and  sections,  geo- 
metric solids,  such  as  the  cube,  cone,  and 
cylinder.  The  students  would  learn  just  as 


December  4,  i88j.] 


JOURNAL  OF  THE  SOCJErF  OF  ARTS. 


07 


much  projection  and  the  relation  of  the  planes 
to  each  other  by  drawing  in  plan  and  elevation 
a drum-wheel  or  a piece  of  spur-gearing,  and 
the  knowledge  gained  by  the  actual  drawing 
of  these  machine  details  would  be  something 
incomparably  better.  So  convinced  am  I of 
this  myself,  that  though  in  my  student  days 
I went  through  a long  course  of  this  pro- 
jection of  cones,  cylinders,  &c.,  I now  never 
use  it,  but  pass  my  students  at  once  to  the 
drawing  of  various  forms  of  wheels,  screw's,  ani 
so  forth.  One  can  easily  give  a student  such 
a drilling  in  the  principle  of  projection  that 
he  shall  find  presently  no  difficulty  in  placing 
any  simple  piece  of  machinery  in  any  con- 
ceivable point  of  view,  and  when  you  have 
done  this,  you  have  opened  the  gates  of  know'- 
ledge  to  him,  and  all  the  rest  is  but  added 
detail.*  All  drawings  should  be  made  to 
scale,  and  all  centres  of  shafting  or  of  wffieels 
first  found  in  skeleton  form.  As  little  as  pos- 
sible should  be  done  from  flat  examples,  but  a 
good  series  of  these  flat  examples  is  much 
needed ; at  least  no  good  set,  of  progressive 
difficulty,  has  come  under  my  observ^ation. 
Each  step,  as  taken,  should  be  understood, 
and  not  only  the  mere  drawing  copied,  but  the 
action  of  the  parts  realised ; failing  this,  a 
man  with  no  knowledge  of  Chinese  might  as 
well  hope  to  teach  himself  by  copying  the 
quaint  characters  on  a tea  chest,  as  a boy 
begin  at  once  to  draw  a locomotiv'e  (as  he 
always  wants  to  do)  without  comprehending 
the  use  of  the  forms  before  him.  Both  for 
architectural  and  machine  drawing  a know'- 
ledge  of  the  principles  of  isometrical  drawing 
is  very  useful,  and  it  is  a knowledge  very  easily 
gained,  and  even  if  it  w’ere  ten  times  more 
difficult  one  is  after  all  only  reminded  of  the 
wise  man’s  saying,  that  should,  I think,  be 
inscribed  in  letters  of  gold  in  all  technical 
schools: —“The  student  should  not  give  him- 
self anxiety  to  save  himself  trouble,  but  should 
give  himself  trouble  to  save  himself  anxiety,” 

Architectural  drawing  is  another  subject  of 
the  greatest  value,  and  here  again  actual 
observations  and  actual  measurements  are  of 
the  first  importance.  Examples  when  under- 
stood are  most  useful,  but  it  is  entirely  useless 

• The  ironworks  of  Messrs.  Krupp  at  Essen,  in  Prussia, 
are,  I believe,  the  largest  in  the  world.  There  are  8,000 
hands  employed,  and  the  present  Director  rose  from  the 
position  of  workman  to  that  of  Director.  All  the  Fitters  are 
so  skilled  in  designing  that  whenever  called  upon,  they  can 
furnish  the  Director  with  an  accurate  drawing  of  the  work 
upon  which  they  are  engaged.  The  technical  education  of 
the  apprentices  and  young  workmen  is  closely  attended  to. — 
Letter  of  Mr.  Samnelson,  M.P.,  Parliamentary  Paper,  28th 
November,  1867. 


to  attempt  to  teach  from  them  unless  the  master 
is  able  to  expound  the  meanings  of  the  various 
lines,  and  unless  the  student  feels  a sufficient 
interest  in  the  matter  to  endeavour  to  realifc 
their  significance  for  himself.  Nothing 
so  good  a notion  of  construction,  and  the 
relation  of  parts  to  each  other,  as  actually  seeing 
the  things  for  oneself,  either  in  a building  in 
course  of  erection,  or  at  least  in  a good  n;vdel ; 
it  is  far  more  instructive  than  a long  course  of 
draw'ing  from  the  flat,  and  should  at  least,  if 
possible,  be  combined  with  it.  I have  found 
it  a good  plan  with  my  own  students  to  rc-^utre 
them  to  measure  and  lay  down  on  paper  to 
a given  scale  the  plan  of  the  room,  marking 
doorways,  windows,  fireplace,  c^c.,  in  whii  h 
they  are  at  work  at  the  time,  and  then  to  thi  ^ 
they  gradually  add  the  surrounding  room", 
staircase,  and  so  forth,  until  they  have  an 
accurate  plan  of  the  whole  of  that  floor. 
Another  good  plan  I have  found  to  be  t > 
supply  the  student  with  some  simple  s-  ries  - f 
plans,  and  then  require  him  from  thes-  to 
draw  out  the  necessar}'  elevations ; anything 
in  fact  that  wall  take  him  out  of  the  dull  region 
of  meaningless  copying,  and  compel  him  to 
think  for  himself.  The  subject  will  be  found 
to  fall  very  naturally  into  two  ver}’  definite 
heads:  the  necessary  constructive  details,  and 
the  taste  w'hich,  added  to  this,  makes  the  build- 
ing a pleasure  to  the  eye  ; the  essential  work 
of  the  plumber,  the  bricklayer,  the  carpenter, 
and  then  the  art  of  the  architect.  Without  the 
latter  we  got  too  often  repellent  ugliness  and 
meanness  of  effect ; without  the  former  a 
possibly  taking  elevation,  plus  uneven  settle- 
ment, cracking  walls,  and  the  household  down 
with  typhoid  fever.  In  a good  technical  schoo’, 
I take  it,  each  of  these  two  great  sections 
should  receive  full  attention.  Hence  the 
students  should  know  all  about  bond,  the  con- 
struction of  staircases,  partitions,  floors,  roofs, 
and  the  like,  and  he  should  no  less  be  instruc- 
ted in  the  history  of  architecture. 

I may  perhaps  here  be  allowed  to  insert 
the  syllabus  of  a series  of  lectures  which  1 
prepared  for  my  students,  as  it  at  all  events 
gives  in  a concise  form  my  idea  of  what  suih 
a course  should  include. 

Architecture.— Egyptian.  Pyramids,  tomh«. 
temples,  obelisks,  and  columns,  Kamac,  Luxor. 
Dendera,  Philoc.  Chaldean  temples,  Assyrian  re- 
mains. Use  of  the  arch.  Nineveh,  Khorsabad. 
Kyonjik.  Temples  of  Persepolis  and  Susa.  Lycian 

remains.  Greek:  Pelasgic.  History  and  structure 
of  the  orders.  Doric  temples  in  Greece  and  Sicily. 
The  temple  of  Theseus.  Ionic  order  ; the  temple  of 
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Athene  at  Priene.  The  Corinthian  order : the  monu- 
ment of  Lysikrates  at  Athens.  Temples  ofPsestum. 
The  Erectheum  of  the  Acropolis.  Dimensions  of 
Greek  temples.  Hypoethral,  dipteral,  &c.  Mode 
of  lighting.  Caryatides.  Theatres.  Tombs.  Etruscan 
and  Roman  work.  Free  use  of  the  arch.  Compo- 
site order.  Dome  introduced.  Pantheon,  basilicas, 
theatres,  and  baths.  Colosseum.  Supercolumnia- 
tion.  Triumphal  arches  and  columns.  Pompeian 
remains.  Bridges.  Aqueducts.  Early  Christian 
Churches  in  Rome.  The  monuments  of  Ravenna. 
Circular  churches.  Mohammedan  Art.  The  Al- 
hambra, Mosques  of  Cordova,  Damascus,  and 
Cairo.  The  Giralda  of  Seville.  Persian  mosques 
and  tombs.  Hindu  rock-cut  tombs  and  temples. 
The  Taj-Mahal  at  Agra.  Lombard  work : 
Milan,  Piacenza,  Verona.  Romanesque : Worms, 
Spires.  Byzantine  architecture : St.  Mark’s, 

Venice;  St.  Sergius  and  Sta.  Sophia,  Constanti- 
nople. Russian  examples  at  Kieff,  Moscow,  &c. 
Saxon  Remains.  Norman  work.  Characteristics  of 
early,  decorated,  and  perpendicular  Gothic. 
Scottish  architecture  : Elgin,  Melrose.  The  round 
towers  of  Ireland.  The  buildings  of  Anjou, 
Auvergne,  and  Burgundy.  Chartres,  Rheims, 
Amiens.  Flamboyant  tracery.  Rose  windows. 
Vaulting.  Spires  and  towers.  The  typical  English 
and  Continental  Cathedrals.  The  Town-halls  of  the 
Low  Countries.  German  Gothic  : Bonn,  Cologne, 
Strasburg.  Scandinavian  work.  Italy.  'I'udor 
work.  Renaissance:  St.  Peter’s  at  Rome;  the 
Louvre.  The  Glyptothek  and  Pinakothek  at 
Munich.  Modern  work. 

I need  scarcely  say  that  such  a course 
calls  for  abundant  black-board  and  other  illus- 
trations, and  the  students  should  be  required 
to  make  copious  notes  and  sketches.  A 
further  inducement  to  do  this  may  perhaps  be 
found  in  the  offering  of  a small  premium  for 
the  best  set  of  notes.  Students  should  also 
be  encouraged  (or  possibly  required  would  be 
the  better  word)  to  prepare  drawings,  say 
on  Imperial  size  paper,  illustrative  of  the 
subject  and  thoroughly  and  carefully  worked 
out.  It  is  so  very  easy  to  make  a bold  free 
sketch  in  one’s  note-book,  that  after  all  may  not 
convey  a very  clear  notion  to  the  student  of 
the  real  facts.  Such  drawings  as  I propose 
then  would  include,  for  example,  a carefully 
drawn  series,  on  one  sheet,  of  the  five  classic 
orders,  or  the  front  and  side  elevation  of  one 
of  the  more  important  Greek  temples,  or  a 
sheet  of  Norman  doorways,  or  of  Gothic 
window  tracery. 

I felt  myself,  that  it  was  so  impossible 
to  divorce  some  consideration  of  the  sister  art 
of  sculpture  from  that  of  architecture,  that  I 
at  once  found  it  necessary  to  prepare  a second 


series  of  lectures,  the  syllabus  of  which  also 
I here  append : — 

Sculpture. — Conventional  character  of  Egyptian 
work.  The  Sphinx.  Colossal  figures.  Egyptian 
mythology.  Affinity  in  art  of  Nineveh  A\ath 
Egypt.  Assyrian  mythology.  Cuneiform  inscrip- 
tions. Lions  and  bulls  of  Kyonjik.  Monuments  o^ 
Susa  and  Persepolis.  The  sculptures  of  antiquity 
represented  on  coins.  Shield  of  Achilles.  Golden 
Jupiter  in  temple  of  Belus.  Herodotus,  Diodorus 
Siculus,  Strabo  and  Josephus  on  ancient  art.  Statues 
of  Memnon  at  Thebes.  Destruction  under  Cambyses. 
Greek  art.  The  lion  gate  of  Mycenoe.  Bronzes. 
Greek  mythology,  Pliny’s  history  of  painting  and 
sculpture.  Minerva  of  Phidias.  Chiyselephan- 
tine  sculpture.  Carving  on  gems.  Venus  of 

Praxiteles.  Doryophorus  of  Polycletus.  Dios- 
cobolus  of  iMyron.  The  remains  from  Eleusis. 
The  Laocoon.  The  Niobe  and  her  daughters 

of  Scopas.  Etruscan  Sculpture.  The  Elgin 
marbles.  Colour  on  Greek  statues.  Drapery 
treatments.  Colossus  of  the  Sun  at  Rhodes.  2*Ie- 
topes  of  the  Parthenon.  The  Harpy  monument. 
Caryatides.  Lycian  remains.  The  tomb  of  Mausolus. 
Rome.  The  AVolf  of  the  Capitol.  Arch  of  Titus. 
Trajan’s  Column,  Early  Christian  art:  St.  Am- 
brogio,  Milan  ; Sculptures  in  Christian  INIuseum  of 
the  Lateran.  Byzantine  influence.  Ivory  carvings  ; 
ancient  and  mediseval.  The  Ravenna  chair.  Gothic 
sculpture  in  France,  Germany,  and  Britain.  The 
Grotesque.  Symbolism.  Works  of  Andrea  Pisano. 
Milan  Cathedral.  The  Campanile  of  Giotto.  Re- 
liefs of  Lucca  della  Robbia.  Tena  cotta  as  an  art 
material.  Thorwaldsen.  Flaxman ; his  connection 
with  Wedgwood,  and  designs  from  Homer,  ^schylus, 
and  Dante.  Works  of  Nicholas  and  John  Pisano,  at 
Pisa,  Sienna  and  Orvieto.  W^orks  of  Donatello  and 
Brunelleschi.  Bronze  gates  of  Ghiberti.  Peter 
Vischer  and  the  German  school.  Michael  Angelo. 
Benvenuto  Bellini.  Bernini.  Canova.  Wood 
carving:  Grinling  Gibbons.  India:  Sculptures  of 
Elephanta  and  Ellora.  Japanese  work. 

I must  pass  now,  in  conclusion,  to  a con- 
sideration of  the  study  of  decorative  design,  a 
study  in  which,  within  the  lifetime  of  many  of 
us,  we  were  nationally  in  an  apparently  hope- 
less condition,  but  in  which,  within  a compara- 
tively narrow  limit  of  time,  we  have  made 
enormous  strides.  Our  rivals,  however,  are 
ever  pressing  on  to  higher  things,  and  the 
position  we  have  already  gained  is  no  resting 
place,  but  only  the  starting-point  for  a renewed 
departure.  Thoughtful  men  in  France,  long 
convinced  that  their  nation  was  the  supreme 
head  in  all  matters  of  taste,  have  at  last 
awakened  to  the  fact  that  England  is  pressing 
closely  on  them,  and  thoughtful  men  in  Eng- 
land must  spur  our  own  people  on  to  even  fresh 
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endeavour.  Paul  Leroi  writes : — “ Competition 
becomes  each  day  more  formidable,  and  the 
time  can  be  foreseen  when  we  shall  no  longer 
be  able  to  cope  with  it.  The  statistics  of  the 
Ministry  of  Commerce  show  that  the  total  of 
our  exports  coming  within  the  class  of  products 
of  artistic  manufacture  is  diminishing  most 
seriously,  whilst  that  of  competing  nations, 
and  particularly  of  England,  is  rising  rapidly.” 
Mr.  Charles  Robert,  again,  in  an  official  re- 
port to  the  French  Government,  writes : — 

TVe  must  insist  on  pointing  out  the  remark- 
able progress  made  by  our  competitors,  and 
we  warmly  urge  those  persons  who  may  be 
blinded  by  an  exaggerated  confidence  in  the 
traditional  superiority  of  French  workmen,  to 
think  of  the  fate  of  the  hare  and  the  tortoise.” 
Much  similar  testimony  might  be  produced,  to 
show  that  our  neighbours  are  wide  awake  to 
the  struggle  between  us,  while  the  establish- 
ment of  art  schools  ever}’where,  and  technical 
schools  in  all  our  leading  centres  of  industry, 
are  welcome  proof  that  we,  too,  are  alive  to 
the  great  issues  before  us.  I have  been  re- 
peatedly asked,  “Can  design  be  taught  at 
all?  Is  it  not  a natural  gift  ?”  I would  re- 
ply, that  undoubtedly  some  have  the  gift  in  a 
far  greater  degree  than  others,  but  that  edu- 
cation develops  this  gift  and  makes  it  manifest 
where  before  it  had  no  power  of  expression. 
The  master  cannot  teach  that  which  genius 
alone  can  supply,  but  he  may  give  those 
material  aids  with  which  the  student  can 
afterwards  express  what  genius  dictates. 

It  will  readily  be  gathered  from  what  I 
have  already  said,  that  I should  attach  great 
importance  to  the  study  of  past  art,  but  I 
would  desire  strongly  to  enter  my  protest 
against  the  idea  that  past  art  is  necessarily 
good.  Things  often  find  their  way  into 
museums  on  account  of  their  undoubted  and 
quite  legitimate  archaeological  interest,  or 
perhaps  even,  in  the  case  of  local  museums, 
because  some  influential  person  of  the  district 
presented  them,  and  they  could  not  well  be 
refused,  and  yet  from  the  decorative  student’s 
point  of  view  they  are  hurtful  and  misleading. 
It  must  also  be  borne  in  mind  that  the  field  of 
knowledge  is  so  vast,  and  human  life  so  short, 
that  we  must  necessarily  make  a selection, 
and  be  content  to  leave  some  things  untouched, 
and  it  then  becomes  important  to  make  that 
selection  wisely.  It  is  not  every  semi-barbaric 
thing  that  is  worth  the  copying,  not  every 
New  Zealand  club,  not  every  fragment  of 
Mexican  or  Peruvian  potter}’’,  not  every  bed- 
quilt  or  embroidery  worked  a hundred  years 
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or  so  ago,  while  some  of  them  are  literally,  and 
in  all  sober  earnest,  injurious  to  look  upon  for 
beginners.  In  a technical  school  museum 
mere  accumulation  of  specimens  should  be 
rigidly  guarded  against ; the  empty  shelves 
will  gradually  get  filled,  and  in  the  meantime 
they  will  do  the  students  far  less  harm  than 
some  of  the  promiscuous  gifts  might  do. 
There  is  perhaps  nothing  more  certain  than 
that  if  you  want  your  designer  to  produce 
beautiful  work,  you  must  surround  him 
with  beautiful  things,  and  if  the  outer  air 
be  murky  with  furnace  smoke,  and  all  the 
surroundings  squalid  and  mean,  your  de- 
signer’s gift  will  as  infallibly  decay  within 
him  as  the  shrubs  in  the  forecourts  of  the 
dingy  cottages  of  your  workpeople,  or  the 
blasted  trees  that  come  within  the  range  of 
your  fumes.  The  continental  designer  breathes 
a purer  air,  enjoys  a brighter  sunshine,  finds 
in  every  town  a well  kept  public  garden,  is 
surrounded  by  fine  buildings  and  statuary, 
and  has  the  run  of  museums  and  galleries  of 
works  of  art  that  cannot  but  irresistibly  in- 
fluence him  daily  and  hourly.  Much  of  this, 
I trust,  will  yet  be  possible  in  the  more  or 
less  near  future  for  our  own  people,  but  until 
that  good  time  comes,  they  are  at  a very 
definite  disadvantage. 

In  every  good  technical  and  other  art  school 
the  students  should  have  abundant  illustra- 
tions, not  only  of  the  art  of  the  past,  but  of  good 
contemporary  examples.  Many  of  these  would 
be  framed,  and  thus  always  appealing  to  the 
eye,  while  others  may  be  mounted  on  sheets 
in  drawers,  or  pasted  in  big  albums  or  scrap- 
books, and  always  available  for  use.  When 
such  books  were  once  started,  both  masters 
and  students  would  gladly  bring  contributions  ; 
but  the  quality  of  the  work  and  not  the  mere 
thickness  of  the  book  must  be  the  prime  con- 
sideration. 

A sketching  club  is  another  invaluable  in- 
stitution in  a school.  The  list  of  subjects 
should  be  made  out  some  time  in  advance,  and 
a small  committee  of  masters  and  students 
should  work  out  all  details  of  management, 
prize  fund,  and  the  like.  At  my  own  school 
the  drawings  are  sent  in  at  the  beginning  of 
each  month,  marks  are  awarded,  and  at  the 
end  of  the  session  book  prizes  are  given. 
Each  student  subscribes  one  shilling  the 
session,  and  out  of  this  and  the  fines  payable 
by  those  who  omit  to  sent  in  work,  the  prize 
fund  is  formed.  Such  gatherings  of  work  are 
most  instructive  to  all. 

A conservatory,  even  if  only  on  the  most 
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limited  scale,  is  another  most  desirable  fea- 
ture. Plants  when  gathered  and  brought  to 
the  school  soon  lose  their  freshness,  and  it  is 
an  immense  advantage  to  have  them  available 
in  their  growing  state.  The  studies  of  plants 
required  by  designers  will  not  ordinarily  need 
that  refinement  of  finish  that  many  flower 
painters  would  feel  bound  to  give.  What  is 
really  wanted  is  all  the  vigour  and  truth  of  the 
growth  of  the  plant,  and  as  much  as  possible 
of  its  life  history  from  the  opening  bud,  through 
the  fully  expanded  blossom,  to  its  ripened 
fruit.  In  the  last  set  of  drawings  sent  in  for 
the  annual  national  competition,  I remember 
noticing  one  of  a hollyhock  that  had  been  so 
long  in  the  doing  that  some  foot  or  so  of  its 
head  was  quite  drooping  and  dying.  Whether 
we  regard  this  as  a pictorial  study,  or  as  an  aid 
to  decoration,  it  was,  I venture  to  think, 
equally  a mistake.  The  colour  should  be 
dashed  in  in  masses  and  treated  as  broadly  as 
possible ; elaborate  stippling  and  hatching  is 
entirely  out  of  place  in  a study  of  this  kind, 
and  it  will  often  be  a help  either  to  paint  in 
body  colour  on  a tinted  paper,  or  to  add  a 
background  to  the  forms.  The  studies  I here 
submit  to  you  of  the  garden  poppy,  sunflower, 
and  purple  iris,  are  illustrations  of  the  sort  of 
thing  that  I think  is  wanted.  While  one 
feels  the  extreme  delicacy  of  appearing  to 
praise  one’s  own  work,  I would  just  point  out 
to  you  that  in  the  limited  space  at  disposal  we 
get  several  positions  of  each  flower,  the  tints 
are  put  in  broadly,  and,  while  the  studies  are 
purely  naturalistic,  their  arrangement  as  panels 
call  for  some  little  decorative  plan  and  balance. 

The  plant  studies  of  the  beginner  may,  for 
some  little  time,  be  in  outline,  as  he  must  not 
be  confronted  with  too  many  difficulties  at 
once  ; but  as  soon  as  his  proficiency  in  draw- 
ing will  justify  it,  he  should  commence  colour, 
at  first  in  flat  local  tints,  and  afterwards  as 
expressive  of  light  and  shade.  The  designer 
should  have  a personal  knowledge  and  study 
of  nature  ; to  refer  to  plates  in  books  is  all  very 
well  for  those  who  can  get  nothing  better,  and 
who  are  willing  to  work  second  at  hand ; but  it  is 
at  best  a poor  alternative,  and  no  one  need  hope 
to  excel  who  is  not  a persistent  student  and 
sketcher  from  nature.  The  charming  flights 
of  birds  on  a Japanese  plate,  every  wing  a 
study,  and  every  feather  absolutely  right  in  its 
position  and  foreshortening,  or  the  graceful 
undulations  of  the  fishes  in  the  stream  below, 
are  drawn  by  men  who  have  given  loving  study 
in  the  great  world  of  nature,  and  can  be  no 
way  producible  from  the  stiff  woodcut  of  some 


book  on  natural  history,  hopelessly  turned  over 
by  some  poor  student  townsman  in  England 
whose  knowledge  of  country  life  would  scarcely 
enable  him  to  distinguish  a heron  from  a carp. 

The  earliest  designs  of  our  students  would 
naturally  be  very  simple  in  character,  but  they 
should  always  have  a definite  intention,  and 
instead  of  merely  filling  a hexagon  or  a circle 
with  some  decorative  form,  an  assigned  end 
for  the  work  when  done  should  be  present  in 
the  mind.  The  stuf.ent,  too,  should  not  be 
content,  even  in  the  very  roughest  sketches,  to 
merely  outline  his  forms,  but  should  always 
work  them  in  colour,  as  one  by  this  means 
realises  the  masses  so  much  better,  and  many 
a design  that  looked  richness  itself  in  outline 
shrinks  woefully  on  the  application  of  colour. 

Messrs.  Alexander  and  Shepheard  have 
brought  out  a series  of  ornamental  examples 
to  a large  scale,  and  printed  in  flat  tints  of 
colour.  Some  few  of  these  might  be  advanta* 
geously  copied  by  the  student  to  a good  bold 
size  and  then  painted.  He  would  thus  get  a 
piece  of  good  practice  in  drawing,  and  in  the 
application  of  large  washes  of  flat  colour,  and 
would  incidentally  learn  the  value  of  judging 
his  decorative  forms  not  merely  by  their  out- 
lines but  from  their  masses. 

Though  floral  work  is  naturally  often  ap- 
propriate where  animal  forms  could  not  be  so> 
well  introduced,  the  designer  will  do  well  not 
to  limit  his  studies  too  exclusively  in  this  direc- 
tion, but  to  enlarge  his  sympathies  not  only 
from  the  lowly  hyssop  to  the  goodly  cedar,  but 
to  all  the  works  of  nature,  from  the  graceful 
delicacy  of  form  and  colour  of  the  little  sea 
shells  that  we  crush  unheedingly  beneath  our 
feet,  up  to  the  study  of  the  human  form  itself 
in  all  its  feminine  grace  or  manly  vigour. 

L.  S.  D.  has  too  often  regarded  A.  R.  T.  as 
utterly  unpractical,  and  Croesus  entrenched  in 
his  counting-house  has  despised  the  idea  of 
taste,  and  too  long  regarded  but  the  manual 
skill  of  his  hands  ; but  time  has  shown  that 
heads  too  have  their  value  in  the  national 
output,  and  that  the  brawny  muscles  of  hundreds 
of  strong  arms  make  the  better  account  in  the 
ledger,  even  to  put  it  on  this  very  low  but  most 
practical  way,  when  wielded  by  intelligence 
and  directed  by  busy  brains.  Amongst  the 
controlling  thinkers  room  must  now  be  found 
for  the  art  master  and  the  designer. 

The  standard  of  art  education  is  rising 
rapidly  in  the  country,  and  drawings  that,  ten 
years  ago,  would  have  won  rewards  in  the 
national  competition  of  works  held  by  South 
Kensington,  are  now  entirely  below  the  required 
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mark.  The  increased  importance  given  to 
drawing  in  the  recent  regulations  for  national 
schools,  and  its  thoroughly  practical  character, 
is  another  distinct  national  gain.  The  estab- 
lishment of  such  scholarships  as  that  open  to 
students  of  the  West  London  School  of  Art, 
where  a student  receives  a handsome  sum  to 
enable  him  to  study  decorative  design  on  the 
Continent,  is  yet  another  hopeful  sign,  while 
it  is  impossible  to  estimate  the  good  wrought 
by  the  princely  generosity  of  such  men  as  Sir 
Joseph  Whitworth  or  Sir  Josiah  Mason.  Five 
American  gentlemen  contributed  amongst  them 
;^63,ooo,  and  founded  the  Technological  Insti- 
tute of  Boston,  and  our  own  merchant  princes 
are  contributing  liberally  in  the  establishment 
of  technical  schools  in  the  North.  I trust  that 
the  time  will  come  when  every  large  centre  of 
production  will  have  its  well  appointed  school 
and  museum.  The  national  importance  of 
decorative  design  has  always  impressed  me, 
and  in  my  humble  way  from  the  publication 
of  my  first  book,  “Plant  Form,”  in  1868, 
followed  by  “ Plants:  their  natural  growth 
and  natural  treatment,”  in  1874;  the  “Princi- 
ples of  Ornamental  Art,”  in  1875;  “Wood 
Carving,”  in  1877  ; and  “ Suggestions  in  Floral 
Design”  in  1880,  and  other  smaller  works, 
I have  endeavoured  to  contribute  my  mite 
to  the  end  I had  set  in  view,  and  I trust 
that  in  that  good  time  coming  when  these 
special  schools  shall  have  been  established, 
some  place  may  be  found  in  them  to  test 
these  theories  in  a more  extended  sphere 
than  my  own  small  school  permits.  I have 
necessarily  very  hastily  and  imperfectly,  in 
the  limited  time  at  my  command,  set  before 
you  my  ideas  as  to  what  technical  art  education 
should  include,  and  I feel  that  I cannot 
now  do  better  than  sink  my  own  individuality 
by  quoting,  in  conclusion,  the  words  of  a great 
thinker*  in  another  field  of  work,  but  which, 
nevertheless,  are  sufficiently  appropriate  to 
our  purpose  to  make  them  well  worthy  of  our 
consideratisn  : — 

Practice  and  science  must  now  join  together  in 
close  alliance,  or  the  former  will  soon  emigrate  to 
other  lands.  The  time  is  past  when  practice  can  go 
on  in  the  blind  and  vain  confidence  of  shallow 
empiricism,  severed  from  science  like  a tree  from  its 
roots.  The  rudest  sailor  re  ay  steer  his  ship  in  the 
direction  of  a land-mark,  but  without  compass  and 
sextant  he  does  not  traverse  the  expanse  of  ocean. 
Ignorance  may  walk  in  the  path  dimly  lighted  by 
advancing  knowledge,  but  she  stands  in  dismay 
when  science  passes  her  and  she  is  unable  to  follow, 
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like  the  foolish  virgin,  having  no  oil  in  her  lamp. 
Depend  upon  it,  an  empirical  knowledge  of  practice 
is  not  the  way  now  to  succeed  in  the  struggle  of  in- 
dividuals or  in  the  struggle  of  nations.  Intellect  is 
on  the  stretch  to  get  forward,  and  the  nation  which 
holds  not  by  it  will  soon  be  left  behind.  For  a long 
time  practice,  standing  still  in  the  pride  of  em- 
piricism, and  in  the  ungrateful  forgetfulness  of 
what  science  has  done  in  its  development,  reared 
upon  its  portal  the  old  and  vulgar  adage  that  “ an 
ounce  of  practice  is  worth  a ton  of  theory.”  This 
wretched  inscription  acted  like  a Gorgon’s  head,  and 
turned  to  stone  the  aspirations  of  science.  Believe  it 
not ; for  a grain  of  theory,  if  that  be  an  expression 
for  science,  will,  when  planted,  like  the  mustard  seed 
of  Scripture,  grow  and  wax  into  the  greatest  of 
trees. 


DISCUSSION. 

Mr.  E.  C.  Robins  was  very  glad  to  find  that  Mr. 
Hulme  had  drawn  attention  to  the  importance  of 
studying  art  from  the  archaeological  point  of  view. 
Each  period  had  a style  peculiar  to  itself,  especially 
times  before  the  Renaissance,  since  which  people  in 
had  got  so  learned  about  what  every  one  else  had 
done,  that  they  sometimes  made  their  own  style  a 
mixture  of  all  that  had  gone  before.  It  was  most 
important  for  young  people  to  learn  that  many  of  the 
forms  of  art  they  were  accustomed  to  use  were 
originally  peculiar  to  a certain  period  ; thus  in  archi- 
tecture the  early  English,  early  Gothic,  decorated, 
perpendicular  styles  were  so  different  in  origin,  that 
it  M^as  like  using  a false  quantity  in  Latin  to  use  a 
detail  belonging  to  one  period  in  connection  with  a 
work  belon  ging  to  another.  That  very^  room  was  an 
illustration  of  something  more  than  mere  classic 
architecture.  The  building  had  been  erected  by 
Adam,  who  had  a school  of  his  own.  When  he  (Mr. 
Robins)  was  honoured  by  the  Council  with  a com- 
mission to  design  the  ornamentation  for  the  room, 
he  made  it  his  business  to  examine  all  the  details 
he  could  find  of  Adam’s  particular  mode  of  treat- 
ment, and  the  ceiling  was  simply  a combination 
of  those  forms.  It  would  have  been  a gross  error 
to  have  designed  it  otherwise,  though  it  might 
have  been  in  the  classical  style.  Ancient  styles 
arose  naturally  out  of  the  wants  of  the  people,  who 
did  not  then  know  what  was  going  on  in  other  places, 
and  they  proceeded  from  simple  to  more  and  more 
complex  forms.  He  was  pleased  to  find  that,  in 
the  case  of  mechanical  drawing,  Mr.  Hulme  advocated 
drawing  from  models  rather  than  copying  drawings. 
If  this  latter  plan  had  to  be  followed,  the  same 
system  should  be  adopted  as  he  had  seen  at  Carlsruhe . 
There  he  found  the  master  first  gave  drawings  of  each 
portion  of  the  machine  in  detail,  and  then  afterwards 
sketched  on  the  board  the  complete  machine,  which 
the  pupils  had  to  reproduce  as  a finished  drawing, 
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with  all  details  worked  out.  Ornaments  derived 
from  flowers  should  be  treated  in  the  same  way. 
Anyone  who  simply  copied  one  of  the  drawings 
exhibited,  would  never  be  able  to  reproduce  a similar 
design  without  a copy,  but  if  he  carefully  studied  the 
natural  flower  he  would.  Nature  was  the  basis,  and 
should  underlie  everything  in  art,  and  the  more  this 
•was  recognised,  the  better  designs  would  become. 
Burges,  the  architect,  was  exceedingly  clever  in 
•drawing  the  figure,  and  he  used  to  say  that  no 
architect  was  worth  much  who  could  not  draw  the 
human  figure.  Most  people  would  agree  that  any 
one  who  was  good  at  the  figure  could  not  be  bad 
at  anything  else,  and  he  was  glad  to  see  that  this 
point  had  been  insisted  on. 

Mr.  G.  N.  Hooper  said  it  was  very  refreshing  to 
find  this  system  of  technical  art  education  brought  for- 
ward so  prominently,  at  a time  when  there  was  so 
much  apathy  amongst  manufacturers  on  the  subject. 
'Very  recently,  he  was  glad  to  say,  the  London 
Chamber  of  Commerce,  having  been  called  upon 
fo  reply  to  a series  of  questions  put  by  the  Royal 
•Commission  on  Trade  Depression,  had  unanimously 
passed  a resolution  stating  that  a better  system 
.of  primary  and  secondaiy  instruction  was  required, 
with  special  provision  for  the  technical  instruction 
of  apprentices,  workmen,  foremen,  managers, 
and  employers.  This  would  bring  the  subject 
prominently  before  the  Royal  Commission,  and  also, 
he  hoped,  before  other  Chambers  of  Commerce  ; and 
if  it  were  backed  up  by  similar  resolutions,  especially 
from  localities  where  art  manufactures  were  carried 
on,  it  might  induce  the  Government  to  give  more 
support  to  the  work,  which  had  already  made  some 
progress.  Not  long  ago  he  saw  a passage  in  a 
-French  paper  which  showed  that  their  neighbours 
were  to  some  extent  alarmed  at  the  progress  being 
made  by  other  nations,  it  being  stated  that  in 
Germany  there  were  10,000  students  under  technical 
nrt  instruction.  England  invited  competition  from 
Ml  the  world  in  art  products,  by  her  free  trade 
system,  and  under  such  conditions  it  was  essential 
that  the  most  strenuous  efforts  should  be  made  to 
enable  her  to  keep  her  position  at  the  head  ot  manu- 
facturing nations.  It  was  very  desirable  that  students 
in  technical  schools  should  have  a certain  amount  of 
previous  preparation,  for  if  they  entered  with  no 
knowledge  of  drawing  or  geometry,  they  had  a 
good  deal  of  uphill  work  before  they  could  really  touch 
the  subjects  they  had  to  deal  with.  Voluntary 
.schools  could  do  a great  deal  by  giving  the  use  of 
their  school-rooms  in  the  evenings  for  lads  who  had 
left  school.  From  13  to  23  was  a most  important 
age,  when  lads  just  set  free,  and  enjoying  their  liberty, 
often  got  into  bad  habits,  and  if  evening  schools  for 
teaching  drawing,  mechanics,  botany,  &c.,  at  low  rates 
were  established,  it  would  give  them  a good  prepara- 
tion for  entering  technical  schools.  From  a social 
point  of  view  it  was  of  immense  advantage  to  civilise 
and  instruct  these  youths,  and  those  who  engaged  in 


such  work  were  doing  an  act  of  the  highest  patriotism. 
Mr.  Hulme  had  referred  to  a kind  of  censorship  over 
copies  and  models  being  desirable,  and  if  he  could 
devise  any  scheme  by  which  it  could  be  carried 
out,  he  would  be  doing  a great  deal  of  good. 
He  knew  of  a school  at  the  present  moment 
where  the  pupils  were  being  taught  from  models 
which  were  bought  cheap  in  a builder’s  yard.  If 
children  were  brought  up  amidst  dirty  and  shabby 
surroundings,  their  habits  would  correspond,  but  if 
their  surroundings  could  be  improved,  and  they  ^^ere 
taught  to  admire  good  drawings  and  models,  their 
tastes  would  be  elevated,  and  they  would  be  better 
able  to  take  advantage  of  the  instruction  offered 
them.  In  the  preservation  of  antique  works,  he 
thought  happily  there  was  generally  a survival  of  the 
fittest,  and  that  bad  examples  were  generally 
eliminated. 

Mr.  Millis  agreed  with  what  had  been  said 
about  geometry  and  mechanical  drawing,  and  that 
a sufficient  knowledge  of  projection  could  be  taught 
by  means  of  drawing  plain  elevations  of  a spur  wheel, 
and  similar  objects,  always  supposing  that  the 
pupil  was  going  to  be  an  artist,  and  not  a mechanic ; 
in  the  latter  case,  something  more  was  required, 
but  it  did  not  come  under  art  teaching.  He  wished 
all  mechanics  who  came  to  learn  geometry  had  a 
good  knowledge  of  freehand  and  model  drawing,  and 
that  would  be  better  than  teaching  geometry'  in  an 
art  school.  It  was  of  great  importance  also  that 
copies  and  models  for  drawing  should  be  selected 
according  to  the  industry  followed  in  that  particular 
district.  In  the  case  of  tools,  for  instance,  many  of 
the  hand  tools  now  made  were  almost  useless, 
because  the  old  forms  had  gone  out  of  use  not  being 
preserved  in  drawings,  and  those  who  made  them 
did  not  understand  their  use.  He  thought  it  would 
be  quite  possible  in  an  ordinary  art  school  to  give  a 
series  of  lectures  on  the  principles  of  design,  which 
would  teach  sufficient  to  prevent  workmen  making 
articles  of  any  kind  in  a radically  bad  form.  There 
must  be  certain  principles  which  could  be  easily 
mastered,  without  going  through  a long  course  of 
study  on  design. 

Mr.  H,  CuNYNGHAME  Cordially  agreed  with  what 
had  been  said  by  Mr.  Hooper,  as  to  the  importance  of 
providing  instruction  in  the  evenings  for  lads  and 
apprentices.  It  was  perfectly  scandalous  to  see  the 
way  in  which  many  of  the  young  men  in  the  East- 
end  of  London  spent  their  leisure  time.  Attempts 
were  being  made  to  form  excellent  youths’  institutes, 
and  anyone  interested  in  the  subject  could  not  do 
better  than  visit  the  Polytechnic,  conducted  by  Mr. 
Quentin  Hogg.  The  great  difficulty  in  the  way  of 
technical  education  was  the  expense.  To  teach  a boy 
his  whole  trade  in  this  way  cost  about  £20  a year,  and 
at  the  same  time  he  was  earning  nothing.  The  result 
was  that,  in  the  majority  of  cases,  the  parents  were 
too  poor  to  send  them,  and  the  schools  fell  more  or 
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less  into  the  hands  of  those  who  could  well  afford  to 
pay.  He  found,  after  some  inquirj%  that  the  parents 
of  half  the  boys  in  the  Technical  School  in  the  Rue 
de  la  Villette  could  perfectly  well  afford  to  pay  for  the 
education  of  their  children,  while  they  were  throwing 
the  whole  of  the  expense  on  the  State,  HoM^ever 
anxious  they  were  to  set  up  technical  schools,  and 
however  good  the  work  might  be  on  a limited 
scale,  if  it  were  to  be  done  wholesale,  tke 
apprentices’  work  must  be  supplemented  by  even- 
ing schools.  He  was  very  glad  to  hear  the  import- 
ance of  studying  nature  enforced,  for  without  that 
it  was  impossible  to  design  anything  well.  Students 
would  not  do  this  unless  they  were  compelled.  They 
would  bring  you  something  from  the  last  bosk  they  had 
got  hold  of,  but  which  they  did  not  understand,  not 
having  time  or  opportunity  to  study  archmology. 
In  art  teaching  there  were  two  sets  of  pupils 
to  provide  for.  First,  those  who  had  real 
talent,  and  in  their  case  you  had  only  to  put  good 
examples  before  them,  and  all  the  rest  would  come 
naturally.  A great  master  might  perhaps  mould 
their  style,  but  the  masters  who  could  be  provided  in 
quantity  could  do  but  little  for  them.  The  ordinary 
boy  was  the  one  who  could  be  influenced.  The 
Germans  won  their  battles  not  so  much  by  genius  as 
by  having  a set  of  rules  by  which  ordinary  men,  if 
they  followed  them,  could  not  go  very  far  wrong ; and 
in  the  same  way,  whilst  clever  boys  would  be  sure  to 
get  on  if  they  had  the  best  examples  before  them, 
ordinary  boys  should  be  compelled  to  study  nature, 
and  then  the  best  results  possible  would  be  pro- 
duced. 

Mr.G.  A.  Thrupp  said  he  had  taken  a very  practical 
interest  in  art  education  for  a long  time.  He  had 
felt  that  workmen  required  some  further  training,  in 
order  that  they  might  put  beauty  into  the  objects 
they  had  to  create,  and  one  of  the  first  things  they 
had  to  learn  was  drawing.  A somewhat  similar 
scheme  to  that  now  described  had  therefore  been  set 
on  foot,  and  several  hundred  young  men  had  passed 
through  the  classes  with  great  advantage  to  them- 
selves in  every  way.  Only  a few  weeks  ago  a young 
man,  simply  through  the  ability  he  had  shown  in 
drawing  in  these  classes,  had  obtained  a very  good 
situation  in  Calcutta.  The  West  London  School  of 
Art,  with  which  he  was  well  acquainted,  was  one 
of  the  most  successful.  It  was  found  that  the 
students  there  were  attracted  in  a great  degree  by 
the  love  of  art.  Many  of  them  were  engaged 
in  manual  occupations  during  the  day,  and  they 
came  there  at  night  to  improve  themselves  and  to 
acquire  a knowdedge  of  art,  and  he  believed  that  was 
the  purpose  for  which  these  schools  were  established. 
It  was  very  important  that  the  study  of  art  should  be 
accompanied  by  a study  of  nature,  which  was  some- 
times rather  difficult  in  towns ; but  there  were  gene- 
rally prizes  offered  for  sketches  from  nature  to  be 
done  during  the  vacation,  and  this  was  a great  addi- 
tion to  the  mere  teaching  in  the  school.  It  was  also 


very  important  to  make  use  of  Board  and  voluntary 
school-rooms  for  evening  teaching,  and  to  make  the 
subject  as  attractive  as  possible,  not  frightening  the 
students  by  too  many  hard  names. 

Mr.  Liggins  wished  to  say  a word  in  favour  of 
freeliand  drawing,  which  he  was  entitled  to  do, 
having  some  fifty  years  ago  taken  from  the  hands  of 
the  Archbishop  of  Canterbury  the  first  prize  for 
drawing  which  was  awarded  at  King’s  Ccllege.  He 
there  had  the  advantage  of  receiving  instruction  from 
Mr.  Cotman  and  his  son,  who  were  very  celebrated 
at  that  time,  and  he  believed  their  pencil  drawings 
were  still  much  used  as  copies.  In  that  verj'  neigh- 
bourhood once  lived  two  of  the  greatest  water-colour 
painters,  Girtin,  and  Turner,  his  pupil.  Turner 
used  to  delight  in  going  into  the  country  and  sketch- 
ing, bringing  his  work  back  to  Dr.  Munro,  of 
the  Adelphi-terrace,  who  gave  him  5s.  each  for 
them.  A good  deal  had  been  said  about  draw- 
ing from  models,  but  he  must  take  exception  to 
models  being  used  to  draw  from  in  the  composition 
of  a picture,  especially  in  the  case  of  ships,  for  it 
never  gave  a good  result.  One  of  C.  Stanfield’s 
large  pictures  always  offended  his  eyes,  and  he  could 
not  tell  what  was  the  matter  with  it,  until  one  day 
mentioning  it  to  Mr.  E.  AV.  Cooke,  he  told 
him  it  was  because  the  ships  were  painted  from 
models.  He  did  not  see  any  necessity  for  models 
when  you  had  learned  to  draw,  for  when  the  eye  was 
properly  trained,  it  was  more  difficult  to  make  a mis- 
take than  to  be  accurate.  The  late  Mr.  AVeedon 
used  to  draw  admirable  sketches  of  ships  for  the 
Illustrated  London  News  ; but  at  the  present  day  we 
had  not  a good  nautical  artist,  and  he  would  recom- 
mend any  young  man,  who  had  at  all  a taste  that 
way,  to  spend  a good  deal  of  time  on  the  river  amongst 
the  shipping,  for  he  would  find  a good  opening  in 
that  direction.  The  anatomy  of  a ship  could  be 
more  easily  studied  in  a day  than  that  of  the  human 
body  in  a month.  He  was  never  a figure  painter 
himself,  but  had  always  understood  that  anyone 
who  could  draw  the  human  form  could  draw 
anything. 

Mr.  Hooper  thought  Mr.  Cunynghame  had  rather 
exaggerated  the  cost  of  technical  training.  They 
found  the  cost  was  from  25s.  to  30s,  each  pupil  per 
session.  Of  course,  the  classes  were  always  strug- 
gling with  financial  difficulties,  and  money  could  not 
be  better  bestowed,  either  by  individuals  or  public 
bodies,  than  in  assisting  them.  The  teachers  in 
many  cases  worked  for  very  small  remuneration,  de- 
pending partly 'on  the  grants  earned  by  the  pupils. 
The  class  he  had  the  honour  to  be  connected  with 
got  the  use  of  a parish  school,  and  a grant  of;^20  a 
year  from  a City  Company,  or  they  would  have  been 
in  still  greater  difficulties.  The  Architectural  Asso- 
ciation had  lectures  and  classes,  attended  by 
about  1,000  pupils,  the  charge  being  los.  6d.  per 
session. 
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The  Ch  AIK  MAN,  in  proposing  a vote  of  thanks  to 
Mr.  Hulme,  said  he  did  not  feel  competent  to  say 
much  about  art ; but  he  did  not  like  to  let  the 
occasion  to  pass  without  some  recognition  of  what 
had  been  done  by  their  late  friend  Sir  Henry  Cole, 
and  the  great  interest  he  took  in  the  promotion  of 
art  and  science  teaching.  In  1846,  when  prizes 
were  offered  by  the  Socieiy  of  Arts,  for  the  best 
designs  for  jugs  and  tea  semces,  &c..  Sir  Henry 
Cole  (then  Mr.),  under  the  name  of  Felix  Summerly, 
took  some  of  those  prizes.  The  Exhibition  of  1851 
was  held  shortly  afterwards,  one  result  of  which  was 
the  establishment  of  the  Science  and  Art  Department 
at  South  Kensington.  He  must  also  lay  claim  on 
behalf  of  the  Society  of  Arts  to  a great  share  in 
originating  the  movement  for  technical  education  now 
going  on.  The  City  and  Guilds  Institute,  which  had 
a large  branch  at  South  Kensington,  was  essentially 
due  to  the  action  of  the  Society  in  having  instituted 
technological  examinations.  Why  had  this  institute 
not  taken  the  position  it  was  entitled  to  ? The 
fact  was,  there  was  no  provision  made  for  maintain- 
ing an  artisan  who  might  wish  to  come  up  from 
the  provinces ; there  was  a perfect  organisation  for 
his  instruction,  but  none  for  maintaining  him,  and 
until  something  of  this  kind  was  devised,  the  student 
from  the  manufacturing  districts,  where  technical 
instruction  was  of  so  much  value,  could  not  come  to 
town  to  benefit  by  this  institution.  They  were  told 
that  there  were  10,000  students  in  the  German 
technical  schools,  but  he  would  undertake  to  say  that 
some  provision  was  made  for  their  maintenance,  or 
they  would  not  be  there. 

The  vote  of  thanks  having  been  passed, 

Mr.  Hulme,  in  reply,  said  with  regard  to  models 
being  purchased  cheaply,  they  might  be  good,  or  they 
might  not.  In  his  own  school  he  had  a large  number 
of  flooring  blocks,  such  as  were  laid  down  herring- 
bone fashion  in  schools  ; they  cost  a mere  nothing, 
but  with  ten  or  a dozen  of  them  he  could  form  up- 
rights, cross-pieces,  steps,  door- ways,  and  a great 
variety  of  objects.  He  agreed  to  a certain  extent 
that  there  was  a survival  of  the  fittest,  but  he  had 
instances  in  his  mind  of  the  contrary.  Some  short 
time  ago  he  had  a number  of  chromo-lithographs 
sent  him,  and  probably  they  were  sent  to  other 
teachers,  amongst  which  he  found  a piece  of  Dutch 
embroidery,  about  150  years  old,  an  old  bed  quilt, 
which  was  quite  atrocious.  He  had  carefully  put  it 
away  out  of  sight,  and  hoped  it  would  remain  there. 
It  was  not  always  because  a thing  was  published 
that  it  was  up  to  the  mark.  He  did  not  agree  that 
art  masters  should  not  teach  geometry,  for  the  amount 
required  by  an  artisan  was  quite  within  the  reach  of 
an  ordinary  art  master’s  teaching  power.  He  was 
for  thirteen  years  art  master  at  Marlborough,  where 
he  had  charge  of  boys  going  up  to  Sandhurst  and 
Woolwich,  where  the  examinations  in  geometry  were 
of  a much  more  advanced  character  than  those  of  the 
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Science  and  Art  Department,  and  during  that  time 
only  two  of  his  students  failed.  When  he  left, 
another  South  Kensington  man  took  his  place,  and 
he  had  no  doubt  was  equally  successful.  In  his  time 
a large  amount  of  orthographic  projection  used 
to  be  done  at  South  Kensington,  but  in  his  opinion 
some  plane  and  solid  geometry  was  sufficient. 
Some  of  the  speakers  had  rather  wandered  from  the 
subject,  which  was  purely  technical,  not  pictorial 
art  teaching.  No  doubt  a few  of  the  pupils  came 
to  the  school  with  the  idea  of  becoming  artists,  but 
he  was  not  thinking  of  these  at  all,  but  of  those  who 
came  wishing  to  turn  their  art-training  to  account  in 
connection  with  their  various  trades.  It  was  very  de- 
sirable to  give  prizes  for  sketching  from  nature,  and 
he  remembered,  when  living  at  Marlborough,  a young 
lady  student  asking  his  permission  to  sketch  a fine 
plant  of  Indian  com  in  his  garden  for  one  of  these 
competitions.  He  trusted  he  could  not  be  accused  of 
failing  to  recognise  what  had  been  done  by  Sir  Henry 
Cole,  for  he  had  clearly  stated  how  much  he  agreed 
with  a great  deal  of  the  South  Kensington  teaching, 
and  in  so  doing  he  was  giving  the  highest  honour 
to  Sir  Henry  Cole.  A difficulty  had  been  raised 
that  the  Technical  Institute  in  Exhibition-road 
would  never  do  what  it  ought  until  some  means  were 
devised  for  boarding  those  who  wanted  to  attend,  and 
reference  was  made  to  the  number  of  students  in 
Germany;  but  it  was  evident  that  the  10,000 students 
were  not  all  collected  in  Berlin ; and  instead  of 
expecting  provincials  to  come  up  to  London,  he 
thought  the  institution  ought  to  be  extended  into  the 
provinces. 


Miscellaneous. 

♦ 

COLONIAL  AND  INDIAN  EXHIBITION. 

As  the  object  of  this  Exhibition  is  to  represent  the 
progress  and  the  development  of  each  colony,  it  has 
been  considered  impracticable  to  call  upon  the 
Colonial  Governments  to  comply  with  any  form  of 
classification,  as  has  been  custom  at  previous  Exhi- 
bitions. Each  colony  has,  therefore,  been  at  liberty 
to  make  a classification  most  suitable  to  its  own 
requirements. 

Careful  statistics  of  the  colonies  will  be  prepared, 
carrying  the  information  to  1885,  and  this  will  le 
arranged  in  such  a clear  and  readable  form  as  to 
permit  this  information  to  be  readily  understood  by 
the  working  classes  of  this  countr5\  Maps  and  plans 
of  the  several  colonies,  specially  prepared  for  the 
information  of  the  public,  will  also  be  prominently 
shown  in  the  various  courts. 

As  much  interest  is  taken  in  this  country  in  the 
woods  of  the  various  colonies,  it  is  is  hoped  that 
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where  cases  are  requisite  for  the  display  of  goods, 
these  cases  will  be  made  from  native  woods  of  the 
colony,  in  order  that  a complete  representation  of 
the  forest  resources  of  each  colony  maybe  practically 
showm;  and  it  has  also  been  suggested  that  the 
building  stones  and  marbles  of  various  colonies 
should  be  sent  over  in  the  form  of  pedestals. 

As  it  is  thought  possible  that  the  various  Colonial 
Governments  participating  in  the  Exhibition  may  desire 
that  a permanent  Colonial  Museum  should  be  founded 
in  London,  it  has  been  suggested  that  there  are  strong 
reasons  for  showing  the  adaptability  of  the  products 
of  the  colonies  generally  in  as  practical  a manner  as 
possible ; hence  it  would  be  desirable  that  the  raw 
product  should  be  displayed  in  connection  with  the 
manufactured  article. 

His  Royal  Highness  the  Prince  of  Wales  has 
decided  that  commemorative  medals  shall  be  given  to 
all  those  taking  part  in  the  Exhibition  ; and  he  trusts 
to  have  the  assistance  of  specialists  of  known  repute 
w’ho  will  commence  to  make,  at  the  opening  of  the 
E-\hibition,  exhaustive  reports  on  the  various  colonies 
These  reports,  issued  at  an  early  stage,  will  take  the 
place  of  the  jury  system  of  previous  Exhibitions. 

Special  arrangements  will  be  provided  for  the 
practical  illustration,  by  one  special  kitchen,  of  all  the 
frozen  meat  industries,  and  of  the  colonial  preserved 
meats,  fish,  and  vegetables.  This  department  will  be 
carried  out  by  the  National  Training  School  of 
Cooker}’,  under  the  direction  of  the  Royal  Com- 
mission itself,  in  order  that  the  due  participation  of 
the  various  interests  concerned  may  be  maintained. 

There  will  also  be  a colonial  fruit  and  vegetable 
market,  which  it  is  hoped  that  each  Government  will 
make  arrangements  to  supply  by  monthly  shipments. 
This  department  will  also  be  superintended  by  the 
National  Training  School  of  Cookery,  under  the 
control  of  the  Royal  Commission,  who  will,  in 
addition,  organise  an  exhibition  of  colonial  wines. 
Arrangements  have  been  made  for  utilising  the  base- 
ment of  the  Royal  Albert  Hall,  which,  as  in  previous 
years,  will  form  an  integral  part  of  the  Exhibition. 

A limited  space  will  be  set  apart  for  the  exhibition 
of  liHng  animals  from  the  colonies. 

In  assuming  the  control  of  these  various  depart- 
ments, the  Royal  Commission  wishes  to  afford 
to  the  actual  producers  all  the  advantages  of  a 
fair  display  in  the  Exhibition.  The  interests  of 
the  producers  as  exhibitors  are  of  the  first  con- 
sideration to  his  Royal  Highness;  and  here  it 
may  be  mentioned  that  in  these  departments,  as 
well  as  generally  throughout  the  Exhibition,  it  has 
been  decided  that  only  hona  fide  colonists  can,  through 
their  respective  Governments,  participate  in  the 
Exhibition  ; it  will  not,  therefore,  be  possible  for  the 
Royal  Commission  to  entertain  any  applications, 
upon  any  pretence  whatever,  from  colonial  importers 
or  agents  in  this  countr}’. 

Tne  time  for  the  opening  of  the  Exhibition  is  not 
yet  definitely  fixed,  but  it  will  be  on  some  day  during 
the  first  fortnight  in  May,  188C. 


Correspondence. 


A UTOMA  TIC  EXTINCTION  OF  FIRES. 

In  his  recent  paper  on  “Apparatus  for  the  Auto- 
matic Extinction  of  Fires,”  published  in  No.  1,723 
of  the  Journal  of  the  Society  of  Arts,  Professor  S. 
Thompson  refers  to  the  employment  of  eutectic 
alloys  as  material,  the  melting  of  which  shall  cause  a 
waterflow.  He  says: — “The  eutectic  alloy  which 
fuses  at  70-5°  C.  was  not  found  to  be  so  tough  or 
to  have  so  sharply  defined  a melting  point  as  some 
alloys  of  Slightly  higher  melting  point”  (p.  44,  col.  i). 
From  the  general  context,  it  appears  that  Professor 
Thompson’s  statement  is  the  result  of  his  own  ex- 
periments. I join  issue  as  to  the  want  of  sharpness 
of  definition  of  the  melting  points.  Indeed  the  very 
genesis  of  an  eutectic  alloy  (in  the  first  tentative 
experiment ; after  analysis,  it  is  of  course  to  be  made 
by  simple  addition)  ensures  a greater  sharpness  of 
definition  of  melting  point  than  that  possessed  by 
any  other  proportion  whatever  of  the  same  metals. 
For  in  any  alloy  it  is  the  excess  of  one  constituent, 
over  the  amount  of  it  necessary  and  sufficient  to 
form  the  eutectic  alloy  with  the  whole  of  the  other 
constituent,  which  separates  out  first  on  cooling,  and 
remains  longest  solid  on  heating  it.  In  both  cases, 
an  intermediate  or  pasty  state  is  the  result ; and  this 
is  the  case  whichever  of  the  metals  is  in  excess  of  its 
eutectic  amount. 

Again,  by  analogy  we  should  expect  eutectic  alloys 
to  be  as  well  defined  in  melting  point  as  are  their 
homologues,  the  cr}’o-hydrates.  These  latter  are  as 
well  defined  in  this  respect  as  ice  itself. 

Finally,  and  as  a matter  of  fact,  the  eutectic  alloys 
are  characterised  by  as  great  a sharpness  of  definition 
of  melting  points  as  are  their  constituents  them- 
selves. 

It  will  be  distinctly  understood  that  I am  not  here 
advocating  this  class  of  alloys  for  this  especial  pur- 
pose. I maintain  that  eutectic  alloys  are  pre-eminent 
for  that  very  property  which  Professor  Thompson 
would  deny  to  them. 

Frederick  Guthrie. 

Science  Schools,  South  Kensington, 

Nov.  30,  1885. 


MEETINGS  OF  THE  SOCIETY. 
Ordinary  Meetings. 
Wednesday  evenings,  at  8 o’clock  : — 
December  9. — “The  Loadlines  of  Ships.”  By 
Professor  Francis  Elgar,  LL.D.,  F.R.S.E., 
M.Inst.C.E.  Sir  Edward  J.  Reed,  K.C.B., 
F.R.S.,  will  preside. 

December  16, — “ Burmah,  Present  and  Future.” 
By  Holt  S.  Hallett. 
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At  the  meetings  after  Christmas  the  following 
papers  (among  others)  will  be  read : — 

“ The  Treatment  of  Sewage.”  By  Dr.  C. 

Meymott  Tidy. 

“ Calculating  Machines.”  By  C.  V.  Boys. 

‘<Tlie  History  and  Manufacture  of  Playing  Cards.” 
By  George  Clulow. 

“ Domestic  Electric  Lighting.”  By  W.  H. 
Preece,  F.R.S. 

“ The  Scientific  Development  of  the  Coal  Tar 
Industry.”  By  Prof.  R,  Meldola,  F.C.S. 

“The  Experiments  with  Lighthouse  lUuminants  at 
ihe  South  Foreland.”  By  E.  Price  Edwards. 

“ Machinery  in  Mines.”  By  Henry  Davey. 


Foreign  and  Colonial  Section. 

The  Meetings  of  this  Section  will  take  place 
on  the  following  Tuesday  evenings,  at  Eight 
o’clock  : — 

Januaiy  26 ; February  16 ; March  2,  23,  April  13  ; 
May  18. 


Applied  Chemistry  and  Physics  Section. 

The  Meetings  of  this  Section  will  take  place 
on  the  following  Thursday  evenings,  at  Eight 
o’clock : — 

January  28  ; February  1 1,  25  ; March  1 1 ; April  8 ; 
May  13. 


Indian  Section. 

The  Meetings  of  this  Section  will  take  place 
on  the  following  Friday  evenings,  at  Eight 
o’clock  ; — 

Januaiy  22  ; February  19 ; March  19 ; April  2 ; 
May  7,  21 


Cantor  Lectures. 

The  First  Course  will  be  on  “ The  Micro- 
scope.” By  John  Mayall,  Jun. 

December  7,  14,  21. 

Juvenile  Lectures. 

The  Two  Juvenile  Lectures  on  “Waves” 
will  be  given  by  Prof.  Silvanus  P. 
Thompson,  D.Sc.,  on  Wednesday  evenings, 
December  30th,  1885,  and  January  6th,  1886. 
Special  tickets  will  be  issued  for  these  lectures. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  Dec.  7.. .SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Mr.  John 
Mayall,  jun.,  “ The  Microscope.”  (Lecture  HI.) 
Farmers’  Club,  Inns  of  Court  Hotel,  Holborn, 
W.C.,  6 p.m.  Mr.  T.  F.  Plowman,  “ Agricultural 
Societies  and  their  Uses.” 


Royal  Institution,  Albemarle-street,  W.,  5 p.m. 
General  Monthly  Meeting. 

Engineers,  Westminster  Town-hall,  S.  VV.,  73  p.m. 
Mr.  Philip  S.  Justice,  “ The  Dephosphorisation  of 
Iron  in  the  Puddling  Furnace.” 

Chemical  Industry  (London  Section),  Burlington- 
house,  W.,  8 p.m.  Dr  P.  F.  Frankland,  “ Some 
Aspects  of  Filtration  and  other  Methods  of  Water 
Treatment.”  2.  Dr.  F.  L.  Teed,  “ Note  on  the 
Action  of  Calcium  Carbonate  on  Solution  of 
Ammonium  Chloride.” 

Surveyors,  12,  Great  George-street,  S.W.,  8 p.m. 
Mr.  A D.  Wells,  “The  Cost  of  Production  and 
the  Value  received  for  our  various  Farm  Crops.” 

Inventors,  27,  Chancery-lane,  W.C.,  8 p.m.  Re- 
sumed discussion  on  the  Patent  Act,  i88j. 

Medical,  ii,  Chandos-street,  W.,  8^  p.m. 

Victoria  Institute,  Adelphi- terrace,  W.C.,  8 p.m. 
Mr.  J.  Hassell,  “The  Unreasonableness  of  Agnos- 
ticism.” 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m. 
Mr.  W.  Mattieu  Williams,  “ Science  Applied  to 
Cookery.” 

Tuesday,  Dec.  8. ..Farmers’  Club,  Inns  of  Court  Hotel, 
Holborn,  W.C.,  4 p.m.  Annual  INIeeting. 

Medical  and  Chirurgical,  53,  Berners-street,  Oxford- 
street,  W.,  83  p .m. 

Civil  Engineers,  25,  Great  George-street,  S.W., 
8 p.m. 

Photographic,  5A,  Pall-mall  East,  S.W.,  8 pm. 

Anthropological,  4,  .St.  Martin’s-place,  W.C.  8 pm. 

Colonial  Institute,  St.  James’s  Banqucting-hall,  69, 
Regent-street,  W.,  8 p.m.  Mr.  Edward  Combes, 
“The  Material  Progress  of  New  South  Wales.” 

Wednesday,  Dec.  9. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W C.,  8 p.m.  Professor  Francis  Elgar, 
LL.D.,  M.Inst.  C.E.,  “ The  Loadlines  of  Ships.” 

Central  Chamber  of  Agriculture  (at  the  House  of 
THE  Society  of  Arts),  ii  a m. 

Graphic,  University  College,  W.C.,  8 p.m. 

Microscopical,  King’s  College,  W.C  , 8 p.m. 

Pharmaceutical,  17,  Bloomsbury-square,  W.C. , 8 p.m. 

Royal  Literary  Fund,  10,  John-street,  Adelphi, 
W.C.,  3 p.m. 

Thursday,  Dec.  10. ..Royal,  Burlington-house,  W.,  4 p.m. 

Antiquaries,  Burlington-house,  W.,  83  p m. 

London  Institution,  Finsbury-circus,  E.C.,  7 p.m. 
Mr.  Carl  Armbruster.  “ The  Musical  Dramas  of 
Richard  Wagner,”  with  illustrations.  (Lecture  II.) 

Telegraphic  Engineers  and  Electricians,  25,  Great 
George-street,  S.W.,  8 p.m.  Annual  General 
Meeting,  i.  Election  of  officers.  2.  Mr.  Walter 
J.  Murphy,  “A  Method  of  Eliminating  the  Effects 
of  Earth  and  Polarisation  Currents  in  Fault  Test- 
ing.” 3.  Mr.  H.  Kingsford,  “ A Method  of 
Localising  a Fault  in  a Cable  by  Tests  from  one 
end  only.” 

Mathematical,  22,  Albermarle- street,  W.,  8 p.m. 

Parkes’  Museum  of  Hygiene,  74A,  Margaret  street, 
Regent- street,  W.,  8 p.m.  Mr.  Eric  S.  Bruce, 
“ Health  and  the  Electric  Light.” 

Friday,  Dec.  ii... Astronomical,  Burlington-house,  W., 

8 p.m.  Quekett  Microscopical  Club,  L’niversity 
College,  W.C. , 8 p.m. 

Clinical,  53,  Berners-street,  W.,  83  p.m. 

Saturday,  Dec.  12. ..Physical  Science  Schools,  South  Ken- 
sington, S.W.,  3 p.m.  Prof.  William  Ramsay  and 
Mr.  Sidney  Young,  “ Some  Thermodynamical  Re- 
lations.” 

Botanic,  Inner  Circle,  Regent’s- park,  N.W.,  3|p.m. 
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journal  of  the  of  ^rls. 

ifo.  i.r^s-  voL.  XXXVI. 

♦ 

FRIDAY,  DECEMBER  ii,  1885. 


/K'Jl  commumcahous  for  the  Society  should  be  addressed  to 
the  Sect etar^’,  John-street,  Adelphi,  London,  IV.C. 


NOTICES. 


yUVEMILE  LECTURES. 

The  usual  short  course  of  lectures,  adapted 
for  a juvenile  audience,  will  be  given  on  Wed- 
nesday evenings,  December  30th,  1885,  and 
January  6th,  1886,  by  Professor  Sylvanus  P. 
Thompson,  on  “Waves.”  The  lectures  will 
■commence  at  seven  o’clock.  A sufficient 
number  of  tickets  to  fill  the  room  will  be  issued 
to  members  in  the  order  in  which  applications 
•are  received,  and  the  issue  will  then  be  dis- 
continued. Subject  to  these  conditions,  each 
member  is  entitled  to  a ticket  admitting  two 
children  and  one  adult.  Tickets  are  now  in 
course  of  distribution,  and  members  requiring 
4hem  should  apply  at  once. 


CANTOR  LECTURES. 

On  Monday  evening,  ;th  inst.,  the  third 
lecture  of  the  course  on  “The  Microscope” 
was  delivered  by  Mr.  J.  Mayall,  jun.  The 
lecture  was  illustrated  by  the  exhibition  of  a 
large  number  of  modern  microscopes,  lent  by 
Mr.  Frank  Crisp,  Secretary  of  the  Royal 
Microscopical  Society. 


EXHIBITION  OF  MICROSCOPES. 

The  Exhibition  of  Microscopes  will  remain 
open  during  the  period  of  the  delivery  of  Mr. 
May  all’s  Cantor  Lectures,  daily  from  10  to  4 
(on  Saturdays  from  10  till  2).  Members  can 
admit  their  friends  to  the  Exhibition  by  the 
use  of  the  tickets  supplied  for  the  evening 
meetings  and  lectures. 


COVERS  FOR  JOURNAL. 

For  the  convenience  of  members  wishing  to 
bind  their  volumes  of  the  Joui'ual,  cloth 
covers  will  be  supplied  post-free  for  is.  6d. 
each,  on  application  to  the  Secretary. 


Proceedings  of  the  Society. 


FOURTH  ORDINARY  MEETING. 

Wednesday,  December  9th,  1885;  Sir 
Edward  J.  Reed,  K.C.B.,  M.P.,  F.R.S., 
in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society  : — 

Christmas,  Walter,  3,  Mowbray-road,  Brondesbury, 

N.W. 

Edmunds,  Lewis,  D.Sc.,  LL.B.,  i,  Garden-court, 
Temple,  E.C. 

Gilchrist,  Percy  Carlyle,  Palace-chambers,  9,  Bridge- 
street,  Westminster,  S.W. 

McDaniel,  J.  J.,  Woodlands,  Bandon,  co.  Cork, 
Ireland. 

Nicole,  Henry  James,  AVilliams-terrace,  Chiswick. 
Rockstro,  W.  S.,  Elm-court,  Babbacombe,  Torquay. 
Vernon,  John,  36,  Coleman-street,  E.C. 

Walker,  Edward  Lake,  22, Great  Gumbeiiand-pl..,W 

The  following  candidates  were  balloted  for 
and  duly  elected  members  of  the  Society  : — 
Colbeck,  James,  Cork  Literaiy  and  Scientific  Socie  ty. 
Royal  Cork  Institution,  Cork. 

Crouch,  Henry,  66,  Barbican,  E.C. 

Crowdy,  James,  28,  Craven-hill-gardens,  HyJe-park, 
W. 

Denton,  Charles  Lord,  Orielton,  St.  Briavels,  near 
Coleford,  Gloucestershire. 

Glasgow,  David,  20,  Myddelton-square,  E.C. 
Hopkinson,  James,  95,  New  Bond-street,  W , and 
Ardlethen,  West  Heath-road,  Hampstead,  N.W. 
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The  paper  read  was — 

THE  LOADLINES  OF  SHIPS. 

By  Prof.  Francis  Elgar,  LL.D.,  M.Inst.  C.E. 

The  Loadlines  of  Ships  is  not  a subject 
which  I voluntarily  selected  for  bringing 
before  this  Society,  but  having  been  honoured  - 
with  an  invitation  from  the  Council  to  read  a 
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paper  upon  it,  I did  not  think  it  rig-ht  to  de- 
cline. It  is  in  response  to  that  invitation  that 
I now  appear  before  you. 

All  persons  connected  with  shipping,  or 
who  take  an  interest  in  the  safety  of  life  at 
sea,  are  only  too  well  aware  that  of  all  the 
questions  relating  to  the  seaworthiness  of 
ships  which  have  been  recently  discussed, 
none  caused  greater  differences  of  opinion,  or 
appeared  more  hopeless  of  settlement,  than 
that  of  limiting  the  depth  of  loading.  Charges 
of  overloading  have  been  made  against 
shipowners  which  reflect  not  only  against 
their  wisdom  and  prudence  but  upon  their 
morality,  and  these  have  quite  naturally  been 
bitterly  resented.  A state  of  feeling  thus  grew 
up  which,  for  a time,  appeared  to  make 
reasonable  and  temperate  discussion  of  the 
subject  almost  impossible,  and  to  prevent 
anything  like  a frank  mutual  interchange  of 
views  and  a reconciliation  of  differences 
taking  place.  It  is  most  unfortunate  that  a 
question  of  such  vital  importance  to  the  safety 
of  human  life  upon  the  one  hand,  and  to  the 
continued  prosperity  of  the  British  mercantile 
marine  against  the  growing  competition  of 
foreign  vessels  upon  the  other  hand,  should 
have  been  so  much  and  so  long  exposed  to  the 
influence  of  popular  prejudice  and  sentiment  ; 
and  it  is  with  a belief  that  we  have  reached  a 
time  when  a calmer  and  a more  generous  and 
philosophic  spirit  is  beginning  to  prevail  in 
the  matter,  that  I venture  to  offer  the  following 
remarks. 

The  fixing  of  the  maximum  depth  of  load- 
ing of  ships  is  by  no  means  a modern  idea. 
Going  back  to  the  Middle  Ages,  we  find  that 
in  the  Italian  republics,  where  marine  in- 
surance was  extensively  carried  on,  the  depth 
beyond  which  each  vessel  should  not  be 
loaded  was  regulated  by  law.*  The  load- 
lines  of  British  ships  were  similarly  regulated, 
to  some  extent,  from,  a very  early  period.  The 
first  enactment  upon  the  subject  of  tonnage 
that  we  have  any  knowledge  of,  is  dated  the 
9th  year  of  Henry  V.,  A.D.  1422,  and  it  con- 
tains these  words: — “That  keels  that  carry 
coals  at  Newcastle  shall  be  measured  and 
marked.’’  Judging  from  subsequent  enact- 
ments, the  marking  thus  ordered  was  the  load- 
draught  of  water,  or  the  draught  when  loaded 
with  the  amount  of  dead  - weight  which 
was  held  to  constitute  the  tonnage.  The 
marking  denoted  the  loadline,  and  the  dead- 
weight of  cargo  carried  at  that  line,  constituted 
the  tonnage.  Mr.  Moorsom  gives  an  extract 

* “ Annals  of  Lloyd’s  Register.”  London:  18P4. 


from  an  Act  of  15  Charles  II.,  1661,  which 
reads  as  follows:  — “That  Commissioners 
should  from  time  to  time  be  appointed  by  his 
Majesty,  his  heirs,  and  successors,  for  ad- 
measuring and  marking  all  and  every  the  keels 
and  other  boats,”  &c,,  “to  be  used  for  the 
carriage  of  coals  in  the  port  of  Newcastle,, 
and  all  other  places  within  the  counties  of 
Northumberland  and  Durham.”* 

It  was  further  enacted  by  6 and  7 William 
and  Mary,  1694,  that  “the  said  admeasure- 
ment shall  be  by  a dead-weight  of  lead  or 
iron,  or  otherwise,  as  shall  seem  meet  to  the 
said  Commissioners,  allowing  three  and  fifty 
hundredweight  to  every  chaldron  of  coals,’ 

(S  c.,  “and  cause  the  said  keels  and  boats  so 
admeasured  to  be  marked  and  nailed  on  each 
side  of  thd*  stem  and  stern  and  midships 
thereof,”  (Sic.  This  method  of  admeasuring 
keels  (limited  at  first  by  the  foregoing  Act  to 
the  ports  of  Northumberland  and  Durham)  was 
afterwards  extended  to  vessels  in  loading  coals 
at  “all  other  ports  of  Great  Britain.”  The 
vessels,  as  before,  to  “ be  admeasured  by  a 
dead-weight  of  lead  or  iron,  allowing  twenty 
hundredweight  avoirdupois  to  the  ton,  and 
marked  and  nailed  as  aforesaid  to  denote  what 
quantity  of  coals  each  will  carry  up  to  the 
mark  so  set  thereon.” 

The  tonnage  of  vessels  in  early  times  thus 
appears  to  have  been  often  measured  by  the 
amount  of  weight  that  could  be  carried  between 
the  light-  and  the  load-water  lines,  with  an 
exception  that  was  made  in  1719,  in  favour  of 
vessels  employed  in  carrying  brandy  or  spirits. 
It  was  necessary,  of  course,  to  fix  the  load- 
line  before  the  tonnage  could  be  determined  r 
and,  therefore,  the  fixing  of  loadlines  must 
have  formed  one  of  the  duties  of  the  Com- 
missioners appointed  “for  the  admeasuring 
and  marking  of  vessels.”  As  the  vessels  of 
that  day  were  small  in  size,  and  simple  as 
well  as  comparatively  uniform  in  type,  it  is 
most  probable  that  the  rule  adopted  for 
regulating  their  load-draughts  was  of  the- 
form  that  has  survived  till  the  present  time  in 
connection  with  certain  classes  of  sailing 
vessels  ; viz.,  a given  number  of  inches  of  free- 
board per  foot  of  depth  of  hold. 

The  first  general  rule  “ for  the  admeasure- 
ment of  ships  and  vessels  in  all  cases,”  and 
that  which  removed  the  necessity  of  fixing  the 
leadline  in  any  vessel  not  afloat,  as  a prelimi- 
nary step  to  the  determination  of  her  tonnage,. 

* “Minutes  of  Evidence  taken  before  H.M.  Commissioners 
on  Tonnage,  i88i.”  Mr.  T.  Gray,  pp.  1-2,  and  appendix  No. 

I,  pp.  601-602. 
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was  enacted  in  1773  by  Act  13  George  III. 

A further  Act,  26  George  III.,  1786,  gave  a 
rule  for  measuring  vessels  for  tonnage  which 
were  afloat,  and  which  could  not  be  measured 
by  the  rule  contained  in  the  previous  one.  By 
this  time,  therefore,  it  was  unnecessary  to  fix 
the  loadline  of  any  vessel  whatever  for  tonnage 
purposes,  and  the  practice  of  doing  so  doubtless 
ceased.  It  is  highly  probable,  however,  that 
the  old  practical  rule  for  regulating  the  load- 
I draughts  of  ships  remained  in  force  among 
shipowners,  and  that  it  was  the  one,  already 
referred  to,  of  a certain  number  of  inches  per 
foot  of  depth  of  hold. 

The  third  oldest  known  copy  of  a register 
of  shipping  is  in  the  library  of  Lloyd’s 
Register  office,  and  is  dated  1774-75-76. 

In  this  book  there  is  a column  which  contains 
“ the  feet  of  the  draught  of  water  whei> loaded,” 
and  a similar  column  was  continued  in  sub- 
sequent register  books  down  to  the  establish- 
ment of  Lloyd’s  Register  Society  upon  its 
present  basis  in  1834.  It  is  not  known  how  or 
by  whom  the  load  draught  was  fixed,  and  the 
figures  for  it  are  merely  stated  in  round 
numbers.  Probably  the  load-draught  was  there 
noted,  not  so  much  for  the  purpose  of  strictly 
defining  the  limits  of  loading  as  to  furnish  an 
index  to  the  size  of  the  vessel. 

On  the  institution  of  Lloyd’s  Register  So- 
ciety, in  1834,  records  of  draughts  of  j 
water  were  no  longer  made  in  the  register  1 
book,  and  the  load-draughts  of  vessels  not  j 
only  ceased  to  be  regulated  as  an  element  of 
tonnage,  or  of  any  other  property  they  might 
possess,  but  also  as  a useful  item  of  informa- 
tion respecting  them.  The  load-draughts  of 
ships  thus  became  gradual!}^  withdrawn  from 
official  supervision  aud  attention. 

It  does  not  appear  that  this  inattention  to 
the  draughts  of  water  of  ships  gave  rise  to  any 
objectionable  consequences,  so  long  as  ships 
remained  what  they  were  in  the  early  part  of 
the  present  century.  The  tonnage  rule  of 
G/3>  which  ultimately  superseded  the  old 
method  of  taking  the  dead-weight  carried  at 
a fixed  load-draught  as  the  tonnage,  and 
which  is  known  as  the  “ Old  Builders’  Mea- 
surement ” rule,  caused  the  forms  and  pro- 
portions of  cargo  ships  to  become  modified, 
and  to  approximate  to  an  uniform  type,  in 
which  the  length  was  about  three  and  a half 
t.mes  the  breadth,  and  the  depth  was  about 
three-fourths  of  the  breadth.  The  floors  were 
very  flat,  so  that  the  form  approached  that  of 
an  oblong  box,  which  was  rounded  at  the 
cc Tiers  and  ends.  Such  vessels  had  the 


maximum  of  carrying  power  with  the  minimum 
of  tonnage  measurement  under  the  rule.  The 
freeboards  given  to  them  were  determined  by 
the  simple  rule  of  a certain  number  of  inches 
of  freeboard  per  foot  of  depth  of  hold;  and 
such  rule  appears  to  have  been  followed  with 
a fair  degree  of  uniformity,  and  to  have  given 
satisfactory  results. 

The  change  from  the  old  rule  and  practice  of 
tonnage  measurement  to  the  present  system  of 
making  internal  capacity  the  measure  of 
tonnage,  removed  the  inducements  just  de- 
scribed to  build  narrow  and  deep  ships  with 
flat  floors ; and  vessels  came  to  be  produced 
which  varied  materially  in  proportions  and  in 
fineness  of  form.  The  comparative  uniformity 
of  type  which  had  long  existed  soon  dis- 
appeared, and  vessels  gradually  took  the 
dimensiens,  external  shape,  height  out  of 
water,  and  erections  upon  deck,  which  were 
considered  best  adapted  for  the  trades  in 
which  they  were  to  be  employed.  Great- 
diversities  of  type  thus  arose  ; and  the  safe- 
maximum  depth  of  loading  of  all  classes  of 
vessels  became  a question  which  dep-£nded, 
in  a constantly  increasing  degree,,  upon  the 
special  characteristics  of  the  various  sizes  and 
types  of  ships.  No  simple  rule  of  freeboard 
was  any  longer  applicable,  when  the  safety 
given  by  equal  heights  of  freeboard  was  founds 
to  vary  materially  m different  ships*  and  ICi 
be  affected  by  numerous  and  complex  con- 
siderations  that  relate  to  dissim.il ar  features 
of  construction,  deck  arrangements,  and  load- 
ing. 

This  point  may  be  illustrated  by  a descriptioia 
! of  the  various  leading  types  of  cargo  carriers^ 
I that  now  exist.  Cargo-carrying  vessels  may, 
first  of  all,  be  divided  into  two  classes,  \'iz  : — 
sailing  vessels  and  steamers.  Each  class  in- 
cludes great  varieties  of  size,  proportions,  and 
form  ; but  the  greatest  differences  are  to  be 
found  in  steamers. 

Fig  I (p.  80)  shows  the  simplest  type  of  steamer, 
viz.,  a vessel  without  any  erection  upon  her 
deck,  and  whose  hull  is  of  full  strength 
throughout  from  the  upper  deck  downwards. 
The  upper  dotted  h'lies  in  each  of  the  figures  re- 
present bulwarks.  Fig  2 shows  a similar  vesse? - 
with  a poop  and  forecastle  on  the  deck.  Fig.  3' 
is  the  same  as  Fig.  2,  but  with  a bridge-house' 
in  the  middle,  covering  the  openings  in  the' 
deck  over  the  engine  and  boiler  compartment- 
P'ig.  4 shows  a vessel  with  a forecastle,  raised 
quarter-deck,  and  bridge-house  ; the  two  latter 
being  connected.  Fig.  5 shows  a vessel  with 
forecastle,  short  full  poop,  raised  quarter-deck, 
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and  bridge-house  ; the  three  latter  being  con- 
nected. Fig.  6 shows  a vessel  with  a forecastle, 
long  full  poop,  and  bridge-house ; the  two 
latter  being  connected.  Fig.  7 shows  a vessel 
in  which  the  deck  erections  form  one  continuous 
structure  upon  the  top  of  the  upper  deck  proper. 
When  this  structure  reaches  a certain  standard 
of  strength,  the  vessel  is  called  a spar-decked 
vessel ; and  when  it  is  of  inferior  strength,  and 
only  comes  up  to  a certain  lower  standard,  she 
is  called  an  awning-decked  vessel.  These  are 
the  chief  varieties  of  type  that  are  caused  by 
deck  erections,  although  there  are  other  special 
vessels  which  do  not  exactly  conform  to  any  of 
them. 
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We  thus  have  a great  many  different  types  of 
ships  to  deal  with  at  the  present  day,  both 
among  sailing  vessels  and  steamers,  instead  of 
the  comparatively  uniform  type  of  sailing  vessel 
that  formerly  prevailed ; and  the  deck  erections, 
which  constitute  the  chief  element  of  difference 
between  the  various  types,  have  a very  im- 
portant effect  upon  seaworthiness  and  upon 
the  height  of  freeboard  that  is  necessary  for 
safety.  It  must  not  be  supposed  that  the 
diversities  of  type  that  are  to  be  found  among 
modern  cargo  vessels,  and  particularly  among 
steamers,  are  the  result  of  mere  accident  or 
caprice.  They  are,  as  a rule,  due  to  the  chief 
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cause  of  all  mechanical  improvement,  viz., 
attempts  to  obtain  the  best  adaptation  of  means 
to  ends.  We  are  taught  that  a principle  of 
natural  selection  operates  in  the  organic  world 
to  differentiate  beings  into  species  and  varieties 
by  means  of  a struggle  for  existence,  in  which 
slight  modifications  which  in  any  way  favour 
the  individuals  of  any  species  by  better  adapt- 
ing them  to  special  conditions  of  life  tend  to 
be  preserved.  So,  in  the  mechanical  world, 
similar  results  are  often  obtained  by  means 
of  the  constantly  increasing  pressure  of  in- 
tellectual and  commercial  competition.  The 
leading  types  of  ships  have  been  gradually 
evolved  by  a process  of  development,  during 
which  innumerable  changes  have  been  made  ; 
those  that  have  proved  to  be  good,  and  to  be 
favourable  to  the  special  conditions  of  par- 
ticular trades,  being  preserved  and  added  up  ; 
and  those  that  have  proved  to  be  bad,  pre- 
judicial, or  useless,  being  rejected.  Thus  in 
one  direction  we  have  lightly  built  river 
steamers,  drawing  only  one  or  two  feet  of 
water,  and  wnth  two  or  three  lofty  tiers  of  decks 
that  accommodate  large  numbers  of  pas- 
sengers ; and  on  the  other,  we  have  war  ships 
of  great  draught,  which  contain  nothing  but 
what  is  necessary  to  the  efficiency  of  a fighting 
machine,  and  which  rise  out  of  the  water  as 
little  as  the  exigencies  of  handling  them  will 
permit  of.  BeWeen  these  extremes  are  to  be 
found  an  immense  variety  of  types,  each  type 
having  been  primarily  determined  by  the  con- 
ditions of  the  service  for  which  it  is  intended, 
and  by  its  special  fitness  to  perform  that 
servdce. 

The  present  tonnage  laws,  although  they 
admit,  to  a large  extent,  of  the  changes 
referred  to,  arrest  development  in  some 
directions,  and  obstruct  improvements  that 
would  promote  safety.  Thus  there  are 
vessels  which,  instead  of  being  constructed 
with  a broken  line  of  deck-erections,  as  in 
Figs.  4,  5,  or  6,  might  have  these  erections 
made  continuous,  as  in  Fig.  7,  if  it  were 
not  that  the  additional  space  thus  included 
would  be  measured  for  tonnage,  and  the 
rating  upon  which  all  dues  are  levied 
upon  the  vessel  would  be  thereby  increased. 
Many  vessels  which  require  a continuous 
deck  at  the  top  of  the  erections,  but  in 
which  the  space  between  decks  cannot  be 
utilised  in  carrying  passengers  or  cargo,  have 
such  a deck  ; but  large  permanent  openings 
are  cut  in  it,  right  across  the  ship,  in  order 
that  the  space  between  decks  may  not  be 
measured  for  tonnage.  We  here  have  an 
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instance  in  which  improvements  that  experience 
has  proved  to  be  beneficial  are  arrested,  be- 
cause of  the  action  of  the  tonnage  laws.  It  is 
strange  that  no  means  can  be  devised  by  which 
tonnage  may  be  fairly  measured,  without 
obstructing  improvements  that  are  in  the 
direction  of  safety. 

It  is  necessary  to  understand  the  causes  of 
the  differences  between  the  various  types  of 
vessels — which  are  too  numerous  and  complex 
to  discuss  fully  in  this  paper— and  their  exact 
nature,  before  attempting  to  fix  maximum 
depths  of  loading  for  them.  It  must  be 
obviou*:,  that  no  simple  rule  of  a given  num- 
ber of  inches  per  foot  of  depth  of  hold,  can 
now  be  applied  with  equal  fairness  to  all 
vessels  alike.  Each  vessel  requires  to  be 
judged  of  separately,  and  to  have  its  special 
characteristics  adequately  appreciated.  The 
problem  of  framing  a general  scheme  for 
regulating  the  freeboards  of  the  principal 
types  of  ships  involves,  firstly,  the  considera- 
tion of  how  freeboards  should  vary  in  vessels 
belonging  to  any  given  type,  according  to 
size,  proportions,  and  form  ; and,  secondly,  the 
consideration  of  how  the  freeboards  of  vessels 
of  similar  sizes,  proportions,  and  forms,  but 
of  different  types,  should  be  regulatedrelatively 
to  each  other. 

Mr.  Martell,  the  Chief  Surveyor  of  Lloyd’s 
Register  Society,  has  taken  the  lead  in  treat- 
ing the  freeboard  question  in  the  manner 
described.  He  gave  evidence  upon  it  before 
the  Royal  Commission  on  Unseaworthy  Ships 
in  1873,  and  read  papers  before  the  Institu- 
tion of  Naval  Architects  in  1874  and  1882. 
Lloyd’s  Register  Society  issued  tables  of  free- 
board in  1882,  which  were  framed  by  Mr. 
Martell  and  his  assistants,  and  which  embody 
the  results  obtained  from  a large  mass  of 
practical  data,  collected  by  Mr.  Martell  from 
all  available  sources  of  information,  during 
the  long  time  he  was  working  at  the  subject. 
The  rules  and  tables  submitted  by  the  late 
Loadline  Committee  to  the  President  of  the 
Board  of  Trade  are  largely  based  upon  Mr. 
Martell’ s previous  work,  and  although  many 
others,  including  officials  of  the  Board  of 
Trade  and  of  the  late  Liverpool  Registry, 
have  worked  with  great  ability  and  advantage 
in  the  same  direction,  and  the  Loadline  Com- 
mittee have  utilised  the  labours  of  all,  grate- 
fully and  impartially,  it  is  to  Mr.  Martell, 
mo:e  than  to  anyone,  that  the  shipping  com- 
munity owe  the  advance  that  has  recently 
been  male  in  the  position  0 the  loadline 
qu:s  ion 


The  Loadline  Committee,  of  which  Sir  E. 
J.  Reed,  K.C.B.,  M.P.,  was  the  chairman, 
was  appointed  by  Mr.  Chamberlain,  President 
of  the  Board  of  Trade,  at  the  close  of  the  year 
1883.  The  questions  put  to  the  committee 
were : — 

1.  Whether  it  is  now  practicable  to  frame  any 
general  rules  concerning  freeboard  which  will  prevent 
dangerous  overloading  without  unduly  interfering 
with  trade. 

2.  If  so,  whether  any  and  which  of  the  existing 
Tables,  with  any  and  what  alterations,  or  any  other, 
and  what  tables  should  be  adopted. 

3.  How  far  any  such  tables  can  be  adopted  as 
fixed  rules,  and  what  amount  of  discretion  must  be 
left  to  the  officers  who  have  to  see  that  they  are 
complied  with. 

The  general  nature  of  the  reply  to  these 
questions,  will  be  seen  by  the  following  extract 
from  the  unanimous  portion  of  the  committee’s 
report  : — • 

1.  We  are  of  opinion  that  it  is  now  practicable  to 
frame  general  rules  concerning  freeboard  which  will 
prevent  dangerous  overloading  without  unduly 
interfering  with  trade. 

2.  We  have  the  pleasure  to  submit  herewith  Tables 
which  we  consider  should  be  adopted. 

3.  We  are  of  opinion  that  these  Tables  can  be 
adopted,  at  least  for  all  existing  types  of  cargo 
vessels  and  for  some  years  to  come,  without  the 
exercise  of  any  other  discretion  on  the  part  of  the 
officers  who  have  to  see  that  they  ate  complied  with 
than  that  which  concerns  the  quality  and  condition 
of  the  ship.  The  freeboards  assigned  by  the  Tables 
herewith  are  suitable  for  vessels  of  the  highest  class 
in  “Lloyd’s  Register”  or  of  strength  equivalent 
thereto,  and  should  be  increased  for  ships  of  inferior 
strength. 

To  the  responsible  authorities  a large  discretion 
must  be  allowed,  viz.,  that  of  applying  the  Tables 
themselves  with  reasonable  modifications  to  any  very 
exceptional  vessels  which  may  now  exist,  or  may 
hereafter  be  constructed. 

For  careful  as  we  have  been  to  give  full  consideration 
to  all  actual  types  and  sizes  of  vessels,  we  cannot 
but  admit  that  undue  interference  with  trade  might 
occasionally  arise  were  the  Tables  to  be  applied 
henceforth  to  all  ships,  present  and  future,  without 
any  exception  whatever.  We  are  well  aware  that 
the  discretion  which  we  thus  regard  as  necessary  is 
such  as  should  be  exercised  with  very  great  skill, 
care,  and  judgment,  but  we  see  no  reason  why  those 
charged  with  the  responsible  duty  of  preventing  the 
overloading  of  merchant  ships  should  not  have  at 
their  command  all  needful  assistance. 

The  Tables  submitted  by  the  committee 
refer  exclusively  to  cargo-carrying  vessels, 
and  the  remarks  in  the  present  paper  are  all 
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confined  to  the  same  classes  of  vessels.  The 
committee  did  not  consider  the  question  of 
differences  which  may  be  made  in  the  loading 
of  passenger  vessels. 

The  answers  given  by  the  committee  to  the 
questions  put  to  them,  have  made  the  com- 
mittee’s report  an  important  event  in  the 
progress  of  the  loadline  question.  N o representa- 
(tive  body  of  men  have  ever  before  succeeded 
dn  agreeing  upon  the  fundamental  question 
.as  to  the  practicability  of  framing  general 
■rules  concerning  freeboard  which  will  prevent 
dangerous  overloading  without  unduly  inter- 
fering with  trade.  It  must  be  obvious, 
however,  that  the  practicability  or  otherwise 
of  framing  such  rules  depends  entirely  upon 
the  data  of  loading,  and  the  extent  of  know- 
ledge upon  all  that  relates  to  safe  loading 
that  is  possessed  by  those  w'ho  have  to 
deal  with  the  question.  Each  shipowner, 
however  large  a number  of  ships  he  may 
control,  must  regulate  the  loading  of  his  own 
ships,  or  must  employ  some  person  or  persons 
to  do  it  for  him.  The  problem  has  necessarily 
to  be  dealt  with  in  detail  by  individual  ship- 
owners ; and  if  the  knowledge  and  experience 
of  those  who  are  separately  responsible  fcr  the 
loading  of  the  various  types  of  cargo  vessels 
jCould  only  be  brought  together,  and  general 
trules  framed  to  embody  all  the  varied  experi- 
ence they  possess,  nothing  more  could  be 
desired.  The  Loadline  Committee  were  for- 
tunate in  obtaining  front  its  Members,  and 
from  the  numerous  witnesses  who  gave  evi- 
dence in  London  and  in  the  principal  out 
potts,  a great  amount  of  data  of  the  class 
referred  to;  and  as  there  were  upon  the  com- 
mittee gentlemen  who  possessed  a varied  and 
extensive  knowledge  of  the  loading,  of  ships 
they  pcrobably  had  superior  advantages  to  those 
possessed  by  others  who  have  attempted  to 
-de^t  w\th  the  question. 

the  committee  have  not  arrived  at  so  per- 
fect a result  upon  all  points  as  would  have  been 
obtained  from  the  combined  knowledge  and 
experience  of  all  the  principal  persons  in  the 
mercantile  marine  who  have  to  do  with  the 
loading  of  ships— and  it  cannot  be  supposed 
that  they  have— there  is  at  any  rate  good 
reason  for  hoping  that  they  have,  at  least, 
made  a very  fair  first  approximation  to  it.  If 
no  more  than  this  has  been  done,  a great  step 
will  have  been  made. 

The  principles  upon  which  the  committee’s 
Tables  of  freeboard  are  framed  will  perhaps  be 
best  understood  by  grouping  them  under  the 
following  heads,  viz.,  ist,  those  which  regulate 


the  variations  of  freeboard  in  vessels  of  the 
same  type,  according  to  size,  proportions,  and 
form ; and,  2nd,  those  w'hich  regulate  the 
relative  freeboards  of  ships  of  different  types, 
that  are  similar  in  size,  proportions,  and 
form.  As  deck  erections  constitute  one  of  the* 
distinctive  features  of  type,  they  w'ill  have  to 
be  considered  under  the  latter  head. 

First,  then,  ns  to  the  influence  of  size,  pro- 
portions, and  form  upon  freeboard  in  vessels  of 
the  same  type  ; — and  in  these  remarks  steamers 
only  will  be  considered.  In  order  to  provide  a 
starting  point  for  our  investigation,  we  require 
to  select  some  suitable  type  of  steamer  as  the 
standard  one,  and  then  to  take  vessels  of 
the  standard  type,  but  of  various  sizes,  that 
have  the  same  relative  dimensions  and  are 
similar  in  form.  The  type  chosen  by  the  com- 
rrittee  as  the  standard  one  for  this  purpose  is 
the  flush-decked  steamer  of  full  scantlings 
throughout,  whose  structural  strength  is  not 
below  the  requirements  of  the  lOO  A class  at 
Lloyd’s. 

Having  fixed  upon  the  standard  type  of 
vessel,  we  next  require  to  select  certain  rela- 
tive dimensions  and  a given  form,  for  the 
vessels  of  the  type  with  which  to  commence 
the  assignment  of  freeboards.  In  thus  fixing 
upon  a standard  of  relative  dimensions,  it  has 
been  found  that  the  influence  of  breadth  upon 
freeboard  may  be  safely  ignored  in  all  ordinary 
vessels  ; and  it  is  sufficient  to  regard,  in  the 
Tables,  only  the  relation  of  depth  to  length. 
The  committee’s  Tables  are  therefore  framed 
for  steamers  of  various  sizes,  all  of  which  are 
twelve  depths  in  length  ; and  a correction  is 
given  at  the  foot  of  the  Table  below  each  length 
of  vessel,  for  every  lo  ft.  of  length  in  excess  of, 
or  less  than,  the  twelve  depths  that  are  taken 
in  the  Tables.  The  depth  taken  for  this  purpose 
is  the  moulded  depth,  and  the  lengths  and  depths 
are  measured  as  described  in  the  explanations 
of  the  Tables.  The  Table  given  at  the  end  of 
this  paper  show's  the  form  in  which  the  various 
particulars  used  in  computing  freeboards  are 
arranged. 

The  above  remarks  relate  merely  to  the 
dimensions  and  proportions  of  a vessel.  If  all 
vessels,  notwithstanding  variations  in  size  and 
I relative  proportions,  were,  nevertheless,  approxi- 
mately similar  in  form,  we  should  not  require 
to  go  any  further,  and  there  w'ould  be  only  one 
horizontal  line  of  freeboards,  or  one  freeboard 
for  each  size  of  ship  in  the  Table  on  p.  87.  But 
many  cargo  steamers  are  constructed  w'ith  the 
fullest  possible  lines,  in  order  that  they  may 
carry  the  rnaximiirn  amount  of  dead-weight, 
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and  the  question  arises  of  how  they  are  to  be 
treated  in  relation  to  vessels  of  finer  forms. 
This  point  has  probably  given  rise  to  more 
discussion  than  any  other  in  connection  with 
the  loadline  question.  The  view  that  has  found 
the  chief  supporters,  and  which  the  committee 
have  adopted  in  their  report,  is,  that  when 
ships  of  the  same  size  and  proportions  differ 
in  form,  their  relative  fineness  and  fulness 
should  be  dealt  with  by  leaving  above  water 
in  each  case  the  same  per-centage  of  the  whole 
external  volume  of  the  hull  below  the  upper 
deck.  Thus,  starting  with  vessels  of  given 
size  and  proportions,  and  of  similar  forms, 
or  (if  we  take  a coefficient  of  fineness  as  being 
sufficiently  representative  of  form)  of  equal 
coefficients  of  fineness,  and  ascertaining  the 
amount  of  out-of-water  volume  given  by  free- 
boards that  are  proved  by  experience  to  be 
suitable,  other  vessels  of  the  same  size  and 
proportions,  but  of  different  coefficients  of  fine- 
ness, will  have  their  freeboards  regulated  by 
keeping  the  same  per-centage  of  total  volume 
above  water  as  a reserve  of  buoyancy.  The 
committee’s  Tables  have  been  framed  upon 
this  principle  to  show  what  the  freeboards 
should  be  in  vessels  of  varjdng  coefficients  of 
fineness.  These  freeboards  are  given  in  the 
different  horizontal  rows  of  figures  in  the  Table 
on  page  87. 

Much  has  been  said,  and  not  without  reason, 
against  grouping  in  one  coefficient,  as  is 
thus  done,  the  horizontal  fineness  of  the  ship, 
or  the  fineness  of  her  water-lines,  and  the 
vertical  fineness,  or  fineness  of  her  transverse 
sections.  It  is,  doubtless,  the  case  that,  if  fine- 
ness be  carried  to  an  extreme  length  in  either 
direction,  the  rule  laid  down  by  the  committee 
may  require  modification,  but  there  is  reason 
for  believing  that  the  rule  laid  down  is  fairly 
applicable  to  all  ordinary  ships,  and  that 
in  practice  it  will  be  found  to  work  well.  It 
would  greatly  complicate  the  question  of  form 
to  attempt  to  deal  separately  with  horizontal 
fineness  and  vertical  fineness,  while,  at  the 
same  time,  it  must  be  remembered  that  there 
are  no  established  principles  to  go  upon  in 
doing  this.  The  whole  difficulty  of  this  question 
of  form  is  to  be  found  in  the  fact  that  no 
scientific  theories  ever  advanced  enable  us  to 
calculate  the  exact  influence  of  form  upon 
safe  loading.  We  know  that  form  has  some- 
thing to  do  with  it,  but  it  is  impossible  to 
estimate  its  effect  with  absolute  precision.  All 
we  can  do  is  to  lay  down  an  empirical  rule 
respecting  form,  as  we  have  to  do  upon  other 
points,  that  will  operate  in  the  direction  which 


we  know,  by  theory  and  observation,  to  be  the 
right  one,  and  that  will  approximately  give 
results  that  agree  with  those  furnished  by 
experience  at  sea. 

The  explanations  given  with  the  committee’s 
Tables  of  freeboard  point  out  that  the  exact 
freeboard  required  for  a given  ship  may  thus 
be  calculated  by  constructing  a displacement 
scale  to  the  height  of  the  deck  to  which  the 
freeboard  is  measured,  so  as  to  obtain  the 
whole  external  volume  up  to  the  upper  surface 
of  that  deck.  Per-centages  of  the  total  volume 
are  given  in  the  Tables  for  vessels  of  various 
types  and  dimensions,  to  determine  the  propor- 
tion that  must  be  left  out  of  water. 

This  method,  although  practically  exact, 
involves  considerable  labour,  and  it  has  been 
found  that,  by  using  an  approximate  coefficient 
of  fineness  as  a measure  of  form,  the  variations 
in  freeboard,  necessitated  by  differences 
of  form,  may  be  made  to  as  great  a degree 
of  accuracy  as  is  necessary.  The  coefficient  of 
fineness  taken  for  this  purpose,  ' which  was 
proposed  by  Mr.  Martell,  is  the  following: — 
Divide  100  times  the  gross  registered  tonnage 
below  the  upper  deck  by  the  product  of  the 
length,  breadth,  and  depth  of  hold,  and  the 
result  will  be  the  “ coefficient  of  fineness  for 
freeboard  purposes.”  This  coefficient  is  not 
supposed  to  possess  exact  scientific  value,  and 
it  can  only  be  used  with  advantage  by  having 
especial  regard  to  those  features  of  a ship  that 
affect  the  depth  of  hold  ; but  it  has  the  great 
practical  merit  of  being  quickly  calculated, 
and  of  requiring  for  the  purpose  of  such 
calculation  only  the  length  and  such  other 
data  as  is  recorded  in  Lloyd’s  Register  Book. 

The  accuracy  of  this  approximate  rule  was 
very  carefully  tested  by  members  of  the  com- 
mittee, particularly  by  Mr.  Robert  Duncan 
and  Mr.  William  Denny;  and  the  results 
satisfied  the  committee  that,  when  used  with 
intelligence  and  discretion,  and  with  modifica- 
tions in  certain  special  cases  described  in  the 
Report,  the  coefiicient  of  fineness  is  all  that  is 
practically  required  in  making  freeboard  cal- 
culations. The  committee’s  Tables  are  there- 
fore framed  for  the  application  of  this  rule, 
and  do  not  include  all  the  particulars  that 
would  be  necessary  for  the  separate  use  of  the 
displacement  method.  Such  additions  might 
readily  be  made  if  the  displacement  meriiod 
came  to  be  employed  in  practice  ; but  it  is 
likely  that  the  simpler  rule,  which  appears  to 
be  sufficiently  exact,  and  the  data  for  emplo}  - 
ing  which  may  easily  be  obtained,  will  be 
preferred.  The  percentages  of  total  volume. 
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which  are  approximately  provided  by  the  free- 
boards given  in  the  Tables  as  reserves  of 
buoyancy,  are  given  at  the  head  of  each  Table. 

The  Tables  are  framed  so  that  for  a vessel  of 
given  size  and  proportions  the  freeboards 
required  for  co-efficients  of  fineness,  varying 
from  *68  to  *82,  are  given  in  the  vertical 
column  that  relates  to  that  size. 

The  complete  Tables  enable  us  to  fix  the 
freeboard  of  a flush-decked  cargo  steamer  of 
any  length,  varying  from  120  ft.  to  408  ft., 
and  over,  and  of  any  ordinary  proportions  of 
breadth  and  depth  to  length,  and  also  of  any 
ordinary  form.  The  sheer  of  deck  requires, 
however,  to  be  taken  into  account,  because 
vessels  with  little  sheer  are  much  more  liable 
to  take  seas  on  board  at  either  end  than  vessels 
with  large  sheer.  The  Tables,  therefore,  apply 
only  to  vessels  of  a mean  sheer  of  20  in.  when 
they  are  100  ft.  in  length;  25  in.  when  they 
are  150  ft.  in  length ; and  so  on,  adding  5 in. 
of  mean  sheer  for  each  additional  50  ft.  of 
length,  till  a total  length  of  400  ft.  is  reached, 
when  the  mean  sheer  is  50  in.  If  the  sheer  of 
any  vessel  differs  from  this  standard  amount, 
then  the  difference  between  the  actual  mean 
sheer  and  the  mean  standard  sheer  is  divided 
by  four,  and  the  result  in  inches  is  the  amount 
by  w'hich  the  freeboard  amidships  is  to  be 
diminished  or  increased,  according  as  the 
sheer  is  greater  or  less  than  that  required.  The 
round  of  the  deck  is  also  assumed  in  the  vessels 
taken  in  the  tables  to  be  one-quarter  of  an  inch 
for  every  foot  in  length  of  the  midship  beam. 
When  the  round  of  the  deck  differs  from 
this,  the  difference  in  inches  requires  to  be 
divided  by  two,  and  the  result  added  to  or 
deducted  from  the  freeboard  given  in  the 
Tables. 

We  are  thus  able  to  deal  with  flush-decked 
steamers  of  various  sizes,  proportions,  forms, 
sheers,  and  rounds  of  beam  ; but  so  far  we  have 
only  considered  flush-decked  vessels,  or  vessels 
which  have  no  houses  or  erections  of  any  kind  on 
deck.  Most  steamers  have  deck  erections  of  some 
kind,  such  as  are  shown  in  Figs.  2 to  6 (p.  80) ; 
and  these  erections,  if  strongly  and  efficiently 
constructed,  add  very  materially  to  seaworthi- 
ness. Forecastles  and  poops  offer  great  proiec- 
tion  against  seas  coming  in  over  either  end  and 
sweeping  the  deck  ; while  midship  houses, 
which  enclose  the  openings  to  the  engine  and 
boiler  compartments,  effectually  prevent  water 
finding  its  w’ay  in  large  quantities  through 
those  necessarily  vulnerable  parts  of  the  deck. 
The  importance  of  deck  erections  to  seaworthi- 
ness will  be  understood  when  we  remember 


that,  if  the  deck  of  a ship  could  be  made  as 
strong  and  as  free  from  weak  places  through- 
out as  the  outside  of  the  hull,  the  ship  would  be 
watertight  and  seaworthy  however  little  free- 
board she  might  have.  The  only  thing  then  left 
to  consider  would  be  a working  platform  from 
which  she  might  be  navigated  with  safety. 
But  a ship’s  deck  must  necessarily  be  made 
with  openings  in  it,  whose  power  of  resistance 
to  heavy  seas,  even  when  completely  closed,  is 
comparatively  small.  We  therefore  have  to  con- 
sider two  points  in  fixing  freeboards.  One  is 
to  keep  the  vulnerable  parts  of  the  deck 
so  high  above  the  water  that  dangerously 
heavy  seas  are  not  likely  to  break  through 
them  ; and  the  other  is  to  provide  a platform 
at  such  a height  as  will  make  the  crew  safe 
against  being  \vashed  overboard.  Deck  erec- 
tions are  of  very  great  value  from  both  these 
points  of  view.  Poops  and  forecastles,  as  has 
already  been  said,  protect  the  decks  against 
being  swept  fore  and  aft ; and  midship  houses 
protect  the  chief  openings  in  the  deck,  and 
those  which  can  be  the  least  effectually  closed. 
When  deck  erections  are  carried  to  the  extent 
shown  in  Figs.  4,  5 and  6 (p.  80),  so  that  we  get 
what  is  called  a “ well-decked  ” steamer,  then, 
if  the  vessel  be  one  of  a modern  type,  in  which  the 
erections  are  substantially  constructed  and 
closed  in  at  the  ends,  we  have  no  part  of  the 
deck  left  uncovered,  except  the  short  length 
forward  which  contains  the  fore-hatch.  These 
vessels  have  proved  themselves  to  be  very  safe 
at  sea.  Adverse  opinions  have  been  expressed 
about  them  at  different  times,  but  these  are 
not  justified  by  the  records  of  their  perform- 
ances. No  doubt  there  are  well-decked  ves- 
sels, constructed  some  years  ago,  in  which  the 
deck  erections  are  of  weak  construction,  parti- 
cularly at  the  ends,  and  are  not  strong  enough 
to  withstand  the  blows  of  hea\y  seas.  The 
essential  element  of  safety  in  this  class  of 
vessel  is  deck  erections  which  form  a continu- 
ous part  of  the  structure  of  the  ship,  and 
which  are  very  strongly  closed  in  by  iron  bulk- 
heads at  the  ends. 

For  vessels  that  are  fitted  with  the  different 
classes  of  deck  erections,  deductions  are  made 
from  the  freeboards  required  by  the  tables, 
according  to  the  nature  and  extent  of  the 
erections.  The  various  deductions  are  de- 
scribed in  the  preface  to  the  committee’s 
Tables,  and  it  is  not  necessary  to  give  the 
details  here.  All  that  need  be  said  about  them 
is  that  the  whole  question  of  allowances  for 
deck  erections  of  different  kinds  is  one  which 
cannot  be  brought  within  the  scope  of  exact 
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scientific  treatment,  and  it  is  a point  upon 
which  the  committee  have  necessarily  been 
guided  more  by  the  opinions  of  seamen  and  by 
the  recorded  experience  of  successful  ship- 
owners, than  by  any  other  considerations.  It 
is  one  of  the  points  upon  which  it  may  reason- 
ably be  expected  that  experience  may  throw 
further  light,  and  may  show  that  modifications 
can  be  made  with  advantage. 

We  have  now  seen  how  the  freeboards  of 
ships  are  regulated  in  flush-decked  cargo 
steamers  of  various  sizes,  proportions,  forms, 
and  types,  and  we  now  come  to  two 
other  important  classes  of  vessels,  shown 
in  Fig.  7 (p.  80),  which  are  known  as  spar-deck 
steamers  and  awning-  deck  steamers.  In  deal- 
ing with  steamers  of  these  classes,  which  are 
of  weaker  construction  than  ^those  already 
I dealt  with,  the  question  of  relative  strength  has 
! to  be  considered.  Flush-decked  steamers  of 
j the  100  A class  in  Lloyd’s  Register,  which 
,j  are  of  full  strength  up  to  the  upper  deck, 

I are,  it  is  known,  amply  strong  enough  to 

I'  bear  loading  to  the  freeboards  given  in  the 

I Tables.  Spar  and  awning  deck  vessels,  which 
are  of  less  strength,  may  become  unseaworthy 
I through  excessive  straining  action  at  sea  if 
loaded  to  the  same  depths  as  the  vessels  above 
I named.  And  there  are  instances  of  vessels 
of  these  types  having  been  severely  strained  at 
I sea,  andofsomewhichhave probably  foundered 
' in  consequence,  when  loaded  unduly  deep.  The 
principle  which  the  committee  has  adopted  in 
' dealing  with  these  and  other  vessels  that  are 
inferior  in  strength  to  those  of  the  100  A class 
of  full  scantling  ships  in  Lloyd’s  Register,  is  to 
fix  approximately  the  limits  at  which  the 
stresses  upon  the  material  of  the  hull  shall  not 
exceed  that  of  the  stronger  class  of  the  same 
proportions,  form,  and  moulded  depth,  when 
loaded  to  the  freeboard  required  by  the  Tables. 
In  our  present  state  of  knowledge  of  how  to 
calculate  exactly  the  relative  stresses  upon  the 
materials  of  ship’s  hulls,  it  is  impossible  to  rely 
upon  absolute  accuracy  of  comparison,  but  the 
principle  is  a sound  one.  It  can  be  applied 
' with  a fair  ddgree  of  accuracy  in  many  cases, 
and  it  is  only  to  be  expected  that  the  present 
deficiencies  in  this  branch  of  science  will  be 
made  good  in  time.  In  thus  adopting  Lloyd’s 
100  A class  as  a standard  of  strength,  the 
Committee  must  not  be  supposed  to  endorse 
Lloyd’s  rules  in  any  sense.  They  are  merely 

B taken  by  the  Committee  as  being  the  best,  or, 
indeed,  the  only  recognized  standard  we  now 
have. 

This  principle  of  regulating  freeboards  has 


been  made  to  apply  to  90  A and  80  A vessels, 
as  well  as  to  spar-deck  and  awning  deck 
vessels  ; in  fact,  it  has  been  made  to  apply  to 
any  vessels  that  are  weaker  in  construction 
than  full  scantling  ships  of  the  100  A class. 
It  is  possible  that  many  90  A ships,  or  even 
vessels  of  inferior  strength,  may  be  strong 
enough  to  load  as  deeply  as  a 100  A ship  ; and 
doubtless  this  is  usually  the  case  in  the  smaller 
class  of  vessels.  But  it  is  probable  that  if 
such  loading  were  allowed,  the  extra  cargo 
that  could  be  carried  because  of  the  saving 
of  weight  in  the  90  A,  or  a still  weaker  class  of 
ship,  might  form  an  inducement  for  weaker 
classes  of  ships  only  to  be  built,  and  might 
thus  penalise  a ship-owner  who  incurs  the 
extra  expense  of  the  100  A class.  The  com- 
mittee were  greatly  influenced  in  their  decision 
respecting  the  reduction  of  freeboards  in  vessels 
of  inferior  strength,  by  a desire  to  remove,  as 
far  as  possible,  any  advantage  that  might 
be  gainedby  building  vessels  of  classes  inferior 
to  the  100  A.  At  the  same  time,  if  by  improved 
methods  of  construction  it  can  be  shown  that 
much  lighter  ships  than  those  built  to  the  rules 
for  the  100  A class  are  as  strong  structurally 
as  they,  no  reduction  of  freeboard  would 
be  made.  The  freeboards  of  spar  and 
awning  deck  vessels  require  to  be  determined 
by  considerations  of  strength,  and  the  depth 
of  loading  thus  being  limited  by  the  strength 
of  the  ship,  it  is  obvious  that  extra  protection 
afforded  by  sheer  or  by  deck  erections  cannot 
be  allowed  to  justify  deeper  loading.  In  these 
classes  of  vessels,  therefore,  no  reductions  for 
freeboard  are  allowed  either  for  deck  erections, 
sheer,  or  round  of  beam. 

The  freeboards  of  sailing-  vessels  have  been 
tabulated  in  a similar  manner  to  the  above,  and 
corrections  for  deck  erections,  sheer,  round  of 
beam,  &c.,  made  in  them  in  the  same  way. 
The  Tables  are  framed  for  wood,  composite, 
and  iron  ships,  and  call  for  no  detailed  descrip- 
tion here. 

A matter  which  has  given  rise  to  con- 
siderable discussion,  is  the  regulation  of 
freeboard  according  to  the  season  of  the  year, 
and  the  nature  of  the  trade  in  which  a ship 
is  employed.  The  committee  have  framed 
their  Tables  for  winter  voyages,  and  they  allow 
a somewhat  deeper  loading  for  steamers  in 
summer  than  in  winter,  but  not  for  sailing 
vessels.  An  addition  to  the  ordinary  winter 
freeboard  is  required  for  the  North  Atlantic 
in  winter.  The  allowances  for  summer 
voyages  and  for  the  North  Atlantic  voyages 
in  winter  will  be  seen  in  the  I able  on 
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page  87.  Double  the  reduction  of  winter  free- 
board that  is  allowed  for  summer  voyages, 
is  allowed  for  steamers  trading  during  the  fine 
season  in  the  Indian  Ocean,  between  the  limits 
of  Suez  and  Singapore.  Summer  voyages  from 
European  and  Mediterranean  ports  are  those 
made  from  April  to  September,  inclusive  ; and 
in  other  parts  of  the  world  the  reduced  free- 
board is  allowed  during  the  corresponding  or 
recognised  summer  months. 

The  question  of  stability  is  one  that  has 
often  been  raised  in  connection  with  the  regu- 
lation of  freeboards.  Stability  is,  however,  so 
intimately  associated  with  stowage  that  it  is 
only  possible  to  deal  with  it  by  defining  how 
ships  of  various  proportions  and  types  are 
to  be  stowed.  The  Loadline  Committee  did 
not  feel  able  to  deal  with  an  independent 
problem  of  such  magnitude  and  such  great 
complexity  as  this.  Stability  need  not 
ordinarily  enter  into  the  determination  of 
the  loadline,  except  for  the  purpose  of  ensuring 
to  ships  of  great  proportionate  depth  the  neces- 
sary stability  at  sea  when  employed  in  the 
carriage  of  grain,  or  any  cargoes  that  are 
approximately  homogeneous.  If  properly  quali- 
fied persons  are  entrusted  with  the  assign- 
ment of  loadlines,  they  will  readily  distinguish 
between  vessels  in  which  stability  is  likely  to 
be  a question  of  importance  and  those  in 
which  it  is  not.  In  cases  where  vessels  will 
obviously  admit  of  being  loaded  so  as  to 
become  unstable  at  sea,  the  owners  should  be 
looked  to  for  particulars  of  the  stabilit}%  and 
for  furnishing  proof  that,  so  far  as  stability  is 
concerned,  the  vessel  may  be  safely  laden  with 
her  intended  cargoes  to  the  loadline  given  in 
the  Tables,  or  to  such  a reduced  draught  as 
may  be  considered  proper.  The  responsibility 
•of  providing  stability,  or  of  showing  that  suf- 
ficient is  provided,  must  be  left  with  ship- 
owners. Stability  is  regulated  by  stowage, 
and  no  mere  provision  of  freeboard,  height  of 
platform,  or  strength  of  structure,  can  make  a 
■ship  safe  if  her  stability  is  not  secured  by 
proper  stowage.  The  regulation  of  stowage 
has  but  little  more  to  do  with  freeboard  Tables 
than  has  the  regulation  of  steam-power,  bulk- 
head division,  manning,  and  other  essential 
■elements  of  safety.  Each  of  these  points  re- 
q[uire  to  be  separately  and  fully  dealt  with. 

It  will  be  seen,  by  the  imperfect  description 
thus  given  of  the  new  loadline  tables,  that  the 
committee  did  not  succeed  in  discovering  any 
simple  rule  that  is  applicable  to  all  sizes, 
classes,  and  varieties  of  ships,  and  to  all  the 
circumstances  under  which  they  may  be  em- 


ployed. Indeed,  it  must  be  clear,  when  the 
nature  of  the  problem  is  properly  considered, 
that  no  simple  rule  could  possibly  be  devised 
that  would  discriminate  fairly  between  the 
different  types  of  ships,  and  that  would  take 
the  special  circumstances  that  affect  all  into 
account.  While,  on  the  one  hand,  as  simple 
and  as  comprehensive  a rule  as  can  possibly  be 
framed  is,  of  course,  highly  desirable,  it  is 
necessary,  on  the  other  hand,  to  deal  with 
each  class  of  ship  upon  its  merits,  and 
to  evaluate  as  correctly  as  possible,  with 
reference  to  the  exigences  of  the  particular 
trade  in  which  she  is  to  be  employed,  each 
of  the  elements  of  seaworthiness  that  any 
ship  may  possess.  It  would  have  been  easy  to 
frame  a rule  much  more  complicated  and  much 
more  difficult  to  use  in  practice  than  the  Com- 
mittee have  recommended.  The  Committee 
have  even  gone  the  length,  in  several  instances, 
of  sacrificing  exact  scientific  accuracy  to  sim- 
plicity, where  no  great  amount  of  error  has 
been  involved,  and  where  by  so  doing  una- 
nimity of  opinion  with  regard  to  results  has 
been  obtained. 

Those  who  look  to  the  committee’s  report 
for  purely  theoretical  modes  of  procedure,  or  for 
an  absolute  scientific  standard  of  freeboard, 
will,  doubtless, be  disappointed.  Thecommittee 
had  to  be  content  with  tabulating,  as  fully  as  the 
information  before  them  would  admit  of,  the 
experience  of  shipowners,  and  of  others  who 
have  had  to  do  with  the  loading  of  ships.  This 
is  the  only  basis  upon  which  they  could  pro- 
ceed. All  who  know  the  science  that  bears 
upon  the  subject,  and  who  have  any  seagoing 
experience,  must  be  aware  that  such  science  is 
atpresentpowerlesstodeal  fully  with  many  of  the 
principal  points  that  are  involved  in  the  load- 
line  question.  It  is  to  the  behaviour  of 
vessels  at  sea,  and  to  the  relation  between  free- 
board and  seaworthiness  that  experience  has 
proved  to  exist,  that  we  are  obliged  to  look  for 
the  data  upon  which  to  construct  any  sound 
theory  or  any  practical  rules  whatever.  It 
is  in  this  manner  that  the  committee’s  Tables 
have  been  framed,  and  I do  not  suppose 
anyone  who  has  had  to  do  with  them  claims 
that  they  are  absolutely  perfect  in  ever>- 
particular,  or  that  they  are  incapable  of 
future  improvement  in  some  of  their  details. 
Time  and  experience  can  alone  show  this  ; but 
the  fair  and  friendly  spirit  in  which  they  are 
being  received  by  shipowners  is  very  gratifying 
to  all  who  have  had  to  do  with  them,  and 
encourages  us  to  hope  that  such  improvements 
as  time  may  prove  to  be  desirable  may  be 
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made  readily,  and  without  undue  friction  practical  administration  of  these,  or  of  any 

between  shipowners  and  the  public  authorities,  other  freeboard  Tables,  as  being  almost  of  more 

if  the  practical  administration  of  the  Tables  is  importance  than  the  Tables  themselves.  The 

carried  out  with  knowledge,  ability,  impar-  most  perfect  Tables  that  can  be  framed  must 

tiality,  and  discretion.  necessarily  be  incomplete  in  many  particulars. 

We  are,  however,  obliged  to  regard  the  ^ and  must  leave  a very  great  deal  to  the  discre- 


CARGO-CARRYIXG  STEAM  VESSELS  NOT  HAVING  SPAR  OR  AWNING  DECKS, 

NOR  ANY  DECK  ERECTIONS. 


Table  of  Reserve  Buoyancy  and  Freeboard  for  First-class  Sea-soing  Iron  and  Steel  Steam  Vessels. 
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tion  of  those  who  have  to  use  them.  The  mere 
tables  only  apply  to  existing  types  of  vessels  ; 
and  of  these  existing  types,  they  can  only  apply 
to  vessels  of  high  class  which  are  in  good  condi- 
tion. In  the  administration  of  the  Tables,  great 
discretion  and  knowledge  are  necessary,  in 
orderto  use  them  with  reasonable  modifications, 
in  view  of  changes  in  the  types  of  ships,  or  of  im- 
provements in  ships, that  the  continuous  progress 
of  naval  architecture  is  certain  before  long  to 
cause.  The  same  discretion  and  knowledge 
are  necessary  in  dealing  with  vessels  which 
by  reason  of  age,  structural  defects,  more  or 
less  rapid  deterioration,  or  of  anything  that 
may  be  observed  in  their  condition,  cannot 
safely  or  fairly  be  loaded  as  deeply  as  vessels 
which  are  in  first-class  condition.  The  great 
majority  of  the  members  of  the  committee  are 
of  opinion  that,  in  order  to  give  useful  and 
satisfactory  effect  to  the  Tables,  the  scientific 
staff  of  the  Board  of  Trade  should  be  strength- 
ened, and  should  be  made  capable  of  dealing 
with  all  questions  of  such  a nature  that  may 
arise,  in  a manner  likely  to  command  the  con- 
fidence of  shipowners  and  of  the  public. 
They  also  think  it  essential  that  this  work 
should  be  done  under  the  superintendence  of  a 
representative  body,  which  should  consist  not 
only  of  officials  but  also  of  shipowners,  naval 
architects,  seamen,  and  perhaps  underwriters. 

Parliament  has  laid  upon  the  Board  of  Trade, 
b}'-  the  Merchant  Shipping  Act  of  1876,  the 
duty  of  detaining  any  British  sliip  which  is,  “by 
reason  of  the  defective  condition  of  the  hull, 
equipment,  or  machinery,  or  by  reason  of  over- 
loading or  improper  loading,  unfit  to  proceed 
to  sea  without  serious  danger  to  human 
life,  having  regard  to  the  nature  of  the 
service  for  whch  she  is  intended.”  This  is 
a heavy  responsibility,  and  it  has  been  placed 
by  Act  of  Parliament  upon  the  shoulders  of 
the  Board  of  Trade.  The  authority  or  council 
recommended  by  the  committee  ought  not, 
therefore,  to  be  independent  of  the  Minister 
responsible  to  Parliament,  but  should  assist 
him  in  performing  the  duty  which  thus  belongs 
to  him  as  President  of  the  Board  of  Trade. 
Such  a body  is  essential  if  the  committee’s 
recommendations  are  to  be  carried  into 
effect,  while,  if  compulsory  loadlines  should 
ever  be  enforced — and  public  opinion  appears 
to  be  setting  in  that  direction — it  will  be  still  more 
necessary,  because  the  question  will  then  arise, 
not  only  of  dealing  with  our  own  ships,  but  of 
enforcing  loadlines  upon  all  ships  alike,  both 
British  and  foreign. 

In  speaking  of  a compulsory  loadline,  we 


have  to  bear  in  mind  that  the  present  or 
any  other  official  Tables  may  easily  be- 
come compulsory  for  all  practical  purposes, 
under  the  present  system,  without  any  Act  of 
Parliament  or  Board  of  Trade  regulation  stat- 
ing that  they  are  to  be  so.  Any  Tables  that  are 
used  by  Board  of  Trade  officials  for  guidance 
in  detaining  vessels,  or  that  are  held  by  the 
Wreck  Inquiry  Courts  to  define  a standard  of 
safe  loading,  practically  lead  to  the  leadlines 
assigned  by  them  becoming  compulsory.  The 
adoption  cf  an  absolute  standard  by  the 
Board  of  Trade,  by  the  Wreck  Inquiry 
Courts,  and  by  the  Law  Courts  of  the 
country,  must  inevitably  lead  to  the  enforce- 
ment of  pains  and  penalties  against  those 
who  do  not  conform  to  it,  just  as  would 
be  the  case  if  the  Tables  that  constitute  the 
standard  were  called  compulsory.  The 
members  of  the  Loadline  Committee  have 
pointed  out  in  their  supplementary  report 
that,  if  compulsory  loadlines  are  enforced 
— and  it  does  not  matter  whether  they  are 
called  compulsory  or  not  if  they  really 
become  so— the  course  which  should  be  taken 
in  order  to  avoid  “ unduly  interfering  with 
trade,”  is  to  enforce  such  loadlines  upon  all 
ships,  British  and  foreign,  that  load  in  British 
and  Colonial  ports,  and  strengthen  the  Marine 
Department  of  the  Board  of  Trade  in  the 
direction  of  better  qualifying  it  to  perform  these 
special  duties. 


DISCUSSION. 

The  Chairman  expressed  his  regret  that  Professor 
Elgar  had  been  unable,  owing  to  the  pressure  of 
important  engagements,  to  be  present  at  the  reading 
of  his  paper. 

]Mr.  Francis  Cobb  said  that  while  no  one 
could  doubt  the  great  usefulness  of  this  paper, 
he  might,  perhaps,  be  permitted  to  point  out  two 
passages  which  seemed  to  require  correction.  In  one 
place  it  was  stated  : — “ In  fixing  upon  a standard  of 
relative  dimensions,  it  has  been  found  that  the  influ- 
ence of  breadth  upon  freeboard  may  be  safely  ignored 
in  all  ordinary  vessels  ; and  it  is  sufficient  to  regard, 
in  the  Tables,  only  the  relation  of  depth  to  length  ; ’ 
and  further  on  occurred  this  passage: — “The  co- 
efficient of  fineness  taken  for  this  purpose,  which  was 
proposed  by  Mr.  Martell,  is  the  following  : — Divide 
100  times  the  gross  registered  tonnage  below  the 
upper  deck  by  the  product  of  the  length,  breadth, 
and  depth  of  hold,  and  the  result  will  be  the  ‘ co- 
efficient of  fineness  for  freeboard  purposes.’  ” In  the 
one  part  consideration  of  the  beam  of  the  ship  was 
disclaimed,  and  in  the  next  place  it  was  brought  in  to 
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find  the  coefficiency  of  fineness.  As  reference  had 
been  made  to  well- decked  ships,  he  might  perhaps 
be  permitted  to  say  that  it  was  the  opinion  of  experts 
that  |these  vessels  were  of  the  most  disastrous  form 
that  had  ever  been  invented. 

Lord  Alfred  Churchill  thought  the  basis  which 
had  been  laid  down  by  the  Loadline  Committee  was 
one  well  desendng  of  commendation,  as  they  had 
gone  very  fully  into  the  whole  of  the  question  con- 
nected with*  the  safety  of  vessels  having  a loadline, 
which,  no  doubt,  must  differ  with  various  classes  of 
ships.  The  principle  of  tonnage  in  its  normal  condi- 
tion, as  he  took  it,  would  be  the  displacement,  but 
still  it  must  not  be  forgotten  that  vessels  of  different 
forms  would  have  perhaps  the  same  amount  of  dis- 
placement. A short  and  broad  vessel  might  carry  a 
larger  amount  of  cargo  under  ordinary  conditions 
than  one  long  and  narrow,  as  the  latter  class  of 
vessels  could  not  be  loaded  up  to  the  extreme  ends 
with  safety,  so  that  the  cargo  had  to  be  placed  in  the 
centre  of  the  vessels.  In  steam  ships,  where  large 
space  was  taken  up  by  coals,  a certain  amount  of 
stowage  w’as  lost,  but  on  the  other  side  speed  was 
gained ; and,  therefore,  the  profits  of  a voyage 
might  be  made  by  speed  rather  than  by  the 
amount  of  cargo  carried.  The  committee  had  laid 
down  certain  Tables  which  seemed  well  calculated 
for  the  purpose  of  carrying  out  the  object  in  view. 
With  reference  to  the  last  paragraph  in  the  paper,  he 
M’as  disposed  strongly  to  concur  in  the  observations 
there  made,  namely,  in  the  necessity  for  having  a 
co.mpulsory  loadline  ; and  he  thought  they  should  go 
back  to  the  custom  which  prevailed  in  the  days  of 
William  and  Mar}-,  of  having  the  loadline  marked  by 
rails  “ on  each  side  of  the  stem  and  stern  and  mid- 
ships.” It  was  necessary  for  large  ships  to  have  a 
compulsory  loadline,  because  many  shipowners, 
under  certain  condiiions,  were  apt  to  alter  the  painted 
mark  to  suit  the  circumstances  of  the  case.  The 
loadline  should  be  fixed  by  the  builder  at  the  time 
of  building  the  vessel,  and  should  be  registered  by 
t ie  Board  of  Trade,  so  that  being  of  a fixed  quantity  it 
cauld  never  be  altered  upon  any  occasion.  He  was 
not  sure  that  it  was  'even  wise  to  alter  it  for  a 
s zmmer  and  annter  cruise.  He  considered  Fig. 
Xo.  I,  which  might  be  called  a flush-decked 
vessel  TOO  A,  would  be  naturally  the  best  form  of 
vessel  under  ordinary  conditions,  and  after  that, 
X’o.  3,  or  X’o.  5,  which  had  a platform  running 
rounil  a house  between  the  midships  and  poop.  As 
to  Xo.  7,  he  thought  up  to  the  lower  line  should  be 
constructed  in  every  way  similar  to  X’o.  i,  and  it 
should  be  registered  for  tonnage  in  the  same  way  ; 
that  the  above  portion  should  be  an  addition,  but 
not  capable  of  loading  for  purposes  of  heavy  cargo. 

If  this  were  done,  you  would  have  a thoroughly  good, 
seaworthy  ship,  with  a high  upper  deck,  which  | 
should  be  used  for  the  purpose  of  navigating  the  j 
ship.  X’o  doubt  such  a ship  would  be  better  adapted  | 
for  carrying  passsngers  than  cargo,  but  with  a fixed  ^ 


loadline  it  would  be  a safe  ship  if  properly  navi- 
gated. 

Mr.  T.  R.  Crampton  thought  that  a fixed  line  was 
hardly  the  point  to  be  guided  by,  as  a vessel  might 
be  filled  with  wool,  or  iron,  and  brought  down  to  a 
certain  point,  but  in  each  case  the  centre  of  gravity 
would  be  different.  His  opinion  was  that  it  would 
be  as  well  to  get  as  near  as  possible  to  the  centre  of 
gravity. 

Mr.  Liggins  said  that  would  vary  according  to 
the  weight  of  cargo. 

Lord  Alfred  Churchill  thought  the  maximum 
line  should  be  marked  during  building,  but  he  would 
not  insist  on  a ship  being  loaded  down  to  the  mark. 

hlr.  Liggins  wished  to  offer  a few  remarks  from 
a shipowner’s  point  of  view,  and  he  did  so  with 
great  confidence,  as  he  and  his  father  had  been  for 
over  fifty  years  engaged  in  the  West  India  trade. 
During  this  period  he  had  never  lost  a single  ship, 
and  upon  one  occasion  only  had  a loss  of  life  occurred. 
He  quite  agreed  with  Lord  Alfred  Churchill  that 
there  ought  not  to  be  any  difference  made  in  the 
loadline  in  summer  and  winter,  for  it  very  often 
happened  that  a ship  which  left  dock  in  the  summer, 
before  arriving  at  her  destination,  had  to  face  a 
severe  hurricane ; and  if  overloaded  she  might 
possibly  founder  and  cause  great  loss  of  life.  He 
considered  the  term  “ murder,”  which  had  been 
applied  to  shipowners  by  certain  persons  when  dis- 
cussing this  question,  was  one  of  the  most  infamous 
aspersions  that  had  ever  been  uttered.  It  was  possible 
that  sometimes  a man  was  base  enough  to  overload  a 
ship  with  a view  of  obtaining  the  insurance  money,  but 
he  was  confident  that  this  could  not  be  said  of  the 
generality  of  shipowners.  He  hoped  that  the  pro- 
posed regulations  would  never  become  law,  because 
if  they  did,  the  result  woull  be  that  many  thousands 
of  tons  would  be  transferred  to  foreign  registers.  It 
was  an  impossible  thing,  by  any  scientific  process,  to 
fix  a line  for  every  ship,  as  ships  varied  so  mueh  in 
form.  Reference  had  been  made  in  the  paper  to 
the  ignoring  of  the  beam,  but,  to  his  mind,  the  beam 
was  the  greatest  element  of  safety.  It  was  the  narrow 
ship,  which  did  not  rise  sufficiently  fast  in  a 
heavy  sea,  that  was  most  likely  to  come  to  grief. 
He  had  very  little  respect  for  theoretical  scienie 
after  reading  in  the  Times  the  aceount  of  the  loss  of 
the  Indus,  where  it  was  stated  “that  the  water 
steadily  gained  way,  notwithstanding  that  the  eargo 
was  thrown  overboard ; finally  the  pressure  burst  in 
the  bulkhead  or  partition  and  flooded  the  engine- 
room  eompartment  when  the  vessel  sank.”  That 
ship  was  built  by  a very  celebrated  firm,  and  no  doubt 
I every  part  was  measured  with  mathematical  pre- 
j cision,  but,  notwithstanding,  it  had  foundeied.  He 
I did  not  believe  it  was  possible  to  fix  upon  a loadline 
which  would  be  satisfactory  to  shipowners  and 
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captains.  It  was  not  so  much  overloading  as  the 
carrying  of  deck  loads  which  caused  the  major  part 
of  the  accidents  that  occurred.  In  reference  to  the 
accident  to  the  Palgrave,  which  had  been  lately 
reported  by  the  transport  Deccmz^  he  stated  that  this 
was  about  as  dangerous  a kind  of  ship  as  it  was 
possible  to  construct,  as  it  was  too  large  and  un- 
manageable for  the  crew  carried. 

Mr.  Henderson,  speaking  as  a shipowner  of 
forty  years’  standing,  and  as  having  owned  vessels 
engaged  in  trade  with  all  parts  of  the  world,  said  he 
was  exceedingly  anxious  that  a loadline  should  be 
adopted,  and  he  was  sure  this  was  the  wish  of  the 
majority  of  shipowners.  Mr,  Plimsoll  might  have 
been  indiscreet  in  some  of  his  remarks,  but  the 
legislation  which  had  been  passed  consequent  upon 
his  agitation,  had  been  the  means  of  preventing  great 
loss  of  life  upon  ships  that  would  have  gone  to  sea, 
had  they  not  been  prevented  from  leaving  port  in 
consequence  of  what  he  had  done.  If  a loadline  had 
been  adopted  twenty  years  ago,  there  would  not  have 
been  the  loss  of  life  that  there  had  been.  He  highly 
approved  of  what  Lloyd’s  committee  had  done  in 
endeavouring  to  have  a loadline  put  upon  ships  when 
shipowners  were  willing  to  do  it,  and  was  glad  to 
find  the  Loadline  Committee  had  adopted  the  load- 
line  which  Lloyd’s  recommended. 

IMr.  Martell,  in  support  of  the  remarks  of  the 
last  speaker,  said  that  shipowners  were  continually 
applying  to  Lloyd’s  to  affix  freeboards  to  their  ships. 
AVhatever  might  at  one  time  have  been  the  opinion 
of  shipowners  upon  this  point,  he  had  no  hesitation 
in  saying  that  they  now  believed  it  would  be  far- 
better  in  their  own  interests,  as  well  as  in  the 
interest  of  the  general  community,  to  have  a 
loadline  fixed  by  some  responsible  body.  With 
regard  to  narrow  ships,  he  thought  owners  were 
going  to  too  great  an  extent  in  increasing  the 
beam  of  vessels ; that  element  had,  he  might 
say  in  reply  to  one  of  the  speakers,  been  taken  into 
consideration  in  framing  the  Table  for  freeboards. 
With  regard  to  Fig.  7,  he  fully  coincided  in  the 
remarks  which  had  been  made  by  Lord  Alfred 
Churchill,  and  there  was  no  doubt  that  Fig.  i was  an 
excellent  type  of  ship ; but  when  it  was  an  ordinary^ 
one-  or  two -decked  ship,  with  full  scantlings  up  to 
the  upper  part,  and  had  no  protection  by  a forecastle 
or  poop  at  the  after- end,  or  bridge-house  in  the 
middle,  to  prevent  the  waves  coming  on  board,  it  was 
not  so  safe  as  ships  that  had  proper  erections  on  them, 
unless  there  was  a continuous  superstructure,  as  in 
Fig.  7,  where  there  was  a high  freeboard,  by  having 
seven  or  eight  feet  out, of  the  water,  irrespective  of  the 
height  of  the  freeboard  from  the  main  deck.  Mr. 
Cobb  had  denounced  well- decked  ships  as  most  dan- 
gerous, but  experience  had  shown  they  were  among 
the  safest  types  of  ships.  In  proof  of  this,  he  might 
mention  that  lately  an  insurance  society  had  been 
established  on  the  north-east  coast  which  only  took 
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in  this  class  of  ship,  and  the  premiums  were  the 
smallest  ever  paid.  It  was  also  proved,  by  statistics, 
that  fewer  ships  of  this  type  were  lost  than  any 
other  kind.  No  doubt,  formerly,  well-decked  shij-s 
were  differently  built  to  what  they  were  now,  but 
attention  rvas  now  paid  to  protecting  all  the  vulner- 
able parts,  and  hence  the  safety  of  this  class  of 
vessels.  He  was  glad  to  hear  from  INIr.  Henderson 
that  shipowners  generally  approved  of  the  labours  of 
the  Loadline  Committee,  for  he  had  no  doubt  that 
they  would  be  benefited  by  having  a line  affixed, 
rather  than  by  allowing  vessels  to  go  to  sea  at  the  dis- 
cretion of  those  who,  in  many  cases,  had  no  practical 
experience  of  the  subject,  as  had  been  suggested 
by  Mr.  Liggins.  The  Tables  which  had  been  drawrr 
up  were  founded  on  practice,  and  science  was  only 
brought  in  to  utilise  the  practice.  Had  it  not  been 
for  the  scientific  knowledge,  ability,  and  tact  of  the 
Chairman,  he  was  certain  the  committee  would 
never  have  arrived  at  the  unanimous  conclusion  it 
had,  and  great  thanks  were  due  to  Sir  Edward  Reed 
for  what  he  had  done. 

IMr.  Cobb  wished  to  explain  that  when  he  said 
the  beam  was  not  taken  into  consideration  in  the 
calculation  of  the  loadline,  he  did  not  say  so  upon 
his  own  word,  but  upon  what  was  stated  in  the  paper,, 
anc  he  merely  pointed  out  that  it  was  inconsistent 
with  a further  passage.  The  same  observation  alsO' 
applied  to  well-decked  ships. 

The  Chair:man  said  the  Loadline  Committee,  in 
the  inquiry  which  they  undertook,  had  a very  difficult 
task  to  perform.  The  origin  of  that  committee  was 
this  : the  Legislature  having  placed  the  obligation  of 
stopping  the  overloading  of  ships  on  the  Board  of 
Trade,  that  Department  tried  to  do  so,  but  failed  tO’ 
succeed,  their  interference  being  resisted  by  ship- 
owners. Thereupon  ISIr.  Chamberlain  conceived 
the  idea  of  forming  a committee  of  gentlemen 
for  the  purpose  of  thoroughly  investigating  the- 
subject,  and  seeing  what  answers  could  be  given 
to  the  questions  which  had  been  referred  to  in 
the  paper.  Mr.  Chamberlain  deserved  great  credit 
for  what  he  had  done,  as  from  the  constitution 
of  the  committee  he  exhibited  a great  desire  to  bring 
into  it  all  kinds  of  knowledge  and  experience ; he' 
also  accepted  modifications  in  tire  constitution,  for  the 
purpose  of  giving  a further  representation  to  different 
classes  of  shipowners,  and  from  the  time  the  com- 
mittee was  organised  he  never  said  a word,  or  did 
a thing,  by  way  of  influencing  their  action.  I he 
best  proof  that  the  committee  had  done  its  work 
with  a fair  m.easure  of  success  was  to  be  found  in  the 
fact  that  no  one  had  that  evening  complained  of  the- 
results  at  which  they  arrived,  which  would  not  have- 
been  the  case  had  mistakes  been  committed,  as  ship- 
owners never  hesitated  to  defend  themselves.  He- 
was  one  of  those  who  believed  that  shipping  had 
been  over-legislated  and  unwisely  legislated  for,  and 
that  a great  many  reflections  had  been  cast  on 
shipowners  which  ought  to  have  been  more 
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strictly  limited  to  an  extremely  narrow  section  of 
their  number.  With  regard  to  the  remarks  of 
Mr.  Cobb,  he  must  confess  that  the  correction 
which  had  been  made  was  not  wholly  unjustified, 
though  Professor  Elgar  in  the  following  paragraph 
fully  explained  what  he  meant.  Breadth  was  con- 
sidered in  the  construction  of  the  coefficients  of  fine- 
ness which  had  been  adopted  by  the  committee,  and 
they  were  not  adopted  without  very  serious  investi- 
gation and  most  elaborate  calculations.  It  was  due 
to  ISIr.  Duncan  and  Mr.  Denny  to  say  that  they 
carried  out  very  laborious  investigations  for  the 
express  purpose  of  ascertaining  whether  the  coefficient 
of  Mr.  Martell  did  closely  approximate  to  what  would 
be  the  result  of  actual  detailed  calculation.  At  an 
early  stage  of  the  inquiry  he  (the  Chairman)  laid  some 
views  before  the  committee  touching  the  coefficients, 
with  the  object  of  seeing  how  far  theoretical  objec- 
tions which  might  be  taken  had  any  practical  valu.e, 
and  he  was  glad  to  say  that  they  were  found  to  have 
next  to  none.  The  Tables,  in  so  far  as  that  branch 
of  the  question  was  concerned,  were  the  consequence 
of  most  laborious  investigation.  The  committee  had 
appeared  before  the  world  as  a unanimous  body,  not 
exhibiting  a single  difference  of  view,  but  that  was  due 
to  the  thoroughness  with  which  every  branch  of  the 
subject  was  investigated  and  debated,  and  to  the  good 
sense  of  the  members.  He  did  not  quite  understand 
the  theory  that  science  was  objectionable,  particularly 
when  that  science  was  illustrated  by  particulars  which 
went  to  show  that  there  was  a lack  of  science  in  the 
cases  brought  forward.  If  a bulkhead  burst  in  con- 
sequence of  being  too  weak,  that  proved  there  was  a 
deficiency  and  not  an  excess  of  scientific  knowledge. 
Notwithstanding  the  public  denunciations  of  well- 
decked ships,  he  agreed  with  Mr.  Martell  that  in  the 
improved  and  modern  form,  they  were  the  safest 
ships  that  went  to  sea.  Before  concluding,  there 
were  one  or  two  points  in  the  paper  to  which  he 
might  perhaps  be  permitted  to  refer.  Professor 
Elgar,  as  was  very  natural  in  writing  the  paper, 
had  gone  rather  behind  the  scenes,  and  made 
statements,  as  it  were  in  the  name  of  and  on 
behalf  of  the  committee,  which  were  not  based 
upon  the  Report  or  the  Tables  of  the  Com- 
mittee. Eor  example,  in  so  far  as  the  Tables 
dealt  with  the  principle  of  reserved  buoyancy, 
the  committee,  for  the  sake  of  being  unanimous, 
agreed  to  put  nothing  in  the  report  that  would  tend 
to  indicate  that  reserved  buoyancy  was  the  basis  of 
their  proceeding.  The  fact  was  it  was  an  eminently 
practical  committee,  and  what  was  done  was  this  : 
after  thrashing  out  theoretically  and  scientifically,  and 
certainly  practically,  a great  many  branches  of  the 
subjects,  they  agreed  to  drop  the  reasons,  like  the 
wise  judge  who  gave  his  decision  without  stating  the 
grounds  upon  which  he  based  it.  He  might,  perhap?, 
qualify  a little  the  remark  about  stability,  where 
Professor  Elgar  spoke  as  if  the  committee  had  rather 
avoided  the  question,  or  found  it  too  difficult  to  deal 
with.  This  was  not  quite  so.  It  was  not  the  magnitude 


of  the  problem  which  deterred  the  committee  from 
dealing  with  it,  but  the  true  reason  was  that  stated 
further  on  by  Professor  Elgar,  namely,  that  stability 
was  regulated  by  stowage,  and  no  mere  provision 
of  freeboard,  height  of  platform,  or  strength  01 
structure  could  make  a ship  safe  if  her  stability 
was  not  secured  by  proper  stowage.  If  they  had 
taken  another  view,  great  injury  might  have  been  in- 
flicted on  shipowners.  It  was  well  known  vou 
might  have  a ship  very  unstable  with  a honifj- 
geneous  cargo,  which  could  be  made  stable,  or  even 
a great  deal  too  stable — by  putting  in  an  iron  cargo, 
for  instance,  or  by  disregarding  the  question  of  the 
centre  of  gravity,  and  other  considerations.  There- 
fore it  was  that  the  committee  felt  it  would  be  a 
very  great  mistake  to  attempt  to  regulate  the  amount 
of  loading,  or  in  other  words,  the  position  of  the 
loadline  of  the  ship,  by  a consideration  which  might 
or  might  not  exist,  according  to  the  nature  of  the 
cargo  carried.  Of  course  it  followed  on  the  other 
hand  from  this  that  a ship,  though  loaded  to  a 
suitable  loadline,  if  she  was  badly  stowed,  might  go  to 
sea  in  a very  unsafe  condition.  There  was  no  dis- 
guising that  fact,  and  Professor  Elgar  had  shown  how 
necessary  it  was  to  supplement  the  labours  of  the 
committee  by  further  knowledge  and  investigation 
touching  other  elements  of  the  safety  of  ships  at  sea. 
It  was  right,  he  should  say,  notwithstanding  some 
little  internal  contests  over  small  details  of  prin- 
ciple, that  the  representatives  of  the  Board  of 
Trade  upon  the  committee  yielded  to  the  views 
of  the  majority,  where  they  conscientiously  could, 
with  considerable  grace.  Nothing  he  could  say 
would  be  too  strong  in  the  way  of  approval  of  the 
labour  of  Lloyd’s  Register  Office,  and  particularly 
of  the  individual  labour  of  Mr.  Martell.  That  gentle- 
man had  responded  to  every  desire  of  the  committee 
for  further  information  which  lay  within  his  reach, 
and  in  this  course  he  was  supported  by  his  com- 
mittee and  all  the  officers  of  Lloyd’s.  He  was  sure 
that  every  one  would  agree  that  the  com- 
mittee had  done  valuable  work  in  shewing  that 
means  had  been  at  last  reached  for  bring- 
ing about  a concurrence  of  opinion  between 
shipowners  and  those  who  were  charged  with  the 
responsibility  of  regulating  the  loading  of  merchant 
ships.  He  believed  shipowners  also  came  out 
exceedingly  well  in  the  inquiry,  both  in  the  evi- 
dence they  laid  before  the  committee  and  in  the 
manner  in  w'hich  they  applied  their  knowledge  and 
experience  to  the  investigation,  and  he  should  feel  it 
his  duty,  when  he  saw  Mr.  Chamberlain,  to  point  out 
to  him  that  nothing  could  have  been  more  fair- 
minded,  more  open  or  thorough,  than  the  manner  in 
which  they  co-operated  with  the  other  members  ot 
the  committee  in  bringing  about  the  result  which 
had  been  attained.  In  conclusion,  he  begged  to 
propose  a hearty  vote  of  thanks  to  Professor  Elgar 
for  his  valuable  and  important  paper. 

The  resolution  was  passed  unanimously,  and  the 
meeting  adjourned. 
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Miscellaneous, 

^ 

INTERNA  TIONAL  INVEN770NS 
EXHIBITION. 

Jury  Awards. 

The  final  list  of  awards  made  by  the  Juries,  and 
confirmed  by  the  Jury  Commission,  has  now  been 
issued,  and  can  be  obtained  from  Messrs.  Clowes, 
the  publishers  to  the  Exhibition.  The  list  contains 
the  awards  in  both  Divisions  of  the  Exhibition — 
Inventions  and  Music,  also  the  awards  which  were 
made  to  exhibitors  in  “ Old  London.”  Since  the 
issue  of  the  first  edition  of  the  list,  the  Jury  Com- 
mission have  been  engaged  in  considering  applications 
from  exhibitors  who  were  dissatisfied  with  their  award. 
-Tn  cases  where  any  error  seemed  to  have  been  com- 
mitted, or  where  the  exhibit  had  been  overlooked,  the 
Jury  Commissionhave  endeavoured  to  repair  omissions 
or  correct  mistakes ; but  the  comparison  of  this  list 
with  that  which  appeared  in  the  London  Gazette  of 
the  nth  of  August  last,  will  show  that  the  altera- 
tions have  not  been  very  numerous.  The  Jury  Com- 
mission, now  that  its  work  is  completed,  has  been 
<lissolved.  The  design  for  the  diploma,  which  has 
been  drawn  by  Mr.  Thomas  Riley,  has  been  approved 
by  the  Executive  Council  of  the  Exhibition,  and  is 
now  in  the  printers’  hands.  There  seems  every 
Teason  to  expect  that  a diploma  will  be  forwarded  to 
each  exhibitor  who  has  received  a medal  within  two 
months  from  the  present  time.  The  medals  will  be 
•distributed  as  soon  as  they  are  ready,  and  this,  it  is 
believed,  will  be  very  shortly. 


PRODUCTION  OF  ALFA  IN  ALGERIA. 

Consul  General  Playfair,  in  his  last  report  issued 
at  the  commencement  of  the  year,  on  the  commerce 
and  agriculture  of  Algeria,  says  that  alfa  is  of  great 
•and  increasing  importance,  both  to  Algeria  and 
England,  where  nearly  the  whole  of  the  exports  are 
consigned,  and  he  gives  the  following  account  of  the 
plant  taken  from  the  report  of  a Commission  recently 
sent  to  the  high  plateaux  by  the  Governor- General, 
to  study  the  subject  in  the  great  upland  plains  where 
alone  it  is  found.  Alfa  or  halfa  is  a plant  which  is 
found  in  calcareous  soil  or  silicious  clay,  but  not  in 
compact  clay  or  pure  sand,  unless,  at  a short  depth 
below  them,  silicious  clay  is  found,  or  soil  unimpreg- 
nated with  sea  salt.  In  the  high  plateaux  of  the 
south  of  Oran  it  is  found  in  calcareous  soil  of  the 
formation  cretacce  sitph'ieure  (compact  calcareous 
rock,  in  horizontal  bands,  the  decomposition  of 
which  produces  stones  and  finely  powdered  earth 
coloured  dark  red  by  the  oxide  of  iron),  and  in  sand 


mixed  with  clay  of  quaternary  alluvium.  The  thin 
circular  and  shallow  roots  of  the  plant  require  air  and 
a little  moisture,  thus  the  alfa  is  never  found  in  the 
white  sand  near  the  Chotts,  nor  in  the  depressions  of 
compact  soil  scattered  about  the  high  plateaux. 
The  surface  of  the  high  plateaux  in  Oran  may  be 
compared  to  a carpet,  the  ground  of  which  is  alfa, 
picked  out  with  innumerable  ramifications  of  sennara 
and  artemisia.  The  tuft  of  alfa  presents  at  its  base 
the  appearance  of  a central  axis  around  which  at  a 
short  distance  proceed  horizontal  ramifications.  These 
spring  up  vertically  and  produce  bunches  of  flowers, 
sheathed  in  narrow  falling  leaves.  After  the  first 
year’s  growth,  each  ramification  sends  out  from  its 
base  a shoot,  which  descends  into  the  ground,  pro- 
ducing a small  root ; other  ramifications  are  then 
produced  at  the  base  of  previous  ones,  and  become 
rooted  in  their  turn.  The  tuft  thus  increases  from 
the  centre  to  the  circumference,  each  addition  being 
united  to  the  central  mass,  but  forming  gradually 
its  own  roots,  so  as  to  be  able  to  live  when  the 
central  part  dies  and  disappears.  It  is  only  in  the 
third  year  from  the  sprouting  of  the  ramification  that 
the  flower  appears  to  be  developed.  If  the  plant  is 
allowed  to  grow  unchecked,  its  flowers  and  leaves 
vegetate  during  the  spring,  they  ripen  in  summer, 
and  they  commence  to  decompose  from  the  points 
downwards,  under  the  action  of  the  autumnal  rains, 
fading  progressively  during  the  winter.  In  propor- 
tion as  the  sap  of  spring  developes  new  leaves,  those 
of  the  previous  year  fall  over  inert  and  partly  dried 
up,  without  ceasing  to  adhere  to  the  stem  on  which 
they  continue  to  decompose  during  the  following 
years.  After  several  years  the  dead  leaves  form  a 
thick  central  mass,  impenetrable  to  the  shoots  at 
their  base,  and  around  this  mass  the  new  leaves  pierce 
through,  and  the  small  roots  continue  to  develop 
outside  the  circle.  Alfa  grows  abundantly  in  Algeria, 
and  a large  population,  both  of  Spaniards  and  Arabs, 
is  engaged  in  collecting  it.  The  workman  generally 
twists  round  his  hand,  or  round  a small  stick,  the 
upper  part  of  the  leaves,  which  he  tears  out  by  a 
sudden  jerk,  and  puts  under  his  left  arm,  and 
this  he  continues  to  do  until  he  has  made  a 
small  sheaf  which  he  ties  up.  A number  of 
these  small  sheaves  are  made  into  a larger 
one,  and  these  are  placed  upright  to  dry.  To 
preserve  this  plant  as  much  as  possible,  an 
ordinance  of  the  Governor-General  was  published  on 
the  13th  March,  1884,  prohibiting  the  collection  of  it 
during  a close  period  of  about  four  months  every 
year,  varying  according  to  the  climatic  conditions  of 
the  district  where  it  occurs.  A large  quantity  of  the 
best  alfa  is  exported  to  Spain,  where  it  is  mixed  with 
the  esparto  grass  of  the  country ; the  ordinary 
quality  is  almost  all  sent  to  England  for  the  manu- 
facture of  paper.  Of  late  the  exportation  has 
greatly  diminished,  owing  partly  to  the  competition 
in  Spain,  Morocco,  and  Tunis,  but  partly  to  its 
excessive  price  and  the  introduction  of  wood  pulp  in 
the  paper  trade.  The  extent  over  which  the  alfa  is 
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found  in  Algeria  is  about  4,441,000  acres,  and  it  is 
estimated  that  upwards  of  16,000,000  -ewts.  were 
collected  during  the  year  18S3. 


Notes  on  Books, 


Lightning  Conductors.  By  Richard  Anderson. 

Third  Edition.  E.  and  F.  Spon.  1885. 

The  object  of  this  work  is  to  give  full  information 
as  to  the  precautions  to  be  taken  to  protect  buildings 
from  lightning,  the  best  means  of  setting  up  and 
arranging  lightning  conductors,  &c.  In  addition  to 
this,  a very  full  history  of  the  invention  of  the  light- 
ning rod  and  of  the  early  experiments  of  Franklin 
and  others  is  given.  The  present  is  the  third  edition 
of  the  book,  and  contains  considerable  additions  to 
the  matter  Avhich  was  found  in  previous  issues.  The 
whole  book  has  been  read  and  revised  by  Dr.  R.  J. 
Mann. 

John  Wyatt.  Compiled  from  original  manuscripts. 

Hamilton  Adams  and  Co.  1885. 

There  are  probably  not  many  people  who  are  aware 
that  the  spinning  machine  of  Hargreaves  was  antici- 
pated many  years  before  by  the  invention  which  was 
patented  by  Louis  Paul  in  1738,  and  fewer  still  that 
the  invention  for  which  Paul  took  out  a patent  was 
really  the  work  of  John  Wyatt.  In  this  little  book 
a full  account  of  Wyatt  is  given,  and  it  shows  that  he 
not  only  was  the  first  to  invent  a method  of  spinning 
by  machineiy',  but  that  he  also  invented  and  carried 
to  a certain  degree  of  perfection  a file-cutting  machine, 
and  also  a weigh-bridge  capable  of  weighing  loaded 
w’agons.  A machine  of  his  constniction  was  set  up 
for  the  public  use  in  Liverpool  in  1744.  Similar 
machines  w'ere  also  erected  a few  years  later  in 
Shrew’sbuiy,  Chester,  and  elsewhere. 

The  Dominion  Annu.\l  Register  and  Review 
FOR  THE  Eighteenth  Year  of  the  Cana- 
DiAN  Union,  1884.  Toronto.  1885. 

This  volume,  w'hlch  is  the  eighth  of  a series  of 
Annuals,  contains  a Political  and  Parliamentary 
History  for  1884,  and  a chapter  on  the  progress  of 
education  in  the  Dominion,  a review  of  literature, 
science,  and  art,  a full  obituary  for  the  year,  statistics, 
and  a journal  of  remarkable  occurrences.  The 
appendix  contains,  among  other  things,  a table  of 
ages,  and  other  data  respecting  living  Canadian  pub- 
lic men,  and  a list  of  voyageiirs  with  the  Nile 
Expedition. 


General  Notes. 

♦ 

Edinburgh  International  Exhibition,  1866. 
— The  full  programme  of  this  Exhibition  has  now 
been  issaed,|  containing  the  classification,  lists  of 


committees  and  sub-committees,  regulali-ji, 3^  . 
The  rules  are  based  on  those  which  have  been  f.  ..n  1 
to  work  successfully  at  the  South  Kensington  Ex- 
hibitions. The  Exhibition  is  to  be  an  international 
one,  and  contributions  from  foreign  countries  ar 
invited.  “ Old  London  ” is  to  have  its  imitator  in 
“Old  Edinburgh,”  as  it  is  proposed  to  reproduce 
some  of  the  historical  buildings  of  Edinburgh  in 
manner  which  has  been  so  successfully  adopted  at 
South  Kensington  for  old  London  houses.  There 
are  to  be  special  departments  for  fine  arts,  women's 
work,  and  the  work  of  artisans. 

Navigation  of  the  Seine.— Although  Pari- 
cannot  strictly  be  termed  a seaport,  the  quantity  f 
goods  brought  by  water  is  greater  than  the  cxpoit 
and  import  trade  of  any  port  in  France,  and  averages 
upwards  of  5^-  millions  of  tons  annually  ; whil-.t  at 
Marseilles,  the  total  exports  and  imports  taken  ov.-  r 
a period  of  three  years  does  not  average  more  than 
4^-  millions  of  tons  per  annum.  It  is  true  that,  as  a 
commercial  port,  Paris  cannot  rank  high,  as  the 
exports  are  insignificant  as  compared  with  the 
imports.  About  80  per  cent,  of  the  total  tonnage 
brought  up  the  Seine  consists  of  timber  and  other 
materials  for  building  purposes,  whilst  agricultural 
produce  and  provisions  figure  for  about  380,000  tons. 
As  an  industrial  centre,  Paris  does  not  avail  itself  of 
river  transport  for  the  export  of  its  manufactures — 
450,000  tons  at  the  utmost — and  it  would  be  nece^- 
sary  to  reduce  the  cost  of  freights.  On  100  vessels 
and  boats  which  bring  goods  to  Paris,  82  return 
empty. 


MEETINGS  OF  THE  SOCIETY. 
Ordinary  Meetings. 
Wednesday  evenings,  at  8 o’clock  : — 
December  16. — “ Barmah,  Pre'ent  and  F^-ture.” 
By  Holt  S.  Hallett. 

At  the  meetings  after  Christmas  the  follo  wing 
papers  (among  others)  will  b2  read : — 

“ The  Treatment  of  Sew'age.”  By  Dr.  C. 
Meymott  Tidy, 

“Calculating  Machines.”  By  C.  V.  Boys. 

“ The  History  and  Manufacture  of  PIa3*ing  Cards.” 
By  George  Clulow. 

“Domestic  Electric  Lighting.”  By  W.  H. 
Preece,  F.R.S. 

“The  Scientific  Development  of  the  Coal  T..r 
Industry.”  By  Prof.  R.  Meldola,  F.C.S. 

“The  Experiments  with  Lighthouse  Illumiaans  at 
the  South  Foreland.”  By  E.  Price  Edwards. 

“ Machinery  in  Mines.”  By  Henry  Davey. 


Foreign  ano  Colonl\l  Section. 

The  Meetings  of  this  Section  will  ta’  ep’ace 
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on  the  following  Tuesday  evenings,  at  Eight 
o’clock  : — 

January  26 ; Februar}^  16 ; March  2,  23,  April  13  ; 
May  18. 

Applied  Chemistry  and  Physics  Section. 

The  Meetings  of  this  Section  will  take  place 
on  the  following  Thursda}^  evenings,  at  Eight 
o’clock 

January  28  ; February  1 1,  25  ; ]March  1 1 ; x\pril  8 ; 
May  13. 

Indian  Section. 

The  Meetings  of  this  Section  will  take  place 
on  the  following  Friday  evenings,  at  Eight 
o’clock  : — 

January  22;  February  19;  March  19;  April  2; 
iMay  7,  21 

Cantor  Lectures. 

The  First  Course  Avill  be  on  “ The  Micro- 
scope.” By  John  Mayall,  Jun. 

December  14,  2i. 

The  Second  Course  will  be  on  “Friction  ” 
By  Prof.  H.  S.  Hele  Shaw. 

January  18,  25  ; February  r,  8. 

The  Third  Course  will  be  on  “ Science 
Teaching.”  By  Prof.  F.  Guthrie,  F.R.S. 

February  15,  22.  March  i. 

The  Fourth  Course  will  be  on  “ Petroleum 
and  its  Products.”  By  Boverton  Redwood, 

F.C.S. 

March  8,  15,  22,  29. 

The  Fifth  Course  will  be  on  “The  Arts  of 
Tapestry  Making  and  Embroidery.”  By 
Alan  S.  Cole. 

April  5,  12,  19. 

The  Sixth  and  Concluding  Course  will  be  on 
“Animal  Mechanics.”  By  B.  W.  Richard- 
son, M.A.,  M.D.,  F.R.S. 

May  3,  10,  17,  24,  31. 

Juvenile  Lectures. 

The  Two  Juvenile  Lectures  on  “Waves” 
will  be  given  by  Prof.  Silvanus  P. 
Thompson,  D.Sc.,  on  Wednesday  evenings, 
December  30th,  1885,  and  January  6th,  1886. 
Special  tickets  will  be  issued  for  these  lectures. 

Admission  to  Meetings. 

Members  have  the  right  of  attending  all  the 
Society’s  meetings  and  lectures.  Every 
member  can  admit  two  friends  to  the  Ordinary 
and  Sectional  Meetings,  and  one  friend  to  the 
Cantor  Lectures.  Books  of  tickets  for  the 
purpose  have  been  issued  to  the  members,  but 
admission  can  also  be  obtained  on  the  personal 
introduction  of  a member. 


MEETINGS  FOR  THE  ENSUING  UEEN. 

Monday,  Dec  14. ..SOCIETY  OF  ARTS,  John-strcct, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Mr.  John 
Mayall,  jun.,  “ The  Microscope.”  (Lecture  D'.) 
Geographical,  University  of  London,  Burlington- 
gardens,  AY.,  8-2  p.m.  Colonel  C.  Stewart,  “TIk.- 
Herat  A^alley  and  the  Persian  Border,  from  tin- 
Hari-rud  to  Seistan.” 

British  Architects,  o,  Conduit-  street,  AV.,  8 p.m. 
Aledical,  ii,  Chandos-street,  AV.,  8-^  p.m. 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m. 
Captain  A'.  L.  Cameron,  “ The  Heart  of  Africa." 

Tcesdav,  Dec.  15. ..Civil  Engineers,  25,  Great  George- 
street,  S.AV  , 8 p.m.  Discussion  on  Air.  Jelie 
Imray’s  paper  “ High-Speed  Alotors,”  and  on  Air. 
Gisbert  Kapp’s  paper.  ‘‘ Continuous  - Curroi.^ 
Dynamo-Electric  Alachines,  and  their  Engines.” 
Statistical,  School  of  Alines,  Jermyn-street,  . 
7if  p.m.  Air.  Thomas  Scrutton,  ” IVcventible  l.o;s 
of  Life  a'-  Sea.” 

Pathological,  53,  Berners- street.  Oxford-street,  AA'. 
8.2  pm. 

AVednesd.w,  Dec.  16. ..SOCIETY  OF  ARTS,  John-slrei  t, 
Adelphi,  AA'’ C.,  8 p.m.  Air.  Holt  S.  Halletr, 
” Burmah,  Present  and  Future.” 

Aleteorological,  25,  Great  George-street,  S.A\'., 
7 p.m.  I.  Dr.  A.  AA’oeikof,  ” The  Influence  of 
Forests  upon  Climate.”  2.  Rev.  T.  A.  Preston. 
“Report  on  the  Phenological  Observations  for 
1885.”  3.  Prof.  A.  Ricco,  Etudes  sur  les  crc'puscules 
rosees.”  4.  Col.  AI.  F.  AVard,  “The  Storm  of 
October  15th,  1885,  at  Partenkircben,  Bavaria.” 
Geological,  Burlington-house,  W.,  8 p.m.  i.  Air, 
G.  AA-areing  Ormerod,  “ Old  Sea-beaches  at 
Teignmouth,  Devon.”  2.  Prof  John  AA'.  Judd, 
“ The  Gabbros,  Dolerites  and  Basalts  of  J'ertiai  \- 
Age  in  Scotland  and  Ireland.” 

Institute  of  Patent  Agents,  55,  Chancery-  lane,  AA'.C  , 
72  p.m.  I.  Resumed  discussion  on  Air.  Imray's 
paper,  “ The  Establishment  of  a Roll  of  Patent 
Agents.”  2.  And  Air.  Llo}d  AA'ise's  paper, 
“ Patent  Agents,  their  Profession  considered  as  a 
Necessity,  with  Suggestions  for  Reform.” 

Royal  Society  of  Literature,  4,  St.  Alartin’s-place, 
AV.C. ,8  p.m. 

Civil  and  Alechanical  Engineers,  7,  AA'estminster- 
chambers,  S.AA'".,  7 p.m.  Air.  Eedes  Eachus, 
“ A'entilation  of  Sewers.” 

Thursd.w,  Dec.  17. ..Royal,  Burlington -house,  AA''.,  42  p.m. 
Antiquaries,  Burlington-house,  AV.,  82  p ra. 
Linnean,  Burlington-house,  AV.,  8 p.m.  i.  Dr.  J.  . 
Brady,  “Ceylon  Entomostraca.”  2.  Air.  H.  N. 
Ridley,  “ Aladagascar  Orchids.”  3.  Rev.  A. 
Eaton,  “ Recent  Ephemeridae.”  (Part  I A^.)  4.  Air. 
J.  Baly,  “ Colombian  Species  of  Diabrotica  ” 
Chemical,  Burlington-house,  W.  8 p.m.  i.  Mr.  H. 
B.  Dixon,  “ The  Action  of  Steam  on  Carbonic 
Oxide.”  2.  Aliss  E.  Aston  and  Air.  S.  L'. 
Pickering,  “ Alultiple  Sulphates.” 

London  Institution,  Finsbury-circus,  E.C.,  7 p.m. 

' Captain  Abney,  “ Light  and  the  Atmosphere.” 

Historical,  ii,  Chandos-street,  AV.  8 p.m. 

National  Indian  Association,  Westminster-palace 
Hotel,  S.AA'".,  4 p.m.  Dr.  D.  H.  Cullimore,  “Per- 
sonal Recollections  of  Burma,  its  Court,  People, 
and  Climate.” 

Friday,  Dec.  18... Civil  Engineers,  25,  Great  George-street, 
, S.W.,  p m.  (Students’  Aleeting  ) Alr- 

F.  Geere  Howurd,  “ The  Propulsion  of  Traracars 
and  Launches  by  Secondary  Batteries.” 
Philogical,  University  College,  W.C.,  8 p.m. 
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FRIDA  F,  DECEMBER  i8,  1885. 


All  communtcaf ions  _fot  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelphi,  London,  W.C. 


NOTICES. 


JUVENILE  LECTURES. 

The  usual  short  course  of  lectures,  adapted 
for  a juvenile  audience,  will  be  given  on  Wed- 
nesday evenings,  December  30th,  1885,  and 
January  6th,  1886,  by  Professor  Sylvanus  P. 
Thompson,  on  “Waves.”  The  lectures  will 
commence  at  seven  o’clock.  Nearly  all  the 
tickets  having  now  been  disposed  of,  the  issue 
will  be  stopped  on  Monday  next,  December 
2ist.  As  all  the  available  accommodation 
will  be  required  for  those  members  who 
have  applied  for  tickets,  it  will  be  understood 
that  no  member  can  be  admitted  without  a 
ticket. 


I CANTOR  LECTURES. 

On  Monday  evening,  14th  inst.,  Mr.  J. 

1 Mayall,  jun.,  delivered  the  fourth  lecture  of 
the  course  on  “ The  Microscope.”  The 

I microscopes  exhibited  at  the  lecture  were  lent 
by  Mr.  Frank  Crisp,  Secretary  of  the  Royal 
Microscopical  Society. 

! — = 

^ EXHIBITION  OF  MICROSCOPES. 

The  Exhibition  of  Microscopes  will  remain 
I open  during  the  period  of  the  delivery  of  Mr. 
I Mayall’s  Cantor  Lectures,  daily  from  10  to  4 
I (on  Saturdays  from  10  till  2).  Members  can 
i admit  their  friends  to  the  Exhibition  by  the 
: use  of  the  tickets  supplied  for  the  evening 
meetings  and  lectures. 


UNION  OF  INSTITUTIONS. 

The  following  Institution  has  been  received 
into  Union  since  the  last  announcement : — 
The  Teachers’  Guild  of  Great  Britain  and  Ireland. 
17,  Buckingham-street,  Adelphi,  London,  W.C. 


Proceedings  of  the  Society 


FIFTH  ORDINARY  MEETING. 

Wednesday,  December  i6th,  1885;  J.  M. 
Maclean,  M.P.,  Member  of  Council,  in 
the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society  : — 

Acland,  Alfred  Dyke,  38,  Pont-street,  S.W. 

Adams,  Captain,  7,  Trafalgar-square,  Fulham-road, 

S.W. 

Bone,  William  John,  Ci,  Linskill-terrace,  North 
Shields. 

Butcher,  James,  High-road,  Gunnersbury,  W.,  and 
National  Liberal  Club,  S.W. 

Creese,  Edward  James  Edgell,  Roman- villas, 
Cirencester. 

Innes,  Charles  A.,  M.D.,  21,  Montague-street, 
Russell- square,  W.C. 

Manuel,  George  Watson,  Fernbank,  Catford-hill, 

S.E. 

Morgan,  Edward  Vaughan,  Battersea  Works,  S.W. 
Pearce,  William,  Leadenhall- buildings,  Leadenhall- 
street,  E.C. 

Pirrie,  W.  J.,  Queen’s  Island,  Belfast. 

Varley,  Fleetwood  E.,  2,  Vernon-chambers,  South- 
ampton-row, W.C. 

Wheatley,  William  Coe,  The  Elms,  Trinity-road, 
Upper  Tooting,  S.W. 

Whitaker,  William,  33,  East  Park-terrace,  South- 
ampton. 

The  following  candidates  were  balloted  for 
and  duly  elected  members  of  the  Society  : — 

Bedford,  George,  Art  School,  Torquay. 

Bostock,  Edwin,  Stone,  Staffordshire. 

Brenchley,  Algernon,  M.D.,  124,  Denmark-hill,  Cam- 
berwell, S.E. 

Chichgur,  Darasha  Ratanjee,  Girgaum-road,  Bombay. 
Glanville,  Francis  Ferratus,  Grove-house,  140,  Fulliam- 
road,  S.W. 

Hawkins,  Major,  51,  Harrington.road,  Hampstead- 
road,  N.W. 

Turpin,  Edmund  Hart,  6,  Argyle-square,  W.C. 
Westfield,  C.  Marcus,  Sheen-lodge,  Warwick-road, 
Upper  Clapton,  E. 

The  paper  read  was— 
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BURMAH,  PRESENT  AND  FUTURE. 
By  Holt  S.  Hallett,M.Inst.C.E.,F.R.G.S. 

I come  before  you  this  evening  to  address 
you  on  the  subject  of  Burmah.  Upper  Burmah, 
and  the  Shan  States  lying  to  the  east  of  it, 
which  were  until  lately  under  its  control, 
should  be  of  the  greatest  interest  to  us  as  a 
trading  nation,  for  they  are  interposed  be- 
tween the  two  most  populous  empires  in  the 
world,  India  and  China.  In  these  days,  with 
foreign  competition  getting  keener  every  day, 
and  hostile  tariffs  not  only  shutting  the  Euro- 
pean markets  against  us,  but  in  a lesser  degree 
America  and  English  colonies  also,  with 
the  race  for  fresh  colonies  and  new  markets 
among  the  European  powers,  it  is  of  import- 
ance that  we  should  avail  ourselves  of  our 
present  opportunity  for  an  inland  connection 
and  commercial  alliance  with  Indo-China  and 
China,  and  thus  acquire  new  markets  of  trans- 
cendent promise. 

Burmah  and  the  Burmese  Shan  States  are 
highly  favoured  by  their  geographical  position. 
They  lie  in  the  course  of  the  monsoons,  and 
are  gifted  for  the  most  part  with  a plentiful 
rainfall.  Even  in  places  where  the  rainfall, 
owing  to  the  encompassing  hills,  is  scarce,  the 
plains  receive  a bountiful  supply  of  water  from 
the  hill  streams,  which  admit  of  cultivation  by 
means  of  irrigation.  The  climate  is  humid, 
and  the  forests  and  other  vegetation  are  un- 
surpassed by  that  of  any  other  region. 

Burmah  is  bounded  on  the  north  by  the  snow- 
clad  hills  of  Southern  Thibet ; on  the  east  by 
China,  the  Shan  States  tributary  to  China,  to 
Burmah,  and  to  Siam,  and  Siam  ; on  the  west 
by  Assam,  Manipur,  Chittagong,  and  the  Indian 
Ocean  ; and  on  the  south  by  the  Indian  Ocean 
and  Siam.  It  may  be  said  to  exist  in  four  natural 
divisions,  one  of  which,  comprising  the  pro- 
vince of  Aracan,  borders  the  Bay  of  Bengal ; 
the  second,  and  by  far  the  most  fruitful  and 
important,  the  basins  of  the  Irrawaddi,  Sittang 
and  Reeling  rivers  ; the  third,  the  portion  of 
the  basin  of  the  Salwen  that  lies  to  the  south 
of  Karennee  and  as  far  west  as  the  Thoungyden 
river ; the  fourth,  the  portion  of  our  province 
of  Tenasserim  lying  along  the  Indian  Ocean. 

Aracan  is  bordered  on  the  north  by  Chitta- 
gong, on  the  south  by  the  Gulf  of  Martaban, 
and  on  the  east  by  the  crest  of  the  Aracan 
"‘yoma’’  hills.  It  is  for  the  greater  part  a 
mass  of  mountains,  enclosing  small  plains  at 
different  elevations,  the  spurs  from  the  main 
range  generally  extending  to  the  seaboard. 


The  numerous  [tidal  [creeks  and  rugged  hills 
render  land  communication  between  neighbour- 
ing districts  nearly  impracticable. 

There  are  several  passes,  notably  those  of 
Aeng  and  Tonghoop,  by  which  pack  carriage 
is  maintained  with  the  valley  of  the  Irrawaddi. 
The  chief  harbours  are  those  of  Akyab  and 
Kyouk-Phyoo,  the  hills  are  the  home  of  a 
great  variety  of  hill  tribes,  and  the  plains  are- 
inhabited  by  the  Aracanese  or  Yakine,  who- 
are  a branch  of  the  Burmese  race.  According 
to  their  chronicles,  their  first  dynasty  com- 
menced in  Aracan  in  B.c.  825. 

The  second  portion  of  Burmah  may  be 
divided  into  three  regions,  lying  within  the- 
basin  of  the  Irrawaddi,  which  respectively 
formed  the  ancient  kingdoms  of  the  Peguan 
or  Mon,  the  Burmese,  and  the  Shan  races,  but 
were,  with  Aracan,  Assam,  Cachar,  and 
Manipur,  comprised  in  the  Burmese  Empire 
at  the  time  of  our  first  Burmese  war,  in  1826. 

It  may  be  well  to  take  a cursory  glance  at 
the  history  of  the  country.  The  Peguans 
held  the  country  between  the  Gulf  of 
Martaban  and  Akouk-toung,  the  revenue 
station  on  the  hills  bordering  the  Irraw^addi 
at  the  head  of  the  delta.  Their  first  known 
capital  was  built  at  Thatone,  near  the 
eastern  shore  of  the  Gulf  of  Martaban,  about 
B.c.  550.  The  Peguans  drove  the  Pyu  tribe 
of  Burmese  out  of  Prome,  A.D.  84 ; and  they 
seem  to  have  remained  dominant  until  A.D. 
1050,  when  the  Burmeseforabout  23oyearskept 
Pegu  subject  to  them.  From  A.D.  1287  to  A.D. 
1540,  Pegu  was  ruled  by  Shan  kings.  In 
1540,  the  Burmese  King  of  Tonngoo,  a city 
which  is  now  our  northern  frontier  post  on  the 
Sittang  river,  conquered  Pegu,  and  during  his 
reign  became  Emperor  likewise  of  Ava, 
Prome,  Toungoo,  and  Martaban.  The  Burmese 
ruled  over  these  countries,  with  subordinate 
kings  at  their  capitals,  until  1740,  when  the 
Peguans  rebelled,  and  freeing  themselves, 
marched  into  Upper  Burmah,  and  captured 
Ava,  the  capital.  Thirteen  years  afterwards, 
in  1753,  the  Burmese,  under  their  great 
Emperor  Aluangphra,  not  only  recovered  their 
liberty,  but  likewise  reconquered  Pegu ; and 
the  two  countries  remained  under  the  Burmese 
rule  until  we  annexed  Pegu  in  1852.  The 
Siamese  province  of  Tenasserim,  as  well  as 
Aracan,  were  annexed  by  Aluangphra  a few 
years  afterwards.  The  Shan  States  became 
tributary  to  the  Emperor  of  Pegu  in  1556. 

The  Burmese,  like  the  Kakhyens  and 
many  others  of  the  hill  tribes,  are  akin  to 
the  Thibetans,  and  belong  to  the  Turanian 


December  i8,  1885.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS, 


Q? 


family.  They  occupied  the  country  from 
Akouk-toung  as  far  north  as  latitude  23^°. 
According  to  the  Burmese,  their  first  capital, 
Tagaung,  was  erected  by  Abhi  Rajah,  a 
Sakya  prince  of  Northern  ladia,  who  entered 
Burmah  with  a large  army  about  B.c.  850, 
and  conquering  the  many  Burmese  tribes 
then  in  the  country,  founded  his  dynasty. 
Whether  the  Burmese  chronicles  are  reliable 
in  their  dates  or  not,  it  is  evident,  from  the 
letters  found  stamped  upon  bricks  in  the  city 
of  Tagaung,  that  that  city  was  in  existence 
more  than  1,600  years  ago. 

The  hills  on  both  sides  of  the  Burmese 
country  have  been  occupied,  as  far  as  tradition 
extends,  by  hill  tribes,  those  on  the  west  being 
offshoots  of  Kolarian  and  Thibetan  tribes,  and 
those  on  the  east  by  a conglomeration  of  Lawas, 
Karens,  Shans,  Kakhyens,  Moosurs,  and  many 
other  races,  tributary  to  the  Burmese  when 
the  latter  could  assert  their  power,  but  never 
entirely  subjugated  by  them. 

The  northern  portion  of  the  Irrawaddi 
valley  lying  between  lat.  23^°  and  the  sources 
of  the  river,  has  been  occupied  by  the  Shans 
from  about  the  commencement  of  our  era,  and 
divided  into  several  Shan  principalities,  those 
to  the  east  of  Bhamo  being  now  under  Chinese 
domination,  but  still  under  their  native 
princes.  The  inhabitants  of  the  Shan  States 
of  Thebaw  and  Theinni  on  the  Myit-Nge  river, 
as  well  as  those  of  Thoung-Thwot  on  the 
Khyendwen  river,  and  of  Kampti,  lying 
near  the  sources  of  the  Irrawaddi,  have  been 
for  some  time  in  rebellion,  owing  to  the 
oppression  and  cruelties  of  the  Burmese.  The 
Shans  of  Thebaw  and  Theinni,  together  with 
those  of  Monay  and  other  States,  driven  to 
desperation  and  revenge,  have  been  lately 
ravaging  the  country  up  to  the  very  gates  of 
the  Burmese  capital.  Had  we  not  interfered, 
the  whole  of  the  country  would  soon  have  been 
in  a state  of  turbulence  and  disorganisation, 
which  would  not  only  have  stopped  trade,  but 
have  led  to  serious  complications  on  our 
frontier. 

There  are  many  large  plains  in  the  two 
upper  divisions  of  the  Irrawaddi,  notably  that 
in  the  Hookong  valley,  at  the  sources  of  the 
Kwendwen,  situated  11,000  feet  above  the 
sea,  and  fifty  miles  long,  by  from  fifteen  to 
forty-five  miles  broad  ; the  plains  in  Kampti, 
which  Wilcox  found  to  be  at  an  altitude  of 
1,855  feet  and  of  considerable  breadth;  the 
Mandalay  plain,  sixty  miles  long,  with  an 
average  breadth  of  ten  miles  ; the  Yemethen 
and  Hlinedet  plains,  lying  between  Mandalay 


and  our  frontier,  and  many  others  bordering 
the  Irrawaddi,  and  lying  in  lacustrine  com- 
partments along  the  branches  of  that  river. 

The  Sittang  valley,  which  lies  to  the  east  of 
that  of  the  Irrawaddi,  is  connected  with  it  by 
the  Yemethen  and  Hlinedet  plains.  The 
Sittang  appears  to  have  been  at  one  time  an 
effluent  of  the  Irrawaddi,  but  from  sub- 
sequent silting  of  the  water  - way  in  the 
Yemethen  plain,  the  passage  has  become 
blocked,  and  the  Panboung,  which  at  one 
time  was  the  upper  course  of  the  Sittang,  and 
now  has  its  mouth  within  a few  miles  of 
Mandalay,  is  separated  from  the  former  river, 
and  flows  into,  instead  of  from,  the  Irrawa’ddi. 

The  Sittang  has  now  its  western  source  irt 
the  Yemethen  plain,  and  its  eastern  in  the 
Poungloung  hills  bordering  the  Shan  plateau. 
It  is  bounded  on  the  west  by  the  Pegu-Yoma 
mountains,  which  rise  to  the  east  of  the 
Yemethen  plain,  and  terminated  southwards 
at  the  hillock  on  which  is  built  the  great 
Shway  - Dagon  Pagoda  at  Rangoon.  The 
hills  are  densely  wooded,  and  owing  to  the 
ravines,  communication  between  the  valleys 
of  the  Sittang  and  Irrawaddi  is  only  carried  on 
by  pack  animals  and  coolies.  The  loftiest 
peaks  of  this  range  are  about  1,200  ft.  in- 
height,  and  the  average  elevation  is  800  ft. 
Between  the  main  range  severing  the 
Salwen  from  the  Sittang  and  the  valley  of  the 
Sittang,  are  long  spurs,  or  rather  branch 
ranges  of  hills,  averaging  from  2,000  ft.  to 
6,000  ft.  in  height,  dividing  which  are  torrents 
and  hill  streams  running  generally  in  canons, 
which  render  the  country  most  difficult  and 
nearly  impassable  even  along  the  caravan 
routes  that  exist.  This  hilly  country  is  a 
perfect  maze  of  mountains,  and  has  the 
appearance  in  many  parts  of  a desiccated 
plateau. 

These  hills  continue  southwards  to  the 
latitude  of  Beeling,  and  embrace  the  valley  of 
the  river  of  that  name.  They  are  separated 
from  the  Martaban  range  of  hills  by  the 
Kyouksareet  Choung,  a stream  that  is  navigable 
during  high  floods,  and  connects  the  waters  of 
the  Beeling  river  with  those  of  the  Salwen. 
This  passage  at  one  time  was  most  likely  one  of 
the  exits,  if  not  the  sole  exit  of  the  Salwen^ 
river  seawards,  for  the  hills  at  Martaban  and 
Maulmain,  between  which  the  river  now  runs, 
show  signs  of  former  connection,  a broad 
band  of  rocks  still  appearing  at  low  water 
across  the  greater  part  of  the  channel.  It 
has  been  proposed  to  facilitate  the  water  com- 
munication between  the  Sittang  and  Salwen 


98 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


^December  i8,  1885. 


rivers  by  cutting-  a canal  through  the  Khykehto 
plain  and  along  the  Kyouksareet  Choung,  and 
thus  to  enable  boats  to  pass  by  inland  water- 
ways from  Rangoon  to  Maulmain,  throughout 
the  year. 

At  the  point  where  the  Sittang  river  crosses 
our  frontier,  the  hills  draw  in  on  both  sides 
near  the  river,  and  cultivation  merely  exists  on 
the  plains  of  the  branch  streams  and  on  the 
hillsides.  A few  miles  lower  down,  however, 
the  Pegu-Yoma  mountains  recede,  and  the 
plain  gradually  increases  in  width  to  four  miles 
atToungoo,  a frontier  town  which  lies  37  miles 
to  the  south  of  our  frontier,  and  further  down 
stream  to  about  25  miles  in  width.  The  Sittang 
river  atToungoo  rises  from  18  ft.  to  24  ft.  in  the 
rains,  and  is  navigable  for  small  steamers. 
The  total  length  of  the  river,  in  a straight 
line,  is  about  350  miles,  but  the  stream  is  so 
tortuous  that  the  development  of  the  175  miles 
lying  within  our  territory  is  little  short  of 
300  miles.  Throughout  its  course  in  the  dry 
season  it  is  shallow  and  full  of  shoals,  but 
steamers  of  light  draught  can  ascend  to 
Htantabeng,  whence  there  is  a good  bridged 
road  to  Toungoo.  A canal  has  been  made  to 
facilitate  the  water  communication  between 
Rangoon  and  the  Sittang  river.  The  river 
cannot  be  approached  with  safety  from  the 
sea,  as  at  its  mouth  a “bore”  occurs  during  the 
spring  tides  about  20  ft.  in  height. 

At  low  water,  as  far  as  the  eye  can  see,  the 
country  near  the  mouth  is  a succession  of  low 
mud  flats,  the  sea  receding  for  15  or  20  miles 
from  the  coast,  and  the  course  of  the  Sittang, 
Peeling,  Thatone,  and  other  streams  wending 
in  a serpentine  course  through  the  mud  and 
sandbanks.  The  first  appearance  of  the 
approach  of  the  tide  is  marked  by  the  flight  of 
pelicans,  storks,  and  other  birds,  which  are 
driven  landward  by  the  inrush.  The  “bore  ” or 
tide  wave  is  seen  advancing,  rolling  up  through 
the  channel  with  a low  rumbling  sound,  which 
gradually  becomes  more  and  more  audible, 
forewarning  all  the  fishermen  and  boatmen  of 
its  advance.  Frequent  disasters  have  occurred 
to  people  on  the  river — including  some 
years  ago  a detachment  of  our  troops — who 
have  neglected  to  escape  into  the  bye-creeks, 
out  of  the  way  of  the  bore,  which  comes  rolling 
up  the  river,  and  with  its  after- rush  of  foam- 
ing water  inundates  the  low-lying  coasts. 
Round  the  outside  of  the  serpentine  bends  of 
the  river,  I have  seen  the  trees  for  some  dis- 
tance inland  levelled  and  lying,  dashed  down 
like  a pack  of  cards,  by  the  force  of  an 
unusuolly  high  wave. 


Owing  to  the  sparse  population  in  the 
Sittang  valley,  and  the  consequent  amount  of 
waste  land,  many  of  the  streams  have  been 
“bunded”  by  thefishermen,  without  complaints 
being  made  to  the  authorities.  This  custom  has 
ruined  many  of  the  streams,  through  the 
people  neglectingto  remove  the  “bunds”  before 
the  commencement  of  the  rains.  The  streams, 
therefore,  silt  up  above  the  dam,  and  the  upper 
waters,  finding  weak  places  in  the  silt-formed 
banks,  breach  them,  and  flood  vast  tracts  of 
country.  As  a railway  has  been  constructed 
from  Rangoon  up  this  valley,  to  Toungoo, 
the  population  will  rapidly  increase,  and  the 
land,  becoming  more  valuable,  will,  doubtless, 
be  reclaimed  by  drainage  and  embankment 
works.  At  present  there  are  not  more  than 
300,000  people  in  the  British  portion  of  the 
Sittang  valley.  A large  amount  of  teak,  and 
other  timber,  has  been  extracted  from  the 
forests  neighbouring  the  branch  streams, 
some  of  which  are  sixty  to  seventy  miles  in 
length,  and  navigable  in  the  rains  for  many 
miles  from  their  mouths. 

The  Irrawaddi  discharges  about  four  hun- 
dred and  twenty  millions  metric  tons  of 
water  during  the  year,  and  its  greatest  dis- 
charge in  anyone  day  was  5,000,000,000  tons, 
the  lowest  discharge  in  a day  being  193,000,000 
tons.  The  river  is  about  900  miles  in  length, 
the  last  240  being  in  British  territory.  As  far 
south  as  Akouk-toung  its  bed  is  rocky  ; further 
down  it  is  sandy  and  muddy.  New  sandbanks 
are  continually  forming,  and  old  ones  being 
removed,  which  renders  it  necessary  for  the 
steamers  plying  between  Rangoon,  Mandalay, 
and  Bhamo,  to  have  a service  of  pilots  upon 
the  river.  In  the  rainy  season  steamers  and 
large  boats  enter  the  main  river  from  Rangoon, 
by  the  Pan-Hlaing  creek,  but  during  the  dry 
season  they  have  to  descend  the  Rangoon 
River  for  some  distance,  and  proceed  by 
different  routes  into  the  Irrawaddi.  The  tide 
is  felt  in  the  dry  weather  as  far  north  as 
Hezdada,  and  rises  feet  at  the  junction 
of  the  Pan-Hlaing. 

The  Irrawaddi  has  its  eastern  sources  in  the 
forked  prolongation  of  the  snow-clad  hills  which 
separate  the  upper  course  of  the  Brahmaputra 
from  that  of  the  Salwen.  Its  most  northern 
branches  rise  in  about  latitude  28®  in  the 
southern  slopes  of  the  Patkoi  hills,  and  its 
Khyeng-dwen,  or  western,  branch  rises  in  the 
fork  formed  by  the  junction  of  the  Patkoi  and 
Shwe-Doung  Gyee  hills  in  latitude  27®.  ‘ The 
Shwe-Doung  Gyee  continues  southwards  to 
Sagaing,  a town  nearly  opposite  Ava,  and 
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separates  the  eastern  from  the  western  branch 
of  the  river ; throughout  its  length  it  is  said  to 
be  auriferous,  and  many  of  its  streams  are 
washed  for  gold.  Salt,  amber,  and  serpentine, 
are  mined  for  in  this  region,  and  a considerable 
traffic  was  once  carried  on  between  it  and  China. 
The  Hookong  Valley,  which  lies  in  the  fork, 
was  until  the  middle  of  this  century  occupied 
by  Shans,  but,  owing  to  the  constant  extortions 
of  the  Burmese,  they  have  retired  amongst  the 
Kakhyens  into  the  neighbouring  hills,  where 
the  Burmese  officials  dare  not  follow  them. 

The  Khyeng-dw’en  is  navigable  for  the  largest 
boats  plying  on  the  Irrawaddi,  and  for  steamers 
certainly  as  far  north  as  Kendat,  and  most 
likely  as  far  as  the  rapids  which  occur  a little 
above  the  junction  of  the  Ooroo  river.  At 
these  rapids  the  cargo  has  to  be  transhipped 
into  smaller  boats  for  carriage  to  Maing  Kwon 
and  other  places  in  the  Hookong  Valley.  The 
Kubo  Valley,  about  140  miles  in  length,  and 
from  10  to  15  miles  in  greatest  width,  having 
been  a disputed  territory  between  the  Burmese 
and  Manipurese,  was  handed  over  by  us  to  ihe 
Burmese  seven  years  after  the  conclusion  of 
our  first  war  with  them  in  1826.  At  the  close 
of  this  war  we  not  only  annexed  Aracan  and 
Tenasserim,  but  precluded  the  Burmese  from 
any  further  interference  with  the  affairs  of 
Cachar,  Manipur,  and  Assam,  which  were  then 
tributary  to  them.  The  teak  forests  in  the  Kubo 
Valley,  as  well  as  those  in  the  Khyeng-dwen, 
have  lately  been  worked  by  the  Bombay-  Burmah 
Trading  Corporation,  who  have  likewise  been 
exploiting  the  forests  in  the  Upper  Sittang 
Valley.  Our  late  war  with  Upper  Burmah 
was,  as  you  are  aware,  partly  forced  upon  us 
by  the  arbitrary  action  of  the  king  towards  this 
company.  The  two  small  States  of  Thoung- 
thwot  and  Kale,  situated  in  the  Kubo  Valley, 
although  subject  to  the  Burmese,  are  still  under 
the  rule  of  their  native  princes.  The  lower  por- 
tion of  the  valley  in  which  Kale  is  situated  is 
drained  by  the  Manipur  river.  The  Manipur 
river  has  its  sources  in  the  hills  surrounding  the 
Manipur  plain.  The  plain  lies  at  an  elevation  of 
2,500  feet  above  the  sea,  and  is  well  watered,  as 
notwithstanding  the  small  rainfall  in  the  plains 
of  the  valley,  the  surrounding  hills,  like  those 
at  the  source  of  the  Irrawaddi,  intercepting  the 
low-lying  clouds  brought  up  by  the  moonsoons, 
have  an  abundant  rainfall.  To  the  south  of  the 
Manipur  plain  the  river  escapes  through  a 
fearful  gorge,  which  is  believed  never  to  have 
been  traversed  by  man,  and  empties  into  the 
Khyeng-dwen  in  latitude  23®  12'. 

The  hill  ranges  to  the  west  of  the  Kubo  Valley 


are  inhabited  by  Khyens  or  Chins,  after  whom 
the  Khyeng-dwen  river  is  named.  These  people 
are  found  in  the  hills  to  the  west  of  the  Irra- 
waddi, extending  far  down  into  our  territory. 
Owing  to  our  clement  rule,  they  are  gradually 
taking  up  land  in  the  plains  in  British  Burmah^ 
and  are  giving  up  the  hideous  practice  of  tatoo- 
ing  a mask  on  the  faces  of  their  women.  This 
custom  is  said  to  have  arisen  in  order  to 
destroy  their  beauty,  and  thus  render  them 
safe  from  the  Burmese,  who  constantly  raided 
their  villages  in  order  to  carry  the  women  into 
captivity.  There  are  now  upwards  of  50,000 
Khyens  settled  in  our  territory.  The  marriage 
custom  of  the  Khyens  is,  I believe,  unique. 
The  girls  are  given  in  marriage  by  their  brothers, 
not  by  their  parents.  When  a girl  is  born  she 
is  especially  assigned  to  one  of  her  brothers, 
or,  if  she  has  none,  to  one  of  her  father’ s sister’ s 
sons,  whose  consent  has  to  be  obtained  by  any- 
one aspiring  to  her  hand,  and  who,  after 
her  marriage,  must  be  treated  with  the  greatest 
respect  by  her  husband.  If  the  husband  visits 
the  brother,  he  must  take  with  him  a present 
of  khoung^  a fermented  drink  ; and  should  the 
brother  visit  the  husband,  he  must  take  with  him 
khoung  and  pork,  or,  if  his  circumstances  are 
such  that  he  cannot  do  this,  he  must  make  pro- 
found apologies.  As  a rule,  girls  are  affianced 
early  to  one  of  their  cousins,  but  the  match  may 
be  broken  off.  In  such  a case  the  defaulter,  if 
the  man,  has  to  give  the  girl  five  pots  of 
khoimg,  a bullock  worth  thirty  rupees,  a pig 
three  feet  in  girth,  a spear,  a fork,  a bag,  and 
a piece  of  ornamental  cloth.  If  the  girl  breaks 
off  the  match,  she  has  to  give  the  man  a brass 
dish  worth  fifteen  rupees,  a silk  cloth  and 
belt,  each  worth  about  five  rupees,  and  a silk 
turban  worth  about  eight  annas. 

A great  deal  of  grain  is  grown  in  the  lower 
portion  of  the  Khyeng-dwen  valley  and  likewise 
in  that  of  the  Ooroo,  near  the  sources  of  which 
are  the  serpentine  mines.  The  lower  portion 
of  the  river  passes  through  a broad,  populous 
and  fertile  champaign,  and  presents  an  almost 
continuous  horizon  of  palmyra  groves,  always 
in  Burmah  a sign  of  population  and  culture. 
From  these  there  is  a considerable  manufacture 
of  palm  sugar.  The  sugar-cane  is  generally 
used  by  the  Burmese  merely  for  munching, 
but,  according  to  Colonel  Yule,  a little  sugar  is 
made  from  the  cane  in  the  neighbourhood  of 
Ava. 

Most  of  the  eastern  affluents  of  the  Khyeng- 
dwen  are  auriferous,  and  the  country  lying 
between  it  and  the  eastern  branch  of  the  Irra- 
wadi,  according  to  Colonel  Yule,  was  anciently 
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known  as  Sonaparanta,  or  the  Golden  Region. 
The  Khyeng-dwen  throws  its  waters  into  the 
eastern  branch  of  the  Irrawaddi  by  many 
mouths,  the  extreme  outlets  being  twenty-two 
miles  apart. 

The  eastern  branch  of  the  Irrawaddi  is 
formed  by  the  junction  of  the  Nam  Kiu  and  the 
-Nam  Yen,  known  by  the  Burmese  as  Myit  Gyee 
and  Myit  Nge,  or  the  big  and  little  rivers,  in 
about  lat.  26®  ; flowing  southwards  it  receives 
'the  Mogoung  river  from  the  westward,  in  lat. 
2^°  56'.  At  this  place  the  Irrawaddi  is  about 
1,000  yards  wide.  Fourteen  miles  lower  down 
it  enters  the  first  “defile,”  and  is  constricted 
to  150  yards  in  width,  and  in  one  place  to  even 
fifty  yards.  Small  boats  can  ascend  the  “ de- 
file ” as  far  as  Kacho  during  the  dry  season, 
a small  village  in  lat.  25®  20',  and  about  1,000 
feet  above  sea  level.  In  the  rains  the  rush  of 
water  stops  all  traffic.  Emerging  from  the 
. defile  the  Irrawaddi  again  expands,  and 
receives  the  Taping  river  from  the  east,  and 
-continues  its  course,  encircling  several  peopled 
islands,  past  Bhamo — which  place,  situated  in 
iat.  24°  16',  was  lately  attacked  by  the  neigh- 
bouring Shans  and  Kachens — to  the  second 
“defile,”  where  at  one  place  it  is  contracted  to 
20oyards  in  width.  This  “defile,”  unlike  the  first 
one,  does  not  oppose  any  hindrance  to  navi- 
gation, and  steamers  pass  through  it  to 
Bhamo,  which  is  the  entrepdt  of  trade  for 
-north-western  Yunnan,  and  will  certainly  be- 
come, under  our  rule,  a place  of  great  im- 
portance, as  it  is  the  terminus  of  the  shortest 
caravan  routes  into  Western  China. 

For  some  time  it  was  proposed  by  many  of 
our  officials  to  improve  the  caravan  route  by 
the  construction  of  a wheeled  road,  and  even 
a railway,  but  subsequent  explorations  have 
- shown  that  although  Bhamo,  which  is  430  feet 
-above  sea  level,  is  only  250  miles  distant  in  a 
•direct  line  from  Talifu,  yet  a railway  would 
Ihave  to  be  600  miles  in  length  to  connect  these 
places.  Four  passes,  between  8,000  and  9,000 
feet  above  sea  level,  would  have  to  be  crested, 
besides  many  others  of  a somewhat  lesser 
elevation.  The  cost  of  a railway  connection 
by  this  route  would  be  at  least  four  times  as 
great  as  that  proposed  by  Mr.  Colquhoun  and 
myself,  which,  besides,  has  the  great  advant- 
ages of  terminating  at  a seaport  instead  of  at  a 
town  840  miles  up  a river,  of  opening  up  the 
whole  of  central  Indo-China,  and  of  pass- 
ing through  a much  more  fertile  and  better 
populated  region  than  would  be  traversed  by 
the  other  route.  Bhamo  will,  no  doubt,  ere  long, 
be  joined  on  by  rail,  via  Mandalay,  to  oil? 


Rangoon  and  Tounghoo  Railway,  and  subse- 
quently to  the  Indian  system  at  Dibrugah, 
thus  tapping  the  whole  of  the  passes  leading 
from  the  west  of  the  Shan  States,  and  com- 
pleting one  of  the  schemes  long  ago  proposed 
by  my  colleague  and  myself. 

The  third  and  last  “defile”  commences  below 
Sampanago,  and  at  times  formed  the  southern 
boundary  of  the  Shan  States  lying  to  the  north. 
This  ^ ‘ defile,  ’ ’ which  is  considerably  longer  than 
the  others,  is  more  beautiful  than  grand ; the 
banks  are  wooded  to  the  water’s  edge,  and 
slope  down  from  the  hills,  whose  steep 
sides  form  the  valley.  About  half  way 
through  the  “defile”  is  a small  rocky  island, 
which  is  connected  in  the  dry  season  with  the 
shore  by  a narrow  spit  of  sand.  In  the  bay 
thus  formed  lie  enormous  dog-fish,  which  are 
perfectly  tame.  Dr.  Williams,  in  his  book 
called  “Through  Burmah to  Western  China,” 
relates  that  “As  we  drew  near  the  island  I 
asked  the  boatman  to  call  the  fish.  He 
hesitated  until  assured  that  we  had  something 
to  give  them  to  eat,  but  at  length  slightly 
ruffled  the  water  with  his  out-spread  fingers, 
and  called  with  a coaxing  voice,  tit- tit- tit-tit, 
when  to  our  extreme  astonishment,  in  less 
than  half  a minute,  large  mouths,  from  ten 
inches  to  a foot  in  diameter,  rose  up  to  the 
gunwale  of  the  boat,  gaping  for  alms.  They 
were  a kind  of  dog-fish,  some  of  them  at  least 
five  feet  in  length,  and  very  broad  at  the 
shoulders.  Twenty  or  thirty  crowded  to  the 
side  of  the  canoe,  and  though  not  clamorous, 
were  ludicrously  energetic  in  their  begging ; 
some  of  them  rising  so  far  out  of  the  water  as 
to  lose  their  balance  and  topple  back  with  a 
splash  on  their  neighbours.  So  tame  were 
they,  that  they  allowed  us  to  stroke  their 
backs  ; some  of  them  had  patches  of  gilding  on 
their  heads.”  The  “ defile”  ends  a little  above 
the  village  of  Tshengoo  Myo  at  the  north  of  the 
Mandalay  or  Ava  plain,  which,  as  I have  before 
said,  is  about  60  miles  in  length,  and  lies  entirely 
on  the  east  side  of  the  river.  To  the  east  of 
Tshengoo  are  some  fine  caves  in  the  limestone 
hills,  which  are  about  100  yards  in  length.  In 
hills  to  the  west  of  the  third  “ defile”  coal  is 
known  to  exist,  and  the  famous  ruby  mines  lie 
some  thirty  miles  eastward.  Veins  of  copper  are 
worked  in  the  Tsagaing  range,  and  in  the 
same  range,  near  the  village  of  Moway,  are  the 
famous  marble  quarries  from  wffiich  all  the 
stone  used  in  the  sculptures  of  Gaudama 
found  throughout  Burmah  ha§  been  ob- 
tained from  time  immemoriah  The  scul|)^ 
turing  and  polishing-  of  thi  images  of  Bhddiia 
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are  not  carried  on  at  the  quarries,  the  stone 
for  these  purposes  being  boated  down  to 
Amarapura  and  Tsagaing,  where  the  sculptors 
reside.  Gold,  silver,  and  copper  are  found 
in  the  hills  south  of  the  Myit  Nge  and 
south-west  of  Ava. 

IMandalay  has  been  the  capital  of  Burmah 
since  1857,  capital  was  frequently  re- 

moved during  the  first  half  of  this  century. 
In  1783  it  was  fixed  at  Amarapura,  in  1823  at 
Ava,  where  it  had  previously  been  from  1364 
to  1740,  and  from  1763  to  1783.  Ava  was  de- 
stroyed by  an  earthquake  in  1839,  and  the 
capital  was  removed  to  Monchobo,  thence 
again  to  Amarapura,  back  again  to  Ava,  and 
then  to  Mandalay.  Ava,  Amarapura,  and 
Mandalay  are  onl}'  a few  miles  apart. 

Mandalay,  situated  3J  miles  from  the 
Irrawaddi,  is  laid  out  in  a square,  with  a side 
of  little  more  than  a mile.  It  is  surrounded  by 
a brick  wall  20  ft.  high  and  3 ft.  thick, 
•crenelated  at  the  top,  and  backed  by  a ram- 
part 20  ft.  broad,  which  ser\’es  as  a banquette 
for  the  defenders.  There  are  flanking  towers 
at  inter\’als  of  about  200  ft.,  and  at  the  angles 
of  the  square  two  contiguous  towers  form  a 
bastion.  The  defences  are  entered  by  three 
gates  on  each  side,  protected  by  thick 
masonry’’  traverses.  At  a distance  of  60  ft. 
from  the  wall  there  is  a deep,  wet  ditch,  100  ft. 
broad,  crossed  by  five  undefended  bridges. 
Beyond  this  ditch  there  are  no  outworks.  The 
palace,  arsenal,  magazine,  and  mint  are 
enclosed  in  an  inner  central  square,  protected 
by  a strong  teak  stockade,  20  ft.  high.  Inside 
this  stockade  there  is  a brick  wall  at  1,000  ft. 
distance,  and  again,  an  inner  wall  at  the  same 
interv'al.  The  population  is  between  60,000 
and  70,000,  and  the  number  of  houses  about 
12,000.  The  total  population  fringing  the 
banks  of  the  Irrawaddi  between  lat.  24  and  our 
frontier  may  be  taken  as  250,000,  and  the 
total  population  of  Burmah  proper,  lying  be- 
tween these  latitudes — excluding  the  hill  tribes 
— is  most  likely  not  more  than  a million  souls. 
Various  estimates  give  the  number  of  villages 
on  the  banks  of  the  river  between  Mandalay 
and  our  frontier  at  230  to  261.  Tsagaing, 
which  lies  opposite  Ava,  is  of  large  extent, 
and  is  enclosed  by  a massive,  decaying  ram- 
part. The  hills  behind  it  are  nearly  covered 
with  pagodas,  temples,  and  images,  and  long, 
w’inding  staircases,  some  of  the  latter  being 
i about  half  a mile  in  length.  Farther  down 
stream  you  pass  several  large  towns,  notably 
Myingyan,  which  is  a large  mart  for  rice,  and 
whence  much  cotton  is  exported ; Yay- 


nangyoung,  the  centre  of  the  petroleum  trade  ; 
Memboo,  the  terminus  of  the  caravan  road 
over  the  Aeng  Pass,  near  which  are  some 
mud  volcanoes ; Magwe,  Mengoon,  and 
Minhla,  which  was  taken  by  assault  by  our 
troops  on  the  17th  of  November. 

Six  miles  after  passing  our  frontier,  which 
crosses  the  river  in  19®  29'  3"  and  runs  due 
east  and  west  until  it  reaches  the  borders  of 
Karennee  and  Aracan,  we  reach  Myeday,  our 
most  northern  advanced  post.  No  custom 
duties  are  levied  by  the  British  at  the  frontier, 
and  the  Burmese  custom  duty  of  5 per  cent, 
upon  exports  and  imports  will  no  doubt  cease 
now  we  have  occupied  the  country.  Twelve 
miles  from  the  frontier  we  reach  our  military 
port  of  Thayetmyo,  with  a population  of  16,000 
souls ; and  about  four  miles  to  the  north,  on 
the  eastern  bank  of  the  river,  is  Allanmyo, 
with  about  6,000  inhabitants.  The  Irrawaddi 
district,  which  includes  the  portion  of  the 
basin  of  the  Irrawaddi  lying  to  the  west  of  the 
river,  has  a population  of  about  1,200,000 
souls  ; and  the  Pegu  district,  which  includes 
the  eastern  portion  of  the  basin,  has  about 
the  same  population.  Notwithstanding  the 
inhospitable  character  of  the  soil  in  the 
Thayetmyo  district,  and  although  the  Upper 
Burmah  officials  jealously  prevented  the 
removal  of  women  and  children,  cattle  and 
household  implements,  from  their  country,  this 
district  annually  received  a large  accession  to 
the  number  of  its  inhabitants  by  immigration 
from  the  more  fertile  districts  across  the 
frontier.  There  the  villages  every  year  de- 
creased in  number,  and  if  there  had  not  been 
a considerable  number  of  men  living  in  some 
of  the  villages  who  were  “wanted”  by  our 
police,  the  whole  district  would  soon  have 
become  deserted,  and  merely  the  refuge  o 
wild  beasts,  like  much  of  the  Shan  country 
I passed  through  on  my  late  journey.  There 
being  no  waste  low-lying  lands  available  for 
rice  cultivation,  the  immigrants  betake  them- 
selves at  once  to  tou7igycL,  or  hill  cultivation. 
Some  settle  down  as  cotton  cleaners  and 
coolies  in  the  towns,  whilst  a few,  after  a year 
or  two,  adopt  the  wiser  course  of  passing  on  to 
the  richer  districts  lower  down  the  river.  The 
great  bulk  of  the  population  in  this  district  is 
of  the  pure  Burman  race,  unmixed  with  Peguan 
blood  as  in  the  delta  of  the  Irrawaddi,  or  with 
Shan  blood  as  in  the  upper  portion  of  Burmah 
proper. 

The  inhabitants  of  Burmah,  owing  to  the 
excellence  of  the  climate,  are  robust  and 
healthy  looking ; they  attain  the  average 
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length  of  human  life,  and  children  especially 
thrive  in  the  country.  The  infantile  diseases, 
measles,  chicken-pox,  whooping  cough,  which 
cause  such  a mortality  among  the  young  in 
England,  exist  in  Burmah  in  so  mild  a form 
as  to  excite  little  or  no  apprehension.  The 
registration  returns  show  that  in  Burmah  the 
deaths  of  children  under  five  years  of  age  are 
in  the  proportion  of  27*85  of  the  total  deaths  at 
all  ages,  whereas  in  England  they  are  40  per 
cent.  Concerning  the  characteristics  and 
peculiarities  of  the  Burman,  much  need  not  be 
said.  His  virtues,  which  are  many,  and  his 
failings,  which  are  not  a few,  are  much  the  same 
here  as  in  every  part  of  his  extensive  country. 
In  British  Burmah,  as  elsewhere,  he  displays 
much  spasmodic  energy  and  general  laziness  ; 
much  love  of  feasts  and  shows  ; much  disregard 
of  the  sacredness  of  human  life,  and  much 
tenderness  for  the  lives  of  inferior  members  of 
the  animal  kingdom  ; much  arrogance  and 
inconsiderateness  when  placed  in  high  posi- 
tion ; and  last,  though  not  least,  much  general 
truthfulness,  and  amongst  unsophisticated 
villagers,  the  very  unoriental  trait  of  being 
quite  unable  to  tell  a specious  falsehood,  a 
trait  which  is  as  honourable  to  himself  as  it  is 
agreeable  to  those  who  have  the  government 
of  his  country.  His  occupations  are  cultivation 
on  a small  scale  and  petty  trading.  Actual 
poverty  is  almost  unknown,  but  riches  are 
never  accumulated.  If  any  individual,  by  a 
stroke  of  good  luck,  or  by  a most  unusual 
exercise  of  thrift,  should  amass  a few  thousand 
rupees,  he  is  sure  to  spend  the  greater  portion 
of  it  in  the  erection  of  a pagoda  or  a 
monastery,  or  some  similar  work  of  religious 
merit. 

The  Burman  is  strongly  distinguished  from 
the  Indian  races  by  his  love  of  sport  and 
amusement,  and  his  strong  turn  for  the 
ridiculous.  This  has  been  not  unjustly 
asserted  to  be  due  rather  to  the  influence  of 
the  Buddhist  religion  as  compared  with  Brah- 
manism than  to  the  respective  peculiarities  of 
the  races.  In  Burmah  there  is  no  caste  to 
efface  the  impulses  of  our  nature,  and  hinder 
everything  in  the  shape  of  free  and  social  inter- 
course. The  Burman  is  in  every  way  a marked 
contrast  to  the  Hindu.  Their  women-folk  mix 
freely  in  all  social  gatherings  on  perfectly  equal 
terms,  and  form  a very  important  factor  in 
society. 

It  is  noticeable  in  Burmah,  where  the  monks 
are  much  more  strict  in  their  outward  life 
and  in  the  observances  of  their  rules  than  in 
Siam,  that  the  women  are  far  more  industrioUg 


and  virtuous  than  the  men  ; and  I think  this 
chiefly  arises  from  the  difference  of  the  schools 
in  which  they  are  educated.  The  girls  are 
kept  at  home,  under  the  immediate  supervision 
of  their  mothers,  who  teach  them  to  be 
industrious,  and  train  them  from  their  infancy 
in  the  acquirement  of  common-sense,  which 
has  justly  been  called  the  most  uncommon 
sense  of  all.  Almost  before  they  have  left  the 
breast  they  seem  to  become  far-sighted  little 
women  of  the  world.  Walk  through  any 
village  or  town,  and  you  will  see  damsels 
squatting  on  the  floor  of  the  verandah,  with 
diminutive,  or  sometimes  large,  stalls  in  front 
of  them,  covered  with  vegetables,  fruit,  betel- 
nuts,  cigars,  and  other  articles.  However 
numerous  they  may  be,  the  price  of  everything 
is  known  to  them  ; and  such  is  their  idea  of 
probity,  that  pilfering  is  quite  unknown  to 
them.  They  are  entirely  trusted  by  their 
parents  from  their  earliest  years ; even  when 
they  blossom  into  young  women,  chaperons  are 
never  a necessity,  yet  immorality  is  less 
customary  amongst  them,  I believe,  than  in 
any  country  of  Europe. 

The  principal  crops  cultivated  in  the 
Thayetymo  district  are  rice,  oil-seed,  cotton 
and  tobacco.  No  less  than  sixty-one  kinds  of 
rice  are  known  to  the  cultivators,  more  than 
half  of  which  are  of  the  hard  varieties  exported 
to  Europe,  and  the  remainder  is  the  soft  glutin- 
ous grain,  which  is  preferred  by  the  hill  tribes. 
There  are  five  different  modes  of  raising  a crop, 
namely : — 

1.  On  the  ordinary  rice  swamp-land,  in  low- 
lying  plains,  where  the  local  rainfall  is  suffi- 
cient for  the  cultivation. 

2.  On  lands  which,  though  level,  are  so  high 
that  the  drainage  from  them  is  too  rapid  for 
the  growth  of  the  grain  without  irrigation  or 
damming  of  streams. 

3.  On  land  near  the  river  bank  which  is 
submerged  during  the  highest  level  of  the 
river,  and  cannot  therefore  be  planted  until 
the  last  high  rise  of  the  river. 

4.  In  toungya  or  hill  clearings. 

All  the  above  are  wet  weather  crops. 

5.  A hot  weather  crop,  raised  by  irrigation- 
works,  the  water  being  obtained  by  damming 
the  streams  or  by  means  of  water-wheels. 
Many  of  these  wheels  are  in  use  by  the  Shans 
in  the  Shan  States,  and  likewise  in  the  district 
to  the  west  of  Thayetmyo.  They  are  made  of 
a light  framework  of  split  bamboos,  and  are 
often  forty  feet  in  diameter.  The  banks  of  the 
Ma-htoon,  where  a view  can  be  obtained 
of  several  of  these  spider-web  machines 
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in  ceaseless  motion,  their  shafts  humming 
loudly,  and  the  water  splashing  and  sparkling 
all  over  them,  form  a singular  spectacle. 
The  Irrawaddi  at  our  frontier  is  about  three 
quarters  of  a mile  broad ; thence  it  widens 
rapidly,  and  at  Thayetmyo  it  is  nearly  three 
miles  broad.  Below  this  it  contracts,  and, 
flowing  between  bold  and  densely  wooded 
banks,  passes  Prome  with  a width  not  more 
than  three  quarters  of  a mile.  The  Naweng 
river  enters  the  Irrawaddi  on  the  east  bank, 
just  to  the  north  of  Prome,  and  there  is  little 
doubt  that  the  Hlaing  river,  which  is  the  upper 
course  of  the  Rangoon  river,  was  at  one  time 
an  effluent  of  the  Irrawaddi,  having  its  exit 
somewhere  near  the  present  mouth  of  the 
Naweng.  The  sources  of  the  Hlaing,  or 
Myit-ma-kha,  now  lie  in  the  streams  draining 
into  the  Engma  swamp  from  the  Pegu  Yoma 
and  those  draining  the  west  side  of  the  Prome 
and  Kholan  Hills  which  lie  between  the  swamp 
and  the  Irrawaddi.  Many  large  plains,  notably 
those  of  Engma,  Pounday,  and  Shwe  Doung,  are 
underricecultivation,theproduce  of  which  helps 
to  “ feed”  the  Rangoon  and  Prome  Railway, 
and  the  large  craft  on  the  river.  These  craft, 
owing  to  the  river  running  nearly  north  and 
south,  can  navigate  up-stream  with  the  help 
of  their  huge  sails  and  of  the  south-west 
monsoon  wind,  even  when  the  river  is  rushing 
down  at  the  time  of  the  highest  floods.  The 
lines  of  these  boats  are  beautifully  fine  and 
graceful,  but  the  absence  of  any  keel  gives 
them  no  hold  of  the  water,  and  they  can 
only  sail  with  the  wind.  They  carry  a single 
square  sail  generally,  but  the  largest  boats 
used  on  the  Irrawaddi  have  a peculiar  mast, 
if  it  can  be  so  called,  consisting  of  two  bamboo 
spars  separated  by  the  breadth  of  the  boat  at 
the  bottom,  and  lashed  together  at  the  top, 
with  cross  bamboo  ratlines,  making  it  look 
like  a gigantic  ladder.  The  mainyard  is  formed 
in  three  pieces  firmly  spliced  together,  the 
centre  of  a tough  wooden  spar,  and  the  outer 
pieces  of  bamboo  ; the  whole  is  some- 
times over  130  feet  in  length.  This  gives  an 
enormous  spread  of  canvas  for  the  size  of 
the  vessel.  The  sail  in  these  large  boats  is 
generally  in  three  pieces,  and  I have  some- 
times seen  smaller  canvas  carried  in  addition 
above  the  mainyard.  The  cloth  used  is  very 
light  country  cotton  stuff,  like  coarse  un- 
bleached calico.  On  these  boats  are  erected 
houses,  either  of  thin  wooden  planks  or  of 
matting,  with  thatched  or  matted  roofs,  and 
the  steersman  occupies  a high  chair  of  state, 
often  elaborately  carved,  at  the  stern.  The 


rowers  generally  row  standing,  the  long  oars 
being  hung  on  pivots  ; in  shallow  water  they 
use  long  bamboo  poles,  one  end  of  which 
being  stuck  into  the  hollow  of  the  shoulder, 
they  push  the  boat  forwards  by  walking  along 
the  sides,  the  whole  weight  of  their  bodies 
being  thrown  against  the  poles.  Where  the 
nature  of  the  bank  permits,  they  use  long 
tracking  poles. 

The  town  of  Prome  has  a population  of  about 
29,000  inhabitants  ; Shwe  Doung,  12,000  ; and 
Poungday  about  7,000 ; and  the  district  con- 
tains 275,000  country  folk.  Escaping  from  the 
hills  bordering  its  eastern  banks,  below  Prome 
the  Irrawaddi  enters  the  delta  at  Akouk- 
toung,  where  the  river  is  for  the  last  time 
touched  by  spurs  from  the  Arracan  Yoma 
hills.  From  the  high  ground  forming  the  toe 
of  the  last  spur,  a small  embankment,  six  miles 
in  length,  has  been  raised,  to  save  the  land  on 
the  west  of  the  river  from  the  floods,  and  the 
Kyangyeen  stream.  Directly  to  the  south  of 
these  streams  the  great  system  of  Irrawaddi 
embankments  begins,  and  extends  with  merely 
the  breaks  caused  by  the  exit  of  the  Bassein 
River  from  the  Irrawaddi.  The  east  bank  of  the 
Bassein  River  is  likewise  protected  from  floods 
by  an  embankment  springing  from  the  main 
embankment,  about  70  miles  in  length.  The 
length  of  the  Myanoug  section  of  the  Irrawaddi 
embankment  is  44^  miles,  and  the  Henzadah 
section  is  53  miles.  These  embankments  have 
saved  a vast  area  of  ground  which  was  for- 
merly either  subject  to  floods  or  heavily 
inundated  in  the  wet  season.  The  levees, 
however,  particularly  that  along  the  Bassein 
river,  have  tended  to  throw  the  land  on  the 
other  side  entirely  out  of  cultivation,  having 
raised  the  level  of  the  river  during  high 
floods,  and  thus  forced  a greater  quantity  of 
water  over  the  banks.  Owing  to  the  narrowness 
of  the  stream,  it  will  be  most  unwise  to  embank 
the  west  side  of  the  Bassein  River,  but  the 
Irrawaddi,  being  broad,  will  doubtless  be  em- 
banked on  the  eastern  side  before  many  years. 
The  inundation  of  the  country,  where  not  em- 
banked, proceeds  as  follows:  —The  first  showei  s 
of  rain  fill  the  numerous  “engs,”  or  depressions 
scattered  over  the  country,  and  these  gradually 
enlarging  submerge  the  country  before  the 
turbid  floods  of  the  rivers  have  risen  to  a 
similar  height  (40  ft.  above  their  summer 
level).  In  default  of  any  effective  drainage 
the  ground  adjoining  the  rivers  being  higher 
than  the  flooded  interior,  the  ordinary  rainfall 
is  usually  adequate  to  produce  this  effect,  but 
the  lowland  skirting  the  hills  receives  in  addi- 
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tion  considerable,  though  irregular,  supplies 
through  streams  which,  pouring  out  from  the 
hills,  diffuse  themselves  over  the  country  and 
lose  themselves  in  plains.  The  muddy  waters 
of  the  Irrawaddi  (or  other  rivers)  now  rising, 
top  their  banks,  but  their  course  is  soon 
arrested  by  the  limpid  waters  of  the  plains, 
which  oppose  a perfect  barrier  to  the  spread 
over  the  low  country  of  the  river  water,  charged 
'with  sediment. 

This  regular  and  complete  inundation  of  a 
whole  country  from  one  range  of  hills  to 
■another,  not  as  an  accidental  occurrence,  but 
as  a yearly  recurring  event,  affords  one  of  the 
:most  singular  phenomena  of  Burmah.  With 
•the  exception  of  high  knolls,  standing  up 
here  and  there,  and  a strip  of  high  ground  at  the 
base  of  the  hills,  the  whole  country,  with  fields, 
iroads,  and  bridges,  is  under  water,  from  one 
to  twelve  feet  or  more  in  depth.  Boats  are  the 
only  means  of  locomotion  for  even  a few  yards. 
You  sail  across  the  country,  ploughing  through 
the  half-submerged  long  grass,  piloting  a way 
through  the  clumps  of  brushwood  or  small  trees 
into  the  streets  of  large  agricultural  villages, 
where  the  cattle  are  seen  stabled  up  in  the 
tiouses,  sometimes  twelve  feet  above  the  ground  ; 
the  children  are  catching  fish  with  lines  through 
the  holes  in  the  floor ; the  people  are  going 
about  in  canoes  on  their  everyday  concerns,  if  it 
is  only  to  borrow  a cheroot  from  their  next-door 
neighbour,  in  short,  all  the  miseries  and 
iaughable  contretem;ps  sometimes  pictured  in 
the  illustrated  papers  as  caused  by  floods  in 
Europe  may  be  seen,  with  this  difference,  that 
■everyone  is  so  accustomed  to  them  that  they 
mever  create  a thought  of  surprise. 

Though  in  some  ways  unpleasant,  this  heavy 
monsoon  is  the  great  blessing  and  source  of 
prosperity  to  British  Burmah. 

There  may  be  too  much  or  too  little  rain  in 
■certain  districts  to  ensure  a full  good  crop,  but 
there  is  no  fear  of  famine ; nothing  but  an 
absolute  blight  passing  over  the  whole  land 
•could  produce  it.  The  rice  fields  are  not  pre- 
pared, as  in  China,  Italy,  and  elsewhere,  in 
terraces  carefully  levelled  for  irrigation  ; but 
the  grass  and  weeds  are  raked  and  pulled  out 
with  a huge  harrow,  and  the  young  plants  from 
the  nurseries  are  set  in  the  soft  ground  a foot 
deep  in  water.  In  a large  plain  there  are,  of 
course,  inequalities,  if  even  of  only  a few  inches 
in  the  surface,  so  that  if  the  waters  subside 
too  quickly,  the  crops  on  the  higher  ground 
are  more  or  less  injured.  If  the  monsoon  is  a 
late  and  heavy  one,  the  paddy  plants  in  the 
low  grounds  are  rotted,  while  the  out-turn  of 


the  high  land  is  increased.  In  ordinar}’-  years, 
the  high  lands  being  first  planted,  the  danger 
in  both  cases  is  guarded  against. 

The  Bassein  district  through  which  the 
river  of  that  name  runs,  is  chiefly  occupied  by 
Burmese,  Aracanese,  and  Karens,  there  being 
about  200,000  of  the  two  former  and  87,000  of 
the  latter,  the  total  number  of  inhabitants  being 
350,000.  The  principal  occupation  of  thepeople 
is  agriculture  and  fishing,  large  lakes  caused 
by  “ cut-offs  ” of  the  rivers,  as  well  as  the  rivers 
and  numerous  tidal  creeks,  forming  splendid 
fishing  grounds.  There  are  many  large  towns 
in  the  district ; Bassein  has  28,000  inhabitants, 
Ngatheingyoung  about  3,000,  and  Leyinyitna 
5,300.  The  Henzadah  district,  which  is 
traversed  by  the  main  embankment,  has  288,000 
inhabitants,  the  largest  towns  in  it,  Henzadah, 
Kyangyeen,  and  Myanoung,  containing  respec- 
tively 16,700,  7,500,  and  5,400  inhabitants. 
Most  of  the  cultivated  land  is  under  rice. 

Thongwa,  the  district  lying  to  the  south  of 
that  of  Henzadah,  contains  265,000  inhabitants, 
and  is  a country  of  tidal  creeks  and  deltaic 
mouths  ; some  of  the  plains  are  now  under 
cultivation,  and  the  land  on  the  large  island,  on 
which  is  the  district  town  of  Maoobeng,  is 
likely  soon  to  be  reclaimed  by  embankments. 

Leaving  the  main  ri\er  at  Yandoon,  which 
contains  about  7,000  inhabitants,  steamers 
during  the  rainy  season  proceed  by  the  Pan 
Hlaing  Creek  to  Rangoon.  Yandoon  extends 
for  about  three  miles  along  both  banks  of  the 
creek,  and  has  sprung  up  almost  entirely 
since  1852  ; in  the  Burmese  time  it  was  a 
small  village  of  some  hundred  houses.  It 
is  the  rendezvous  of  all  the  trading  boats 
which  run  between  the  upper  part  of  the 
valley  of  the  Irrawaddi  and  Rangoon,  and 
during  the  rains  as  many  as  1,000  boats  collect 
here  and  dispose  of  their  cargoes,  those  from 
up-country  to  those  from  Rangoon,  and  vice 
versa.  The  principal  imports  from  up-country 
are  wheat,  grain,  beans,  pickled  tea,  oil, 
onions,  garlic  and  silk;  and  the  principal 
exports  upwards,  rice,  husked  and  unhusked, 
piece  goods,  crockery,  earthenware,  tobacco 
and  betel  nuts.  Small  steamers  occasionally 
run  between  Rangoon  and  Yandoon,  making 
the  trip,  with  a favourable  tide,  in  one  day. 

Rangoon  is  the  chief  port  and  most  im- 
portant military  station  and  town  in  British 
Burmah.  It  is  situated  on  the  east  bank  of 
the  Hlaing,  or  Rangoon  river,  is  supplied 
with  admirable  wharf  and  go-down  accommo- 
dation, and  steamers  drawing  24  feet  of  water 
are  able  to  proceed  up  to  the  town  at  high 
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water.  For  some  years  the  navigation  was 
:greatly  impeded  by  the  Hastings  shoal,  which 
formed  a little  below  the  town  at  the  debouchure 
of  the  Pouzendoung  and  Pegu  rivers  into  the 
Hlaing,  but  dredging  has  done  much  to  im- 
prove the  passage.  Many  of  the  handsome 
public  buildings,  as  well  as  the  characteristic 
architecture  of  the  fine  teak  mansions  in  the 
toTN-n  and  cantonments,  and  most  of  the 
improvements  of  the  port,  are  due  to  Mr. 
Henry  IMontague  Matthews,  who  is  now 
engineer-in-chief  and  manager  of  the  rail- 
ways leading  northwards  from  Rangoon  to 
Prome  andXoungoo.  The  population  of  Ran- 
goon, as  might  be  expected,  is  very  mixed, 
including  Peguans,  Karen,  Shan,  Aracanese 
Hindoos,  Mahomedans,  Chinese,  and  Eura- 
sians, besides  Europeans  and  other  races. 
The  town  has  doubled  its  population  in  the 
last  twenty  years,  and  in  1883  had  upwards 

• of  134,000  inhabitants.  The  rural  inhabitants 
in  the  Rangoon  district,  at  the  same  time, 
numbered  203,000  souls. 

The  Pegu  river  is  about  180  miles  in  length, 
and  rises  in  the  Pegu  Yoma  range  of  hills.  At 
its  mouth  it  is  about  a mile  broad.  At  neaps 
the  tide  is  felt  as  far  as  the  town  of  PegUj  and 
during  the  springs  a “ bore  ” ascends  nearly  as 
far.  In  the  rains  this  river  is  navigable  for  river 
steamers  as  far  as  Pegu,  but  in  the  dry  season 
only  small  boats  can  ascend  to  that  town.  It 

* ‘ taps  ’ ’ a country  in  which  is  found  much  teak 
and  other  valuable  timber,  and  lower  down 
flows  through  a considerable  area  of  fertile 
rice  lands.  As  far  as  the  mouth  of  the  new 
canal  that  has  been  constructed  to  connect  it 
with  the  Sittang,  above  the  influence  of  the 
“bore,”  it  forms  the  main  route  to  Shwaygyeen 
and  other  towns  on  that  river.  The  town  of 
Pegu  has  a population  of  about  6,000,  and 
the  Pegu  district  a rural  population  of  232,000. 

Shwayg)'een,  the  head-quarters  of  a district  of 
the  same  name, lies  on  thewestbank  of  theSittang 
river.  A large  cantonment  was  established  there 
at  the  close  of  our  second  Burmese  war,  but  it 
has  for  some  years  been  reduced  to  a nominal 
garrison  of  a portion  of  a regimental  wing. 
The  town,  which  lies  some  miles  to  the  east  of 
the  Rangoon  and  Toungoo  Railway  will,  I trust, 
soon  be  connected  with  it,  by  the  line  proposed 
by  Mr.  Colquhoun  and  myself  to  connect 
Maulmain,the  future  terminus  of  the  Burmah- 
Siam-China  Railway,  with  the  Rangoon  and 
Toungoo  line.  The  town  of  Shwaygyeen  has 
a population  of  7,500  souls,  and  the  district 
one  of  165,000. 

To  the  east  of  the  Sittang  river,  in  lat.  178 
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25',  at  the  end  of  the  southern  bills,  lies  the 
town  of  the  same  name ; the  population  has 
been  gradually  dwindling  away,  owing  to  the 
sparseness  of  the  cultivation  in  its  neighbour- 
hood and  to  its  unfavourable  situation,  much 
of  the  passing  traffic  having  been  diverted  by 
the  opening  of  the  Pegu  Canal. 

The  great  plain  on  the  east  of  the  Sittang, 
stretching  as  far  as  the  western  exit  of 
the  Salwen  River,  is  subject  to  inundation 
as  far  west  as  Thatone,  owing  to  the  silting 
up  of  the  mouths  and  lower  channels  of  the 
creeks,  and  the  throwing  out  of  the  coast-line. 
The  creeks  drainingit  are  excessively  serpentine 
in  their  course,  and  the  tidal  currents  are  there- 
fore checked,  and  deposit  more  silt  than  would 
be  the  case  if  the  creeks  were  straightened. 
Most  of  the  plain  might  be  reclaimed  by 
straightening  the  courses  of  some  of  these 
streams,  and  draining  others  to  the  lower 
portions  of  the  rivers.  These  are  not  nearly 
so  liable  to  change  as  the  sea-coast,  which, 
owing  to  the  courses  of  the  rivers  changing  in 
the  mud-flats,  in  places  extends  or  else  re- 
tires some  miles  in  the  course  of  a year  or 
two.  This  plain,  where  reclaimed  by  cuttings, 
is  very  fertile,  and  would  certainly  receive  the 
attention  which  it  deserves  if  the  railway  from 
Martaban,  via  Sittang  and  Shwaygyeen,  to 
join  the  Rangoon  and  Toungoo  line,  were 
decided  upon.  If  these  plains  are  reclaimed, 
the  railway  could  not  fail  to  be  the  most 
profitable  one  in  Burmah. 

The  Beeling  river  rises  in  the  maze  of  moun- 
tains that  separate  the  Salwen  from  the 
Sittang,  and  until  it  enters  the  plain  to  the 
south  of  Beeling,  has  the  character  of  a moun- 
tain torrent.  A “ bore,”  similar  to  that  in  the 
Sittang,  rushes  up  the  river  for  many  miles  at 
spring  tides  in  the  dry  weather. 

Thatone,  the  oldest  capital  of  the  Peguans,  was 
deserted  by  them  in  a body,  when  Alaungpra 
reconquered  Pegu  in  the  middle  of  last  centur}'. 
They  fled  to  Siam  and  settled  there,  taking 
their  records  along  with  them.  The  town, 
although  now  twelve  miles  from  the  sea- shore, 
as  late  as  A.D.  600  was  a sea-port,  and  ships 
traded  thence  to  the  Coromandel  Coast  and 
Ceylon.  It  now  contains  about  4,000  people 
with  a district  population  of  about  the  same 
number.  Among  the  large  town^s  lying  be- 
tween it  and  Martaban,  may  be  mentioned 
Ying-yeng,  Palat,  and  Poung.  Martaban  lies  at 
the  junction  of  the  two  mouths  of  the  Salwen, 
opposite  to  the  sea-port  of  Maulmain.  Sepa- 
rating these  two  places  from  the  sea,  and 
stretching  nearly  as  far  south  as  Amherst,  is 
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the  fertile  island  of  Beloogyoon.  Martaban, 
although  now  only  a small  village,  was  formerly 
the  capital  of  a large  kingdom  often  in  dispute 
between  the  Shans,  the  Burmese,  and  the 
Peguans. 

Maulmain  is  situated  at  the  confluence  of 
three  large  rivers,  the  Salween,  the  Gyne,  and 
the  Attaran.  It  contains  about  53,000  in- 
habitants, and  its  district,  called  the  Amherst 
district,  upwards  of  300,000.  The  cultivation 
in  the  interior  lies  chiefly  along  the  banks  of 
the  main  streams,  the  country  inland  being 
generally  subject  to  heavy  inundation.  No 
embankments  exist  along  the  rivers,  and 
very  little  has  been  done  for  this  portion 
of  the  country  since  our  occupation  of  it 
in  1826.  Even  the  fine  port  of  Maulmain 
is  allowed  to  deteriorate  for  the  want  of  sanc- 
tion for  the  removal  of  a sand  bank  that 
partially  blocks  the  principal  channel  seawards. 
A road  has  been  constructed  from  Maulmain 
in  the  direction  of  Tavoy,  and  was  intended  to 
be  carried  inland  some  distance  from  the  coast, 
to  connect  Maulmain  with  that  town  for  mili- 
tary purposes.  But  the  country  through  which 
it  was  to  pass  was  found  to  be  nearly  deserted, 
except  by  wild  beasts,  and  the  road  has  been 
allowed  to  end  in  the  jungle.  A branch  road 
has,  however,  been  made  to  connect  it  with 
Amherst,  a town  on  the  sea  coast  at  the  mouth 
of  the  Salwen,  which  is  the  seaside  retreat  of 
inhabitants  of  Maulmain,  and  for  some  time 
after  the  cession  to  us  of  Tenasserim  was  the 
capital  of  that  province. 

The  journey  by  steamer  down  the  coast  to 
Tavoy  and  Mergui  is  delightful  in  the  north- 
east monsoon,  when  the  sea  is  generally  calm 
on  the  eastern  coast  of  the  Indian  Ocean.  The 
whole  face  of  the  country,  hill  and  dale,  except 
where  cleared  for  cultivation,  is  densely  clothed 
with  luxuriant  vegetation,  and  the  coast-line  is 
studded  with  islands. 

The  town  of  Tavoy  is  situated  some  thirty 
miles  from  the  mouth  of  the  river  of  the  same 
name,  and  is  separated  from  the  coast  by  the 
river  and  a narrow  range  of  hills,  across  which 
the  European  officials  trudge  to  their  sea- 
resort  of  Momegan,  where  they  erect  small 
temporary  bungalows  and  enjoy  the  sea-bath- 
ing. The  town  is  neatly  laid  out,  and  the 
roads  are  generally  kept  in  excellent  order; 
the  town  has  about  13,000  inhabitants  and  the 
district,  which,  with  the  exception  of  the  plain 
along  the  river,  is  very  hilly,  85,000.  Three 
roads  lead  from  Tavoy  into  Siam,  and  our 
telegraph  line  is  connected,  via  this  place,  with 
that  of  the  Siamese  at  the  frontier. 


The  last  town  along  the  coast  of  British 
Burmah  of  any  importance  is  Mergui,  which 
is  the  head-quarters  of  a district  of  the  same 
name.  It  is  situated  on  an  island  in  the 
principal  mouth  of  the  Tenasserim  river,  which 
falls  into  the  sea  about  two  miles  to  the  north 
and  one  to  the  south  of  the  town.  Mergui 
contains  8,600  inhabitants,  composed  of  mixed 
races,  Peguans,  Burmese,  Malays,  Bengalis, 
Madrassis,  Siamese  and  Chinese.  In  former 
years  it  was  a penal  settlement  to  which  con- 
victs from  Bengal  were  transported.  The  best 
servants  in  the  place  are  Thugs,  who  have 
their  crime  indelibly  tatooed  on  their  fore- 
heads. 

Amongst  the  mountain  ranges  of  this  district 
there  are  several  plains  of  great  extent, 
possessing  a rich  alluvial  soil ; tw’^o  of  these 
are  about  100  miles  in  length.  There  are 
several  passes  leading  over  the  hills  into  Siam. 
Coal  is  found  in  one  of  the  valleys,  and  gold, 
copper,  iron,  manganese,  and  tin  occur  in  the 
hills.  Elephants  and  rhinoceroses  are  found 
in  the  hills  and  low  plains  in  much  of  the  wild 
country  to  the  south  of  Amherst  and  Tigers  ; 
leopards  and  cheetah  are  plentiful,  as  well  as 
several  small  kinds  of  deer  and  wild  hog. 
Turtle  eggs  are  collected  on  the  sand  banks, 
and  beche  de  7ner  are  brought  to  Mergui, 
whence  they  are  exported  to  the  Straits 
Settlements.  Edible  bird’s  nests  are  found  on 
Tavoy  Island  and  other  islands  in  the  Archi- 
pelago, and  are  likewise  exported  for  Chinese 
epicures  at  the  Straits  Settlements. 

The  climate  of  Mergui  is  remarkably 
salubrious.  The  great  heat  which  its  tropical 
situation  would  otherwise  involve  during  the 
months  of  March,  April  and  May  is  moderated 
by  the  land  and  sea  breezes  which  follow  each 
other  alternately  day  and  night.  North- 
easterly and  north-westerly  winds  prevail 
during  the  winter  and  spring  months.  For  the 
remainder  of  the  year  southerly  and  westerly 
winds  are  the  most  common.  It  often  happens 
in  the  rainy  season  that  storms  recur  daily  for 
several  days,  but  on  each  occasion  an  hour 
earlier  or  later  than  on  the  previous  one.  The 
atmosphere  is  very  humid,  and  the  rainfall 
averages  165  inches  in  the  year. 

Only  one  half  of  the  area  of  British  Burmah 
is  culturable,  and  only  one-seventh  of  that  half 
is  under  cultivation.  Taking  the  present 
population  at  4,000,000,  there  is  room  for 
24,000,000  more  without  overcrowding  the 
province.  Even  now  about  1,000,000  tons  of 
rice  are  exported  every  year,  after  feeding  the 
population,  cattle,  and  elephants.  It  is  there- 
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fore  certain  that  if  all  the  reclaimable  waste 
lands  were  brought  into  tillage,  Burmah  would 
be  unrivalled  as  a granary. 

The  population  of  British  Burmah  has  in- 
creased from  2,747,141  in  1872,  to  3,736,771  in 
1S83.  In  the  same  interval,  the  public  ex- 
penditure in  the  province  has  risen  from 
£779>S^2>  to  ;^B493»/02.  Trade  has  more  than 
kept  pace  with  the  advance  of  population  and 
revenue,  as  the  following  figures  will  show  : — 
1874.  1883. 

Imports....  ;^i,859, 095  ..  772, 887 

Exports....  3,480,407  ..  7.039,525 

Total..,.  ;^5, 319, 520  ;^io, 812,412 

The  relative  increase  of  the  imports  is  some- 
what greater  than  the  increase  in  exports,  but 
with  the  balance  of  trade  so  strongly  in  favour 
of  the  province,  its  capacity  as  a consumer  of 
British  manufactures  is  very  imperfectly 
measured  by  the  actual  value  of  the  imports. 
Again,  the  comparatively  small  amount  of 
those  imports  demonstrates  conclusively  that 
Upper  Burmah  has  acted  as  an  effectual  and 
insurmountable  barrier  between  the  port  of 
Rangoon  and  those  illimitable  commercial 
requirements  of  Western  China  and  the 
Shan  States,  which  it  has  been  the  hope 
of  the  Government  and  merchants  alike 
to  ascertain  and  to  satisfy.  Rice  represents 
80  per  cent,  of  the  total  exports.  The  other 
chief  exports  are  teak,  cotton,  jade,  petroleum, 
spices,  tobacco,  hides,  horns,  ivor}%  india- 
rubber,  shellac,  cutch,  and  drugs.  Of  these, 
teak  forms  7 per  cent,  of  the  total  exports,  and 
. cotton  2^  per  cent. 

The  statistics  of  the  province  show  that 
one  of  the  chief  wants  is  population,  a want 
which  our  connection  with  India  and  China 
would  make  it  easy  for  Madras,  Bengal,  and 
China  to  supply,  thus  adding  materially  to 
the  producing  capacity  and  general  pros- 
perity of  the  province.  In  the  ten  years 
ending  1883,  the  State  outlay  in  British 
Burmah  was  ;^i  1,228,282,  or  an  average 
of  ;^i, 122,828  per  annum.  During  this 
period  the  revenue  rose  from  ;,^i,565,i86,  to 
£2,"jo2,o%6,  an  improvement  of  ^1,136,000 
between  the  first  and  last  years  of  the  decade. 
This  is  a result  which  seems  to  prove  that  the 
State  could  not,  in  its  own  interest,  pursue  a 
more  wise  or  a more  profitable  domestic 
policy  in  the  case  of  British  Burmah,  than  to 
devote  to  the  province  special  funds  to  be 
employed  in  opening  out  the  country,  in  the 
extension  of  its  railways,  the  improvement  of 
its  new  water  communications,  and  the  con- 


struction of  carefully  selected  roads  to  feed 
the  railways  and  the  river  channels. 

Our  conquest  of  Upper  Burmah,  which  has 
been  so  happily  concluded  within  the  past  few 
days,  will  place  the  Burman  Shan  States  under 
our  protection.  We  can  now  drive  the  iron 
horse  from  India  down  the  valley  of  the  Irra- 
waddi,  and  via  Maulmain  to  the  very  gates  of 
China  without  any  political  impediment.  Mr. 
Colquhoun  and  I,  solely  in  the  interests  of  our 
national  commerce,  have  given  our  services 
gratuitously  during  a series  of  years  in  pro- 
moting this  connection  of  India  and  China. 
We  have  performed  our  part  of  the  work  as 
pioneers,  by  exploring  and  reporting  upon  the 
country  requiring  examination;  we  have  shown 
that  railway  connection  between  India  and  Chi- 
na is  practicable  at  no  excessive  outlay,  that  the 
country  is  well  worth  opening  out,  and  that 
the  connection  of  Siam  and  China  with  Burmah 
and  India  will  open  out  to  British  commerce 
the  rich  but  land-locked  interior  of  Western 
China,  as  well  as  develop  and  civilise  the 
W'hole  of  Central  Indo-China. 

It  now  remains  for  the  British  Government 
and  our  mercantile  community  to  do  their 
part,  and  we  earnestly  trust  that  the  present 
opportunity  for  permanently  increasing  our 
commerce  and  strengthening  our  position  in 
Asia  may  not  be  allowed  to  pass  away. 

[A  map  to  illustrate  Mr.  Hallett’s  paper  will 
be  issued  as  a supplement  to  the  next  number 
of  the  JoiLrnali\ 


DISCUSSION. 

Mr.  W.  R.  Colquhoun  said  he  had  had  the  good 
fortune  to  be  associated  with  Mr.  Hallett  for  many 
years,  having,  in  fact,  served  his  apprenticeship  as  an 
engineer  under  him,  and  he  had  had  the  opportunity 
in  Burmah  of  seeing  his  great  capacities  whilst  in 
charge  of  large  engineering  w^orks  there.  !Mr. 
Hallett  devised  many  important  schemes  for  the 
development  of  the  country,  but  he  feared  some 
of  these  still  lay  in  the  Government  pigeon-holes 
to  which  they  had  been  consigned.  On  returning 
from  his  recent  journey  across  Southern  China, 
the  English  Chambers  of  Commerce,  seeing  the 
importance  of  the  development  of  communi- 
cation between  Burmah  and  China,  subscribed 
a large  fund  for  the  pui'pose  of  exploration. 
At  the  last  moment  he  was  not  allowed  to 
take  command  of  the  expedition,  but  Mr.  Hallet, 
came  forward  and  offered  his  services  gratuitously, 
and  he  had  recently  laid  before  the  Royal  Geo- 
graphical Society  and  the  Chambers  of  Commerce 
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his  interesting  and  valuable  reports.  Mr.  Hallett  had 
fully  brought  out  the  importance  of  Burmah  per  se, 
which  was  clearly  shown  by  the  enormous  increase 
during  the  last  ten  years  of  both  revenue  and  popu- 
lation. He  wished,  however,  to  say  a word  or  two 
on  a much  more  important  aspect  of  the  question, 
viz.,  the  importance  of  Burmah  to  Great  Britain,  as 
a country  lying  between  the  two  most  populous  em- 
pires in  the  world,  India  and  China.  Burmah  had 
hitherto,  owing  to  the  anarchy  and  misrule  which 
had  prevailed  there,  barred  the  way  to  com- 
munication between  those  two  countries.  The 
importance  of  developing  communications  be- 
tween India  and  Buimah  and  China  was  simply 
enormous ; no  other  question  at  present  before  the 
country,  whether  commercial  or  political,  at  all 
approached  it.  With  a country  like  England,  a vast 
workshop,  and  a rapidly  increasing  population,  and 
with  foreign  competition  hemming  it  in  on  every  side, 
and  hostile  tariffs  barring  us  from  our  old  markets, 
every  thinking  man  must  see  that  in  this  enormous 
market  of  China  lay  the  future  for  the  development 
of  English  commerce.  He  had  lately  had  the  oppor- 
tunity of  bringing  this  question  before  the  leading 
Chambers  of  Commerce,  first  in  London  and  after- 
wards in  various  large  provincial  centres,  and  he  was 
glad  to  find  that  its  importance  was  appreciated. 
Latterly  he  had  been  able  to  address  those  who  were 
most  vitally  interested,  the  working  men  themselves, 
and  he  was  exceedingly  pleased  to  be  able  to  say  that 
they  seemed  to  take  more  interest  and  to  grasp 
the  question  even  more  quickly  than  those  above 
them  in  position.  If  only  a few  men  who 
were  in  earnest  in  this  matter,  and  who  had  the 
facts  at  their  fingers’  ends,  would  go  amongst 
these  men  and  talk  the  question  over  with  them, 
there  would  be  a much  more  just  appreciation  of  the 
value  of  foreign  affairs,  and  a more  statesmanlike 
policy  might  now  be  expected  to  guide  the  movements 
of  whatever  Government  was  in  power.  The  indiffer- 
ence in  this  country  a few  years  ago  to  the  whole 
question  of  our  Colonial  and  Eastern  markets  was 
simply  appalling.  Some  three  or  four  years  ago, 
when  he  went  into  some  of  the  largest  industrial 
centres,  he  was  repeatedly  asked  by  wealthy  mer- 
chants of  high  position — what  was  the  use  of  our 
colonies  and  of  these  new  markets  ? It  was  very 
difficult  to  come  down  to  the  intellectual  level  neces- 
sary to  answer  such  questions.  The  last  few  years  of 
adversity  and  growing  competition  had  whetted  the 
intellect  of  the  country,  however,  and  he  now  found 
considerable  interest  taken  in  the  question  every- 
where. Turning  to  the  political  aspect  of  the  ques- 
tion, he  had  that  afternoon  had  an  opportunity  of 
addressing  the  Royal  United  Service  Institution  on 
the  political  value  of  the  friendship  of  China  to 
England.  The  Russian  question — which  might, 
perhaps,  be  again  raised  sooner  than  many  people 
thought  for — seemed  to  him  an  exceedingly  simple 
one.  Russia  had  for  years,  at  enormous  sacrifices, 
been  making  her  way  across  long  stretches  of  barren 


waste,  not  for  the  mere  pleasure  of  overcoming  those 
difficulties,  but  to  reach  two  objectives  which  were 
always  in  her  mind’s  eye— to  place  herself  in  a 
position  contiguous  to  the  two  richest  and  most 
populous  countries  in  the  world,  India  and  China, 
from  whence  she  would  be  in  a position  at  any  time 
to  menace  those  empires,  and  get  what  she  wanted 
elsewhere.  To  avoid  this  constant  menacing  of  India 
and  China,  it  was  the  true  interest  of  Great  Britain 
not  only  to  develop  communication  between  India 
and  China  with  a view  to  commercial  and  industrial 
development,  but  also  towards  building  up  a political 
alliance,  based  not  on  paper  treaties,  but  on  penna- 
nent  interests,  and  cemented  by  constantly  growing 
commerce.  Mr.  Hallett  and  himself  had  advocated 
with  all  their  power  the  development  of  railway 
communication  between  India,  Burmah,  and  China, 
and  after  laborious  exploration  and  study  had  found 
that  a practical  line  existed.  The  advantages  of  this 
railway  it  was  not  necessary  to  discuss  in  that  room, 
but  considering  what  had  been  going  on  for  many 
years  in  America — how  men  had  the  courage  there  ter 
thrust  forward  enormous  lengths  of  railway  across, 
desert  lands,  trusting  that  as  they  pushed  forward  these 
lines  population  would  follow, — it  was  strange  that 
Englishmen  had  not  sufficient  faith  to  push  forward 
600  miles  of  railway  into  one  of  the  most  populous 
countries  in  the  world.  He  trusted  recent  events  in 
Burmah  would  consolidate  the  empire  in  India,  and 
bring  security  and  order  to  the  frontiers  of  the 
neighbouring  friendly  powers,  Siam  and  China. 

Sir  George  Campbell,  K.C.S.I.,  M.P.,  said  he 
had  not  been  in  Burmah,  and  having  no  special 
knowledge  of  the  country,  he  naturally  desired  to 
learn  as  much  about  it  as  possible.  He  had  con- 
siderable doubt,  however,  whether  the  true  route 
to  China  lay  in  that  direction.  He  thought  the 
natural  communication  was  by  sea,  and  up  the 
rivers ; the  River  Kinsha  being,  he  believed, 
a tributary  of  the  Yangtsi  Kiang.  China  was  not 
limited  to  Yunnan,  though  that  was  a considerable 
province,  but  as  far  as  he  could  gather,  the  richest 
portion  of  it  was  not  on  the  side  towards  India.  It 
was,  of  course,  very  desirable  to  have  communica- 
tions, but  he  believed  the  physical  difficulties  were 
so  great,  and  there  was  so  much  risk  of  political 
difficulty,  that  it  would  not  be  wise  to  be  too  san- 
guine in  the  matter. 

Mr.  Trelawny  Saunders  referred  to  the  fact 
that  ever  since  England  had  occupied  British  Burmah, 
that  country  had  never  wanted  strong  and  devoted 
advocates  for  opening  up  the  territory  to  British 
industry  and  capital,  but  hitherto  without  much 
success.  Captain  Spry,  who  was  connected  with  the 
conquest  of  British  Burmah,  on  his  return  devoted 
his  life  and  fortune  to  exactly  the  same  work  IMr. 
Hallett  and  Mr.  Colquhoun  were  now  doing.  The 
country  seemed  to  exercise  a singular  influence  on 
all  who  visited  it,  and  he  could  not  resist  evidence 
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of  that  kind.  British  Burmah  had  exercised  a con- 
siderable influence  on  India,  and  had,  in  fact,  con- 
tributed so  much  to  her  finances  as  to  lead  to  the 
complaint  by  Mr.  Hallett  that  more  money  should 
be  spent  on  Burmah  herself.  For  the  sake  of  those 
who  were  not  acquainted  with  the  subject,  he  would 
point  out  on  the  map  the  British  possessions  in  that 
part  of  the  world.  Between  British  Burmah  and 
Assam  lay  the  kingdom  of  Burmah,  the  people  of 
which  had  for  centuries  been  ruled  by  monarchs 
scarcely  above  the  condition  of  lunacy,  a condition 
showng  itself  in  the  most  cruel  and  debased 
forms.  Ke  believed  for  centuries  only  one  man  had 
shown  himself  at  all  worthy  of  the  position  he  occu- 
pied. There  could  not  be  a question  that  bringing 
the  whole  of  the  country  under  British  rule  would  be 
infinitely  to  the  advantage  of  the  inhabitants  them- 
selves, who  were  ready  to  welcome  our  sway,  and 
would  also  contribute  immensely  to  the  opening 
of  markets  for  English  commerce.  Fie  did  not 
admit  that  even  so  important  a consideration 
as  the  employment  of  our  mill  hands  should 
altogether  be  the  guide  in  dealing  with  other 
countries,  but  when  it  was  found  that  the 
exercise  of  British  rule  operated,  as  it  had  in  India, 
to  the  vast  advantage  of  the  countries  so  governed, 
then  we  could  have  little  doubt  as  to  the  direction  in 
which  our  responsibilities  and  duties  lay.  We  were 
bound  to  feed  our  people  at  home,  and  to  go  forward 
in  the  civilisation  of  the  world,  and  in  extending  the 
advantages  we  enjoyed  wherever  it  fell  properly  to 
our  hands  to  do  so.  He  had  no  patience  with  the 
peace  party  and  with  the  pietists,  who  set  themselves 
up  as  superior  to  Providence  itself,  in  refusing  to 
exercise  our  influence  and  enterprise  when  the  oppor- 
tunity presented.  MTiat  our  forefathers  found  it 
necessary’  to  do  for  promoting  the  prosperity  of  the 
country',  should  be  emulated  at  the  present  day.  He 
was  an  advocate  for  the  annexation  of  Burmah,  and 
hoped  that  all  present  would,  as  far  as  possible,  pro- 
mote that  idea,  not  only  for  the  benefit  of  English 
trade,  but  also  in  the  interest  of  the  Burmese  them- 
selves. 

Mr.  Thomas  Christy,  who  had  resided  for  some 
years  in  China,  said  it  must  be  interesting  to  the 
meeting  to  know  that  from  Akyab  it  was  not  at  all 
unusual  for  ten  or  twelve  vessels  to  sail  for  China. 
In  fact,  the  district  from  Rangoon  to  Akyab  really 
supplied  the  Chinese  with  rice,  and  if  the  rivers  got 
frozen  so  that  it  was  impossible  to  get  the  rice  up, 
the  people  died  by  thousands  in  the  interior.  It 
would  be  exceedingly  important  to  open  up  commu- 
nication from  the  south  up  to  the  back  of  China, 
whilst  the  same  line  would  aflord  the  means  of 
bringing  do^\’n  from  the  interior  valuable  drugs, 
wood,  and  tea,  which  could  be  shipped  to  England. 

Mr.  Martin  Wood  said  that  mention  of  Captain 
Spry’s  name  reminded  him  that  he  advocated  a 
somewhat  similar  plan  to  that  now  brought  forward. 


but  he  understood  that  his  proposal  to  carry  a rail- 
way across  to  Yunnan  had  been  by  general  consent 
abandoned.  Mr.  Colquhoun  had  spoken  of  a railway 
600  miles  in  length,  but  he  understood  that  when  he 
spoke  at  the  London  Chamber  of  Commerce,  his 
plan  was  to  cross  from  Maulmain  to  Siam,  which 
would  be  only  two  or  three  hundred  miles.  He 
thought  the  proposal  of  Mr.  Hallett  for  getting  into 
Assam  by  the  north-west  possessed  very  formidable 
engineering  difficulties,  and  the  proposed  line  fron-) 
Maulmain  and  IMartaban  round  to  Rangoon 
would  have  to  cross  all  the  watersheds,  and  be 
somewhat  expensive.  Fie  was  sorry  Mr.  Saunders 
did  not  a little  ballast  his  eloquence  by  saying  how 
all  this  grand  expansion  was  to  be  accomplished,  and 
at  whose  expense.  Mr.  Colquhoun  also  used  the  ex- 
pression, the  Burmese  question,  but  did  not  define 
what  the  question  was,  or  say  who  was  to  provide  the 
ways  and  means.  If  he  appealed  to  the  mercantile 
public,  by  all  means  let  them  find  the  capital,  and  do 
it  at  their  own  risk. 

Mr.  Colquhoun  said  he  was  astonished  to  find  a 
man  holding  the  position  of  Sir  George  Campbell 
speak  in  such  discouraging  terms  of  the  probability 
of  developing  communication  from  Burmah  to 
China,  and  also  at  the  grounds  on  which  he  based 
his  opinion.  One  statement  he  had  made  was  in 
direct  contradiction  of  all  the  evidence  yet  put 
forward  by  travellers  and  missionaries  who  had 
crossed  south-western  China,  viz.,  that  the  most 
prosperous  part  of  Yunnan  lay  in  the  basins  towards 
the  Yangtsi  Kiang;  and  that  this  region  would  be 
most  naturally  reached  from  the  Chinese  seaboard. 
Exactly  the  reverse  was  the  case.  In  the  journey  he 
made  from  Canton  across  southern  China,  one  of  the 
points  he  established  was  that  the  richest  part  of 
Yunnan  was  the  southern  portion,  where  lay  all  the 
large  plains,  cities,  and  towns.  The  northern  part 
was  barren  wild  upland,  with  little  means  of  com- 
munication and  very  few  towns  or  even  villages. 
With  regard  to  the  enormous  physical  and  political 
difficulties  in  developing  communication,  he  did  not 
know  whether  Sir  George  Campbell  was  aware  of 
the  precise  line  proposed ; but  he  seemed  to  be 
thinking  of  the  enormous  hill  ranges  in  the  north. 
Any  communication  in  that  direction  was  exactly 
what  Mr.  Hallett  had  been  trying  to  show  would  be 
impossible ; but  if  he  referred  to  the  route  pro- 
posed by  Air.  Hallett  and  himself,  starting  from 
Alaulmain  and  crossing  into  Siam,  it  ran  over  an 
easy  plateau  at  an  elevation  of  2,000  feet  into 
Siam,  and  from  thence  it  might  be  continued  to 
the  Cambodia  river,  crossing  no  height  greater  than 
550  ft.  to  within  200  miles  of  the  Chinese  frontier. 
The  only  political  difficulty  which  could  exist,  con- 
sidering that  one  portion  ran  through  the  British 
territory  and  the  rest  through  Siam,  must  lie  eithei 
with  ourselves  or  with  that  country,  and  the  Siamese 
were  well  known  to  be  not  only  progressive  but  \ery 
friendly  towards  England,  and  desirous  of  ha^ing 


I 10 


JOURNAL  OF  THE  SOCIETY  OF  ARTS^ 


[December  i8,  1885, 


the  railway  made.  The  only  possible  difficulty  lay  in 
the  eventual  extension  to  China  itself,  but  that  was 
not  proposed  to  be  done  at  present.  As  China  was 
on  friendly  terms  with  England,  and  as  no  step  in 
this  direction  or  in  the  settlement  of  Burmah 
would  be  taken  without  having  a cordial  and 
clear  understanding  with  China,  he  did  not  see 
why  the  bogey  of  a political  difficulty  need  be  manu- 
factured. If  the  expansion  of  commerce  was 
only  to  be  carried  out  in  the  manner  suggested  by 
Sir  George  Campbell,  he  could  not  look  forward  with 
any  confidence  to  the  future  of  this  country.  It  was  an 
axiom  to  men  having  any  knowledge  of  the  subject 
that  the  numerous  treaty  ports  along  the  coast,  some 
nineteen  now,  had  not  by  any  means  realised  the 
expectations  formed  at  first.  Instead  of  enabling  us 
to  reach  the  interior,  they  had  only  given  access  to 
the  merest  fringe  of  that  mighty  empire.  There 
were  only  two  waterw'ays,  the  Yangtsi-kiang  and  the 
Canton  rivers  in  the  south,  and  besides  those  there 
were  no  means  of  getting  at  the  interior.  He  must 
decline  to  answer  the  question  put  by  Mr.  Wood  as 
to  the  financial  aspects  of  the  railway  ; that  question 
had  been  thrashed  out  thoroughly  at  the  various 
Chambers  of  Commerce  throughout  the  country,  as 
well  as  the  physical  difficulties. 

The  Chairman,  in  proposing  a vote  of  thanks  to 
Mr.  Hallett  for  his  paper,  and  also  to  Mr.  Colquhoun 
for  the  interesting  information  he  had  given,  said  it 
would  be  difficult  to  exaggerate  the  value  of  the 
■services  which  those  gentlemen  had  rendered  to  the 
mercantile  community  by  their  explorations  of  this 
territory  lying  between  India  and  China,  and  by  set- 
ting before  the  English  public  a new  Imperial  policy 
which  might  be  carried  out  by  England  in  the 
East  with  the  greatest  advantage.  He  had  recently 
returned  from  an  electioneering  campaign  amongst 
one  of  the  busiest  industrial  communities  of  the 
North,  and  could  thoroughly  confirm  what  Mr. 
Colquhoun  had  said  as  to  the  deep  interest  felt 
by  the  working  men  in  those  districts,  which  were 
suffering  most  severely  from  the  depression  of 
trade,  in  the  opening  out  of  this  new  field  for  com- 
merce, and  he  was  quite  certain  they  would  not 
readily  forgive  any  Government  who  did  not  give 
them  the  fruits  of  the  recent  military  enterprise, 
which  had  been  conducted  so  successfully.  Sir 
George  Campbell  had  conjured  up  a good  many 
difficulties,  but  these  difficulties  were  always  heard 
of  when  any  scheme  was  brought  forward  in  the  first 
place.  He  could  not  but  recollect  the  indifference 
and  neglect  with  which  Mr.  Stanley  was  treated 
in  this  country,  when  he  came  over  and  told  us 
about  the  Congo,  but  how  many  of  his  then 
traducers  would  be  delighted  now  if  we  had 
kept  control  over  the  great  waterway  into  the 
heart  of  Africa : That  was  a fair  illustration 

of  the  way  in  which  men  who  came  to  tell  of 
new  enterprises  were  neglected.  The  public  was 
much  more  willing  to  lioten  ^to  them  now,  when 


suffering  from  depression  of  trade,  than  in  the  days 
of  prosperity.  He  was  glad  to  see  that  Messrs. 
Hallett  and  Colquhoun  had  been  very  successful 
in  propagating  their  views.  They  might  indeed 
be  said  to  have  put  in  motion  the  Government 
arms  which  had  succeeded  in  breaking  down 
for  the  time  the  barriers  that  interposed  between 
India  and  China ; barriers  it  was  to  the  in- 
terest of  this  country  should  not  be  raised  up 
again.  The  celebrated  buffer  theory  did  not 
apply  in  the  case  of  Upper  Burmah.  The  object  of 
a buffer  was  that  it  should  be  of  sufficient  strength 
and  elasticity  to  resist  the  violent  approach  of  a 
body  moving  with  considerable  force  and  velocity. 
That  was  the  object  with  which  certain  statesmen 
proposed  that  Afghanistan  should  be  kept  as  an 
independent  country  between  Russia  and  India.  He 
would  not  offer  an  opinion  whether  that  policy  was 
likely  to  be  successful  in  that  direction  or  not,  but 
would  point  out  that,  as  regarded  Upper  Burmah,  a 
buffer  was  the  very  thing  which  was  not  required.  India 
and  China  were  anxious  to  rush  into  one  another’s  arms, 
and  enjoy  all  the  benefits  of  mutual  intercourse,  and, 
therefore,  the  last  thing  they  wanted  was  to 
have  a State  interposed  between  them.  These  con- 
siderations must  well  be  borne  in  mind  when  settling 
the  destiny  of  the  country  which  had  just  been  con- 
quered. With  regard  to  the  financial  aspect  of  the 
question  referred  to  by  Mr.  jNIartin  Wood,  the  first 
step  had  been  taken  towards  finding  capital  by 
extending  civilisation  over  that  country.  Putting 
down  barbarism  and  lawlessness  was  the  first  means  to 
obtain  capital.  They  had  given  the  inhabitants  good 
government,  and  it  was  absurd  to  suppose  that  wealthy 
India  and  England  would  not  readily  find  capital  for 
carrying  out  these  railways,  which  would  offer  the 
shortest  entrance  into  the  great  Empire  of  China. 

The  vote  of  thanks  was  carried  unanimously,  and 
briefly  acknowledged  by  Mr.  Hallett. 


Miscellaneous. 


THE  VALUE  OF  LANDED  PROPERTY  LN 
FRANCE. 

Consul  Peixotto  of  Lyons,  says  that  the  value  of 
landed  property  in  France,  as  ascertained  after  four 
years’  patient  investigation  by  the  Government,  is 
reported  to  amount  to  as  much  as  ^^3, 682, 400,000, 
and  this  is  exclusive  of  the  value  of  the  buildings 
which,  if  added  to  that  of  land,  would  probably 
increase  the  total  value  to  a sum  exceeding 
^5,514,200,000.  The  net  revenues  obtained  from 
landed  property  is  ^2^104, 268,000.  By  comparing  the 
figures  of  the  revenue  with  those  of  the  market  value, 
and  separating  each  according  to  the  nature  of  the 
property,  it  is  found  that,  taktn  together,  the  revenue 
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from  rural  property,  with  a valuation  of  L?3 
hectare,  is  about  forty-two  shillings  per  hectare.  The 
rural  property  in  France  is  divided  into  six  cate- 
gories, ^^z.,  superior  lands,  such  as  orchards,  hemp- 
fields,  and  gardens  ; arable  lands  properly  so-called  ; 
pasture,  meadow,  or  grazing  lands ; vine  lands ; 
timber,  and  lands  or  commons  more  less  cultivated. 
The  superior  lands  extend  over  an  area  of  1,716,650 
acres,  having  a market  value  of  ;/ri53>95^»ooo,  and 
yielding  a net  revenue  of  ^^4, 644, 000.  The  arable 
lands  cover  a surface  of  64,000,000  acres,  out  of  a 
total  area  of  123,000,000  acres  of  rural  property, 
yielding  a net  revenue  of  ^60,312,000.  The  meadow 
or  pasture  lands  are  even  more  valuable.  Of  these 
there  are,  at  the  present  time,  12,345,750  acres, 
rendering  an  income  of  ^^19,820,000,  representing  a 
market  value  of  ^595,064,000.  In  spite  of  the 
ravages  of  the  phylloxera,  the  vines  of  France  still 
show  an  important  production,  5,730,400  acres  of 
land  being  devoted  to  vineyards,  and  the  net  revenue 
derivable  from  them  being  2, 124,500,  and  thus  it 
is  shown  that  this  description  of  property  is  the 
most  productive  of  all  rural  investments.  The  timber 
lands  of  France  cover  an  extent  of  20,741,000  acres, 
and  their  market  value  exceeds  ^^25 1,789,000,  and 
the  net  revenue  derived  is  ;i^7, 596,000.  Meadows 
and  pastures  cover  a superficies  of  16,566,000  acres 
valued  at  ^[{^55,890,000,  and  yielding  a revenue  of 
^1,648,255.  Of  late  years  there  has  been  a con- 
siderable increase  in  the  value  of  unproductive  lands  | 
in  France.  The  inquiries  on  this  subject  which  have 
been  recently  made  by  the  French  Government,  have 
resulted  in  the  fact  that,  since  1879,  there  have  been 
cleared  1,406,155  hectares,  or  nearly  3.500,000  acres, 
which  are  at  present  classified  among  arable  and 
timber  lands,  and  vineyards,  and  which  under  recent 
laws  are  so  taxed. 


FOODS  OF  BARBARY. 

Among  the  animal  foods  consumed  in  these  dis- 
tricts, the  first  place  must  be  accorded  to  the  flesh  of 
goats  and  kids ; next  follow  mutton  and  beef.  The 
tongues  of  camels  are  smoked  and  salted  for  exporta- 
tion, principally  to  Italy,  but  do  not  seem  to  be  an 
article  of  local  consumption.  Fowls  of  the  Spanish 
breed  are  reared  in  immense  number.  The  tunny, 
pilchard,  and  herring  are  among  the  chief  fish  taken 
on  the  coast,  together  with  a kind  of  shad  called 
“ Mogador  herring.”  The  catching  of  the  shebbel, 
or  “ Barbary  salmon,”  a species  of  shad,  is  a great 
industry  on  all  the  principal  river  mouths,  and  vast 
numbers  of  the  fish,  weighing  51b.  to  151b.,  are 
dried  and  salted.  !Much  dried  fish  is  exported  to 
Greece.  Another  fish  not  • ncommon  in  the  shallow 
waters  on  the  coast  is  a species  of  grey  mullett 
{Mugil  cephalus).  Under  the  name  of  boutargue  or 
botargo,  a kind  of  caviare  is  prepared  from  the  roe  of 
the  mullet  and  spawm  of  the  tunny.  The  preparation 


is  as  follows : —Fish  whose  ovaries  have  arrived  at 
maturity  are  opened,  and  their  entire  roes  are  re- 
moved, cleaned,  pressed  between  heavily  loaded 
planks  for  a week,  then  washed  with  brine  and  again 
pressed.  Another  method  consists  in  salting  the  roe. 
bruising  it  into  a cake,  which  is  then  smoked  and 
sun-dried.  The  best  brand  of  botargo  is  said  to  be 
prepared  in  Tunis ; its  consumption  is  very  general 
throughout  th«  J^Ioditerranean.  A rough-scaled, 
cod-like  fish,  called  aslimsah,  is  plentiful  on  the  coasts, 
and  included  in  the  native  dietary.  The  fishing 
appliances  in  use  are  capable  of  much  improvemen’. 

The  staple  vegetable  foods  are  barley,  wheat,  bean=, 
maize,  olives,  grapes,  and  dates,  the  last-mentioned 
being  by  no  means  the  least  important.  Under  the 
name  of  jujube  berries,  the  fruit  of  the  sidra 
tree  [Zizyphus  orBiocanthus),  are  commonly  sold  n 
the  markets  of  Meaocco,  and  eaten  in  large  quantities. 
The  national  dish  in  Morocco  is  couscousso,  made  of 
granulated  wheaten  flour.  In  times  of  famine  the 
tubers  of  Arum  arisanun^  called  irene,  are  dug  up 
washed,  sun-dried,  and  ground  between  hand  mill- 
stones ; the  meal  is  then  cooked  by  steam  like 
couscousso.  The  poisonous  principle  is  not  always 
removed  effectually,  and  causes  severe  abdominal 
pain.  The  garden  radish  {Raphanus  satinus)  s 
eaten  under  the  name  of fijjil. 


Correspondence. 


TECHNICAL  ART  TEACHING. 

Mr.  G.  N.  Hjwpsr  writes  to  say  that  the  number 
of  students  in  Germany  under  technical  art  instruc- 
tion was  stated  by  him,  in  the  discussion  on  Mr. 
Ilulme’s  paper,  to  be  100,000,  and  not  10,000,  as 
printed  in  the  Journal  (see  ante,  p.  72,  col.  i).  His 
authority  is  the  Chamber  of  Commerce  Journal 
for  April,  1885,  where  the  statement  is  given  on  the 
authority  of  the  Bourse  Lyonnaise. 


General  Notes. 

♦ 

Wine-growing  in  Italy. — Italy,  with  an  area 
of  296,322  square  kilometres,  and  a population  of 
27^  millions,  has  1,879,109  hectares  (4,641,400  acres) 
of  vineyards,  iir?<ich  produce  annually  27,106,574 
hectolitres  (596,344,628  gallons)  of  wine,  which, 
calculated  at  an  average  price  of  25  lire  per  hecto- 
litre (nearly  i id.  per  gallon),  would  amount  in  value 
to  677,664,350  lire,  or  ^^27, 106,574  sterling.  In 
Europe,  Italy  ranks  third  in  importance  as  a wine- 
growing country,  following  immediately  after  France 
and  Spa  n. 
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Cultivation  of  Flax  in  Russia. — The  Central 
Blatt  fur  Textil  Industrie  reports  that  the  com- 
plaints of  the  inferior  quality  and  defective  yield  of 
Russian  flax  within  the  last  few  years,  have  led 
buyers  in  other  countries  to  represent  to  their  various 
Governments  the  advisability  of  stimulating  domestic 
flax  culture  by  means  of  subsidies.  The  sale  of 
Russian  flax  has  been  to  some  extent  prejudiced  in 
foreign  countries  by  the  importations  of  Indian  and 
Italian  flax.  Efforts  are  now  being  made,  however, 
in  Russia  to  place  this  important  branch  of  national 
industry  upon  a better  footing,  by  organised  measures 
for  promoting  the  improvement  of  the  quality,  and 
the  general  development  of  flax  culture. 


MEETINGS  OF  THE  SOCIETY. 
Ordinary  Meetings. 

Wednesday  evenings,  at  8 o’clock  : — 

At  the  meetings  after  Christmas  the  following 
papers  (among  others)  will  be  read  : — 

“ The  Treatment  of  Sewage.”  By  Dr.  C. 
Meymott  Tidy. 

“ Calculating  Machines.”  By  C.  V.  Boys. 

“The  History  and  Manufacture  of  Playing  Cards.” 
By  George  Clulow. 

“ Domestic  Electric  Lighting.”  By  W.  H. 
Preece,  F.R.S. 

“ The  Scientific  Development  of  the  Coal  Tar 
Industry.”  By  Prof.  R.  Meldola,  F.C.S. 

“The  Experiments  with  Lighthouse  Illuminants  at 
the  South  Foreland.”  By  E.  Price  Edwards. 

“ Machinery  m Mines.”  By  Henry  Davey. 
Artistic  Bronze  Carving.”  By  George 
SiMONDS. 


Foreign  and  Colonial  Section. 

The  Meetings  of  this  Section  will  take  place 
on  the  following  Tuesday  evenings,  at  Eight 
o’clock 

January  26 ; February  16 ; March  2,  23,  April  13  ; 
May  18. 


Applied  Chemistry  and  Physics  Section. 

The  Meetings  of  this  Section  will  take  place 
on  the  following  Thursday  evenings,  at  Eight 
o’clock : — 

January  28  ; February  ii,  25  ; March  ii ; April  8 ; 
May  13. 


Indian  Section. 

The  Meetings  of  this  Section  will  take  place 
on  the  following  Friday  evenings,  at  Eight 
o’clock : — 

January  22;  February  19;  March  19;  April  2; 
May  7,  21 


Cantor  Lectures. 

The  First  Course  will  be  on  “ The  Micro- 
scope.” By  John  Mayall,  Jun. 

December  2i. 

The  Second  Course  will  be  on  “ Friction.”' 
By  Prof.  H.  S.  Hele  Shaw. 

January  18,  25  ; February  i,  8. 

The  Third  Course  will  be  on  “ Science 
Teaching.”  By  Prof.  F.  GUTHRIE,  F.R.S. 
February  15,  22.  March  i. 

The  Fourth  Course  will  be  on  “ Petroleum 
and  its  Products.”  By  BOVERTON  Redavood,. 

F.C.S. 

March  8,  15,  22,  29. 

The  Fifth  Course  will  be  on  “The  Arts  of 
Tapestry  Making  and  Embroidery.”  By 
Alan  S.  Cole. 

April  5,  12,  19. 

The  Sixth  and  Concluding  Course  will  be  on 
“Animal  Mechanics.”  By  B.  W.  RICHARD- 
SON, M.A.,  M.D.,  F.R.S. 

May  3,  10,  17,  24,  31. 


Juvenile  Lectures. 

The  Two  Juvenile  Lectures  on  “Waves”' 
will  be  given  by  Prof.  Silvanus  P- 
Thompson,  D.Sc.,  on  Wednesday  evenings,. 
December  30th,  1885,  and  January  6th,  1886. 
Special  tickets  are  issued  for  these  lectures. 

Admission  to  Meetings. 

Members  have  the  right  of  attending  all  the 
Society’s  meetings  and  lectures.  Every’’ 
member  can  admit  two  friends  to  the  Ordinary 
and  Sectional  Meetings,  and  one  friend  to  the 
Cantor  Lectures.  Books  of  tickets  for  the 
purpose  have  been  issued  to  the  members,  but 
admission  can  also  be  obtained  on  the  personal 
introduction  of  a member. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  Dec.  21. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Mr,  John 
Mayall,  jun.,  “ The  Microscope.”  (Lecture  V.) 

Geographical,  L^niversity  of  London,  Burlington- 
gardens,  AV.,  8|  p.m.  Major  A.  W.  Greely, 
“Arctic  Exploration  with  reference  to  Grinnell 
Land.” 

Actuaries,  The  Quadrangle,  King’s  College,  W.C., 
7 p.m. 

Medical,  ii,  Chandos-street,  W.,  82  p.m. 

Asiatic,  22,  Albemarle- street,  W.,  4 p.m. 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m. 
Mr.  W.  R.  S.  Ralston,  “ Russian  Village  Life.” 
Tuesday,  Dec.  22. ..Civil  Engineers,  25,  Great  George- 
street,  S.W.,  8 p.m.  Mr.  John  Milne,  “Con- 
struction in  Earthquake-Countries.” 
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the  Secietary,  John-street,  Adelphi,  London,  W.C. 


NOTICES. 

♦> 

MAP  OF  BUR  MAH. 

With  the  present  number  of  the  Journal  is 
issued,  as  a supplement,  a map  of  Burmah  and 
the  adjacent  States,  to  illustrate  Mr.  Holt  S. 
Hallett’s  paper  on  “ Burmah,  present  and 
future,”  printed  in  last  week’s  number. 


JUVENILE  LECTURES. 

All  the  tickets  for  these  lectures  having 
now  been  disposed  of,  the  issue  is  stopped. 
As  all  the  available  accommodation  will  be 
required  for  those  members  who  have  applied 
for  tickets,  it  will  be  understood  that  no 
member  can  be  admitted  without  a ticket. 


CANTOR  LECTURES. 

Mr.  J.  Mayall,  jun.,  delivered  the  fifth  and 
last  lecture  of  the  course  on  “ The  Microscope  ” 
on  Monday  evening,  21st  inst. 

A vote  of  thanks  to  the  lecturer  for  his 
interesting  course  of  lectures  was  carried 
unanimously  on  the  motion  of  the  Chairman. 
Thanks  were  also  accorded  to  Mr.  Frank 
Crisp,  the  Royal  Microscopical  Society,  and 
the  manufacturers  who  had  kindly  lent  valuable 
instruments  to  illustrate  the  lectures  and  for 
exhibition  in  the  Library. 


Proceedings  of  the  Society. 

♦ 

THE  ALBERT  MEDAL. 

The  Council  of  the  Society  of  Arts  attended 
on  Monday,  the  21st  inst.,  at  the  Lambeth 
Pottery,  to  meet  H.R.H.  the  Prince  of  Wales, 
who  visited  the  Pottery  for  the  purpose  of 
presenting  to  Mr.  Henry  Doulton  the  Albert 


Medal,  awarded  “ in  recognition  of  the 
impulse  given  by  him  to  the  production  of 
artistic  pottery  in  this  country.” 

The  presentation  took  place  in  Messrs. 
Boulton’s  show-rooms.  Albert-embankment, 
at  noon. 

The  members  of  Council  present  were 
Sir  Frederick  Abel,  D.C.L.,  C.B.,  F.R.S  , 
Chairman ; Mr.  ^V.  Anderson,  Mr.  Francis 
Dillon  Bell,  K.C.M.G.,  Sir  Frederick  Bramwell, 
F.R.S. , Mr.  Alfred  Carpmael,  Mr.  Brudencll 
Carter,  F.R.C.S.,  Lord  Alfred  S.  Churchill, 
Mr.  B.  Francis  Cobb,  Mr.  Vicat  Cole,  R.A., 
Mr.  T.  R.  Crampton,  Sir  Philip  Cunliffe-Owcn, 
K.C.M.G.,  C.B.,  Professor  Dewar,  I'.R.S., 
Captain  Douglas  Galton,  D.C.L.,  C.B.,  F.R.S.. 
Colonel  A.  Hamilton,  R.E.,  Sir  Vhlliers  Lister, 
K.C.M.G.,  Mr.  J.  M.  Maclean,  M.P.,  Mr. 
George  Matthey,  F.R.S  , Mr.  W.  G.  Pedder, 
General  Sir  Henry  Ponsonby,  K.C.B.,  Mr. 
W.  H.  Preece,  F.R.S.,  Sir  Robert  Rawlinson, 
C.B.,  Mr.  Owen  Roberts,  and  Lord  Sudeiey, 
with  Mr.  H.  Trueman  Wood,  Secretary,  and 
Mr.  H.  B.  Wheatley,  Assistant-Secretar}'. 

His  Royal  Highness  w'as  received  by  Sir 
Frederick  Abel,  Chairman  of  the  Council,  and 
the  members  of  Messrs.  Boulton’s  firm. 

Sir  Frederick  Abel,  in  a few  words,  introduced 
Mr.  Henry  Doulton,  to  whom  the  Society  of  Arts 
had  awarded  the  highest  honour  in  their  power  to 
bestow,  for  the  prominent  services  he  had  rendered 
to  the  country  at  large  in  the  advancement  of  art. 

H.R.H.  the  Prince  of  Wales  said : — Ladies^ 
and  gentlemen,— It  affords  me  great  gratification 
to  present,  on  this  occasion,  the  Albert  Medal 
to  Mr.  Henry  Doulton.  By  the  wish  and  unani- 
mous agreement  of  the  Council,  and  with  my 
approval  as  having  the  honour  of  being  the 
President  of  the  Society  of  Arts,  this  medal  has 
been  awarded  to  you,  Mr.  Doulton,  in  recognition  of 
the  impulse  given  by  you  to  the  production  of 
artistic  pottery  in  this  country.  It  would  have  been 
my  privilege  to  have  handed  you  this  medal  at 
Marlborough-house,  but  I felt  sure  that  it  would  be 
more  gratifying,  not  only  to  yourself,  but  also  to 
your  numerous  friends,  and  the  artisans  Avho  work 
for  you,  that  I should  present  the  medal  here 
to-day.  I need  hardly  remind  you  that  this  medal 
is  a memorial  to  my  late  lamented  father,  who 
did  so  much  to  encourage  Arts,  Manufactures,  and 
Commerce,  and  who  for  eighteen  years  presided  over 
the  Society  of  Arts.  The  medal  w^s  instituted 
twenty-two  years  ago,  and  has  been  awarded  to  those 
who  for  distinguished  merit  in  promoting  Arts  ISIanu- 
factures,  and  Commerce,  were  thought  well  worthy  of 
receiving  it.  From  all  you  have  done,  Mr.  Doulton, 
not  only  in  this  country  but  throughout  all  parts  of 
the  world,  I do  not  think  there  is  anyone  more  de- 
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serving  of  the  high  compliment  we  are  now  about  to 
pay  you.  I need  hardly  tell  you  the  great  pleasure 
it  affords  me  personally  to  hand  you  the  Albert 
Gold  Medal. 

Mr.  Henry  Doulton,  in  reply,  said — In  receiv- 
ing from  your  Royal  Highness  the  Albert  Medal, 
instituted  by  the  Society  of  Arts  in  1862,  as  a 
memorial  of  your  illustrious  father  the  late  Prince 
Consort,  and  bearing  his  impress,  I feel  that  you  are 
conferring  on  me  a very  high  honour.  As  President 
of  the  Society  of  Arts,  as  well  as  in  other  and  mani- 
fold labours  for  the  good  of  the  people,  the  Prince 
Consort  gave  an  impulse  to  the  arts  and  manufac- 
tures of  this  country  which  has  been  growing  and 
widening  ever  since,  and  the  full  measure  of  which 
we  can  even  now  hardly  estimate.  When  I recall  the 
roll  of  celebrated  men,  both  Englishmen  and 
foreigners,  who  in  former  years  have  received  this 
distinction  at  your  hands  for  “ distinguished  merit  in 
promoting  Arts,  Manufactures,  or  Commerce,”  it  is 
indeed  most  gratifying  to  me  to  learn  that  the  award 
of  the  Council  of  the  Society,  composed  of  so  many 
men  eminent  in  science  and  art,  was  unanimous,  and 
that  it  met  with  the  approval  of  your  Royal  Highness. 
But  you  have  deepened  my  obligation,  and  enhanced 
the  value  of  the  award  immeasurably  by  graciously 
coming  to  Lambeth  and  conferring  this  honour  upon 
me  in  the  presence  of  my  fellow-workers.  For  any 
services  I may  have  rendered  to  art  industry,  I am 
indebted  to  the  able  and  cordial  co-operation  of  those 
who  have  been  associated  with  me.  No  man  ever 
had  more  loyal  coadjutors,  and  it  is  most  gratifying 
to  me  that  they  share  with  me  in  the  honours  of  the 
day.  The  approval  of  your  Royal  Highness  will 
be  an  incentive  to  future  efforts.  Whatever  our 
shortcomings,  we  have  at  least  striven  to  work  in 
the  spirit  of  our  motto,  “ Le  beau  est  la  splendeur 
du  vrai.”  I may  perhaps  be  permitted  to  call  to  the 
recollection  of  your  Royal  Highness,  that  your  first 
public  act  was  to  lay  the  foundation-stone  of  the 
Lambeth  School  of  Art  in  this  neighbourhood 
25  years  ago.  In  replying  to  the  Rev.  Robert 
Gregory,  now  Canon  Gregory,  on  that  occasion 
your  Royal  Highness  expressed  your  hearty  sym- 
pathy with  the  undertaking,  and  your  earnest 
hope  thas  it  would  bring  instruction  in  art 
within  the  reach  of  those  who  otherwise  could  not 
having  obtained  such  advantage.  That  expecta- 
tion has  been  abundantly  fulfilled.  The  Lambeth 
School  of  Art,  under  the  able  guidance  of  my  friend, 
Mr.  Sparkes,  has  numbered  amongst  its  students 
some  who  have  become  Royal  Academicians.  It 
has  sent  forth  an  army  of  workers,  who  as  designers 
in  pottery,  metal,  glass,  and  other  art  manufactures 
have  had  a most  beneficial  influence  on  the  industries 
of  England.  In  the  higher  education  and  in  what 
are  analogous  to  university  honours,  the  Lambeth 
School  has  been  most  successful.  The  Royal 
Academy  honours  gained  by  Lambeth  students  from 
1863  to  1865,  which  are  traceable,  include  eight  gold 


medals,  forty-one  silver  medals,  and  eighteen  other 
awards,  as  the  Arraitage  prize,  Landseer  Scholar- 
ship, and  premiums  making  a total  of  sixty-seven 
awards.  In  the  same  time  100  students  have  been 
admitted.  As  a proof  of  its  continued  vitality,  I 
may  mention  that  the  awards  of  the  Royal  Academy 
to  old  Lambethians  on  the  loth  of  this  month  com- 
prised Gold  Medal,  Travelling  Scholarship,  and 
;,^200  for  best  historical  painting,  the  same  for  best 
sculpture,  the  Turner  Gold  Medal  and  ^50  Creswick 
prize,  the  Landseer  Scholarship,  besides  many  other 
prizes— a goodly  list  of  honours.  It  has  given  us  at 
the  Lambeth  Pottery  an  unfailing  supply  of  artists 
and  workers,  among  whom  I may  name  one  of  whom 
we  are  all  proud,  my  good  friend,  George  Tmworth, 
the  exhibition  of  whose  works  two  years  ago,  at 
Conduit-street,  your  Royal  Highness  and  her  Royal 
Highness  the  Princess  of  Wales  were  graciously 
pleased  to  open.  His  last  work — one  of  four  panels 
for  the  Bromley  Davenport  Memorial— is  now  on  the 
wall  before  you.  By  the  liberality  of  the  City  and 
Guilds  Institute,  a technical  school  has  been 
established  at  Kennington,  which  is  in  a flourishing 
state  and  is  doing  excellent  service  in  the  more 
technical  training  of  students.  It  is  really  an  off- 
shoot from  the  Lambeth  School  of  Art.  As  illus- 
trating the  continuity  of  English  histoiy,  may  I,  in 
conclusion,  be  permitted  to  remind  your  Royal 
Highness  that  the  place  in  which  we  are  now  assem- 
bled is  in  the  Prince’s  Ward — or  as  I prefer  to  call 
it  by  its  old  name,  the  Prince’s  Liberty  of  the 
Parish  of  Lambeth — forming  part  ofthehlanor  of  Ken- 
nington, of  which  your  Royal  Highness  is  the  Lord. 
It  might  be  called  the  cradle  of  the  Princes  of  Wales. 
The  arms  of  your  Royal  Highness,  with  its  plume  of 
feathers  and  its  noble  motto,  was  first  assumed  by 
one  of  the  most  illustrious  and  best  beloved  of  his 
race — Edward,  the  Black  Prince,  who  is  specially 
associated  with  the  manor.  Tradition  says  that  it 
was  in  Prince’s  Liberty  that  the  Black  Prince  gave  a 
grand  and  sumptuous  banquet  when  he  returned  home 
fresh  from  the  honours  of  Crecy  and  Poictiers.  The 
conquests  of  your  Royal  Highness  have  been  on 
other  fields,  but 

“ Peace  hath  her  victories 
No  less  renowned  than  W'ar.” 

And  in  the  paths  of  artistic  and  industrial  progress, 
in  international  exhibitions,  and  in  all  humane  enter- 
prises for  the  welfare  and  happiness  of  her  Majesty’s 
subjects  throughout  her  vast  empire  your  Royal 
Highness  has  been  a leader  whom  all  good  men  have 
been  proud  to  follow. 

Mr.  Edward  Bryon,  the  senior  foreman  in  the 
works,  was  next  introduced,  and  presented  the 
following  address : — 

“ I'o  His  Royal  Highness  the  Trince  of  Wales, 
K.G.,  K.T.,  G.C.B,  K.P.,  G.C.S.I.  G.C.M.G., 

F.C. 

“We,  the  craftsmen,  artists,  and  workers  em- 
ployed in  the  various  branches  of  Messis.  Doulton 
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and  Co.’s  Lambeth  Potteries,  desire  to  express  to 
your  Royal  Highness  our  gratification  at  the  honour 
you  have  bestowed  upon  us  in  thus  visiting  our 
manufactory. 

“ To  the  interest  you  have  shown  in  the  welfare  of 
the  working  community,  and  the  efforts  made  by 
yourself,  by  the  Princess  of  Wales,  and  by  your 
illustrious  father,  to  extend  the  influence  of  our 
national  manufactures,  we  attribute  largely  the  high 
position  which  the  Lambeth  Pottery  has  now 
attained. 

“We  are  anxious  on  this  occasion  to  express  a 
hope  that  we  may  in  the  future,  by  the  excellence  of 
our  handicraft,  by  the  sincerity  of  our  efforts,  and  by 
our  loyalty  to  the  throne,  continue  to  merit  the  high 
honour  which  your  Royal  Highness  has  this  day 
conferred  upon  us  and  our  respected  employer. 


“ We  are, 

“ Your  Royal  Highness’s  most  humble  servants, 
on  behalf  of  the  workmen  employed. 


In  the  Pottery  Department. 


Edward  Bryon. 

Henry  Bryon. 

James  Randall  Brown.  In  the  Pipe  Works. 
J.  Enright.  In  the  Sanitaiy  Engineering  Works. 
W.  H.  iNlALi  BY.  In  the  Terra  Cotta  Department. 
George  Tinworth. 


Frank  A.  Butler,  j 


In  the  Art  Department.” 


When  the  address  had  been  read. 

The  Prince  of  Wales  handed  the  following 
reply  to  Mr.  Bryon  : — Gentlemen, — I thank  you  for 
your  address,  and  for  the  kind  expressions  of  loyalty 
and  goodwill  in  which  you  allude  to  the  Princess  of 
Wales  and  myself.  I can  assure  you  that  I am  fully 
aware  of  the  services  that  have  been  rendered  by  the 
firm  of  which  Mr.  Henry  Doulton  is  the  principal 
partner,  to  the  cause  of  industrial  art  in  this  country. 
Let  me  congratulate  you  on  having  at  your  head  one 
who  is  capable  of  perceiving  that  the  success  of  a 
manufacturer  chiefly  depends  on  his  securing  the 
hearty  co-operation  of  those  who  work  under  his 
direction  ; and  I congratulate  your  employer  on  the 
success  which  he  has  achieved  in  obtaining  the  best 
and  most  efficient  aid  in  canying  on  the  beautiful 
industry  in  which  you  are  all  engaged.  I sincerely 
trust  that  the  kindly  relations  now  existing  among 
you  may  never  be  disturbed. 


His  Royal  Highness  then  left  the  show-room,  and 
was  conducted  to  another  part  of  the  building,  where 
he  was  shown  by  Messrs  Henry,  J.  D.,  and  H.  Lewis 
Doulton,  specimens  of  art  pottery,  which  were 
specially  arranged  for  his  inspection,  and  included  a 
commemoration  vase  designed  as  a memento  of  his 
visit.  The  art  studios  were  subsequently  inspected 
by  the  visitors. 

A leading  article  in  the  Times  of  the  22nd  inst. 
contains  the  following  remarks  on  the  Lambeth 
Potteiy  : — 
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“Pottery  is  one  of  the  oldest  and  most  famous  of 
English  manufactures,  and  Lambeth  has  been  for  at 
least  two  centuries  an  important  centre  of  the  trade. 
It  was  about  the  same  time,  in  the  latter  half  of  the 
17th  century,  that  in  three  or  four  different  places 
English  pottery  took  a start  forward,  partly  under 
foreign  and  partly  under  native  impulsion.  The 
curious  and  interesting  dishes  marked  ‘ Thomas 
Toft,’  with  their  effective  decoration,  and  their  hea\y 
lead  glaze,  date  from  this  period,  as  do  the  still  more 
remarkable  works  of  John  Dwight,  such  as  the  bus! 
of  Prince  Rupert,  now  in  the  British  Museum.  At 
the  same  time  was  invented  the  ‘ salt-glaze,’  now 
so  universally  used  for  one  large  class  of  pottery 
— the  class  that  includes  drain-pipes  and  ginger- 
beer  bottles,  as  well  as  many  finer  articles. 
Just  about  this  period,  when  the  accession  of 
William  III.  had  brought  England  into  closer 
relations  with  Holland  and  Germany,  the  brother.s 
Elers,  German  potters,  settled  in  Staffordshire, 
and  to  them  must  be  attributed  much  of  the  im- 
provement which  henceforwaid  began  to  be  seen  in 
Staffordshire  ware.  At  Lambeth  and  Fulham  the 
foi'eign  workmen  had  established  themselves  earlier. 
They  brought  with  them  their  old-established 
methods;  and  England  soon  began  to  pioduce 
for  herself  the  ‘ greybeards,’  or  globular  jugs 
adorned  with  a grotesque  head,  and  the  Ful- 
ham imitations  of  ‘ gres  de  Flandre  ’ which 
are  now  so  well  known  to  collectors.  Lambeth 
especially  was  the  home  of  imitation.  The 
Dutchmen  worked  there  as  they  had  worked  at 
Delft,  but  they  also  copied,  of  course  with 
less  success,  the  works  of  Palissy,  and  even  such 
Italian  majolica  as  had  found  its  way  to  England. 
Much  of  the  rudely  coloured  and  heavily  glazed 
pottery  which  is  still  to  be  bought  at  country  fairs  is 
the  direct  descendant  of  what  the  Dutch  ’potters 
made  at  Lambeth  in  the  days  of  the  Stuarts  and  of 
William  III.  The  i8th  century  saw  a great  develop- 
ment of  the  industry,  and  many  improvements, 
artistic  and  practical ; but  Lambeth  kept  itself  to  the 
homelier  kind  of  objects,  where  there  was,  as  it 
seemed,  little  scope  for  art.  Chelsea  and  Worcester 
devoted  themselves  to  the  manufacture  of  porce- 
lain, and  Josiah  Wedgwood  made  Staffordshire 
pottery  famous  throughout  the  world,  but  Lam- - 
beth  remained  plodding  and  undistinguished. 
Not  till  our  own  day  did  it  emerge  again  ‘ 
and  its  fame  dates  from  the  time  when  the- 
Messrs.  Doulton  undertook  the  production,  on  a 
large  scale,  of  what  is  commonly  called  ‘ Doulton 
ware.’  We  will  not  stop  to  discuss  the  question 
of  the  relation  of  this  to  other  similar  wares,  such  as 
the  beautiful  ‘ Martin  ware,’  which  the  curious  may 
discover  if  they  explore  the  recesses  of  Brcwnlow- 
street,  Holborn  ; it  is  enough  that  Messrs.  Doulton 
have  brought  the  great  public,  in  England,  through- 
out the  world,  to  see  tjie  beauty  and  utility  of  this 
particular  class  of  productions.  So  strong  and  hard 
as  to  be  almost  imperishable;  able  at  one 2 to  take 
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sharp  incised  forms,  deep  colours,  and  a high  glaze ; 
this  ware  has  ‘ proved  itself  fit  for  the  most  varied 
uses.  Moreover,  the  fact  that  no  two  pieces  are 
alike,  but  that  each  is  designed  specially  and  formed 
and  decorated  after  the  artists’  fancy,  is  a guarantee 
that  it  will  not  sink  into  a mere  trade  manufacture.” 

The  following  remarks  apply  more  particularly  to 
the  connection  between  the  success  of  the  manufac- 
ture and  the  establishment  of  technical  education  at 
.the  Lambeth  School  of  Art : — ■ 

“It  is  impossible  to  dissociate  such  a ceremony  as 
that  of  yesterday  from  the  discussions  that  are  now 
, so  frequent  upon  technical  education  and  its  effect 
both  on  artistic  progress  and  commercial  pros- 
perity. The  success  of  the  Lambeth  works,  as  Mr. 
Doulton  yesterday  fully  admitted,  is  largely  due 
to  the  efficiency  of  the  Lambeth  School  of  Art. 
Founded  twenty-five  years  ago  by  the  Prince  of 
Wales,  then  at  the  very  beginning  of  his  public 
life,  this  school  has  flourished  amazingly,  and  has 
produced  on  the  one  side  a large  number  of 
artists,  in  the  more  generally  accepted  sense  of  the 
term,  and  on  the  other  ‘ an  unfailing  supply  of 
artists  and  workers  ’ for  the  Lambeth  Pottery.  The 
two  institutions  have  reacted  upon  one  another. 
.Students  entering  the  school  know  that,  if  they 
tshow  any  talent  for  design,  there  is  a remunerative 
opening  for  it  close  by;  and  the  pottery  finds  an 
.unfailing  supply  of  young  men  and  young  women  to 
draw  upon  for  its  designing-room.  The  example  of 
This  double  organisation  might  well  be  more  widely 
followed.  The  success  of  Messrs.  Boulton’s  pro- 
ductions are  a standing  proof,  to  put  the  matter  in 
the  bluntest  possible  form.,  that  artistic  training 
pays.” 


Miscellaneous. 

^ 

SOME  LONDON  CHANGES. 

When  an  Act  of  Parliament  is  passed  for  any  great 
London  improvement,  such  as  the  formation  of  a new 
thoroughfare,  the  widening  of  a street,  or  the  clearing 
of  buildings  for  an  open  space,  there  are  inserted 
clauses  having  reference  to  “compensation”  by 
money  payment,  or  exchange,  for  the  owners  of  the 
land  or  of  buildings  affected  by  such  improvement. 
Viewed  simply  commercially,  this  may  seem  not  only 
to  meet  all  the  requirements  of  the  case,  but  to  be  a 
full  recognition  of  all  that  the  improvement  involves, 
and  for  those  immediately  concerned,  no  doubt  it 
generally  does,  indeed  not  unfrequently  the  people  so 
compensated  are  gainers.  But  an  improvement  of 
any  magnitude  is  attendeid  with  ramifications  of 
influences  far  beyond  those  originally  immediately 
concerned.  The  value  of  property  all  around  is 


affected.  The  neighbouring  bye-streets  gradually 
change  their  character  as  to  their  inhabitants,  and 
frequently  they  are  rebuilt.  The  additional  over- 
crowding also  caused  in  London  by  extensive  altera- 
tions is  a subject  that  was  formally  brought  under  the 
notice  of  the  Royal  Commission  “ On  the  Housing  of 
the  Working  Classes.”  Among  apparently  minor 
matters  new  lines  of  omnibuses  are  originated.  Not 
unfrequently  sewers  have  to  be  altered,  while  the  gas 
mains  almost  of  necessity  are,  as  well  as  the  water 
supply.  Post-offices,  police-stations,  fire  brigade 
stations,  cab  ranks,  are  involved  in  the  change. 
When  local  industries  and  shops  are  included  in  the 
changes  brought  about  by  any  great  improvement,  it 
becomes  very  difficult  to  trace  all  their  ramifications. 

Not  the  least  important  among  them  is  the  sweep- 
ing away  of  dwellings  which  help  to  throw  light 
on  the  social  habits  of  the  people  of  a district. 
This  sweeping  away  is  immediate  in  the  direct  line  of 
a new  street,  and  it  soon  extends  all  around.  Whole 
districts  in  London  have  been  modified,  buildings 
have  been  cleared  away  without  any  of  those  records 
which  would  be  so  valuable  to  future  historians,  who 
will  be  better  able  to  take  a wider  and  calmer  view 
of  the  relative  value  of  the  various  elements  of  our 
progress  or  degeneracy  than  those  living  among  such 
rapid  subversions  and  innovations. 

Westminster  affords,  at  the  present  time,  a good 
illustration  of  the  effects  of  two  very  important 
changes,  the  cutting  of  Victoria-street,  and  the  con- 
struction of  the  underground  railway.  Though  the 
route  now  called  Victoria-street  was  commenced  in 
1845,  and  formally  opened  in  1851,  the  change* 
which  the  cutting  of  the  street  have  already 
brought  about  are  by  no  means  all  that  are 
likely  to  follow ; they  are  still  in  progress,  and 
an  interesting  point  to  notice  is  this.  A large 
part  of  old  Westminster  consisted,  and  what  still 
remains  consists,  of  buildings  one  storey  high ; the 
new  buildings  run  up  seven  or  eight  storeys.  In 
many  places  at  present,  old  one-storeyed  creeper- 
covered  buildings  can  be  seen  in  juxtaposition  to  the 
new  palatial  structures  which  tower  above  church 
roofs.  The  erection  of  these  gigantic  structures  has 
suddenly  changed  the  character  of  the  district,  without 
any  of  the  intervening  old-fashioned  growth  from  the 
simplicity  of  a cottage  district  gradually  developing 
onwards  to  magnificence.  Land  has  hence  suddenly 
increased  manifold  in  value,  and,  in  consequence,  that 
rows  of  rustic  cottages  with  their  garden  ground 
should  continue  to  occupy  space  on  which  mansions 
might  stand  is  not  to  be  expected.  Thus  the  influence 
of  the  cutting  of  the  thoroughfare  does  not  end  with 
just  the  actual  making  of  it.  The  thoroughfare  was 
needed  as  a thoroughfare.  The  Act  of  Parliament 
was  passed  authorising  the  formation  of  the  thorough- 
fare, and  other  results  have  sprung  from  it.* 

* Lord  Shaftesbury,  in  his  evidence  before  the  Royal  Com- 
mission on  the  Housing  of  the  Working  Classes,  stated  thr^ 
the  Westminster  improvements  of  i8$5  led  to  excessive  over- 
, crowding. — Question  14. 
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Nearly  opposite  the  public  house,  the  “ Royal 
Standard”  there  was  a wall  which  cut  off  West- 
minster from  the  old  “Eburie  estate.”*  All  about 
this  blocked  up  end  an  overcrowded  population  had 
accumulated.  A stream  which,  like  all  London 
streams,  had  become  an  open  sewer,  ran  down,  and  at 
the  present  time,  still  as  a covered  sewer,  runs  down 
between  the  back  of  what  is  now  the  eastern  side  of 
Vauxhall-bridge- road  and  the  roadway  named  Carlisle- 
street,  though  not  yet  a street.  It  would  seem  that  this 
stream — a “ scientific  frontier,”  as  has  become  the 
fashion  to  call  natural  boundaries — had  the  practical 
effect  of  sharply  separating  off  the  Westminster 
dwellings  from  the  Ebury  estate.  The  principal 
thoroughfares  of  Westminster  were  Rochester-row, 
and  the  route  from  the  Abbey  by  way  of  Tothill- 
street,  York-street,and  James-street,  to  Buckingham- 
gate.  Between  these  two  there  does  not  appear  from 
the  maps  to  have  been  any  other  thoroughfare,  and 
portions  of  Westminster  were,  by  thus  being  shut  in, 
practically  as  isolated  as  if  they  had  been  in  some 
other  part  of  the  countiy% 

Increase  of  population,  the  gradual  encroachment 
on  garden  ground,  and  the  living  together  of  many 
in  dwellings  originally  simple  country  cottages, 
brought  about  inevitable  effects  on  the  social  con- 
dition of  the  people.  The  state  of  affairs  that  had 
to  be  faced  at  the  commencement  of  the  present 
reign  have  been  made  popularly  known  by  the 
Earl  of  BeacoKsfield,  at  page  132  of  the  third 
volume  of  “ Endymion,”  while  Blue-books  tell  a 
fearful  stor}-. 

Probably  few  know  anything  of  Westminster 
courts,  except  from  what  they  have  read.  But 
a reference  to  the  parts  of  Westminster  that 
have  been,  and  are  being,  swept  away,  would  be  in- 
complete without  stating  what  can  be  gathered  from 
a present  actual  examination  of  the  district.  How 
came  the  squalid  courts,  those  courts  which  have 
so  often  been  pointed  at  as  blots  in  a wealthy  metro- 
polis } To  one  accustomed  to  take  things  as  he 
finds  them,  as  if  placed  by  design,  they  are  inexplic- 
able. But  to  an  antiquary  accustomed  to  trace 
great  changes  by  small  degrees  they  are  perfectly 
simple. 

If  anyone  ^^fill  take  the  trouble  to  walk  down  Ship- 
court,  and  look  in  at  the  adjoining  Garden-court, 
both  at  the  south  end  of  the  grounds  of  the  Grey 
Coat  Hospital,  or  will  enter  Hendon-court,  near  the 
continental  entrance  of  Victoria-station,  or  take  any 
of  the  courts  off  Francis-street,  on  the  south  side  of 
the  site  of  the  recently  removed  Tothill  House  of 
Correction,  he  will  find  that  the  following  description 
holds  good,  with  minor  differences,  for  all  of  them  as 
regards  their  external  appearance. 

The  cottages  are  of  one  storey,  with  no  rooms 
below  ground.  The  walls  are  of  red  brick,  in  a few 
exceptional  cases  plastered  and  whitewashed,  and  the 
roofs  are  all  of  red  tiles.  Those  window  frames  that 

• A plan  of  this  is  given  in  the  appendix  to  Mr.  Loftie’s 
book  on  London. 


are  of  thick  solid  wood  still  remain  as  they  were 
originally,  but  some  have  given  place  to  the  more 
slender  modern  type.  The  number  of  lattice-work 
door  porches  to  be  seen  would  seem  to  indicate 
that  they  were  “the  fashion”  when  the  cottages 
were  built.  These  rows  of  cottages  all  run  off  from 
the  main  thoroughfare.  Just  as  isolated  cottages  in 
the  country  generally  have  their  gable  end  to  the 
road,  so  these  are  built  in  rows,  often  at  right  angles 
to  the  road,  but  always  in  some  way  not  parallel  to  it. 
The  most  remarkable  feature,  however,  is  that  those 
which  retain  their  early  condition  have  gardens,  and 
their  walls  are  covered  with  creepers.  In  many  cases 
these  in  summer  are  so  thick  not  a brick  is  to  be  seen, 
while  the  porches  are  festooned  with  green,  and  the 
windows  are  shaded  by  the  trailing  branchlets. 
The  creepers  are  vine,  jessamine,  sweet  pea,  hop, 
Virginia  creeper,  rarely  ivy,  and  in  a few  cases  fig. 
The  gardens,  with  here  and  there  an  exception, 
where  what  is  now  called  “carpet  bedding”  with 
variegated  foliage  has  been  adopted,  grow  the  old- 
fashioned  larkspur,  marigold,  mignonette,  London 
pride,  common  geranium,  dahlias,  evening  primrose, 
sunflowers,  hollyhocks,  camomile,  old  man’s  beard, 
gooseberry  and  currant  bushes.  In  many  cases  the 
paths  are  of  the  old-fashioned  cobble  stones, 
very  few  are  gravelled,  while  for  fencing  wood  is 
more  generally  seen  than  iron. 

Such  are  some  of  the  more  readily  noticed  features 
of  these  courts,  and  it  will  be  seen  from  this  cold  and 
colourless  description  what  there  is  to  delight  an  artist’s 
eye.  When,  further,  it  is  mentioned  that  in  these  courts 
children  play  together  without  fear  of  passing  traffic 
or  policemen,  and  that  the  housekeeping  mothers  are 
sometimes  seen  varying  their  every  day  work  by  a 
chat  from  garden  to  garden,  it  requires  but  little 
imagination  to  think  of  these  courts  as  in  some 
village  remote  from  a railway  station — and  yet  they 
are  in  Westminster  in  1885. 

But  how  come  the  squalid  courts  } The  process 
of  degeneration  can  be  traced  step  by  step  in  other 
courts  in  the  district. 

The  exact  localities  of  the  courts  where  gardens  still 
are  to  be  found,  and  where  the  loving  care  for  plants 
is  still  to  be  seen,  have  been  mentioned.  It  may  not 
be  agreeable  to  the  occupiers  of  those  which  are 
sinking  or  which  have  sunk  to  a lower  stage  to  have 
the  locality  mentioned ; but  they  are  within  the  dis- 
trict referred  to,  and  whether  the  inferences  drawnfrom 
appearances  are  correct  or  not,  can  be  easily  judged 
by  a personal  visit.  The  first  step  seems  to  be  to 
use  the  garden  for  some  business  purpose,  such  as  the 
erection  of  a shed  for  work,  or  the  breaking  down  of 
the  garden  fence  to  find  room  for  a truck.  There  is 
one  court  at  present  with  only  one  garden  ground 
intact,  all  the  rest  being  altered  to  suit  the  needs 
of  the  cottage  occupiers.  Want,  necessity,  re- 
munerative utilisation  of  space,  seems  to  be  the  first 
motive.  Then,  the  love  for  the  garden  and  its 
pleasure  once  gone,  and  the  pride  in  its  trimness  lost, 
carelessness  about  accumulation  of  rubbish  follow 
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There  are  courts  which  show  not  only  this  stage, 
but  the  next,  where  the  creepers  are  gone,  and  the 
landlord,  removing  all  paling  and  rubbish,  has  white- 
washed the  outside  walls,  and  paved  the  court. 
Such  a step  is  perhaps,  from  a sanitary  point  of  view, 
to  be  approved.  Rubbish  has  accumulated.  To  clear 
it,  pave  the  court,  and  insist  that  no  rubbish  shall 
be  allowed,  is,  without  doubt,  one  way  to  remove 
the  evil.  But  the  children  have  no  longer  flowers 
around  them  in  their  play.  A paved  court  for  tops, 
or  marbles,  or  for  chalking  out  lines  for  hop-scotch 
is  useful.  But  there  still  are  some  who  believe  in  a 
moral  influence  in  flowers.  Another  way  of  meeting 
the  difficulty  might,  perhaps,  be  for  the  landlords  to 
require  that  garden  ground  should  be  kept  as  such. 
From  the  paved  court,  clean  and  tidy,  to  the  foul 
places  marked  out  for  demolition,  the  stages  are 
easily  understood.  The  whole  series  can  be  seen  in 
Westminster,  and  the  sight  of  them  affords  subject 
for  reflection,  which,  here,  it  would  be  out  of  place 
to  dwell  on.  Sanitation  is  a many-sided  question. 
But  it  should  be  recorded  that  here,  in  Westminster, 
are  to  be  seen  courts  as  thoroughly  country  in  aspect, 
and  possibly,  by  their  connection  with  the  main 
drainage,  as  healthy  as  could  be  met  with  in  our  most 
favoured  shires,  and  as  pleasant,  always  excepting  that 
the  view  is  limited.  In  the  history  of  London  changes, 
these  courts  must  not  be  forgotten.  What  social 
changes,  what  changes  inhabit  these  structural  changes 
imply  requires  the  knowledge  of  those  who  visit  the 
occupiers  on  errands  of  mercy,  or  are  brought  person- 
ally in  contact  by  having  business  with  them.  Such 
a district  is  worth  the  study  of  those  who  set  them- 
selves the  duty  of  writing  on  “ the  housing  of  the 
poor,’’  or  of  those  who  believe  that  surroundings 
have  influence  on  a healthy  condition,  taking  the 
W'ord  “healthy”  in  its  wide  sense,  and  “surround- 
ings ” as  something  more  than  those  pipe  and  trap 
and  grating  an-angements  which  by  law  fall  under 
the  supervision  of  those  whose  office  it  is  to  detect 
where  there  is  anything  which  is  “a  nuisance  or 
injurious  to  health.” 

One  stage  illustrative  of  the  way  in  which  open 
garden  ground  gets  changed  to  a bricked-in  court 
is  to  be  seen  near  St.  Stephen’s  Church.  A few 
months  ago  the  gardens  in  front  of  a row  of  cottages 
had  a low  wooden  fence  about  a yard  high.  This 
has  been  all  along  replaced  by  planks  about  seven 
feet  high,  some  of  which  have  been  tarred.  Already 
the  interior  arrangements  of  the  gardens  have  been 
changed,  little  sheds  for  various  purposes  being 
erected.  From  this  wooden  fence  to  a brick  wall  the 
change  will  be  only  be  one  of  material,  not  of 
arrangement. 

The  effect  of  cutting  the  Metropolitan  Railway 
has  been  somewhat  different.  For  the  most  part, 
where  it  has  had  any  effect  at  all,  it  has  caused  only 
gaps ; but  in  many  places,  rnnning  underground,  it 
has  led  to  no  alteration.  It  has  had  a very  remark- 
able effect  on  that  large  group  of  old  houses  and 
courts  lying  between  York-street  (on  the  north), 


Little  Chapel-street  (on  the  south).  Great  Chapel - 
street  (on  the  east),  and  the  junction  of  James- 
street  and  Castle- street  on  the  w^est.  In  the  Rocque 
map  of  1746  these  thoroughfares  seem  to  have  sur- 
rounded a group  of  buildings  about  150  yards  west 
to  east,  without  any  carriage  way  running  through 
them,  but  with  about  a dozen  courts,  some  of  them 
ending  in  a cul  de  sac,*  some  being  thoroughfares  for 
foot  passengers.  It  is  not  quite  clear  from  the  maps, 
in  one  or  two  cases,  w'hether  these  w^ere  thorough- 
fares or  not.  But  leaving  the  doubtful  cases  out 
of  consideration,  as  a question  for  those  anti- 
quaries who  may  think  it  worth  their  attention, 
it  will  be  seen  that  [beginning  at  the  western 
end]  these  thoroughfares  remain.  Horseshoe-court, 
Smith’s-place,  Smith’s-rents,  and  Palmer-street  (or 
Gardeners’-lane  as  it  is  called).  Then  Blue  Anchor- 
court,  which  used,  apparently,  to  be  an  extensive 
one,  is  swept  away  to  make  room  for  the  St.  James’s- 
Park-station.  The  entrance,  and  a few'  yards  of  it 
remain,  and  the  name  is  preserved.  Then,  turning 
round  to  what  is  now  called  Great  Chapel-street,  but 
formerly  Broad-place  (not  to  be  confounded  W'ith  the 
Broadw'ay,  which  always  has  been  the  name  of  the 
wide  part  of  that  thoroughfare  named  Tothill-street, 
and  continuing  as  York-street,  formerly  called  Petty 
France),  there  is  a short  court,  w'hich,  from  the  maps, 
appears  always  was  a short  one,  and  then  St. 
Ermin’s-hill.  This  used  to  be  a thoroughfare, 
probably  always  wide  enough  for  vehicles,  as  tlie 
existing  relic  is,  passing  through  to  where  the  new 
Town-hall  now  stands.  The  making  of  the  station 
has  swept  away  a large  part  of  this,  so  that  the 
road  now  leads  nowhere.  It  is  only  by  referring 
to  old  maps  that  the  meaning  of  the  present 
short  St.  Ermin’s-court  becomes  apparent. 

In  giving  names  to  lines  or  groups  of  houses,  there 
does  not  seem  to  have  been  any  consistent  distinction 
observed  between  court  and  street.  A court  strictly, 
as  the  origin  of  the  v;ord  show’s,  is  an  enclosed  place. 
St.  Ermin’sf  was  a street  rather  than  a court,  and 
was  too  narrow  for  garden  ground.  Eliza- court  and 
its  surroundings  are  all  swept  away.  The  raihvay  has 
cut  the  whole  group  (as  defined  above)  in  two. 
Smith’s  rents,];  with  its  many  small  side  courts, 
remains  as  an  illustration  of  how  houses  came  to  be 
built  in  proximity  to  one  another.  It  is  difficult  to 
believe  that  such  a pattern  [if  the  word  may  be  used} 
fora  “court ’’was  designed.  It  is  more  probable 
certain  houses  were  built  facing  different  w'ays,  that 
their  garden  ground  w'as  from  time  to  time  built  an, 
and  hence  the  curious  “pattern”  which  these  build- 
ings present  on  a map.  The  actual  structure  of 
some  of  the  present  houses  is,  no  doubt,  much  nevrer 


* On  the  believed  moral  influence  of  a C7il  de  sac,  see 
Lord  Shaftesbury’s  evidence  before  the  Royal  Commission 
“ On  the  Housing-  of  the  Working  Classes.”  Question  58. 

t Why  St.  Ermin  at  all  is  not  clear. 

+ The  word  “Rents”  is  of  common  occurrence  in  West- 
minster. 
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than  the  lines  for  which  they  are  built.  For  a com- 
plete row  of  houses  which  modern  alterations  have 
not  swept  away,  there  does  not  appear  to  be  any 
better  illustration  than  Pye-street,  and  as  their  repair 
from  time  to  time  is  not  neglected,  they  may  perhaps 
stand  for  some  time  to  come.  They  form  an  interest- 
ing contrast  to  the  high  block  of  model  lodging- 
houses  facing  them. 

That  the  love  of  flower  growing  has  not  died  out 
with  the  destruction  of  gardens  is  evidenced  by  the 
extent  to  which  what  has  come  to  be  called  “ window 
gardening  ” is  favoured  in  Westminster. 

There  are  two  relics  of  public  buildings  of  old 
Westminster,  in  Emmanuel  or  Dacre  Hospital 
(founded  by  Lady  Dacre)  and  the  Grey  Coat  Hospital, 
still  standing,  and  apparently  likely  to  remain. 
There  were  formerly  others  of  a similar  kind,  but 
they  have  been  pulled  down.  The  last  remnants  of 
Palmer’s  village,  which  had  its  green  at  the  com- 
mencement of  the  present  century,  and  where  it  is 
said  the  May-pole  dance  was  then  a custom,  have 
within  the  last  few  months  been  swept  away  for  the 
erection  of  the  head-quarters  of  the  London  Scottish 
volunteers.  At  the  present  rate  of  improvements,  it 
seems  probable  that  very  soon  not  a vestige  of  old 
Westminster  will  remain. 

Another  illustration  of  the  indirect  changes  brought 
about  by  the  improvement  of  thoroughfares  is  to  be 
found  in  what  is  called  the  “ new  street,”  from 
Piccadilly- circus  to  near  the  British  !Museum.  It  is 
not  strictly  a “new  street,”  as  for  the  greater  part 
of  its  length  the  “ improvement”  consists  of  widen- 
ing the  existing  streets,  Dudley- street,  ILing-street, 
and  Richmond-street.  The  whole  of  the  eastern 
sides  of  these  streets  were  removed  during  June,  and 
the  only  absolutely  new  cuts  needed  have  been  at 
the  north  end,  the  short  piece  from  Bloomsbury- 
street  into  Oxford-street  (opposite  IMudie’s),  and  at 
the  south  end  a cut  through  the  block  of  buildings 
between  Rupert-street  and  Great  Windmill-street, 
and  a shorter  one  from  Great  Windmill-street  to 
Tichborne-street.  These  two  cuts  have  been 
gradually  effected  during  the  last  few  months. 
The  widening  of  the  road  at  Piccadilly- circus 
has  been  the  most  remarkable  of  the  clearances 
made. 

The  triangular  block  of  buildings  surrounded  by 
Tichborne-street,  Piccadilly,  and  the  Circus,  was 
pulled  down  between  July  29th  and  August  20th. 
The  work  w^as  commenced  on  July  29th,  by  putting 
up  hoarding  all  round,  wnth  projecting  boards,  sloping 
upwards,  to  guard  against  falling  debris,  and  was 
concluded  during  the  night  of  the  19th  and  early  morn- 
ing of  the  20th  of  August.  It  can  be  safely  said  that 
no  London  alteration  has  been  completed  under  such 
unusual  effects  of  light.  Laths  and  slight  woodwork 
were  used  for  bonfires,  to  enable  the  men  to  see 
during  their  somewhat  dangerous  work,  and  there 
was  a sufficient  breeze  to  cause  that  flickering  of  the 
red  light  so  often  described  as  weird.  From  the  new 
Pavilion  opposite  shot  out  the  cold  blue  of  the 
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electric  lights,  obscured  every  now  and  then  by  the 
passing  workmen,  while  the  5^ellow  light  of  the  gas 
lamps  occasionally  preponderated.  When  the  streets 
which  enclosed  the  blocks  of  buildings  were  first 
formed,  not  even  gas  was  dreamed  of,  for  they  appear 
in  Overton’s  map  of  1666.  They  then  had  different 
names,  and  the  actual  houses  have,  no  doubt,  been 
rebuilt  more  than  once.  The  name,  Piccadilly  (on 
the  south  side  of  the  block),  occurs  on  all  the  maps. 
But  Titchbourne-street  is  in  Horwood’s  map  of  1782, 
called  Shug-lane,  while  in  Roeque’s  maps  it  is,  hke 
the  continuation,  now  Glasshouse-street,  called 
Marybone-street.  In  the  third  edition  of  Horwood, 
1813,  the  name  Tichbourne-street  appears.  When 
the  circus  was  formed,  the  south-west  corner  of  the 
block  (which  included  the  old  “ Black  Bear  ” Inn) 
was  cut  away,  but  with  this  exception,  the  shape  of 
the  block  now  removed  has  been  the  same  from  some 
time  prior  to  1666.  The  earlier  history  is  not  traced 
with  certainty,  but  the  adjacent  Windmill-street  (or 
lane  as  it  probably  was  called  first)  indicates  that 
names  were  given  to  thoroughfares  in  this  part  of 
London,  soon  after  the  time  of  Aggas’s  map,  though 
none  are  given  there. 

With  the  exception  of  the  erection  of  the  Pavilion 
which,  with  the  aid  of  electric  light,  was  carried  on. 
night  and  day,  and  which  could  be  seen  to  grow  from, 
hour  to  hour  as  the  stones  were  brought  already 
shaped,  no  rebuilding  in  the  direct  line  of  the  street 
has  been  commenced.  But  during  the  spring  and 
summer  great  changes  were  made  in  Rupert-street;, 
Upper  Rupert-street,  and  Little  Pulteney-street. 
Where  the  market,  wuth  its  narrow  w'ays  and  crowded 
stalls,  used  to  be  held,  even  up  to  a few  months  ago, 
are  now  lofty  shops  with  polished  granite  columns, 
while  above  them  rise  high  buildings  with  stone 
largely  introduced  in  their  architectural  features. 
The  whole  neighbourhood  is  undergoing  a remarkable 
transition,  and  the  contrast  between  the  dirty  and 
neglected  low  buildings  and  the  new  is  very  striking. 
Dates  under  the  names  of  streets,  on  the  stone  blocks, 
are  not  always  the  dates  of  the  first  making  of  a 
street,  but  the  following  should  be  mentioned  : — 
“ Crowne-cowrt  in  Poltney-street,  1708.”  (This  is 
now  gone).  “ Archer-street,  1764,”  and  then  further 
north  in  Wardour-street  at  the  junction  with 
Edward- street  are  two,  “ Edvvard-street,  1686,”  and 
“Wardour-street,  1686.” 

An  important  feature  in  the  “ new  ” street  will  be 
a circus,  where  King-street  and  Dudley-street  meet, 
and  where  Moor-street,  Crowne-street  (which  has 
a stone  1775),  Little  Earl-street,  West-street,  and 
the  new  street  through  the  model  houses,  Sandring- 
ham-buildings,  all  converge.  [This  street  through 
Sandringham-buildings  is  part  of  the  new  road  from 
Castle-street,  on  the  east  of  Leicester-square,  to 
Tottenham-court-road.]  The  scene  is  at  present  a 
curious  one.  Little  Earl-street  runs  into  the  Seven 
Dials,  and  is  stiU  on  certain  evenings  one  of  the 
noisiest  and  most  thronged  of  “curbstone  markets.” 
Many  shops  in  the  neighbourhood  are  closed  in  pros- 
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pect  of  their  demolition ; while  the  vast  open  space 
north  of  Sandringham-buildings  looks  as  if  the 
district  had  suffered  from  a bombardment. 


SOURCES  OF  SALTPETRE. 

By  C.  G.  Warnford  Lock. 

Whilst  every  miner  is  attracted  by  mineral  veins 
which  promise  to  yield  metals,  the  majority  over- 
look a class  of  earthy  products  which,  nevertheless, 
possess  considerable  commercial  value.  Foremost 
:amongst  these  is  saltpetre,  or  potassium  nitrate.  The 
following  notes  on  this  useful  salt  have  been  collected 
by  the  writer  at  various  times,  and  in  various  localities, 
and  will  probably  be  interesting  to  many  readers  of 
the  Journal^  as  accessible  information  on  the  subject 
is  not  abundant,  and  some  of  the  deposits  alluded  to 
■seem  worthy  of  better  development. 

The  generally  accepted  conditions  necessary  for 
the  formation  of  saltpetre  are  (i)  the  presence  of 
decaying  organic  matter,  whose  decomposition  affords 
a supply  of  nitrogen  ; (2)  access  of  atmospheric  air  to 
•oxidise  the  nitrogen  into  nitric  acid ; (3)  sufficient 
potash  in  an  available  form  (such  as  wood  ashes  or 
decomposed  felspathic  rocks)  for  the  nitric  acid  to 
■combine  with  as  fast  as  it  is  liberated.  Given  these 
conditions,  the  formation  of  the  salt  will  take  place  in 
■very  varied  situations,  being  most  commonly  observed 
in  countries  where  a tropical  climate  favours  the 
decomposition  of  organic  matters.  With  this  intro- 
<iuction,  we  may  proceed  to  indicate  the  chief  localities 
of  production. 

France. — Though  commercially  insignificant,  it  is 
worth  noting  that  a considerable  accumulation  of 
•saltpetre  takes  place  in  a series  of  caves  near  Roche- 
«Guyon,  and  Mousseau,  on  the  banks  of  the  Seine, 
which  are  utilised  as  stables ; the  nitrous  earth  yields 
on  analysis  from  3 to  5J  per  cent,  potassium  nitrate. 

Spain.-— T\\q  soil  in  some  parts  of  Arragon, 
‘Catalonia,  and  New  Castile,  bears  a nitrous  efflor- 
escence, which  is  worked  at  Alcazar  de  San  Juan, 
-Zaragosa,  and  Tremblaque. 

Italy. — Saltpetre  caves  occur  at  Pulo  di  Mofetta, 
on  the  Adriatic. 

Hungary. — Great  numbers  of  nitre  pits  are  met 
with  around  Semeny,  Debreezin,  and  Nagy  Klallo 
(Kanizsa) . 

Cape  Verde  Islands. — Much  has  been  said  about 
4he  existence  of  saltpetre  in  the  Sotavento  or  “ Lee- 
ward” portion  of  this  archipelago,  and  it  has  been 
reported  of  the  two  Rombos,  Brava  and  Fogo,  that 
their  deposits  were  the  subject  of  rational  work- 
ing. The  chief  supply,  in  Brava,  was  reported  at 
the  Porto  do  Anciao,  a little  bay  on  the  south-west. 
The  veins  here  were  said  to  occupy  several  horizons* 
and  to  vary  in  thickness  from  a knife-edge  to  two 
inches.  From  these  veins  the  natives  dislodged  the 
mineral  by  means  of  bricklayers’  hammers  and  small 
axes.  Recent  inquiries  tend  to  throw  discredit  on 


these  circumstantial  statements,  which  may  have 
been  founded  only  on  the  evidence  of  the  Portuguese 
traveller  Valdez,  who  described  the  islands  without 
troubling  to  pay  them  a visit.  Now  it  appears  that 
Fogo  alone  affords  a small  quantity  of  saltpetre, 
gathered  in  a precarious  manner  by  the  residents. 

Turkey. — In  Macedonia,  saltpetre  is  collected  in  the 
neighbourhood  of  Uskiub  and  Kiuprili,  in  the  Vardar 
valley,  and  transported  thence  to  Constantinople. 

Asia  Minor  contains  very  extensive  saltpetre  de- 
posits, which  have  not  received  the  attention  they 
deserve.  These  may  be  said  to  lie  between  30°  and 
36°  E.  longitude  from  Greenwich,  and  between  yC 
and  39°  N.  latitude.  In  this  region  there  is  a vast 
expanse  of  saline  marsh,  whence  culinary  salt  and 
saltpetre  are  got  by  the  people  of  the  district.  In 
the  neighbouring  hills  of  red  sandstone,  salt  is  dug 
out  of  horizontal  beds.  The  Lake  Buldur  presents 
the  curious  phenomenon  of  affording  quite  fresh 
water  at  the  surface,  while  beneath  it  is  distinctly 
nitrous.  At  the  village  of  Karabounar,  the  entire 
soil  is  strongly  impregnated  with  saltpetre,  and  it 
even  forms  an  efflorescence  on  the  surface,  after 
rain  has  fallen.  Obviously  volcanic  action  has  played 
an  important  part  in  the  formation  of  these  deposits, 
just  as  it  has  done  in  the  sodium  nitrate  beds  of 
Peru ; for  everywhere  the  soil  is  more  productive  of 
the  mineral  as  the  volcanic  strata  are  approached. 
The  soil  is  removed  and  washed  with  hot  water ; the 
solution  is  then  evaporated  in  wooden  troughs.  The 
industry  at  this  spot  is,  or  was,  a Government 
monopoly ; the  whole  yield,  some  20,000  to  25,000 
okes  (say  20  to  25  tons)  being  sent  to  the  powder 
factory  at  Constantinople.  The  price  there  paid  for 
it  is  56  paras  per  oke  (say^Crq  los.  2d.  per  ton),  of 
which  sum  16  paras  (^4  2s.  rod.)  per  ton  are  allowed 
for  carriage,  and  40  paras  (;^io  7s.  4d.)  per  ton  for 
cost  of  preparation. 

At  Ak  Serai  the  marshy  plain  is  covered  with  a 
yellow  effloresence,  mainly  consisting  of  saltpetre 
which  is  collected  in  large  quantities.  In  fact,  salt- 
petre forms,  with  madder,  the  chief  commercial 
staples  of  the  district,  and  the  decline  of  the  madder 
culture  brought  about  by  the  development  of  the 
coal-tar  dye  industry,  leaves  the  saline  product  the 
principal  source  of  profit  to  the  inhabitants.  The 
degree  to  which  the  soil  is  impregnated  in  this 
neighbourhood  is  evidenced  by  the  fact  that,  after 
rain  has  fallen,  effloresced  saltpetre  is  scraped  in 
large  amounts  from  the  very  walls  of  the  houses. 
But  being  here  likewise  a Government  monopoly,  the 
residents  are  not  permitted  to  gather  it  from  their 
dwellings  on  their  own  account,  but  are  paid  a small 
sum  for  their  trouble  by  the  contractor  who  farms 
the  monopoly.  At  a distance  of  about  five  miles 
from  Ak  Serai,  in  a N.N.W.  direction,  the  soft 
muddy  ground  is  permeated  with  saline  matters, 
which  feature  extends  far  to  the  S.  and  S.E.,  the 
river  Bens  Su  losing  itself  in  the  soil  before  reaching 
the  great  salt  lake  of  Touz  Ghieul. 

The  plain  lying  to  the  N.E.  of  Injesu  and  Mount 
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Argoeus  (Erjish  Dagh)  is,  in  some  places,  covered 
with  a thin  saline  incrustation,  which  would  probably 
yield  more  or  less  saltpetre  by  lixiviation.  Near  the 
w’estem  gate  of  the  town  of  Caesarea  again  there  are 
some  extensive  saltpetre  works,  where  the  mineral  is 
gathered  in  large  quantities  from  the  soil.  Kiz 
Hissar  also  contains  numerous  saltpetre  works ; the 
article  is  collected  in  abundance  from  the  soil  in  and 
around  the  place,  as  much  as  40,000  okes  (say  40 
tons)  being  sometimes  prepared  in  one  season. 
^Mention  may  here  be  made  of  Lake  Asmaboeus, 
lying  in  the  midst  of  a perfectly  level  plain ; it 
measures  about  40  ft.  in  diameter,  and  is  full  of 
brackish  turbid  water,  bubbling  and  “boiling”  all 
over  the  surface,  but  especially  in  the  centre,  the 
commotion  being  evidently  caused  by  an  escape  of 
vapour,  and  suggesting  the  propriety  of  testing  for 
the  presence  of  boracic  acid,  which  occurs  in  a 
parallel  manner  in  the  Tuscan  lagoons. 

The  extensive  plain  of  Bor,  or  Nigdeh,  which  is 
flooded  in  winter,  is,  in  dry  weather,  covered  with  a 
saline  efflorescence  in  patches,  the  character  of  which 
is  testified  by  the  presence  of  some  remains  of  dilapi- 
•dated  nitre  works.  In  many  of  the  localities  above 
alluded  to,  there  are  also  indications  of  boracite  and 
pandermite,  awaiting  further  research. 

India. — Some  saltpetre  is  obtained  from  the  slimy 
mud  deposited  by  the  River  Ganges  during  the  flood 
season.  Analysis  of  a nitrous  earth  from  Tirhut,  in 
Bengal,  gave  8*3  per  cent,  of  potassium  nitrate,  and 
3'7  of  calcium  nitrate,  or  12  per  cent,  of  total  nitrates. 
The  soil  around  old  buildings  in  the  Punjaub  is  very 
productive  of  nitre,  which  appears  as  an  efflorescence, 
mot  to  be  confounded  with  the  sodium  sulphate  crust 
occurring  on  the  reh,  or  barren  lands.  The  deposit  is 
scraped  up  as  often  as  it  is  renewed,  and  submitted 
to  simple  treatment  for  the  separation  of  the  nitre 
from  the  accompanying  dirt  by  the  agency  of  water 
and  filtration.  A small  spade  is  used  in  collecting  the 
oarth,  which  is  taken  off  to  a depth  of  one  to  two  inches, 
and  piled  in  heaps  two  to  four  feet  high,  where  it  is  left 
without  taking  harm  till  an  opportunity  arises  for 
transporting  it  to  a spot  where  water  and  fuel  are 
available.  In  the  upper  part  of  the  Punjaub,  the 
•extraction  process  is  conducted  in  a series  of  wide- 
mouthed earthen  pots,  with  an  aperture  in  the 
base,  supported  on  earthenware  stands,  so  as  to 
admit  of  placing  cups  beneath  the  pots.  On 
the  bottom  of  each  pot  is  spread  a bed  of  straw, 
covered  with  a layer  of  wood  ashes ; above  this,  the 
nitrous  earth  is  added  till  it  reaches  nearly  to 
the  top  of  the  pot.  Then  water  is  applied  till  all 
soluble  salts  contained  in  the  earth  have  been  dissolved 
and  carried  in  solution  into  the  cups  below.  The  straw 
bed  acts  mechanically  as  a filter  to  hold  back  insoluble 
matters ; the  wood  ashes  act  chemically,  affording 
potash  in  an  available  form,  so  that  any  calcium 
nitrate  present  may  be  converted  into  potassium 
nitrate,  the  nitric  acid  in  the  calcium  nitrate  ex- 
changing bases  wdth  the  carbonic  acid  united  to 
the  potash  in  the  wood  ashes.  The  very  weak 


nitrous  solution  thus  obtained  is  used  instead  of 
fresh  water  for  washing  through  the  content* 
of  another  series  of  pots,  and  thus  beco.T.'*' 
gradually  charged  with  saltpetre  to  the  extent  ol 
2 or  3 per  cent.  The  next  process  is  the  rc;.,oval  .T 
the  water  and  crystallisation  of  the  salt.  Inis  i 
conducted  in  elliptical  iron  dishes,  measuring  or. 
two  feet  across  and  six  to  nine  inches  deep,  h • ’ 
from  beneath ; as  evaporation  proceeds,  fresh  ) r 
is  added,  during  a period  of  twelve  to  eighteen  h uf  . 
The  scum  which  rises  is  skimmed  ofT,  and  at  a ccr*  n 
point  of  concentration  the  crude  potassium  nitrate, 
with  accompanying  saline  impurities,  is  abundantly 
precipitated.  This  product  in  some  districts  i:  termed 
dhouah,  and  contains  45  to  70  percent,  of  p--ta.  -ium 
nitrate.  The  small  pans  used  in  the  Upper  Punjau' 
give  8 to  16  lbs.  of  crude  nitre  per  shift  of  thirty 
thirty-six  hours.  Over  4,000  pans  are  kept  working  in 
the  Punjaub,  paying  an  annual  tax  of  two  rupees.  In 
addition,  there  are  over  a dozen  large  shallow  basin^, 
called  where  sun-heat  is  utilised  for  evapora- 
tion ; these  pay  eight  rupees  yearly. 

In  the  different  districts,  slight  modifications  of 
the  process  described  above  are  in  vogue.  Thus,  in 
Mooltan,  the  liquor,  after  twenty  to  twenty-four 
hours  boiling,  is  often  run  into  a vat  to  cool  for  a 
night,  and  next  morning  the  crystals  are  raked  out 
and  washed  in  a woollen  cloth,  being  then  tied  up  in 
it,  and  exposed  to  the  sun  till  the  moisture  has  been 
dissipated.  Sometimes  the  filter  is  made  on  the 
ground  in  an  inclined  situation,  being  formed  with 
rnud  walls  lined  with  stiff  clay  on  three  sides,  the 
remaining  side  being  left  open  for  escape  of  the 
liquid,  but  provided  with  reeds  or  closely-wcven 
grass  mats,  with  or  without  a bamboo  false  bottom  ; 
the  liquid  passes  into  a reservoir  made  of  pucka 
masonry.  In  Guzerat,  the  nitrous  solution  is  passed 
through  a cloth  filter ; it  is  evaporated  to  about 
one-fourth  its  bulk,  and  on  cooling  affords  an  impure 
crystalline  product  {dhouah)  worth  abont  three 
rupees  per  maund  (say,  8s.  per  cwt.).  When  re- 
dissolved, filtered,  and  re-crystallised,  forming  kahnee, 
it  is  worth  eight  rupees  per  maund.  The  follo*x*ing 
table  of  the  average  cost  per  ton  of  Indian  saltpetre 
is  instructive : — 

jT  s.  d. 

Prime  cost  of  crude  material  at  the  factor}’  420 


Salaries,  bags,  packing,  &c i 14  - 

Freights  and  expenses  from  factory  to 

Bombay 5 U 3 

Interest  on  outlay  at  9 per  cent 0^3  ^ 

Government  licence o 2 7 

Insurance  at  7 per  cent o 17  i 

13  6 9 

Profit  per  ton  i o 3 


Selling  price  at  a brisk  demand  at  Bombay  / 14  7 ® 

Indian  exports  of  saltpetre  reach  something  like 
25,000  tons  annually,  with  a value  of  over  half  a 
million  sterling. 
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Ceylon. — The  nitrates  of  potash  and  lime  are  of 
frequent  occurrence  in  Ceylon.  Some  thirty  places 
might  be  enumerated  where  saltpetre  is  produced  and 
has  been  prepared  for  market.  The  formation  of  the 
mineral  is  apparently  confined  to  caves  in  dolomitic 
rocks,  the  felspar  in  which  contributes  the  potash 
base.  The  caves  are  generally  remote  from  inhabited 
places,  being  situated  in  desolate  and  not  easily 
accessible  regions.  Future  explorations  in  the  in- 
terior will  probably  add  to  the  number  already  known. 
While  some  of  the  caves  are  the  resort  of  vast 
numbers  of  bats,  whose  dung  accumulates  in  them, 
others  are  quite  untenanted. 

An  analysis  of  the  most  productive  nitre  rock  near 
Doombera,  in  an  unfrequented  cave,  showed  2*4  per 
cent,  potassium  nitrate,  and  0-7  per  cent,  of  mag- 
nesium nitrate.  The  nitre  earth  from  the  great  cave 
in  Lower  Ouva,  near  Wellaway,  yields  3-5  per  cent, 
of  calcium  nitrate,  and  3 ‘3  of  potassium  nitrate.  The 
nitre  crop  is  harvested  during  six  months  of  the  year 
by  chipping  off  the  incrusted  portions  of  the  walls  of 
the  caverns ; the  fragments  are  reduced  to  powder, 
mixed  with  an  equal  portion  of  wood  ashes,  and 
dosed  with  water.  The  potassium  nitrate  present, 
as  well  as  that  produced  from  other  nitrates  by  the 
action  of  the  wood  ashes,  is  dissolved  by  the  water, 
and  the  solution  is  evaporated  first  in  pits  exposed 
to  the  sun’s  rays,  and  then  to  the  crystallising  point 
in  fire-heated  pans. 

Burma. — Some  of  the  caves  contain  accumulations 
of  nitrous  earth,  and  the  preparation  of  the  salt  is 
carried  on  extensively  between  Pugan  and  Ava,  on 
the  Irawadi. 

Thibet. — In  the  government  of  Rudokh,  saltpetre 
is  obtained  by  digging  up  the  soil,  which  is  put  into 
brass  vessels,  and  treated  with  hot  water.  The  solu- 
tion thus  formed  is  decanted  into  another  vessel,  and 
there  allowed  to  cool,  that  the  nitre  may  crystallise 
out.  By  the  crude  native  method,  one  man  can 
prepare  a sheep  load  (say  20  lbs.)  in  three  weeks. 

Turkestan. — Within  the  limits  of  the  Khanate  o^ 
Chiwa,  on  the  left  bank  of  the  Amu-Daria,  in  a 
south-westerly  direction  from  Fort  Nukus,  lies  a 
district  some  two  miles  square  in  area,  covered  with 
a layer  of  nitrous  earth,  exhibiting  the  following 
composition  : — 


Matters  soluble  in  water 27-89 

,,  insoluble  in  water  72-11 

The  soluble  portion  consists  of : — 

Potassium  nitrate 5-52  per  cent. 

Sodium  nitrate 4-05  ,, 

Magnesium  nitrate  1-04  ,, 

(Total  nitrates) (io-6i)  ,, 

Sodium  chloride  12  90  ,, 

Calcium  sulphate 3-25  ,, 

Magnesium  sulphate 0-66  ,, 


Saltpetre  abounds  in  Eastern  Turkestan,  especially 
in  the  hills  beyond  Karshi  (Moore’s  Neksheb),  a 
large  town  91  miles  south-east  of  Bokhara.  Here, 


previous  to  1875,  the  Emir  had  a large  powder 
factory,  the  powder  of  which  was  sold  in  Bokhara  for 
15  kopecks  (5d.)  per  ijlbs.  Other  factories  existed 
in  Khokan.  According  to  some  authorities,  however, 
the  best  saltpetre  is  procured  from  Guzar,  in  northern 
Afghanistan,  which  is  said  to  rival  the  Persian  volcano 
Demavend  itself  in  this  respect. 

Suniatra. — The  nitre  caves  in  the  county  of 
Caltown,  near  the  land  of  the  Duni  river,  are  filled 
with  nests  of  innumerable  birds  of  the  swallow  kind, 
which  abound  the  more  the  further  the  caves  are 
penetrated.  It  is  their  dung,  forming  a deposit  in 
many  places  4 to  15  feet  thick,  which  forms  the  salt- 
petre. A cubic  foot  of  this  earth,  on  boiling,  will 
afford  something  like  8 lbs.  of  nitre. 

Brazil. — In  the  Rio  das  Velhas,  on  the  right  bank 
of  Ypoeira,  saltpetre  is  found  in  quantities  at  the 
south-eastern  side  of  the  Serrote,  in  a series  of  caves. 
The  process  of  extracting  the  nitre  from  the  chocolate- 
coloured  earth  is  one  of  lixiviation.  The  earth  is 
put  into  a bangue  or  strainer,  generally  consisting  of 
a square  pyramid  of  boarding,  with  the  base  upwards. 
The  poorer  people  use  a hide,  supported  on  four 
uprights.  When  e.xhausted  with  hot  water,  the 
nitrous  particles  find  their  way,  duly  filtered,  through 
a tube  leading  to  a cache,  or  trough,  often  a bit  of 
old  canoe.  The  decoada,  as  it  is  now  called,  is  a 
thin  greenish  liquid,  which  must  be  boiled  in  a tacho, 
or  metal  pan,  like  that  used  for  sugar.  This  tacho 
is  sometimes  mounted  upon  an  ant-hill.  The  nitre  is 
purified  by  repeating  the  process,  and  assumes  a 
yellowish- white  colour.  It  has  been  used  for  making 
contraband  gunpowder. 


AGRICULTURE  IN  JAPAN. 

Field  farming  in  Japan  is  unknown,  the  tillage 
being  really  gardening,  but  of  the  most  thorough 
character.  Consul-General  Van  Buren  says  that 
fully  one-half  of  the  population  are  farmers,  and  of 
the  day  labourer  or  coolie  class  a large  number  are 
employed  in  the  cultivation  of  the  soil.  The  average 
size  of  the  garden  farms  is  about  half  an  acre.  The 
fee  simple  of  the  soil,  formerly  in  the  feudal  lord,  is 
now  held  by  the  farmer.  The  area  under  cultivation 
has  been  extended  fully  one -fifth  within  the  past  ten 
years.  The  Japanese  Archipelago  extends  north  and 
south  through  fifteen  degrees  of  latitude,  and  the 
cultivated  areas  are  at  all  altitudes,  from  the  sea  level 
to  10, OCX)  feet  above,  with  the  climate  of  the  tem- 
perate or  sub-tropical  zones.  Of  the  50,000,000 
acres  of  tillable  land,  a little  less  than  one-fourth, 
or  about  12,000,000  acres,  are  under  cultivation. 
This  is  owing  to  the  absence  of  good  roads  and 
proper  means  of  transportation;  most  of  the  carr)'- 
ing  in  the  farming  districts  is  done  upon  the  backs 
of  men  and  animals.  Rice  is  the  staple  product  of 
the  country,  growing  in  all  districts  of  the  empire  ; 
about  6,800,000  acres,  or  more  than  half  of  all  the 
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area  under  tillage,  is,  during  the  summer,  devoted 
to  its  cultivation.  Wheat  is  grown  in  all  parts  of 
the  empire,  and  it  is  estimated  that  the  yield  averages 
twenty  bushels  to  the  acre.  It  is  mostly  eaten  in  the 
form  of  cakes,  cooked  without  any  process  of  fer- 
mentation. The  wheat  flour  is  ground  in  a small 
stone  mill,  and  is  bolted  by  hand  in  a small  box 
about  two  feet  wide  and  three  feet  long.  The 
uplands  are  preferred  for  wheat  growing,  and  the 
soil  is  thoroughly  dug  up  and  pulverised  with  a long- 
bladed  mattock.  It  is  then  divided  into  small  plots, 
each  of  w'hich  is  then  furrowed  by  the  same  instru- 
ment into  rows,  three  or  four  inches  deep  and  twelve 
or  fifteen  inches  apart.  Into  these  furrows  ashes 
and  a thoroughly  decomposed  compost  is  scattered, 
and  in  October  seed  is  dropped  by  hand,  about 
one  to  one  bushel  and  a quarter  to  the  acre,  and 
covered  by  the  mattock  to  the  depth  of  about  one 
inch  and  a half.  The  ground  is  turned  up  two  or 
three  times  a month,  and  liquid  manure  is  applied 
three  or  four  times  during  the  winter  and  spring  to 
the  roots.  In  the  autumn  some  hardy  vegetables  are 
planted  between  the  rows  of  wheat.  The  wheat 
ripens  in  May,  and  is  cut  by  a knife  and  bound  into 
small  bundles,  which  are  either  hung  up  on  trees  or 
bamboo  poles,  or  laid  on  hard  ground  to  dry,  when  it 
is  carried  to  the  farmhouse,  w'here  it  is  thrashed. 
The  threshing  process  consists  of  first  pulling  oft'  all 
the  kernels  of  grain  and  the  husks  by  means  of  a row 
of  iron  teeth,  long  and  saw-like,  closely  set  in  a stick 
of  wood.  Between  these  teeth  a few  heads  of 
wheat  are  rapidly  drawn,  tearing  off  the  kernels 
and  their  coverings.  Ihe  grain  is  separated  by 
threshing  on  mats  with  a flail,  and  the  chaff  is  sepa- 
rated by  one  person  slowly  pouring  the  grain  from  a 
scoop-shaped  basket  held  four  or  five  feet  from  the 
ground,  while  another  person  stirs  the  air  with  a 
large  fan.  The  wheat  is  then  put  into  straw  sacks 
and  carried  either  on  hand-carts  or  on  the  backs  of 
horses  to  market.  Barley  is  a much  more  important 
product  than  wheat,  and  is  more  universally  eaten  ; 
and  it  is  also  used  for  making  saki,  a liquor  largely 
consumed  in  Japan.  That  which  is  made  into  flour 
is  ground  and  bolted  in  the  same  manner  as  wheat, 
and  is  also  cooked  without  fermentation.  The  mode 
of  cultivation,  harv'esting,  and  threshing  are  the  same 
as  with  wheat.  The  sugar  of  Japan  is  made  from 
that  species  of  the  sorghum  plant  known  as  the 
Chinese  sorghum.  It  grows  luxuriantly  in  the 
southern  parts  of  the  empire.  For  three  or  four  hun- 
dred years  the  processes  of  granulating  and  refining 
sugars  have  been  known  and  practised.  Sorghum  is 
grown  from  cuttings  and  not  from  seed.  In  Septem- 
ber selected  stalks  are  cut  and  buried  in  trenches 
a foot  deep.  Through  the  winter,  from  each  joint  of 
the  stalks  sprouts  shoot  out,  and  in  the  spring  these 
joints  are  cut  off  and  set  out  in  rows  fifteen  or 
eighteen  inches  apart,  and  about  the  same  distance  from 
each  other  in  the  rows.  Ihe  ground  has  previously 
been  dug  up  and  pulverised  by  a long-bladed  mattock. 
The  fe*.  tilisers  u-^ed  are  ashes,  fish,  decomposed  hay. 


straw,  and  seaweed,  and  the  plants  are  thoroughly 
hoed  and  irrigated.  In  October  and  November  the 
leaves  are  stripped  off,  and  the  stalks  are  then  cut, 
and  the  hard  outer  covering  removed ; the  remaining 
portion  is  then  ground  between  rollers  of  stone  on 
hard  wood.  The  cane  juice  is  then  boiled  in  iron 
kettles  till  the  granulation  takes  place,  when  it  is 
placed  in  bags  and  pressed  dry,  the  expressed  syrup 
being  used  as  molasses.  Dry,  upland  soils  are  re- 
quired for  the  successful  growth  of  the  cane,  and  the 
expenditure  in  labour  and  fertilisers  is  greater  than 
for  any  other  crop.  Tobacco  is  also  an  important 
product,  about  90,000,000  pounds  being  produced  in 
one  year,  and  amounting  in  value  to  ^1,500,000,  It 
is  grown  on  uplands,  and  the  seed  is  planted  at  the 
end  of  March,  or  beginning  of  April,  in  rows  about 
15  inches  apart.  In  September  the  lower  leaves  are 
picked,  at  the  beginning  of  October  the  middle  ones, 
and  the  upper  ones  at  the  end  of  October.  The 
leaves  so  picked  are  dried  and  packed  in  small  bales. 
Beans,  peas,  and  other  leguminous  plants  are  exten- 
sively cultivated  in  Japan,  and  Consul  van  Buren 
says  that  there  is  probably  no  country  in  the  world 
where  this  class  of  food-plants  enters  so  largely  in 
the  diet  of  a people  as  in  Japan.  The  cultivation  of 
tea  is  one  of  the  most  important  branches  of  Japanese 
agriculture,  the  total  production  for  the  year  1880 
amounting  to  as  much  as  90,000,000  pounds.  As 
regards  textile  fabrics,  silk  is  the  most  important, 
the  mulberry  tree  growing  on  nearly  all  parts  of  the 
islands  south  of  Yesso.  The  principal  provinces  in 
which  it  is  cultivated  are  Iwate,  Miyagi,  Yamagata, 
Fukushima,  Gunba,  Tochigi,  Chiba,  Iberaki,  Kana- 
gawa,  Nagano,  Yamanashi,  Shidyuoka,  Gifu,  Ishi- 
kawa,  Shiga,  and  Kioto  Fu.  The  variety  of  the 
mulberry  most  in  use  is  the  Morus  nigra,  and  it 
grows  from  five  to  ten  feet  in  height.  Hemp  is 
grown  on  the  lower  and  richer  soils,  in  drills  sixteen 
inches  apart.  It  is  sown  in  March  or  April,  and 
receives  the  same  careful  garden  tillage  as  all  other 
products  of  the  soil  in  Japan.  The  soil  is  carefully 
prepared  by  the  small  Chinese  plough,  or  the  long- 
bladed  mattock,  and  well  manured  in  the  drills  where 
the  seed  is  sown.  During  the  summer  it  is  frequently 
hoed,  and  fertilisers  are  applied  to  the  root  of  the 
plants.  All  hemp  lands  are  flooded  three  or  four 
times  in  the  season,  from  the  irrigating  ditches.  The 
stalk,  usually  ready  for  harvest  in  August,  grows 
from  four  to  seven  feet  high,  and  is  pulled  and  spread 
on  the  ground,  where  it  is  allowed  to  rot,  and  the 
fibre  is  easily  separated.  This  is  done  by  beating 
with  a bamboo  stick.  The  resinous  substance  is 
removed  by  hand  - scraping,  with  a sharp-edged 
bamboo  knife,  and  the  fibre  is  of  great  length, 
strength,  and  lustre.  Flax  is  not  grown  in  the 
country.  Consul  van  Buren  says  he  cannot  render 
too  warm  a tribute  to  the  thoroughness  of  the  present 
tillage  by  the  Japanese  farmers,  the  value  of  which 
is  proved  by  its  immense  results.  "When  the  mattock 
or  broad-edged  pick  is  alone  used,  the  whole  surface 
of  the  ground  is  dug  up  and  turned  over  to  the  depth 


124 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


\_Decemher  25,  1885. 


of  eight  to  ten  inches,  and  then  the  whole  of  the  soil 
is  pulverised  and  raked  over,  until  not  a lump  of 
earth  is  left.  When  the  small  Chinese  plough  is 
used,  the  soil  is  ploughed  and  re-ploughed  from  four 
to  eight  times. 


THE  FISHERIES  OF  ICELAND. 

Consul  Paterson,  in  his  last  report  on  the  trade 
and  industries  of  Iceland,  says  that  the  principal 
fishing  season  is  from  February  to  May,  and  at  this 
time  large  numbers  of  landsmen  come  down  to  the 
coast  to  join  in  the  fishing.  Open  boats,  each 
manned  by  six  to  twelve  men,  are  used  for  the  most 
part,  though  there  are  smaller  craft,  manned  by  two 
or  four  men,  which  as  a rule  fish  near  the  land.  The 
fishing  is  carried  on  chiefly  by  hand  lines,  though 
long  lines  and  nets  are  also  used  in  some  places,  and 
under  certain  restrictions,  as  their  general  use  is  said 
to  be  injurious  to  the  fishing.  Each  day’s  catch  is 
divided  into  equal  shares,  one  to  each  man,  and  one 
or  two  to  the  owner  of  the  boat,  according  to  its 
size.  On  landing,  the  fish  are  at  once  gutted  and 
laid  in  salt,  and  after  some  time  they  are  washed  in 
sea  water  to  remove  the  excess  of  salt,  piled  in  heaps 
to  drain,  and  then  alternately  dried  in  the  sun  and 
dried  in  heaps,  covered  by  boards  weighted  with 
heavy  stones  until  completely  cured.  There  are  no 
professional  curers ; each  fisherman  cures  his  own 
catch,  and  sells  it  to  the  merchants  when  cured. 
Salt  fish  intended  for  export  to  Spain  must  be 
of  a certain  size  and  quality,  and  is  therefore  ex- 
amined before  shipment  by  skilled  men  appointed  to 
this  duty  by  the  authorities,  who  reject  all  that  does 
not  come  up  to  the  standard.  The  rejected  fish, 
along  with  small  cod  and  haddocks,  go  for  the  most 
part  to  England,  Denmark,  and  Germany.  The  cod 
heads  and  sounds,  or  swimming  bladders,  are  carefully 
dried,  the  former  being  used  as  food  in  the  country,  and 
the  latter  exported  and  made  into  gelatine  and  isin- 
glass. The  roes  are  salted  and  exported  to  France  and 
the  Mediterranean,  where  they  are  used  as  bait  in  the 
sardine  fishery.  The  livers  are  collected  and  the  oil 
is  extracted,  first  in  the  cold  and  then  by  the  aid  of 
heat,  the  oil  obtained  by  the  latter  process  being 
coarser  and  of  less  value.  After  the  middle  of  May 
there  is  comparatively  little  fishing  with  open  boats, 
and  the  landsmen  return  to  their  farms.  Smack 
fishing  then  begins,  and  the  vessels  used  vary  in  size 
from  20  to  50  tons,  sloop  or  schooner  rigged,  and  are 
for  the  most  part  old  English,  Prench,  or  Danish 
vessels.  They  carry  twelve  to  twenty  men,  who  fish 
entirely  by  hand  line.  The  fish  is  gutted  and  salted 
as  caught,  the  livers,  sounds,  and  roes  being  preseiwed, 
and  the  heads  also,  when  possible.  Each  fisherman 
marks  every  fish  he  catches,  and  at  the  close  of  the 
fishing  each  man’s  catch  is  sorted  out  and  weighed 
separately,  and  along  with  the  proportionate  quantity 
of  livers,  sounds,  and  roes  is  divided  into  two  equal 


parts,  the  fisherman  getting  one  and  the  owner  of 
the  ship  the  other.  The  owner  supplies  the  lines, 
hooks,  &c.,  used,  and  provides  the  men  with  a por- 
tion of  their  food.  French  vessels  fish  to  a large 
extent  round  the  coast  of  Iceland,  their  average 
catch  being  considerably  more  than  the  total  fishing 
of  the  Icelanders ; and  English,  Norwegian,  and 
P aroese  smacks  fish  in  Icelandic  waters  in  consider- 
able numbers.  Herring  fishing  has,  of  late  years, 
assumed  considerable  importance  on  the  North  and 
East  Coast  of  Iceland,  where  it  is,  however,  for  the 
most  part  in  the  hands  of  Norwegians,  compara- 
tively few  Icelanders  being  engaged  in  the  fishing, 
though  a large  number  find  employment  in  the  curing 
establishments.  There  are  over  2,000  Norwegians 
engaged  in  the  Icelandic  herring  fishery,  and  about 
200  sailing  vessels  and  steamers  are  employed  in  bring- 
ing salt  and  other  goods  to  Iceland,  and  conveying  the 
cured  herrings  to  Norway,  Russia,  and  Germany.  The 
Norwegian  methodoffishingby  drag  nets  isexclusively 
followed.  Shark  fishing  is  carried  on  to  a considerable 
extent,  especially  on  the  north  and  west  coasts,  both 
decked  vessels  and  openboats  being  used  in  this  fishery. 
The  species  of  shark  caught  is  the  Squalus  borealis, 
and  the  industry  is  pursued  solely  for  the  sake  of  the 
oil  yielded  by  the  liver,  the  rest  of  the  carcase  being 
usually  thrown  away,  though  sometimes  the  flesh  is 
preserved  for  food.  The  sharks  vary  much  in  size, 
running  up  to  eighteen  or  twenty  feet  in  length,  and 
four  to  five  in  diameter  through  the  thickest  part  of 
the  body,  and  the  yield  of  oil  by  each  liver  varies  from 
four  up  to  fifty  gallons.  Rich  livers  yield  two-thirds 
of  their  bulk  of  oil,  poor  ones  only  about  one-half. 
The  vessels  used  in  shark  fishing  are  for  the  most 
part  small  schooners  of  thirty  to  fifty  tons  burthen, 
manned  by  eight  or  ten  men.  The  usual  fishing 
season  is  from  January  or  February  till  August. 
During  the  winter  months  the  sharks  frequent  shallow 
waters,  and  are  found  about  twenty  miles  from  land 
in  fifty  fathoms  of  water  or  thereabouts  ; in  summer 
they  seek  deeper  waters,  and  are  caught  at  a dis- 
tance of  about  one  hundred  miles  from  the  coast,  in 
a depth  of  two  hundred  fathoms.  A hook,  twelve 
to  eighteen  inches  long,  baited  with  horse  flesh  and 
seal  blubber,  weighted  with  an  eight  pound  sinker, 
and  attached  by  a couple  of  yards  of  strong  chain  to 
a line,  is  used,  and  is  allowed  to  hang  motionless 
about  a couple  of  fathoms  from  the  bottom.  As 
soon  as  the  shark  is  drawn  up  to  the  surface,  harpoons 
and  lances  are  struck  into  it,  and  the  spinal  column  is 
cut.  Large  hooks  are  fixed  into  the  body  and 
chains  passed  round  it,  and  thus  secured,  it  is  cut 
open  and  the  liver  extracted.  The  livers  are  brought 
ashore,  and  stored  in  vats  till  the  solid  matters  have 
settled  to  the  bottom,  the  more  fluid  portion  is  then 
melted  in  iron  pots  over  an  open  fire.  By  this  pro- 
cess the  liver  yields  about  two-thirds  its  bulk  of  a 
coarse  dark- coloured  oil.  Of  late  years  refining  by 
steam  has  come  into  use,  and  the  liver  is  melted  as 
fresh  as  possible.  By  this  means  a finer  lighter- 
coloured  oil  is  obtained,  but  the  yield  is  less.  The 
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crews  of  vessels  engaged  in  shark  fishing  are  paid 
about  fifty-five  shillings  a month,  with  a premium  of 
sixpence  per  barrel  of  liver;  the  captain  gets  two 
shillings  and  threepence  per  barrel  on  the  first 
hundred  barrels  of  the  season’s  catch,  and  three 
shillings  and  fourpence  per  barrel  on  the  remainder. 


THE  JUNGLE  PRODUCTS  OF  BORNEO. 

Consul-General  Leys,  waiting  on  the  trade,  com- 
merce, and  productions  of  North-West  Borneo,  says 
that  the  chief  articles  of  jungle  produce,  in  which  a 
large  export  trade  is  carried  on,  are  gutta-percha, 
india-rubber,  rattans,  and  birds’  nests.  Gutta- 
percha is  the  inspissated  juice  of  tall  forest  trees 
belonging  to  the  natural  order  Sapotacece.  Various 
kinds  and  qualities  of  gutta  are  afforded  by  various 
sapotaceous  trees,  but  the  pure  red  Bornean  gutta  is 
yielded  by  the  species  Dichopsis  gutta.  Other 
species  of  the  genus  Dichopsis,  however,  yield 
guttas,  which,  being  of  inferior  quality,  are  fre- 
quently mixed  by  the  native  collectors  with  the  more 
valuable  red  variety.  This  red  variety  is  obtained 
from  red  and  rough-stemmed  trees,  which  are  gene- 
rally found  growing  among  old  jungle  on  hill-sides  to 
a height  of  from  100  to  150  feet.  The  following  is 
the  method  employed  by  the  natives  in  collecting 
the  raw  product : — On  finding  a tree  old  enough  to 
be  cut,  one  having  a diameter  of  about  twelve  inches, 
they  fell  it,  cut  off  the  top,  and  ring  the  bark  at 
distances  of  about  a foot.  The  sap  for  two  or  three 
days  gradually  drains  away,  and  as  it  does  so  is 
collected  in  any  convenient  vessels,  such  as  leaves, 
cocoanut- shells,  &c.,  from  w^hich  receptacles  it  is 
transferred  to  a pot  and  boiled  for  the  space  of  half- 
an-hour  with  a little  water.  The  milk  is  boiled  to 
prevent  it  from  hardening  on  exposure  to  the  air,  as 
if  allowed  to  do  so  it  becomes  comparatively  value- 
less. It  is  difficult  to  estimate  the  average  yield  of 
each  tree,  as  the  quantity  varies  according  to  the  size 
of  the  tree  and  time  of  the  year,  the  flow  of  sap 
being  greatest  when  the  tree  is  producing  most  leaves ; 
but  a small  tree  will  generally  yield  a quarter  of  a 
picul,  the  picul  being  equivalent  to  133  lbs.  avoir- 
dupois, while  the  largest  may  yield  as  much  as  three 
quarters  of  a picul  each.  The  value  of  the  red  gutta 
varies,  according  to  its  purity,  from  40  dollars  to  80 
dollars  per  picul.  Another  species  of  Dichopsis 
yields  an  inferior  gutta  of  a white  colour.  This 
species  has  a smaller  growth,  attaining  a height  of 
from  50  to  60  feet,  and  a slightly  different  foliage. 
It  yields  proportionately  less  gutta,  only  about 
twenty-six  pounds  per  tree.  India-rubber,  or  caout- 
chouc, is  obtained  from  three  varieties  of  rough- 
stemmed woody  climbers  or  vianungans,  which 
attain  a length  of  over  100  feet,  and  a thickness  of 
about  eight  inches.  The  juice  is  obtained  in  much 
the  same  way  as  gutta,  and  is  prepared  either  by 
boiling  like  gutta,  or  by  steeping  in  a solution  of  salt. 


The  wasteful  method  of  collecting  guttas  and 
has  naturally  caused  an  exhaustion  of  the 
from  the  more  accessible  districts ; the  rubWr  U 
are  not,  however,  so  thoroughly  exterminated  the 
gutta  trees,  owing  to  the  greater  tendcnc)-  c the 
former  to  be  reproduced  from  suckers,  from 
of  the  stem  taking  root  accidentally,  and  frntM  t;  r 
fruit  which,  being  edible,  is  much  sought  „:f-T  : •• 
monkeys,  birds,  wild  pigs,  &c.  Rattans,  or 
are  the  stems  of  various  species  of  Calami,  whir  h 
found  in  profusion  throughout  the  whole  of  >.  : - 

West  Borneo.  Birds’  nests,  well-known  h 
edible  production  of  the  Indian  swallows,  arc  f c 
principally  in  the  water-worn  limestone  and  ' : 

stone  caves  that  exist  in  considerable  r, 
all  over  the  district  of  North-West  Borneo,  h e - 
General  Leys  says,  “ although  highly  ■..<  1 . 

the  Chinese  as  a luxury  in  health,  and  a-  h vi-  :- 
curative  qualities  in  sickness,  I lx:licve  tl  ’*.  : ^ 
birds’  nests  have  no  more  nutritive  or 
value  than  so  much  wholesome  isinglas--,  wlm,).  ■ , 
stance  they  strongly  resemble  in  every  way. 
very  absurd  theories  have  been  mooted  - t ■ 
way  in  which  the  substance  forming  the  nf.  ; ■ j ; 

cured  by  the  bird.  I am  strongly  inclined  to  \ • 
that  it  is  formed  from  the  saliva  of  the  bir-b 
opinion  founded  chiefly  on  the  fact  that  the 
producing  glands  are,  during  the  nesting 
always  immensely  enlarged,  and  evidently  in  v 
unusual  functional  activity.  When  it  is  rcnui:  : r.  ] 
that  a viscid  secretion  is  usually  found  coverin;;  • 
inside  of  the  mouth  and  the  throat  of  birds  1 ■ • 
as  the  swallow  does,  on  small  insects  caught  w..  c 
on  the  wing — and  that  the  nature  of  their  f- 
peculiarly  fitted  to  supply  the  substance  of  w:  ;-.n 
the  nest  is  chemically  composed,  and  that  the  -t. 
though  strong,  is  very  small,  thin,  and  light,  su.  h a 
theory  is  more  probable  than  one  would  sMppi  sc. 

It  appears,  from  the  import  and  export  returns  ■ f 
Borneo  for  the  year  1882,  that  the  value  of  gutta- 
percha and  india-rubber  exported  during  that  year 
amounted  to  ;^62,6oo,  of  rattans  ^24,500,  and  vf 
birds’  nests  0,000. 


SUBSTITUTE  FOR  PIPE-CLAY  IN 
PRINTISG. 

Although  in  most  reserve  colours,  pipe-clay  has. 
been  replaced  by  other  substances  (such  as  sulph.i»c 

of  lead,  chalk,  &c.),  there  are  certain  colours  in  wV  ; h 

it  has  been  retained,  notwithstanding  its  d >adv..ri- 
tages.  Amongst  these  is  the  rescr^-e  white  w’  ..  a 
accompanies  rat-orange,  as  also  wool  and  su- 
printing. 

With  the  object  of  discovering  a substitute  for  pipc- 
clay,  Herr  Breuer  has  called  attention  (according  t ^ 
Dingier' s Polytechnic  Journal)  to  the  luopcrtics  < { 
silicate  of  lime  and  magnesia,  but  these  substance  . 
by  reason  of  their  cr)-stalline  properties,  arc  not  wr.‘ 
adapted  to  the  purpose  named.  Ordmary  wb;tt 
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starch  is,  however,  much  more  suitable,  and  this 
article  seems  likely  to  replace  pipe- clay  in  wool  and 
silk  dyeing,  and  in  the  ordinary  reserves.  It  is 
applied  in  the  following  manner : — ^White  starch  of 
the  best  quality  is  finely  divided  in  a little  water,  and 
the  paste  thus  obtained  is  mixed  cold  with  the  pre- 
pared colours  or  with  the  thickening  substance  used 
to  weaken  them.  The  reserves  prepared  in  this  way 
with  rat-blue,  print  very  well,  and  possess  the  same 
reserving  power  as  those  prepared  with  pipe-clay. 
For  w’ool  and  silk  printing  they  likewise  have  the 
special  advantage,  that  in  hand  printing  they  allow 
■of  effective  gradations  of  tone.  In  roller  printing 
they  do  not  injure  the  ductor  and  do  not  scratch  the 
rollers,  while  the  colours  produced  are  clear  and  well 
marked. 

The  quantity  of  starch  may  be  from  9 to  14  ozs. 
per  litre  (if  pint),  without  any  fear  that  the  steamed 
■colours  will  be  hard  and  brittle  in  consequence  of  the 
steam  swelling  the  starch.  These  colours  wash  as 
. well  as  those  without  the  addition  of  starch,  and  give 
purer  tones  than  the  latter.  As  the  price  of  the 
starch  used  is  higher  than  that  of  pipe-clay,  the  im- 
provement has  no  economical  advantages,  but  this  is 
compensated  for  by  the  advantages  which  have  been 
explained. 


General  Notes. 

♦ 

Carriage  of  Petroleum  on  the  Italian 
Railways. — The  Italian  Government  have  recently 
sanctioned  the  use  of  tank-cars  on  the  railways  for 
the  carriage  of  petroleum  in  bulk,  and  it  will  now  be 
possible  to  effect  a considerable  saving  in  time  and 
freights,  not  only  from  the  ports  of  Genoa,  Venice, 
and  Leghorn,  but  also  to  towns  in  Switzerland  and 
Southern  Germany. 

Toughening  Paper. — A plan  for  rendering 
paper  as  tough  as  wood  or  leather  has  been  recently 
introduced  on  the  Continent ; it  consists  in  mixing 
chloride  of  zinc  wdth  the  pulp  in  the  course  of  manu- 
facture. It  has  been  found  that  the  greater  the 
degree  of  concentration  of  the  zinc  solution,  the 
greater  will  be  the  toughness  of  the  paper.  It  can  be 
used  for  making  boxes,  combs,  for  roofing,  and  even 
for  making  boots. 

Electric  Railway  on  Mont  Saleve. — A 
concession  has  been  granted  by  the  Swiss  Govern- 
ment to  a firm  of  electrical  engineers  at  Geneva  for 
making  a railway  up  Mont  Saleve,  near  that  city. 
The  line  will  be  laid  with  a central  rack,  very  similar 
to  that  of  the  Righi  railway,  but  the  toothed  pinion 
on  the  locomotive  which  gears  into  it,  instead  of 
being  driven  by  steam,  will  be  worked  by  electricity. 


Railways  in  Brazil.— According  to  the  Brhil 
the  total  length  of  the  railways  of  the  Brazilian 
Empire  is  8,123  kilometres  (5,036  English  miles), 
of  which  6,132  kilometres  (3,802  miles)  are  opened 
for  traffic,  and  1,991  kilometres  (1,234  miles)  are  still 
in  construction.  The  railways  belonging  to  the 
Government  have  a length  of  1,457  kilometres  (903 
miles),  and  represent  a value  of  about  ^11,440,000 
sterling.  Of  these  the  Don  Pedro  is  the  most  im- 
portant, measuring  upwards  of  700  kilometres  (434 
miles),  and  representing  a capital  of  about;i(C8,ooo,ooo 
sterling. 

Oriental  Carpet  Manufactures. — Since  the 
opening  of  the  Poti-Tiflis-Baku  Railway  the  export 
of  carpets  to  Europe  from  Central  Asia  has  been 
considerably  developed.  According  to  various  Ar- 
menian journals,  French  and  English  agents  have 
established  themselves  in  Tiflis,  in  order  to  purchase 
on  the  spot  carpets  for  export  to  Western  Europe. 
Consequently  some  important  Persian  factories  have 
been  opening  branch  establishments  near  those 
points,  in  order  to  be  in  the  track  of  the  business. 
The  raw  material  is  still  obtained  from  Persia,  as  the 
inhabitants  of  that  country  have  particular  methods 
for  imparting  to  the  wool  thefineness  and  brilliancy 
for  which  it  is  noted. 

Edinburgh  International  Exhibition,  1886. 
— At  this  Exhibition,  which  will  be  opened  in  May 
next,  special  attention  will  be  paid  to  the  Fine  Art 
Section,  which  is  expected  to  contain  works  by  the 
first  artists  not  only  of  Scotland  but  also  of  England 
and  the  Continent.  The  part  of  the  building  set 
apart  for  the  section  is  the  Picture  Courts  surround- 
ing the  permanent  buildings  forming  the  main 
entrance  to  the  Exhibition,  which  have  a total  length 
of  600  feet  and  a width  of  300  feet.  The  doors  from 
this  court  will  open  into  the  grand  central  court, 
260  feet  by  60  feet,  in  which  concerts  and  bands  will 
perform  during  the  day  and  evening.  There  will  be 
an  Art  Union  in  connection  with  this  departneent,  in 
which  the  winner  will  be  allowed  to  select  one  of  the 
pictures  on  the  walls. 

Exhibition  of  Windmills  and  Pumping 
Machinery  at  Lecce. — An  International  Exhibi- 
tion of  pumping  machinery  and  other  mechanism  fo  r 
raising  water  for  drainage,  irrigation,  and  other  agri- 
cultural purposes,  was  opened  on  the  15th  October, 
at  Lecce.  The  utilisation  of  wind  power  forms  a 
special  feature  at  this  exhibition.  The  programme 
comprises  the  following  classes: — i.  Tubular  wells 
(Abyssinian)  and  apparatus  for  making  them,  pumps, 
Sec.  2.  Boring  tackle,  tools  and  implements,  used 
for  obtaining  water  and  for  sinking  artesian  wells. 
3.  Wind  motors  and  their  application  to  machinery 
for  raising  water.  4.  Scoop  wheels,  chain  pumps, 
hydraulic  rams,  archimedean  screws,  pulsometers 
and  pumps  of  every  ^description.  5.  Drawings  fer 
projects  of  irrigation  works,  likely  to  prove  of 
public  utility  in  the  provinces  of  Lecce,  Foggia, 
and  Bari. 
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NOTICES. 


JUVENILE  LECTURES. 

The  first  of  the  two  Juvenile  Lectures  on 
“Waves”  was  delivered  by  Prof.  SiLVANUS 
Thompson,  on  Wednesday  evening,  the  30th 
ult.  The  lecturer  began  by  explaining  what 
a wave  actually  was,  and  described  the 
different  classes  of  waves,  longitudinal  waves 
and  transverse  w’aves,  or  waves  of  compres- 
sion or  expansion.  He  showed  by  experiments 
how  visible  waves,  such  as  waves  in  water, 
belonged  to  the  former  class,  waves  by  which 
sounds  are  transmitted  being  of  the  latter. 
He  then  showed  how  waves  of  different  periods 
might  reinforce  or  weaken  one  another, 
and  then  explained  and  illustrated  the 
phenomenon  of  interference,  showing  how, 
in  the  case  of  musical  sounds,  “beats”  were 
thus  produced,  when,  for  instance,  two  tuning- 
forks  were  thrown  slightly  out  of  unison  by 
loading  the  prong  of  one.  It  was  shown  how 
a tuning-fork  could  record  its  vibrations  on  a 
piece  of  smoked  glass  rapidly  drawn  past  it 
This  led  up  to  a description  of  the  phonauto- 
graph,  by  which  a visible  record  of  spoken 
sounds  could  be  obtained,  and  the  phonograph, 
by  which  the  sounds  themselves  could  be 
repeated.  The  lecture  was  fully  illustrated  by 
a great  number  of  experiments. 

The  second  lecture  will  be  delivered  on 
Wednesday  evening  next,  6th  inst.,  at  7 p m. 


COVERS  FOR  JOURNAL. 

For  the  convenience  of  members  wishing  to 
bind  their  volumes  of  the  Journal,  cloth 
covers  will  be  supplied  post-free  for  is.  6d. 
each,  on  application  to  the  Secretary. 


'^7 

SUGAR. 

By  G.  Bl’ciiana.v. 

The  sugar-cane  had,  and  not  so  very  long  ago,  i!.e 
monopoly  of  sugar  production.  The  enjoy.xenr 
of  a monopoly  is  seen,  only  too  often,  to  be  inco::- 
sistent  with  progress;  and  the  sugar-cane  iulnsliy 
continued  to  be  carried  on  in  the  old-fashioned  wav, 
with  unconcern  and  disregard  for  the  development  of 
a rival  product.  The  magnitude  to  which  the  latter 
has  attained  so  recently  and  suddenly,  seems  alm^  ^t 
abnormal.  If  it  be  as  permanent  as  great,  tlie 
planter,  it  is  pretty  plain,  will  have  to  tahe 
special  care,  or  leave  his  place  to  ruin.  Coffee 
and  cotton  have  ceased  in  our  West  Indian 
colonies,  are  we  to  acquiesce  quietly  in  the  in- 
creased loss  of  the  sugar  also  1 The  cane  is  a t 
beaten  on  its  merits.  No  agricultural  product,  1: 
used  to  be  said,  gives  a return  equal  to  that  from  \ 
good  sugar  estate.  And  when  we  see  how  much  ha» 
been  accomplished  by  its  favoured  rival  the  beet,  it 
would  be  unreasonable  to  doubt  the  capability  of  the 
cane,  with  like  invention  in  machinery,  selection  of 
seed,  and  technical  skill  in  workmen,  to  fulfil  a similar 
success.  All  classes  would  benefit  by  an  increased 
supply  of  cane-sugar,  and  energetic  workers  ought 
not  to  let  the  country  be  dependent  for  price  on  the 
adventitious  supply  of  beet.  The  over  production  01 
beet  - sugar  in  Germany,  which  ensued  from  th: 
opportunity  of  making  large  profits  under  the  system 
of  sugar  duties  and  drawbacks,  will,  by  the  attend- 
ing abasement  of  the  price,  and  from  which  it  u 
probable  there  never  will  be  a complete  recovery, 
reduce  the  area  sown  for  the  coming  and  succeeding 
crops,  and  the  sowings  are  likely  to  be  diminished  in 
another  Avay.  The  German  Government,  it  is  under- 
stood, are  not  satisfied  with  the  share  of  the  profits 
of  the  beet- sugar  manuufaclure  that  accrues  to  the 
State,  and  have  in  contemplation  the  raising  of  the 
duty  from  80  pfs.  to  93  pfs.  per  centner,  or  hundred- 
weight of  roots.  The  drawback  upon  export  of  the 
sugar  to  be  kept  as  it  was,  on  the  basis  of  an  assess- 
ment of  10  marks  per  centner  of  sugar  made.  This 
indicates  that  io|  cwt.  of  roots  will  then  be  taken 
officially,  instead  of  I2|  cwts.  as  formerly,  to  make 
I cwt.  of  sugar.  And  the  proposed  increase  of  tax, 
if  sanctioned  by  the  Reichstag,  would  thus,  in  years 
of  ordinary  fertility,  greatly  lessen,  if  not  do  away 
with,  the  bounty  on  export,  which  has  been  so  long 
and  loudly  complained  of  in  this  country,  as  a 
grievance.  Though  bounty,  it  was  not  in  the  mean- 
ing of  a premium  from  the  State  to  encourage  sugar- 
making, but  simply  a benefit  to  the  producers  from 
their  own  skill  and  ingenuity,  obtained  by  turning 
to  profit  the  chance  they  had  of  getting  more  sugar 
from  the  roots  than  the  excise  assessment ; a thing 
that  has  happened  before  now  nearer  home,  wheu 
the  march  of  improvement  has  outstripped  legislation, 
in  such  matters.  The  advantage  taken  of  the 
Netherlands’  system  of  duty  by  •classification  oc 
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colour,  to  bring  beet-sugar  from  Germany,  arti- 
ficially coloured  in  the  lowest  class,  and  ship  it 
for  drawback,  has  now  been  put  a stop  to.  And 
the  bounty  obtained  in  the  United  States  from 
the  drawback  being  unchanged  when  the  duties 
were  altered,  cannot  continue  long  after  public 
attention  is  directed  to  it.  But  there  is  not  the 
objection  there  is  with  beet  to  receive  pure  granu- 
lated cane-sugar  from  our  friends  there,  if  they 
please  to  supply  us  at  a cheaper  rate  than  they 
pay  themselves.  However,  the  returns  of  the  last 
two  seasons  show  that  the  beet  yields  a larger  per- 
centage of  sugar  than  is  represented  by  the  figure 
Eof  ; for  the  last  two  years  were  good  and  plenteous 
-years,  and  if  the  years  to  follow  should  happen  to  be 
characterised  by  the  same  exuberant  richness  and 
weight  of  roots,  our  cane-sugar  growers  and  refiners 
■will  find  things  more  comfortable  than  before.  The 
enterprise  of  the  beet  cultivators  and  fabricants,  and 
the  better  modes  of  procedure  followed  in  their 
work,  have  given  them  a perfection  of  process 
against  wTiich  the  cane-sugar  producers  will  find  it 
hard  to  contend.  But  the  excellence  attained  by 
the  former  is  perhaps  now  at  its  best,  both  in  cultiva- 
tion and  manufacture,  and  in  the  struggle  to  recover 
‘ their  old  supremacy  in  the  markets,  the  latter  will 
ihavc  the  advantage  of  knowing  the  lessons  taught 
liDy  the  practice  of  their  opponents.  Here  “ our 
antagonist  is  our  helper.” 

In  any  near  view  of  the  case,  the  enrichment  of  the 
sugar-cane  naturally  comes  first  for  consideration. 
There  are  more  than  half-a-hundred  varieties  of  the 
plant,  differing  much  in  the  quantity  of  fibre  and  the 
amount  of  sugar  they  furnish.  And  the  advantages 
of  selection  and  good  cultivation  of  the  fittest  is  shown 
by  the  immense  improvement  made  in  the  beet, 
which  has,  by  the  use  of  Vilmorin  seed  and  high 
farming,  been  brought  to  yield,  it  is  said,  one  cw*t.  of 
rsugar  from  8‘34  cwt.  of  roots.  This  was  in  Germany, 
where  they  may  be,  it  ’W'ill  be  readily  owned,  great 
in  theory  and  speculative  research,  but  are  held  to  be 
somewhat  wanting  in  the  practical  acumen  we  note 
complacently  in  ourselves,  which  enables  us  to  carry 
out  a thing,  when  once  it  is  taken  up,  and  leave 
foreign  nations  behind.  The  object  is  sugar,  and 
experience  says  much  for  the  system  of  cultivation 
upon  which  the  German  fabricants  lay  stress.  It 
Tequires  the  farmer  to  content  himself  with  growing 
a comparatively  small  crop  of  roots  per  acre,  and  to 
develop  the  sacchariferous  duality  of  what  he  grows 
to  the  utmost  by  “forcing.”  The  care  for  quality 
rather  than  quantity  in  the  cultivation,  effects  a sav- 
ing in  the  labour  and  fuel  that  would  otherwise  have 
to  be  expended  in  manufacturing  a large  crop  of 
watery,  unsweetened  roots.  To  the  planter,  his  big 
crop  of  canes  is  likewise,  as  regards  time  or  money,  a 
heavy  charge  and  great  inconvenience.  To  speed  the 
work  and  labour  of  crushing,  the  three-roller 
steam  mill  was  designed,  and  it  made  quicker 
work  with  the  canes,  but  not  better  work  than 
the  two-roller  cattle  mill,  which  has  been  known 


to  squeeze  out  sixty  per  cent,  of  juice.  To  get 
better  results  it  was  screwed  up,  and  strengthened, 
and  enlarged,  and  more  rollers  added.  Yet  the  out- 
come of  all  the  improvements  is  a roller  mill,  and 
nothing  more.  It  is  still  an  unsettled  question  how 
far  pressure  may  be  exerted  commensurable  with 
profitable  effect.  And  invention  has  not  sought  out 
a more  perfect  instrument.  To  make  a reduction  in 
the  number  of  canes,  and  no  diminution  in  the  weight 
of  sugar  per  acre,  would  answer  well  for  the  planter. 
And  of  his  wishes  there  can  be  no  doubt,  could  these 
be  realised.  Nor  is  the  thought  utopian,  for  it 
appears  that  in  Louisiana,  two  or  three  years  ago,  an 
overflow,  and  consequent  loss  of  growing  cane,  left 
the  planters  with  little  hope  of  regaining  expenses^ 
but  the  canes,  though  short  and  slim,  were  found  to 
contain  an  unexpected  quantity  of  saccharine  matter, 
and  the  result  was  an  agreeable  surprise.  The  sugar 
in  the  cane,  it  seems  to  be  agreed,  is  not  drawm  from 
the  earth,  but  is  elaborated  from  the  carbonic  acid  in 
the  air  by  the  direct  influence  of  the  sun  on  the 
green  leaves.  Thus  Nature  herself  points  out  to  us 
the  need  of  room  and  space  for  the  growth  of  the 
cane  in  all  its  fulness,  and  that  too  close  planting,  by 
keeping  out  sunshine,  prevents  a healthy  vegetation. 
Without  a free  access  of  air  and  sunlight,  the  power 
of  the  plant  to  produce  sugar  is  weakened.  And 
since  there  is  no  exhaustion  of  the  soil  by  the  forma- 
tion of  sugar,  and  plants  take  up  only  the  nourish- 
ment they  actually  want,  no  more  manuring  is 
dem.anded  than  -will  restore  the  wastage  of  the  other 
matters  taken  up  from  the  soil  by  the  crops  of  cane 
raised  from  it.  If  canes  are  ill-fed,  a low  vitality 
might  not  be  able  to  withstand  disease.  And  this  is 
not  a groundless  apprehension,  for  in  Java  it  has 
lately  been  discovered  that  the  growing  canes  were 
affected  by  a disease,  the  precise  nature  of  which  is 
as  yet  not  known. 

Single  crushing  is  inadequate  to  express  the  full 
amount  of  juice  from  the  cane,  and  it  w^as  supple- 
mented by  double  crushing.  But  neither  did  double 
crushing  suffice,  and  then  the  megass  was  drenched 
with  water  and  steamed  preparatory  to  the  second 
pressure.  But  even  so,  imbibition  did  not  effect  a 
saving  of  all  the  remaining  sugar ; there  is  left  from 
10  to  12  per  cent,  in  the  present  refuse.  The  next 
step  is  diffusion,  pure  and  simple.  In  this  process 
the  water  put  into  the  first  vessel  with  the  slices  of 
cane  is  weight  for  weight  the  same,  and  takes  out  one 
half  the  sugar  from  the  first  into  a second  vessel, 
containing  other  slices  of  cane,  from  which  it  takes 
out  one-fourth  the  sugar  into  a third  vessel,  also 
holding  fresh  slices,  and  so  on  until  in  the  sixth 
vessel  the  water  has  in  solution  the  whole  amount  of 
sugar,  excepting  about  ij  per  cent.  The  sugar,  as 
it  is  taken  out,  is  replaced  by  water  in  the  slices  of 
cane.  By  this  is  manifest  the  excess  of  water  in  diffu- 
sion juice  beyond  what  is  in  mill  juice.  With  more 
changes  of  vessel  the  difference  would  decrease,  but 
there  would  always  be  an  excess  of  water  to  be 
evaporated.  Practical  working  is  said  to  have  sho'wn 
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this  to  be  from  15  to  20  per  cent.  On  the  other 
hand,  in  the  mill,  the  water  imbibed  by  the  megass 
previous  to  the  second  crushing,  is  not  far  short  of 
half  the  amount  of  juice  contained  originally  in  the 
cane,  if  not  as  much  as  the  quantity  expressed  by  the 
first  pressure,  and  therefore  an  excess  of  from  50  to 
60  per  cent.  What  then  becomes  of  a chief  objection 
to  diffusion,  the  great  diluting  of  the  cane-juice. 
The  dilution  is  greater  by  imbibition,  and  yet  one 
moiety  of  the  sugar  got  by  imbibition  pays  the  cost. 
The  other  moiety  is  found  money.  Much  capital  is 
fixed  in  mill  machinery,  doubtless,  and  it  remains  to 
make  the  most  of  it.  The  greater  number,  by  far  per- 
haps, of  planters  work  \\dth  borrowed  money,  and  they 
are  not  at  present  lilcely  to  obtain  further  advances, 
in  order  to  make  changes,  or  set  up  new  apparatus. 
Yet  the  time  ^^dll  come  for  them,  or  new  men,  to  try 
increased  production,  by  using  the  most  recent  and 
approved  methods  and  appliances.  The  benefit  to  be 
derived  from  new  inventions  is  not  always  immediate 
or  certain.  But  the  cane-sugar  producers  have  had 
the  beet-sugar  producers  in  the  way  before  them,  to 
bear  the  burden  of  experiment  and  demonstration. 
Cane-sugar,  it  will  not  be  gainsaid,  can  be,  even  now, 
produced  at  less  cost  than  beet- sugar.  The  varieties 
of  soils  yielding,  some  more,  some  less,  and  the 
diversities  of  mills  working,  some  better,  some 
worse — make  it  almost  impossible  to  strike  the 
balance  of  expenditure.  But  the  make-weight  on 
the  side  of  the  cane  will  be  equal,  it  may  be  fairly 
assumed,  to  2s.  per  cwt.,  the  supposed  bounty  on 
beet,  if  not  more.  Nor  will  it  be  denied  that  there 
is  more  room  for  the  cane  than  is  left  for  the  J?eet,  to 
develop  and  improve,  in  growth  and  manufacture. 
The  beet  has  no  future  to  look  to,  in  comparison 
with  the  possibilities  in  view  of  the  cane. 

But  the  cane-sugar  planter  and  the  merchant  have 
little  encouragement  given  them,  to  embark  more 
capital  and  skill  in  the  enterprise  of  the  production, 
by  the  refiner  who  has  the  distribution  of  the  sugar. 
Cane-sugar  or  beet-sugar  it  is  all  “ David  and  Davie  ” 
to  the  refiner.  He  mixes  the  one  with  the  other  in 
the  manufacture  of  loaf  or  lump  sugar,  and  says 
there  is  no  difference.  The  mixture  may  even  seem  to 
be  an  improvement,  like  chicory  with  coffee,  to  debased 
tastes ; and  unfortunately  there  is  no  pure  cane-lump 
to  be  had  now-a-days  to  correct  the  standard  of  taste. 
Beet-sugar  is,  nevertheless,  inferior  to  cane-sugar  in 
many  ways.  It  is  not  equal  in  sweetness,  the  crystals 
are  smaller,  and  it  is  of  a duller  more  opaque  colour. 
To  brighten  up  the  colour,  the  practice  of  “blueing” 
was  borrowed  from  the  laundry,  and  as  one’s  linen 
50  the  sugar  is  imbued  with  a factitious  liveliness  of 
appearance.  Cane-sugar  can  do  without  this  artificial 
aid,  and  the  blueing  might  be  for  a sign  to  the  con- 
sumer which  of  the  two  sugars  to  choose.  The 
treacle  too,  or  drainage,  from  the  refined  beet  has  not 
the  sweet  smelling  savour  of  that  from  the  cane,  and 
though  in  the  form  of  golden  syrup  it  is  made  entic- 
ing to  the  eye,  it  is  neither  so  pleasing  to  the  taste, 
nor  so  wholesome  as  pure  cane  syrup.  And  treacle 


is,  or  was  preeminently  the  sweet  of  the  children  of 
the  poor.  The  sugar  planter  has  perhaps  no  claim 
on  the  refiner  for  active  aid  and  assistance  in  his  con- 
test with  the  beet  grower.  But  a business  feeling,  it 
might  be  supposed,  would  incline  the  refiner 
towards  the  exercise  of  a benevolent  neutrality. 
And  yet  the  refiner  is  so  inconsiderate  as  to 
subsidise  the  common  adversary  of  himself  and 
the  planter.  For  what  else  is  it  but  a subsidy  to 
give  money  to  receive  goods  in  aid  of  his  trade.  If 
the  refiner  will  be  apparently  so  impolitic,  it  ishardly 
reasonable  in  him  to  complain  of  the  business  going 
out  of  his  power  and  failing  him.  But  it  is  shrewdly 
thought  that  we  cannot  be  doing  a very  unprofitable 
trade  with  cane-sugar  at  the  reduced  prices  so  long 
prevalent. 

The  conclusion  of  the  whole  matter  is  that  we 
have  been  unable  to  hold  our  own,  and  have  retro- 
graded. But  the  supremacy  that  has  passed  into  the 
hands  of  the  beet-sugar  producers  cannot  be  left  un- 
challenged. It  will  not  be  creditable  to  the  spirit 
and  enterprise  of  this  country,  the  most  deeply- 
engaged  of  any  in  the  cane-sugar  industry,  if  the 
technical  perfection  exhibited  in  all  the  work  of  beet- 
sugar  production  is  not  attained  to  in  cane  culture 
and  manufacture.  The  beet-sugar  cultivators  and 
fabricant  have  secured  a firm  footing,  fixed  on  and 
buttressed  by  the  agricultural  and  fiscal  systems  of 
their  country,  but  none  can  doubt  that  with  a long 
pull,  a strong  puU,  and  a pull  altogether  by  planter, 
merchant,  and  refiner,  the  tug  of  war  would  end  in 
favour  of  the  cane. 


COLONIAL  AND  INDIAN  EXHIBITION.', 

The  Nizam  of  Hyderabad  has  appointed  Major 
NeviU,  commander  of  the  State  regular  forces,  to  be 
his  commissioner  for  this  Exhibition.  The  consign- 
ment of  the  products  of  Bengal  and  the  North-West 
Provinces  will  be  despatched  on  the  close  of  the  local 
exhibitions  at  Calcutta  and  Lucknow ; those  from 
Cashmere  and  Madras  have  been  already  forwarded, 
and  most  of  the  other  provinces  are  displaying  con- 
siderable activity.  The  Agricultural,  Forest,  and 
Revenue  Departments  are  assisting  in  the  ethnological 
and  economic  collections ; and  it  is  expected  that 
these  exhibits  will  be  shortly  on  their  way  to  England. 


COMMERCE  IX  TRIPOLI  IX  1884. 

The  total  value  of  the  exports  and  imports  in 
Tripoli  during  1884  amounted  to  15,344,000  frs.,  of 
which  7,310,600  frs.  for  imports,  and  8,033,400  frs . 
exports. 

The  number  of  merchant  vessels  that  entered  the 
port  of  Tripoli  during  the  same  year  was  6rS, 
amounting  to  196,909  tons  registered. 
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Amongst  the  manufactured  goods,  to  the  value  of 

276.000  frs.  were  imported  from  England,  and 
from  417,000  frs.  from  other  countries.  The  English 
goods  were  for  the  greater  part  cotton,  and  especially 
calicoes,  of  which  large  quantities  are  consumed 
throughout  the  country.  Other  goods,  such  as  gold 
and  silver  brocades,  silks  and  satins  of  bright  colours, 
are  in  great  demand. 

Rice,  to  the  value  of  225,000  frs.,  is  principally 
imported  from  Italy,  and  the  greater  part  is  used  for 
the  army,  very  little  being  used  by  the  natives. 

The  imports  of  iron  to  Tripoli  from  Malta  amounts 
in  value  to  110,500  frs.,  the  greater  part  being 
supplied  from  that  island.  Belgian  merchant  bars 
are  preferred  to  English ; tools  are  supplied  from 
both  countries,  but  nails  are  chiefly  furnished  by 
Belgium.  Glass-ware,  such  as  bottles,  glasses,  &c., 
are  chiefly  imported  from  Belgium,  Marseilles  or 
jSIalta,  which  latter  places  supply  crockery,  lamps,  &c. 

Groceries,  such  as  sugar,  coffee,  &c.,  are  supplied 
to  the  value  cf  1,250,000  frs.,  either  from  Malta  or 
Marseilles. 

The  principal  articles  of  exportation  are  ostrich 
feathers,  which  are  brought  from  the  interior  by 
caravans,  but  are  chiefly  sent  to  England  or  France, 
and  represent  a value  of  4,600,000  frs. 

Ivory  also  forms  an  important  trade,  and 
in  1884  the  exports  amounted  in  value  to  about 

200.000  frs. 

The  value  of  Esparto  grass,  exported  principally 
to  England,  was  1,736,000  frs. ; wooUen  goods  were 
exported  to  the  value  of  259,000  frs.  About  a 
quarter  of  the  population  are  engaged  in  this  industry, 
and  a ready  sale  is  found  for  carpets,  blankets,  &c., 
both  in  the  country,  and  for  export. 


EMER  Y MINES  OF  ASIA  MINOR. 

Although  emery  stone  is  found  in  nearly  all  parts 
of  Asia  Minor,  and  not  unfrequently  in  the  remote 
and  almost  inaccessible  regions  of  the  interior,  where 
the  natural  obstacles  are  too  great  to  offer  any  induce- 
ment to  the  miner,  the  principal  mines  are  confined 
to  the  districts  of  Thyra  and  Aidin.  These  mines, 
says  Consul  Stevens,  of  Smyrna,  are  the  Tchavus, 
the  Hassan  Tchavuslar,  the  Aladjali-Tchiflik  and 
Kourchak,  the  Halka,  the  Akdere,  and  the  Gumush 
Dogh.  There  is  another  mine  near  Milassa,  the 
stone  from  which  is  brought  for  shipment  to  a place 
on  the  coast  called  Kuluk,  near  the  GulfofMendalio, 
and  is  either  shipped  direct  from  that  place  to  foreign 
markets,  or  brought  to  Smyrna  in  small  sailing  craft 
for  re- shipment.  When  well  picked  and  freed  from 
unsound  ore  and  rubbish,  the  emery  from  the  Tchavus, 
Hassan  Tchavuslar,  and  Aladjali-Tchiflik  mines  is  of 
good  and  nearly  equal  quality.  The  Akdere  stone 
is  not  so  much  sought  after,  while  that  excavated 
near  Milassa,  the  larger  part  of  which  finds  purchasers 
in  the  United  States,  is  of  inferior  quaiity,  the  grain 


being  smooth  and  a considerable  quantity  of  magnetic 
iron  entering  into  its  composition.  The  amount  of 
stone  annually  shipped  from  Smyrna  to  Great  Britain, 
the  United  States,  France,  Germany,  and  Belgium,, 
averages  7,000  tons,  the  relative  quantity  consumed 
in  each  country  being  in  the  order  named.  The  pro- 
cess of  extraction  is  as  follows  : — The  mines  are 
opened  by  wells  and  galleries,  and  the  stone  is 
obtained  in  most  instances  by  blasting,  gunpowder 
and  dynamite  being  freely  used  to  extract  it  from 
between  blocks  of  marble  or  masses  of  granite.  The 
overseers  and  principal  workmen  at  the  mines  are 
Italians,  who  are  paid  at  the  rate  of  three  shillings 
and  sixpence  a day,  while  the  native  workmen  only 
receive  about  half  this  amount.  The  emery  is  picked 
daily  at  the  mines  as  fast  as  it  can  be  extracted,  in 
some  cases  not  one  half  the  quantity  being  selected. 
It  is  then  conveyed  by  camels  to  the  nearest  railway 
station,  and  from  thence  to  Smyrna,  where  it  is 
generally  picked  again  previous  to  shipment.  When 
the  mines  are  situated  on  heights  inaccessible  to 
camels,  the  ore  is  brought  down  to  the  plains  by 
donkeys,  and  if  the  pieces  are  too  large  to  be  carried 
by  camels  they  are  brought  to  the  station  in  carts, 
drawn  by  buffaloes.  The  mines  are  worked  upon 
the  strength  of  concessions  termed  firmans^  granted 
by  the  Imperial  Government  for  a period  usually  of 
ninety-nine  years,  or  in  cases  where  the  emery  has 
been  found  on  nacouf  property,  that  is,  property 
belonging  to  the  Turkish  religious  institutions,  by 
special  permit  of  the  department  at  Constantinople 
which  administers  the  nacouf  estates,  and  exacts 
payment  to  them  of  so  much  per  quintal,  A firma7i 
or  concession  during  the  period  it  is  in  force  can  be 
sold,  transferred,  and  transmitted  by  inheritance,  like 
other  property  in  Turkey,  provided  due  notice  be 
given  to  the  department  of  mines  at  Constantinople 
and  authorisation  formally  obtained. 


LACQUER  WORK  OF  THE  FURMANS, 

The  Burmese  lacquer  work  is  not  unlike  that  of 
China  and  Japan,  but  is  made  exclusively  of  small 
bamboo  strips.  These  latter  are  woven  into  circular 
boxes  of  all  sizes,  from  betel-pouches  to  house- 
trunks.  The  first  step  in  the  lacquering  is  to  smear 
the  box  with  a mud  containing  (or  not,  according  to 
quality)  a proportion  of  the  black  varnish  called 
thittsee,  obtained  from  Melattorrhcea  usitatissima. 
Next  follow  sun-drying,  and  polishing  in  a lathe  ^vith 
soft  sandstone  and  water.  A coat  of  the  varnish, 
mixed  with  bone-ash,  is  then  applied,  and  rubbed 
down ; another  coat,  containing  less  bone-ash,  and 
another  rubbing  down,  succeed ; then  a final  coat  of 
varnish  is  polished,  giving  the  box  a smooth,  bril- 
liant, black  surface.  The  pattern  is  put  on  in  black 
and  red.  First,  black  lines  are  run  round  the  box  by 
a kind  of  style  or  point,  fixed  in  a bit  of  wood  or 
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bamboo,  so  as  to  leave  a slight  projection,  the  point 
being  charged  with  black  varnish ; on  rotating  the 
box  in  the  lathe  in  contact  ^vith  this  style,  the  neces- 
sary' black  lines  are  produced  in  relief.  These  being 
completed,  the  box  is  entirely  covered  with  a coating 
of  a red  paint  made  from  vermilion  ground  up  in  a 
vegetable  oil  {shantsee)y  so  thick  as  to  conceal  all  the 
black  lines.  This  dry,  a rubbing  down  with  rice- 
husks  and  water  in  the  lathe  removes  the  red  colour 
from  the  prominent  black  lines.  Any  additional 
colours  are  successively  applied,  and  the  pattern 
developed  by  a steel  style,  pointed  at  one  end  and 
flattened  at  the  other.  The  market  value  of  the 
finished  box  depends  on  its  elasticity  and  the  fineness 
of  the  pattern.  The  best  will  suffer  bending  double, 
without  injury  to  the  lacquer  ; a 3-inch  betel-box  of 
this  quality  may  fetch  as  much  as  a couple  of 
guineas. 


CHEMICAL  TRADE  IN  1885. 

Soda,  one  of  the  leading  articles  of  the  northern 
chemical  trade,  is  at  the  present  time  at  about  the 
lowest  price  known  in  the  history  of  the  trade,  and 
the  competition  with  some  of  the  foreign  makers 
seem  rather  increasing  than  decreasing.  At  the 
beginning  of  the  present  year  the  price  of  crystals  on 
the  T}me  was;^2  9s.  per  ton,  and  it  rose  3s.  to  4s.  in 
the  height  of  the  shipping  season,  but  it  has  now 
sunk  tO;^2  IS.,  a price  which  entails  a loss  estimated 
at  from  4s.  to  8s.  per  ton.  The  price  of  soda  ash  has 
fallen  to  a fully  corresponding  extent.  It  is  believed 
that  the  extent  of  the  production  has  been  reduced, 
and  it  is  well  known  that  the  associated  makers  have 
been  tiydng  by  combination  to  prevent  that  great 
decline  in  price,  but  so  far  without  success.  The 
competition  has  already  crushed  out  one  of  the 
smaller  manufactories  on  the  Tyne,  and  is  likely  to 
crush  out  others  unless  there  should  be  a change  in 
the  position  of  the  trade.  There  have  been  some 
features  which  serve  as  a set-off  to  these  low  prices  it 
is  true,  for  the  price  of  sulphur  has  been  reduced 
considerably,  and  another  of  the  raw  materials — salt — 
has  also  been  easier  to  buy ; but  these  reductions  are 
only  believed  to  have  shghtly  lessened  the  loss  on  the 
production  of  soda.  The  older  process  in  that  manu- 
facture— the  Leblanc  process — is  still  universal  on  the 
Tj'ne,  and  every  year  the  competition  of  the  new 
ammonia  process  is  growing  keener,  not  only  at 
home  but  abroad,  so  that  less  help  than  would 
formerly  have  been  given  is  obtained  from  the  cheap- 
ness of  sulphur  and  salt.  In  the  production  of  soda 
by  the  older  process  there  is  given  out  what  was 
formerly  a waste  product,  but  is  now  a very  valuable 
one — that  from  which  bleaching  powder  is  made. 
Owing  to  the  reduced  production  of  soda  by  the 
older  process,  and  by  the  effect  of  a combination 
of  the  bleaching  powder  makers  of  the  United 
Kingdom,  the  price  of  that  article  has  been 
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very  materially  raised  of  late  years,  and  in  the 
year  1885  the  price  has  been  fairly  maintained 
over  the  whole  of  the  year,  for  at  the  beginning 
the  price  was  £6  5s.,  and  at  its  end  it  is  £(j 
per  ton— a price  which  is  fully  50  per  cent, 
above  that  of  a few  years  ago.  So  long  as  that  high 
price  is  obtainable,  so  long  will  there  be  a production 
of  soda,  even  at  a loss,  by  the  older  process,  and  the 
maintenance  of  the  price  may  be  said  to  depend  on 
the  retention  of  the  monopoly  of  the  make  by  the 
Leblanc  process,  and  the  continuance  of  the  com- 
bination of  the  makers.  Bleaching  powder  is  for 
the  time  the  staff  on  which  the  chemical  trade  of  the 
north  depends,  though  there  has  been,  and  will  be 
a considerable  gain  to  the  producers  of  chemicals  in 
the  north,  owing  to  the  large  development  of  pro- 
duction of  salt  in  South  Durham.  Prior  to  the 
utilisation  of  the  stores  of  salt  in  South  Durham,  the 
bulk  of  that  material  was  obtained  from  the  Cheshire 
salt  makers,  and  the  price  of  the  salt  was  almost 
doubled  by  the  cost  of  its  carriage  to  the  Tyne.  As 
yet  the  full  benefit  in  price  of  the  enlarged  produc- 
tion of  South  Durham  has  not  been  obtained,  the 
competition  having  been  limited  ; but  it  is  considered 
certain  that  the  output  of  salt  will  increase.  It  may, 
however,  lead  to  the  production  of  soda  in  South 
Durham  on  a large  scale,  for  there  are  now  in  suc- 
cessful operation  alkali  works  at  Port  Clarence.  The 
Tyne  chemical  trade  seems,  therefore,  still  menaced 
by  the  increasing  competition  in  the  alkali  trade. 
Any  general  revival  of  trade  would  add  to  the 
demand  for  chemicals  considerably ; but  the  cheaper 
method  of  production  in  those  districts  where  salt  is 
procurable  in  the  form  of  brine  seems  certain  to 
^ leave  to  the  chemical  trade  on  the  Tyne  only  the 
profit  which  remains  on  that  article  of  which  they 
still  have  the  monopoly  of  the  manufacture.  The 
continuous  fall  in  the  price  of  soda,  which  was  only 
a few  years  ago  about  £^  per  ton,  and  is  now  about 
one-half  that  sum,  has  brought  with  it  some  attempt 
to  minimise  the  cost  of  production  ; but  it  is  difficult 
to  do  this  as  rapidly  by  the  older  process  as  by  the 
newer  one,  and  it  is  this  new  process,  especially 
abroad,  which  seems  gradually  reducing  the  area  for 
the  sale  of  that  article  for  which  the  Tyne  chemical 
trade  has  long  been  noted — soda  crystals. — The 
Times. 


THE  FORESTS  OF  FRANCE. 

The  United  States  Consul  at  Paris  says  that  of  all 
the  forest  wealth  of  France  there  only  remain  in 
round  numbers  22,000,000  acres,  the  greater  part  of 
which  is  composed  of  woods  of  simple  growth; 
there  is,  moreover,  an  almost  equal  extent  of  un- 
cultivated grounds  which  are  generally  the  remains  of 
old  forests  that  have  been  destroyed.  From  1791  to 
the  present  time,  the  extent  of  woodland  property 
has  constantly  decreased.  The  State  ow’ned  in  179L 


132 


JOURNAL  OF  THE  SOCIETY  OF  ARTS, 


{January  i,  i8S6. 


according  to  reports  of  that  epoch,  4,213,088  acres  ; 
in  1795,  6,406,939  acres;  in  1820,  3,001,362  acres ; 
in  1830,  2,777,148  acres;  while  at  the  present  time 
there  only  remain  2,389,887  acres.  Since  the  year 
1820,  more  than  741,342  acres  of  forest  belonging  to 
the  State  have  been  sold  to  private  individuals.  The 
tract  of  communal  forests  and  of  woodland  owned 
by  private  persons  has  decreased  in  still  greater  pro- 
portion. For  the  last  fifty  years  more  than 
1,112,013  acres  of  forests  owned  by  private  owners 
have  been  cut  down.  During  the  same  period,  from 
1790  to  1880,  Austria  increased  its  forest  area  by 
694,871  acres,  and  during  the  past  twenty  years  the 
forests  of  Bavaria  have  gained  129,971  acres.  The 
same  progression  is  to  be  observed  in  Switzerland. 
From  returns  which  have  recently  been  published,  it 
appears  that  France  has  only  99  square  rods  of  wood- 
land per  inhabitant,  while  the  average  is,  in  Russia,  135 
square  rods,  Bavaria  185,  Wurtemburg  138,  Baden  143  ‘ 
and  Austria-Hungary  202.  France  therefore  stands 
an  a position  of  inferiority  with  regard  to  neighbouring 
•countries.  The  French  cnstoms  return  show  that 
while  in  1830  the  value  of  the  wood  imported  only 
amounted  10^850,000,  it  now  exceeds;i68,ooo,ooo,  an 
increase  of  ^7,150,000  in  fifty  years.  The  exports 
for  the  same  period  only  increased  to  the  extent  of 
^1,280,000.  Large  quantities  of  staves  are  annually 
required  by  those  engaged  in  the  wine  industry,  and 
as  the  number  of  oaks  of  the  proper  size  is  insufficient 
■to  supply  the  necessary  quantity,  recourse  is  had  to 
importation.  It  is  stated  that  the  average  value  of 
these  articles  annually  imported  into  France,  amounts 
to  about  262,000,000.  The  imports  of  sawn  timber 
-exceed  the  exports  by  ;^579,ooo  for  oak,  and  by 
^4,671,000  for  pine,  with  an  increase  of  nearly 
930,000  over  the  preceding  year.  France  now 
only  produces  from  900,000  to  1,000,000  cubic  yards 
-of  pine.  It  imports  from  Sweden  and  Norway 
130,000,000  to  160,000,000  yards  of  planks,  valued  at 
^63, 088, 000,  and  about  654,000  cubic  yards  of  timber 
valued  at  ^772,000.  The  total  imports  of  wood  into 
France  from  Sweden,  amounted  last  year  10^^2,536,000, 
and  from  Norway  to  ^1,018,000.  Germany,  from 
which  France  received  in  1865  only  ,^500,000 
worth  of  wood,  now  sends  about  389,000  worth. 
Germany  also  receives  in  exchange  ^96,000  worth  of 
forest  products,  and  supplies  a great  part  of  the 
French  railway  sleepers.  Imports  into  France  from 
Austria  have  also  largely  increased.  In  1865,  they 
only  amounted  to  ;,6i,27o,ooo,  whereas  they  now 
amount  10^2,169,000.  The  staves  manufactured  in 
Croatia,  Slavonia,  Southern  Hungary,  and  Russia,  are 
mow  reserved  almost  exclusively  for  exportation  to 
France,  and  these  countries  supply  France  with  over 
•8,000  cubic  yards  of  staves.  France  receives  from 
■Switzerland,  timber  to  the  value  of  ,^6798, 000,  and 
the  value  of  her  exports  to  that  country  only  amount 
tO;^3i,ooo.  Italy,  though  it  is  poor  in  woodland, 
exports  to  France  about  ;i^355,ooo  worth  of  timber, 
and  only  imports  from  that  country  about  ^69,000 
worth. 


ORANGE  AND  LEMON  CULT/NAT/ON  IN 
SICILY, 

Consul  Woodcock,  of  Catania,  states  that  oranges 
and  lemons  are  designated,  in  Sicily,  marina  and 
montano,  the  former  growing  in  the  low’er  altitudes 
near  the  sea,  and  the  latter  on  the  mountains.  The 
montano,  or  mountain  fruit,  is  the  choicest,  and  com- 
mands the  best  prices  in  the  market,  but  the  crop  is 
not  so  sure,  owing  to  the  frost.  The  marina  orchards 
bear  more  abundantly,  and  the  crop  is  more  certain. 
In  commencing  an  orange  or  lemon  orchard,  the 
following  is  the  method  adopted  : — First,  the  seed  of 
the  bitter  orange  is  planted,  and  when  the  young 
plants  are  a year  old,  they  are  transplanted.  When 
they  have  grown  to  be  about  one  inch  in  diameter, 
that  is,  when  they  have  attained  the  age  of  three 
to  four  years,  they  are  again  transplanted,  and  placed 
in  the  orchard  where  they  are  intended  to  remain. 
The  tops  of  the  young  trees  are  then  cut  off  about 
four  feet  above  the  ground,  and  when  they  have 
taken  firm  root,  the  best  varieties  of  the  orange  and 
lemon  are  budded  upon  the  stock.  Two  buds  are 
generally  inserted,  and  upon  opposite  sides  of  the 
plant.  From  these  buds,  branches  shoot  out,  and 
when  a quarter  of  an  inch  in  thickness,  become  of  a 
reddish  colour.  The  distance  to  be  maintained 
between  the  lemon  trees  in  the  orchards  depends 
upon  the  situation  of  the  ground,  and  conditions  of 
soil  and  climate ; usually  it  varies  from  thirteen  to 
nineteen  feet.  When  the  soil  is  loose,  rich,  and 
easily  cultivated,  the  lemon  trees  are  planted  at  least 
nineteen  feet  apart,  as  they  will  then  grow  luxu- 
riantly and  attain  considerable  size.  The  distance 
maintained  between  the  orange  trees  is  from 
thirteen  to  fourteen  feet,  and  this  varies  in  accord- 
ance with  the  situation  and  quality  of  the  soil, 
as  in  the  case  of  the  lemon.  The  ground  in  the 
orchards  between  the  trees  is  always  cultivated,  and 
great  care  is  taken  to  keep  it  scrupulously  clean. 
The  soil  is  worked  at  least  five  times  a year,  com- 
mencing in  March  and  ending  in  October.  When 
the  trees  are  young  and  small  it  is  not  considered 
necessary  to  work  the  soil,  as  it  is  believed  that  the 
vegetable  growth  protects  the  young  plants  from  the 
too  powerful  rays  of  the  sun.  The  annual  cost  of 
cultivation  in  the  best  orchards  per  hectare  (the 
hectare  being  equivalent  to  2-47  acres)  is  esti- 
mated at  about  ^30,  but  where  extraordinary  out- 
lays are  necessary,  such,  for  instance,  as  is  incurred 
when  there  are  streets  running  through  the  orchards, 
as  is  often  the  case  in  the  lava  covered  soil  of  Sicily, 
or  through  the  necessity  of  obtaining  steam  power 
for  irrigation,  the  cost  per  annum  is  sometimes  as 
much  as  ;^8o  per  hectare.  On  the  average,  a lemon 
tree  produces  in  Sicily  one  thousand  lemons  annually, 
and  an  orange  tree  six  hundred  oranges,  and  cases 
have  been  known  where  trees  have  produced  ten 
times  this  amount  of  fruit.  The  trees  are  subject  to 
various  diseases.  A parasite  growth  of  a fungus 
nature  frequently  appears  upon  the  bark,  and  the 
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lemon  tree  is  more  subject  to  this  than  the  orange. 
This  growth,  after  a heavy  rain,  or  after  being  soaked 
in  water,  can  be  removed  by  scraping.  The  fruit  of 
both  the  orange  and  lemon  tree  is  also  sometimes 
injured  by  a small  insect  which  makes  its  appearance 
at  the  beginningof  summer,  and  commences  its  work 
of  devastation  by  depositing  its  eggs  in  the  fruit 
itself,  and  these  develop  into  grubs,  which  entirely 
destroy  it.  As  a preventitive,  tar  water  and  water 
slightlytinctured  with  kerosene,  are  used  to  wash  the 
leaves  and  fruit,  and  soda  ash  is  also  frequently 
■employed.  In  picking  the  fruit  for  exportation, 
which  is  usually  done  by  hand  in  the  month 
■3  f November,  the  greatest  care  is  taken  to  avoid 
bruising  or  injuring  it  in  any  way  by  rough  hand- 
ling, and  it  is  then  placed  very  gently  in 
baskets  lined  with  cloth.  The  stem  is  left  on 
the  fruit,  cutting  it  about  a quarter  of  an  inch 
from  the  surface  of  the  fruit.  Before  placing  the 
fruit  in  the  boxes,  all  insects  and  other  injurious 
matter  are  removed.  The  boxes  generally  used  are 
■capable  of  holding  from  two  hundred  and  fifty  to 
three  hundred  and  sixty  oranges  or  lemons,  and  are 
made  with  a partition  in  the  centre.  They  are 
lined  with  common  silk  paper,  and  each  orange 
or  lemon  is  encased  in  the  same  kind  of  paper 
before  being  placed  in  them.  The  boxes  are  not 
made  air  tight,  but  interstices  are  left  between  the 
boards  for  ventilation.  Lemons  gathered  in  the 
month  of  November,  and  thus  packed,  are  supposed 
to  keep  without  spoiling  for  six  months,  but  oranges 
will  not  keep  so  long. 


INQUESTS  ON  FIRES. 

According  to  The  Times  it  is  under  consideration 
by  the  City  Corporation  to  obtain  powers  to  re- 
introduce the  ancient  custom  of  holding  courts  of 
inquiry  as  to  the  cause  of  fires  occurring  within  the 
City  boundary.  The  subject  has  been  under  the  con- 
sideration of  the  authorities  for  some  time  past,  but 
their  attention  has  been  directed  towards  it  more 
particularly  in  consequence  of  the  fires  the  origin  of 
which  is  “ unknown”  reaching  the  high  per-centage 
of  25.  Formerly  the  coroners  throughout  the  king- 
dom held  inquests,  not  only  upon  deaths  and  fires, 
but  upon  burglaries  and  robberies.  Although  the 
practice  had  been  discontinued  some  four  centuries, 
it  was  re-introduced  in  1845  t»y  Mr.  Serjeant  Payne, 
who  held  altogether  some  70  inquiries.  The  ques- 
tion was  much  debated  as  to  its  legality  and  also  as 
to  its  utility,  but  it  was  finally  settled  in  i860,  when 
Lord  Chief  Justice  Cockburn,  Mr.  Justice  Wight- 
man,  and  Mr.  Justice  Blackburn  decided  that  the 
coroner  of  Manchester  had  no  power  to  hold 
inquests  on  fires  unless  it  was  specially  given 
him  by  the  Legislature.  This  decision  applies  to 
the  whole  of  England  except  Northumberland, 
where  by  custom  the  holding  of  inquests  on  fires 
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times.  The  principal  fire  insurance  . : 

in  favour  of  the  coroner  Ix'ing  V(.  • = , 1 

additional  power,  as  is  also  the  .M'  *'-;  -.!:!  r.  i r , 
of  Works.  Captain  Shaw,  while  a . r ri  r 
desirability  of  the  establishment  of  ; 
afraid  there  are  insurmountable  duf  L. 
among  them  expense,  in  the  way.  At  ? • * . 
meeting  of  the  Court  of  Common  h 
recommending  the  institution  of  a R ‘V  ^1 
on  the  whole  subject  will  be  discu  , 

This  subject  has  been  discu;  -J  m-*  ' 

Society  of  Arts.  After  the  rcadin.-  4 t ■ ■ 

Cornelius  Walford’s  paper  on  J-.  .‘.ru  ' 
and  Property  by  Fire,”  on  F-bru.->ry  1^'  . \ ; 

Mr.  Serjeant  Payne’s  letter  on  fir-  • v : 

(see  Journal^  vol.  xxxi.,  p.  371  ; - I ..t  ^ 

held  by  the  Society  on  May  31,1  3,  t*- 

resolution  was  passed: — “ 'Jhal  in  c 
serious  loss  of  property  l^as  > 1 t r 

provision  ought  to  be  made  for  h <1  ’.m  ’ 

inquiry  by  some  competent  authority. ” 


General  Notes. 

4 

Basic  Process. — The  follo^^'ing  fig^Jres  give  the 
progress  of  basic  or  Thomas-Gilchrisl  procc'^  f >r  ten 
months  ending  September  30th,  iS.S5.  The  totJ 
make  of  steel  and  ingot  iron  made  from  pho'-phnrjs 
pig  during  this  period  amounts  to  945.31 7 ton^..  being 
an  increase  over  the  make  of  the  prerious  ten  month  s 
of  about  10  per  cent.  It  is  noticeable  that  of  this 
make  no  less  than  600,183  tons  was  ingot  iron  con- 
taining under  • 18  per  cent,  of  carbon,  used  for  wire, 
sleepers,  tin  plates,  tubes,  boiler  and  ship  plates,  a :. 
The  makes  of  the  various  countries  are  as  follow- : — 

Tons  CMr*  I r 


Tons. 

•18  per  c-'-:  ■■:'  < 

England  . 

145*707 

of  this  70. '^03 

Germany 

Austria 

and  1 

....  ) 

617,514 

„ 4-4.^'^ 

France 

13O0S3 

„ 62.340 

Belgium 

and  1 

other  coun-  t 

51,514 

,.  42.IR 

tries  . . 

1 

945,317 

6 '>0.1 '^3 

MEETINGS  OF  THE  SOCIETY. 
Ordinary  Meeting:^. 
Wednesday  evening^s,  at  Eight  o'clock  : — 
The  following  D.vtes  h.we  hfen  viNro. 
January  13. — “Museums  for  Trade  Pattenv^. 
By  Wm.  H.  Ablett. 

January  20. — “Results  of  Experirnc...'"-  c. 
Mechanical  ISIotors  for  Tramw.iys  nu  ie  by  thc<  on  - 
mission  at  the  Antwerp  Exhibition.  B.' 
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Douglas  Gallon,  D.C.L.,  C.B.,  F.R.S.  Sir 
Frederick  Abel,  D.C.L.,  C.B.,  F.R.S.,  Chair- 
man of  Council,  will  preside. 

January  27. — “ Machinery  in  Mines.”  By 
Henry  Davey.  Sir  Frederick  Bramwell, 
F.R.S. , will  preside. 

February  3. — “Artistic  Bronze  Casting.”  By 
George  Simonds. 

Dates  to  be  Hereafter  Announced  : — 

“The  Treatment  of  Sewage.”  By  Dr.  C. 

Meymott  Tidy, 

“ Calculating  Machines.”  By  C.  V.  Boys. 

“ Domestic  Electric  Lighting.”  By  W.  H. 
Preece,  F.R.S. 

“The  Experiments  with  Lighthouse  Illuminants  at 
the  South  Foreland.”  By  E.  Price  Edwards. 

Foreign  and  Colonial  Section. 

Tuesday  evenings,  at  Eight  o’clock  : — 

January  26. — “The  Importance  of  a National 
Scheme  of  Emigration  for  the  best  interests  of 
British  Commerce.”  By  Arnold  White.  The 
Most  Hon.  the  Marquis  of  Lorne,  K.T.,  will 
preside. 

February  16. — “The  Aspect  of  Affairs  in  the 
Interior  of  South  Africa.”  By  Lieut. -Col.  Sir  C. 
Warren,  R.E.,  K.C.M.G. 

March  23. — “ The  Commercial  Progress  of  New 
South  Wales.”  By  Edward  Combes,  C.M.G. 

March  2 ; April  13  ; May  18. 

Applied  Chemistry  and  Physics  Section. 

Thursday  evenings,  at  Eight  o’clock : — 

January  28. — “Magnetism  of  Ships  and  the 
Mariner’s  Compass.”  By  Wm.  Bottomley,  Jun. 

February  ii. — 

February  25. — “ Photography  and  the  Spectro- 
scope in  their  Application  to  Chemical  Analysis.” 
By  Professor  W.  N.  Hartley,  F.R.S. 

March  ii. — 

April  8. — 

May  13. — “The  Scientific  Development  of  the 
Coal  Tar  Colour  Industry.”  By  Professor  R. 
Meldola,  F.C.S. 

Indian  Section. 

Friday  evenings,  at  Eight  o’clock  : — 

January  22. — “ Bm-ma  ; the  Eastern  Country  and 
the  Race  of  the  Brahmas.”  By  J.  George  Scott 
(Shway  Yoe).  The  Hon.  Sir  Ashley  Eden, 
K.C.S.I.,  will  preside. 

February  19. — “ Historical  and  Recent  Famines 
in  India.”  By  F.  C.  Danvers,  F.S.S.,  Registrar 
and  Superintendent  of  Records,  India-office.  J.  M. 
Maclean,  M.P.,  will  preside. 

March  19. — “ Experiences  on  the  Afghan 
Frontier.”  By  William  Simpson.  Col.  Henry 
Yule,  C.B.,  will  preside. 

April  2 ; May  7,  2i. 


Cantor  Lectures. 

The  Second  Course  will  be  on  “Friction.” 
By  Prof.  H.  S.  Hele  Shaw. 

Lecture  I. — January  18. — The  Friction  of  Solids. 
Lecture  II. — January  25. — The  Friction  of  Fluids. 
Lecture  HI. — February  i. — The  INIechanical  Ap- 
plications of  Friction. 

Lecture  IV.— February  8. — The  Methods  of  Re- 
ducing Friction. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  Jan.  4.. .Chemical  Industry  (London  Section), 
Burlington-house,  W.,  8 p.m.  i.  Mr.  G.  E.  Davis, 
“The  Enrichment  of  Coal-gas  by  Hydrocarbons.” 
2.  Mr.  C.  T.  Kingzett,  “ Notes  on  Russian 
Turpentine.” 

Medical,  ii,  Chandos-street,  W.,  p.m. 

Victoria  Institute,  7,  Adelphi-terrace,  W.C.,  8 p.m. 
(At  the  House  of  the  Society  of  Arts.)  Mr.  \V 
St.  Chad  Boscawen,  “ Historical  Evidences  of  the 
Migration  of  Abram.”  With  valuable  readings 
from  newly  deciphered  inscriptions. 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m. 
Dr.  E.  Freshfield,  “ Christian  Constantinople.” 
Tuesd.W,  Jan.  5. ..Royal  Institution,  Albemarle-street,  W., 

5 p.m.  (Juvenile  Lectures.)  Prof.  Dewar,  “The 
Story  of  a Meteorite.”  (Lecture  III.) 

Pathological,  53,  Berners-street,  Oxford-street,  W., 
82  p.m.  Annual  Meeting. 

Wednesday,  Jan.  6.. .SOCIETY  OF  ARTS,  John-street, 
Adelphi,  AV.C.,  8 p.m.  (Juvenile  Lectures.)  Prof. 
S.  P.  Thompson,  “Ether  Waves  and  Electric 
Waves.”  (Lecture  II  ) 

Archaeological  Association,  32,  Sackville-street,  W., 
8 p.ra.  I.  Mr.  J.  Romilly  Allen,  “ The  Sculptures 
of  the  Norman  Doorway  at  Abne,  Yorkshire.”  2. 
Mr.  J.  W.  Grover,  “ The  Discovery  of  the  Monu- 
ments of  the  Atkins  family  at  Clapham.” 
Thursday,  Jan.  7. ..Royal,  Burlington-house,  W.,  4,^  p.m. 

London  Institution,  Finsbury-circus,  E.C.,  7 p.m. 
Prof.  Flower,  “ Cattle  of  the  Past  and  Present.” 

South  London  Photographic  (at  the  House  of  the 
Society  of  Arts),  8 p.m.  Popular  Lantern 
Display. 

Royal  Institution,  Albemarle-street,  3 p.m.  (Juvenile 
Lectures.)  Professor  Dewar,  “The  Story  of  a 
Meteorite.”  (Lectuee  IV.) 

Geologists’  Association,  University  College,  Gower- 
street,  W.C.,  8 p.m.  i.  M.  Ed  Dupont,  “Con- 
siderations on  some  Phenomena  observed  in  the 
Devonian  and  Carboniferous  Rocks  of  Belgium.” 
2.  Dr.  Henry  Woodward,  “ Supplementary  Note 
to  his  Paper  on  Wingless  Birds.”  3.  Mr.  E.  T. 
Newton,  “ Note  on  the  Large  Bird  from  the 
Eocene  of  Croydon,  found  by  H.  M.  Klaassen.” 
Friday,  Jan.  8. ..National  Society  of  French  Teachers  (at  the 
House  of  the  Society  of  Arts),  ii  a.m.  Annual 
Conference. 

Astronomical,  Burlington-house,  W.,  8 p.m. 

Quekett  Microscopical  Club,  University  College, 
W.C.,  8 p.m. 

Clinical,  53,  Berners-street,  W.,  8^  p.m. 

Saturday,  Jan.  9. ..National  Society  of  French  Teachers 
(at  the  House  of  the  Society  of  Arts),  11  a.m. 
Annual  Conference. 

Botanic,  Inner  Circle,  Regent’s-park,  N.W.,  3|p.m. 

Royal  Institution,  Abemarle-street,  W.,  3 p.m. 
(Juvenile  Lectures.)  Prof.  Dewar,  “ The  Story  ol 
a Meteorite.”  (Lecture  V.) 


The  above  dates  are  liable  to  alteration. 
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All  communications  Jot  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adeljhi,  London,  W.C. 


NOTICES. 


JUVENILE  LECTURES. 

In  the  second  of  the  two  Juvenile  Lectures  on 
“Waves,”  Prof.  Silvanus  Thompson  dealt 
with  waves  of  light  and  of  electricity.  Light 
waves  differed  from  sound  W’aves  in  that  they 
were  transverse  instead  of  longitudinal.  They 
were  transmitted  very  much  more  rapidly,  and 
their  number  per  second  was  enormously 
greater.  That  they  were,  however,  true  waves 
could  be  proved  by  their  exhibiting  the 
phenomenon  of  interference  described  in  the 
first  lecture.  It  was  shown  by  an  experiment 
that  by  a slight  retardation  of  a portion  of  the 
waves  composing  the  beam  of  light  behind  the 
remainder,  the  waves  could  be  made  to 
annihilate  one  another,  and  produce  darkness. 
Newton’s  rings  were  shown  on  the  screen,  and 
their  cause  traced  to  interference.  The  manner 
in  which  the  light  vibrations  were  propagated 
through  the  ether  was  explained,  and  the 
characteristic  described  which  it  was  necessary 
that  the  ether  should  possess  for  the  purpose, 
and  which,  therefore,  it  was  assumed  that  it 
did  possess.  Some  of  the  effects  produced  by 
polarising  light  were  shown,  and  their  cause 
explained. 

In  the  second  part  of  his  lecture.  Professor 
Thompson  showed  how  connection  could  be 
traced  between  the  waves  of  light  and  of 
electricity,  and  showed  a number  of  experi- 
ments illustrating  the  action  of  electrical 
waves. 

After  the  conclusion  of  the  lecture,  a 
unanimous  vote  of  thanks  was  passed  on  the 
motion  of  the  Chairman  (Lord  Sudeley),  who 
spoke  in  w'arm  terms  of  the  beauty  of  the  ex- 
periments w’hich  had  been  shown,  and  the 
clearness  of  Prof.  Thompson’s  explanations. 


Miscellaneous. 

~ ♦ 

COLONIAL  AND  INDIAN  EXHIBITION. 

Her  Majesty  the  Queen  has  expressed  her  willing- 
ness to  become  patron  of  the  Exhibition.  The 
following  is  a list  of  the  Executive  Commis- 
sioners appointed : — 

A.  Dominion  of  Canada.— The  Hon.  Sir  C.  Tup  per 

K.C.M.G.,  C.B. 

B.  New  .South  AVales. — 

C.  Victoria. — R.  M.  Smith,  C.M.G. 

D.  South  Australia. — Sir  A.  Blyth,  K. C.M.G. 

E.  Queensland. — James  F.  Garrick,  C.M.G.,  &c. 

F.  Western  Australia. — The  Hon.  Malcolm  Fraser, 

C.M  G.,  J.P. 

H.  New  Zealand. — Sir  F.  D.  Bell,  K.C.M.G. 

I.  Fiji.— 

K.  Cape  of  Good  Hope.— Sir  C.  Mills,  K.C.M.G. 

L.  Natal. — Sir  W.  C.  Sergeaunt,  K.C.M.G. 

M.  Ceylon. — A.  N.  Birch,  C.INI.G. 

N.  Mauritius — J.  Despeissis. 

C.  Straits  Settlements. — F.  A.  .Swettenham. 

• P.  Hong  Kong. — The  Secretary  to  the  Royal  Com- 
mission (Sir  Philip  Cunliffe-Owen). 

Q.  British  North  Borneo. — Sir  R.  Alcock,  K.C.B. 

R.  British  Guiana. — S.  H.  Plawtayne. 

S.  West  Indies. — A.  J.  Adderley,  C.M.G. 

T.  West  African  Settlements. — Sir  James  Marshall. 

V.  Malta. — Sir  V.  Houlton,  G.C.M.G. 

W.  Cyprus. — 

X.  Falkland  Islands. — The  Secretary  to  the  Royal 

Commission. 

Z.  Indian  Empire. — The  Secretary  to  the  Royal 
Commission. 

The  Hon.  T.  Risely  Griffith,  Colonial  Secretary 
for  Sierra  Leone,  has  issued  a circular  as  President 
of  the  Commission  in  that  Settlement,  to  wl«ch  is 
added  the  following  list  of  suggestions  as  to  the  sub- 
jects of  exhibit.  Mr.  Griffith  asks  for  further  sug- 
gestions, and  writes  : — “ The  committee  trust  that  the 
inhabitants  of  Sierra  Leone  and  its  dependencies  ^vill 
use  their  best  endeavours  to  contribute  to  the  adequate 
representation  of  the  colony.  They  desire  to  point 
out  that  exhibitions  of  this  nature  are  the  undoubted 
means  of  conveying  such  information  to  the  world  as 
must  create  an  interest  in  the  Settlement  and  its  pro- 
ducts, although  the  beneficial  results  may  not  be 
immediately  apparent.” 

Suggestions  for  the  Sierra  Leone  Exhibit. 

Class  I.  Literary  and  Descriptive. — Ancient  and 
modem  maps  relating  to  the  Settlement ; descriptive 
works ; views  or  photographs  of  places  or  buildings ; 
views  or  photographs  of  representative  native  cos- 
tumes, &c.  (arranged  in  tribes);  newspapers  and 
almanacks  (the  file  for  the  year,  early  newspapers,  &c.). 

Class  II.  Trade  Exports ; Raw  Material. — 
Mineral — gold,  stones.  Animal — skins  and  hides 
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(ox,  leopard,  deer,  sheep,  beaver,  goat,  monkey, 
otter),  ivory,  horn,  beeswax,  honey.  Vegetable 
(foods) — maize,  rice,  foonday,  ginger,  cocoa,  cola-nut, 
coffee,  coffee,  cassada,  sweet  potato,  yams,  pepper, 
Guinea  corn.  Oil  producing — palm-nut,  cocoa-nut, 
benni-seed,  ground-nut,  koondee,agousie,  castor  seed, 
coprah,  &c.  Gums — rubber,  cachew,  gbongbo. 
Dyes — camwood,  mangrove,  ginger-rose.  Spices — 
cinnamon,  pepper,  pimento  or  ehru,  yaray. 

Class  III.  Trade  Exports  ; Manufactured  Pro- 
ducts. — Oils  — palm-oil,  nut-oil,  cocoa-nut  oil, 
kcondee  oil.  Foods— arrowroot,  farina,  foofoo,  red 
pepper.  Miscellaneous — country  soap,  potash  or 
lubee,  starch,  shea  butter,  country  pots,  coolers. 
Jewellery — gold  and  silver  work.  Fibres — cocoa-nut , 
palm,  probo  (gperegun),  pine-apple,  mat  rope,  borro- 
borro,  and  articles  made  thereof,  such  as  hammocks, 
fishing-nets,  country  cloth,  odhn,  line,  rope,  mats, 
basket  work,  bowls,  calabashes,  brooms,  sandals, 
&c.  Leather  work — sandals,  scabbard,  'amulets 
(sebehs),  girdle,  fan  (abehbeh). 

Class  IV.  Living  Animals,  wild,  curious,  or 
useful. — Monkeys,  parrots,  snakes,  &c. 

Class  V.  Botanical. — Living  plants  or  dried  speci- 
mens—ferns,  orchids,  &c.  Medicinal — castor  oil, 
physic  nut,  egbessie,  fever  bush,  ojuologbo,  gbangba. 

Class  VI.  Timber. — For  export— teak,  African 
oak,  brimstone,  conta,  &c.  Native  use— mangroves, 
iron  wood,  cork  wood,  bush  rope  (ty-ty).  Manu- 
factured articles— bird  cages,  from  palm  rib,  country 
chairs,  sofas,  &c. 

Class  VII.  Matters  of  Interest  (curious  and  useful). 
—Native  weapons,  costumes,  &c. 

Class  VIII.  Supplies  for  Fruit  and  Vegetable 
Market.  Mangoes,  pine-apples,  bananas,  oranges, 
&c.  Preserved  fruits. 


The  Melbourne  Argus  reports  : — “ Local  arrange- 
ments in  connection  with  the  Colonial  and  Indian 
Exhibition  are  progressing  favourably.  The  exhibits 
of  wine  promise  to  be  an  important  feature  of  the 
court  of  the  colony.  Over  7,000  gallons,  represent- 
ing over  42,000  bottles,  have  been  entered,  and,  in 
addition,  a practically  unlimited  quantity  wUl  be 
available  for  sale  during  the  Exhibition.  His  Royal 
Highness  the  Prince  of  Wales  having  expressed  his 
desire  that  specimens  of  Australian  fish  might  be  ex- 
hibited in  the  aquarium  which  will  be  open  in  con- 
nection with  the  Exhibition,  the  trustees  of  the 
Melbourne  Exhibition  building  have  given  the  matter 
their  consideration,  with  a view  of  determining  if 
specimens  of  the  rarer  varieties  might  not  be  sent 
from  the  Melbourne  Aquarium.  It  has,  however, 
been  found  that  a very  great  cost  would  be  incurred 
in  sending  anything  like  an  adequate  supply  of  fish, 
and  the  project  has  therefore  been  abandoned.  It 
has  been  decided,  however,  to  forward  for  exhibition 
in  the  Victorian  court  upwards  of  100  water-colour 
drawings  of  the  fishes  of  the  colony,  which  have 
been  executed  to  the  order  of  thejjtrustees  by  a com- 


petent artist,  and  which,  it  is  hoped,  will  be  of 
interest  to  ichthyologists  and  others.  It  is  also  the 
intention  of  the  trustees  to  request  the  Government 
to  assist  them  in  the  production  of  a descriptive 
work  on  Victorian  fishes,  the  illustrations  of  which 
will  be  taken  from  the  plates  just  mentioned.  Pro- 
fessor M‘Coy  has  promised  his  assistance,  and  Mr.  J. 
E.  Sharrard,  the  secretaiy  to  the  trustees,  is  already 
engaged  in  collecting  materials  for  the  work.” 


PATENTS  IN  1885. 

The  Times  of  the  5 th  inst.  contains  an  article  on 
this  subject,  relative  to  the  appointment  of  Sir 
Farrer  Herschell,  the  Earl  of  Crawford  and  Balcarres, 
and  Baron  Henry  de  Worms,  M.P. , as  a committee 
to  inquire  into  the  working  of  the  Patent-office  under 
the  Act  of  1883. 

The  following  particulars  respecting  the  working 
of  the  Act  in  1885  are  taken  from  the  article  : — 

On  the  whole,  it  need  not  be  doubted  that  the 
Act  has  given  satisfaction  to  inventors.  Reduction 
in  fees  was  what  they  mainly  clamoured  for,  and 
this  they  got,  at  all  events  in  the  initial  stages.  If 
the  number  of  patents  applied  for  be  taken  as  a 
criterion  of  the  value  of  the  Act,  there  can  be  no 
further  question  about  it,  for  in  this  respect  its 
success  exceeded  the  most  sanguine  expectations  of 
its  promoters.  In  the  first  year  of  the  new  Act  there 
were  17,110  appHcations,  not  far  from  three  times  the 
number  in  any  previous  year,  and  in  the  year  just 
past  there  were  i6,ior.  This  falling  off  of  a thousand 
may  easily  be  accounted  for  by  the  fact  that  there 
was  a sort  of  accumulation  of  inventions  at  the 
beginning  of  1884  waiting  for  cheap  patents,  as  is 
shown  by  the  rush  to  the  Patent-office  in  the  earlier 
months  of  that  year. 

It  would  be  satisfactory  if  the  quality  of  this 
enormous  number  of  inventions  could  be  as  readily 
tested  as  their  quantity,  but  this,  unfortunately,  is 
not  possible.  One  rough  test,  indeed,  is  afforded  by 
the  number  of  applications  which  are  allowed  to 
lapse  at  their  first  stage. 

The  applications  made  in  1884,  and  which  became 
void  in  consequence  of  the  complete  specification  not 
having  been  left  within  10  months  from  the  date  of 
application,  amounts  to  7,013,  and  the  addition  of  ap- 
plications voided  for  other  reasons  brings  the  total  to 
7,064,  or  41  per  cent,  of  all  the  applications  made  in 
that  year.  The  average  number  of  applications  void 
from  a similar  cause  under  the  Act  of  1852  (which 
remained  in  force  till  January,  1884),  was  35  per  cent., 
and  in  that  case  the  additional  fee  for  the  complete 
patent  was  £20.  It  is  a little  surprising  that  the 
per-centage  should  be  increased,  and  that  a fee  of  ^^3 
should  kill  no  less  than  two-fifths  of  all  the  applica- 
tions for  patents— that  is  to  say,  that  the  inventors 
of  two-fifths  of  the  inventions  for  which  patents  are 
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applied  for  do  not  consider  them  worth  a piece 
nine  months  after  they  have  attempted  to  patent 
them.  It  used  to  be  said  under  the  former  law  that 
it  was  the  heavy  fees  in  the  initial  stages  which  killed 
patents,  but  this  is  certainly  not  now  true.  On  the 
other  hand,  it  is  to  be  admitted  that  patents  are  now 
taken  out  for  much  more  trivial  inventions  than  were 
formerly  considered  worth  the  expenditure  of  the 
higher  fees. 

It  is  some  comfort  to  think  that,  under  the  short 
amending  Act  above  referred  to,  all  the  provisional 
specifications  relating  to  these  7,000  applications  will 
be  kept  secret,  if  not  destroyed,  and  no  record  will, 
therefore,  be  preserved  of  this  vast  mass  of  incom- 
plete invention.  This  salutary  provision — which,  by 
the  way,  was  suggested  in  the  Bill  brought  in  in  1883 
on  behalf  of  the  Society  of  Arts  and  was  then 
rejected  by  the  framers  of  the  Act — will  not  only 
prevent  future  inventors  having  the  risk  of  their 
perfected  inventions  being  interfered  with  by  an 
abandoned  application,  but  the  owners  of  the 
abandoned  applications  themselves  will  be  able  to 
relinquish  their  first  claims  and  substitute  a fresh 
application,  based  on  fuller  knowledge  of  their  process 
or  theu-  machine.  It  would  appear  that  one  result  of 
this  provision  might  be  to  enable  an  inventor,  by 
constantly  renewing  his  application,  to  work  a 
process,  for  some  time  at  all  events,  in  secret,  while 
yet  having  the  advantage  of  protecting  it  by  a 
patent,  which  could  at  any  time,  if  necessary,  be 
completed,  thus  practically  defeating  the  object  of 
the  Patent  Act,  which  is,  of  course,  to  insure  the 
publication  of  information  for  the  general  good  in 
return  for  the  limited  privilege  granted  to  an 
inventor. 

It  might  be  a question  well  worth  considering 
whether  the  destruction  of  all  provisional  specifica- 
tions would  not  be  an  advantage.  In  that  case,  the 
examining  staff  would  have  to  be  relied  on  to  see 
that  an  inventor  did  not  introduce  into  his  complete 
specification  fresh  matter,  possibly  obtained  from  a 
rival. 

About  20  per  cent,  of  the  total  number  of  applica- 
tions for  patents  are  from  persons  not  resident  in  the 
United  Kingdom,  and  the  suspicion  cannot  but  arise 
that  a certain  proportion  of  this  large  per-centage 
are  applications  for  patents  made  with  the  idea  of 
preventing  the  working  of  an  invention  in  this 
country,  and  therefore  enabling  its  owners  to  supply 
English  markets  with  goods  manufactured  abroad. 
Under  the  Act  the  Board  of  Trade  have  power  to 
compel  an  inventor  to  grant  licenses.  But  the 
mandamus  by  which  this  provision  is  to  be  enforced 
cannot  reach  the  foreigner,  and  the  Board  has  no 
power  to  cancel  the  patent.  It  may  be  thought  that 
in  any  case  in  which  there  had  been  failure  on  these 
grounds  to  obtain  a license,  the  fact  of  having  applied 
for  one  would  be  sufficient  defence  to  an  action  for 
infringement ; but  this  is  one  of  those  questions  which 
remain  matter  for  speculation  until  the  Courts  have 
had  their  say  upon  it. 


OYSTER  AND  MUSSEL  CULTURE  AT 
LA  ROCHELLE. 

The  coasts  of  Charente  Inf^rieure  abound  in  a 
great  variety  of  shell-fish.  Their  formation  consists 
chiefly  of  soft  mud  and  sand,  with  long  reaches  of 
calcareous  rock,  which  are  especially  favourable  to 
the  culture  of  the  oyster  and  mussel.  Vice-Consul 
Hayes  Sadler  says  that  though  formerly  very  pro- 
ductive, the  natural  oyster  beds  in  the  Pertuis 
d’Antioche  and  the  Pertuis  Breton  became  exhausted 
from  constant  and  indiscriminate  dredging,  and  those 
which  formed  from  time  to  time  within  reach  of  the 
coast  population,  were  soon  worked  to  destruction. 
Consequently,  the  numerous  artificial  beds  once  cared 
for  became  gradually  neglected,  and  ten  years  ago 
were  partially  abandoned,  from  inability  to  procure 
the  necessary  supply  of  oyster  spat.  At  this  time, 
the  Portuguese  oyster  first  made  its  appearance,  and 
from  its  prolific  character,  a fresh  industry  quickly 
sprang  up,  on  a large  scale,  and  has  proved  very 
remunerative.  About  the  same  time,  restrictions  on 
the  destruction  of  natural  beds  were  more  vigorously 
enforced,  with  the  object  of  reviving  the  culture  of 
the  French  or  native  oyster.  Some  experienced 
ostreiculturists  also,  from  Arcachon,  established 
at  Marennes,  and  at  the  Isle  d’Oleron.  A large 
number  of  young  oysters  are  now  annually  brought 
from  Arcachon  to  the  beds  at  La  Rochelle,  where 
they  grow  and  fatten  at  a more  rapid  rate,  and  the 
industry  has  taken  a wide  extension.  Old  beds, 
neglected  for  years,  have  been  again  sought  alter, 
and  replenished,  many  new  ones  made,  and  almost 
all  available  spots  on  the  coast  are  now  occupied  by 
artificial  beds,  which  are  rented  from  the  State 
at  about  four  shillings  per  acre.  The  spat  is 
collected  on  hollow  tiles,  and  the  young  oysters 
become  fit  for  market  in  two  years  after  re- 
moval to  the  beds.  The  beds  of  Marennes  and  the 
He  of  Oleron  alone  produced  210,000,000  oysters  in 
1883,  the  greater  number  being  Portuguese.  The 
French  oyster  fetches  from  two  to  four  pounds  per 
thousand,  according  to  quality,  and  the  Portuguese 
about  ten  to  twelve  shillings  per  thousand.  The  two 
kinds,  which  are  different  in  their  nature,  do  not  thrive 
well  together  ; the  Portuguese  from  ifs  greater 
voracity  gives  the  French  oyster  no  chance  of  flourish- 
ing on  the  same  ground,  and  is,  therefore,  kept  clear 
from  the  beds  where  the  culture  of  the  latter  is 
carried  on.  The  green  oyster  of  Marennes  has  been 
for  time  immemorial  prized  for  its  delicate  flavour, 
and  is  peculiar  to  the  Estuary  of  the  Seudre.  Along 
both  banks  of  this  river,  for  some  fifteen  miles,  are 
large  shallow  tanks  or  reservoirs  excavated  in  the 
flat  marshes,  and  in  communication  with  the  sea  at 
high  tide  by  ditches  and  sluices ; here  the  oysters  are 
placed  in  the  spring  of  the  year,  and  here  alone  they 
gain  their  peculiar  tint.  The  colour  is  said  to  be 
derived  from  feeding  on  a tiny  seaweed  resembling 
the  green  moss  on  a damp  wall,  which  forms  in 
autumn,  covering  the  surface  of  the  rescrvoiis  and 
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remaining  till  the  following  spring,  and  is  greedily 
devoured  by  the  oysters.  A vast  number  of  people 
gain  their  livelihood  from  occupation  in  these  reser- 
voirs, as  well  as  in  the  artificial  beds  which  line  the 
banks  and  mouth  of  the  river  and  other  parts  of  the 
coast.  Hundreds  of  fishermen  and  boats  are  also 
employed  in  the  daily  visits  to  the  oyster  beds, 
in  providing  the  necessary  supply  of  young  oysters, 
or  in  other  duties  which  the  culture  entails. 
Consul  Sadler  says  also  that  the  culture  of  mussels 
is  a characteristic,  and  in  its  extent,  an  almost 
peculiar,  industry  in  the  neighbourhoodof  La  Rochelle. 
Mussels  abound  all  along  the  coast  in  their  natural 
state,  but  as  such,  are  ill-conditioned  and  often 
poisonous,  whereas  those  brought  up  in  the  beds  are 
plump,  delicate  in  flavour,  and  healthy  as  food.  The 
culture  is  carried  on  in  many  other  parts  of  the 
Pertuis,  but  the  chief  centre  is  the  Bay  of 
Aiguillon.  Commenced  by  an  Irishman  as  early 
as  the  nth  century,  at  a spot  which,  from  accumu- 
lation of  deposit  having  in  time  altered  the  outline 
of  the  coast,  and  formed  a vast  extent  of  low-lying 
marshes,  is  now  dry  land,  this  industry  has  for  the 
last  800  years  been  carried  on  in  much  the  same  way, 
but  it  has  greatly  developed  of  recent  years.  While, 
forty  years  ago,  there  were  little  over  300  beds  in  the 
Bay  of  Aguillon,  there  are  now  3,000,  and  they 
stretch  for  more  than  seven  miles  along  the  shores  of 
Charron  and  Marsilly,  and  if  longitudinally 
joined,  would  measure  200  miles  in  length.  The 
aspect  of  the  sea  in  the  bay  clearly  shows  the  nature 
of  the  bottom  it  covers,  and  a vast  expanse  of  mud 
is  exposed  at  low  tide.  As  the  tide  ebbs,  the  beds 
gradually  come  to  view,  and  it  is  then  the  fishermen 
start  in  their  small  boats  to  collect  the  mussels  or 
work  in  their  respective  allotments,  returning  as  the 
tide  advances.  The  beds  consist  of  palisades  formed 
of  stakes  three  yards  and  a half  long,  driven  half 
their  length  into  the  mud,  and  placed  at  equal  dis- 
tances of  one  yard  and  interlaced  with  faggots. 
Formerly,  two  lines  of  palisades  were  placed  at  right 
angles,  with  the  apex  turned  toward  the  sea,  and  the 
space  of  one  yard  left  open  for  an  osier  basket  to  be 
placed  for  such  fish  as  might  be  caught  on  the 
receding  tide.  Many  of  these  beds  still  exist, 
but  the  system  now  is  to  arrange  the  pali- 
sades in  parallel  lines  at  right  angles  to  the 
coast,  each  line  being  100  metres  long,  with  a 
distance  of  about  20  metres  between  each.  There 
are  four  rows  of  these  beds,  separated  by  long  spaces 
or  streets  parallel  with  the  shore.  The  row  of  beds 
nearest  the  coast  is  uncovered  at  every  tide,  the 
second  is  uncovered  at  neap  tides,  the  third  is  only 
left  dry  at  spring  tides,  and  the  fourth  at  equinoctial 
tides.  The  latter  are  not  interlaced  with  faggots. 
The  young  mussels  are  removed  from  time  to  tine 
from  the  further  rows  to  the  one  nearest  the  shore, 
where  the  full  grown  are  gathered  for  market.  This 
is  done  in  pockets  of  old  nets,  which  are  tied  to  the 
stakes  and  soon  rot,  the  mussels  attaching  themselves 
to  the  new  bed.  Work  is  continually  going  on  in 


removing  or  thinning  the  young  mussels,  gathering 
the  full  grown,  replacing  stakes  or  repairing  damages. 
The  flat-bottomed  boat,  or  aeon,  used  by  the  fisher- 
men, is  similar  to  the  one  used  800  years  ago,  and  is 
built  of  three  planks,  with  a piece  of  wood  at  right 
angles  to  form  the  stern.  The  bottom  plank  is  of 
hard  wood,  and  turned  up  as  a prow.  Holding  the 
sides  with  his  hands,  and  with  one  knee  at  the 
bottom  of  the  boat,  the  fisherman  pushes  the  boat 
forward  and  steers  with  his  other  leg,  on  which  he 
wears  a long  boot,  almost  as  fast  as  a horse  can  trot. 
The  mud  disturbed  by  the  sea  in  winter  settles  down 
in  the  spring  in  ridges,  the  tops  of  which  become 
hard  and  dry  under  a hot  sun,  and  renders  manoeuvr- 
ing these  little  boats  extremely  difficult,  as  they 
cannot  slide  on  a dry  or  uneven  surface.  It  is  at 
this  time  that  myriads  of  small  crustaceans,  the 
Corophium  longicornis,  make  their  appearance,  and 
in  their  voracious  hunt  for  the  numerous  sand  worms 
on  which  they  feed,  break  up  these  ridges,  and  in  a 
veiy  few  weeks  the  surface  is  as  level  as  it  was  in  the 
autumn.  These  little  animals  disappear  almost  in 
one  day  at  the  end  of  October,  when  they  seek  the 
open  sea,  to  return  again  in  April.  Formerly,  the 
beds  were  the  property  of  those  who  worked  them ; 
but,  the  Government  having  claimed  its  shore  rights, 
they  are  now  held  under  grant  from  the  Government, 
and  in  1872  a rent  of  5 centimes  per  metre  was 
imposed  on  each  houchot  or  palisade.  The  produce 
of  the  beds  in  the  Bay  of  Aiguillon  amounts  annually 
to  between  120,000  and  130,000  hectolitres,  or  from 
330,000  to  350,000  bushels,  and  the  value  to  between 
^■50,000  and;^5S,ooo. 


THE  ST.  GOTHARD  RAILWAY. 

The  reduction  in  the  rates  of  freight  for  inter- 
national traffic  between  Germany  and  Italy  has  had 
the  effect  of  considerably  increasing  the  goods  traffic 
on  the  St.  Gothaid  line,  notwithstanding  the  passen- 
ger service  and  carriage  of  provisions  suffered  seriously 
in  consequence  of  the  quarantine  restrictions  ordered 
by  the  Italian  Government. 

The  traffic,  which  during  the  second  half  year  of 
1882  amounted  to  53,386  tons  from  Germany  and 
Belgium  to  Italy,  and  19,442  tons  vice  versa,  was, 
during  the  two  succeeding  years,  as  follows : — 

1883.  1884. 

Tons.  Tons. 

Germany  and  Belgium  to  Italy.  .204,690  ..  210,000 
Italy  to  Germany  and  Belgium.,  37,228  ..  39,000 

Making  a total  of  241,918  tons  during  the  former, 
and  249,000  tons  during  the  latter,  being  therefore 
considerably  in  excess  of  what  had  been  anticipated 
for  those  years,  it  having  been  estimated,  taking  as  a 
basis  the  amount  of  goods  carried  from  1876  to  1878, 
that  the  tonnage  for  the  past  year  would  have  in- 
creased up  to  150,000  to  152,000  tons. 
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The  principal  goods  carried  on  this  line  during 
these  two  years  from  Germany  to  Italy  were  : — 


Mining  or  metallurgical  products. . 

1883. 

Tons. 

103,200  . . 

1884. 

Tons. 

89,958 

Coal  (exclusive  of  heat  used  on  the 
line) 

53>32B  .. 

64,835 

Glass  and  pottery , 

4,102  .. 

6,478 

■\Vlieeled  vehicles  

2,741  .. 

6,637 

Grain,  dairy  produce,  beer,  tobacco, 
substitutes  for  coffee.  &c 

4,036  .. 

5,068 

I Raw*  material  for  agriculture  and 
industry  , 

4,909  . . 

5,003 

Do.  for  textile  manufactures  .... 

2,561  .. 

3,412 

Do.  for  paper-making  

1,112  .. 

1,610 

From  Italy  to  Germany  the  principal  goods  were  : — 


' Eggs 


12,900  ..  13,125 


Hemp  

A A *7^ 

^larble 

4,4/0 
1,962 
•7  r c8 

Fruit  

Oil  

0, 

I zlOC 

Raw  cotton 

1,768 

Wine  

Cereals  

316 

The  traffic  of  the  St.  Gothard  Raihvay  is  capable 
of  considerable  extension,  but  it  would  be  necessary 
to  provide  greater  accommodation  at  the  port  and 
railway  station  of  Genoa. 


HEALTH  OF  LONDON, 

Professor  Corfield,  the  medical  officer  of  health  of 
St.  George’s,  Hanover-square,  has  presented  to  the 
governing  body  of  the  district,  which  includes 
Belgra\ua,  Mayfair,  and  the  central  parish  of  St. 
George’s,  an  interesting  account  of  matters  relating 
to  health  in  that  part  of  London.  In  the  completed 
twelve  months  under  notice,  while  the  death-rate  of 
London  as  a whole  stood  at  20*3,  and  of  28  large 
towns  in  England  at  21-6  per  1,000  of  population, 
the  rate  of  all  St.  George’s  stood  at  the  low  figure  of 
16*30.  The  low  death-rate  of  St.  George’s  is  not 
only  in  strong  contrast  with  the  rates  in  other  parts 
of  London,  but  also  with  some  of  the  large  English, 
Scotch,  and  Irish  towns.  Preston,  in  Lancashire, 
has  the  largest  death-rate  of  the  English  towns, 
standing  at  27*3  per  1,000  of  the  population,  and  is 
closely  run  by  Manchester,  with  26*4,  which  is  again 
‘ closely  run  by  Liverpool  with  25*2.  Glasgow  had  a 
j death-rate  in  1884  of  26*9,  and  Dublin  27*5.  There 
I were  only  five  towns  in  England  which  had  a lower 
I death-rate  than  St.  George’s,  and  these  were  Barrow- 


in-Furness,  Burton-on-Trent,  Darlington,  Hastings, 
and  Maidstone.  The  division  of  St.  George’s  into 
sub-districts  shows  that  while  the  death-rate  of  May- 
fair  sub-district  was  as  low  as  12*44  per  1,000  of 
population  and  Hanover-square  sub-district  15-54,  tlie 
Belgravia  part  ranged  as  high  as  17*40,  a sufficient 
indication  that  the  more  crowded  district  w’hich  is 
included  with  Belgravia  as  Pimlico  influences  the 
death-rate  of  the  district  which  has  within  it  the 
wealthiest  part  of  the  metropolis.  The  birth-rate  of 
the  whole  district  is  as  low  as  the  death-rate.  The 
average  birth-rate  of  Greater  London  is  34-9,  while 
in  St.  George’s  as  a whole  it  only  reaches  21*18— 
namely,  a rate  of  16*46  in  Hanover-square  sub- 
district, 15*20  in  the  Mayfair  sub-district,  and  23*87 
in  the  Belgravia  sub-district.  Other  statistics  show 
that  a larger  proportion  of  persons  attained  an 
advanced  age  in  the  district  than  in  London  generally, 
and  this  is  attributable  in  some  degree  to  the  fact  that 
persons  with  ample  means  select  this  part  of  London 
as  their  residence.  The  fact  of  the  violent  death- 
rate  in  St.  George’s  being  considerably  higher  than 
for  the  whole  of  London,  is  due  to  the  fact  that  the 
Serpentine  is  in  the  parish,  and  the  deaths  which 
occur  in  that  river  are  brought  to  bank  in  St. 
George’s.  The  mean  duration  of  life  in  Mayfair,  it 
may  be  added,  was,  in  1884,  72*70;  in  the  Hanover- 
square  sub-district  it  was  62*92  ; and  in  the  Belgravia 
sub-district  it  w^as  49*78.  In  London,  as  a whole, 
the  mean  duration  of  life,  in  1884,  was  38*08 — a rate 
which  was  an  improvement  upon  previous  years. 
The  mean  duration  of  life  has  been  increased  in  this 
western  part  of  London  since  1875  by  seven  years,  and 
in  London  generally  by  nearly  four  years,  since  1879, 
Regarding  preventable  infectious  diseases,  measles, 
whooping-cough,  and  diphtheria  had  been  higher  than 
in  previous  years,  while  typhus  and  scarlet  fever  had 
been  very  low ; in  fact,  in  regard  to  typhus,  it  was 
doubtful  whether  the  record  of  a case  was  not 
wrongly  described  as  of  this  dreaded  disease.  Enteric 
disease  still  kept  up  its  numbers,  and,  therefore, 
watchful  attention  was  paid  to  the  sanitary  arrange- 
ments in  all  parts  of  the  district.  The  returns  of 
nuisances  dealt  with  by  the  officers  under  Dr.  Cor- 
field, show  the  need  of  constantly  watching  over  the 
.sanitary  condition  of  houses  in  a part  of  the  metro- 
polis where  it  might  be  reasonably  supposed  the 
population  would  be  equal  to  the  care  of  their  own 
health.  However,  in  St.  George’s  west,  as  in  St. 
George’s  east  and  south,  houses  had  to  be  inspected, 
drains  trapped  by  order  of  the  officers,  cesspools 
abolished,  also  by  order,  animals  improperly  kept 
had  to  be  removed,  and  legal  proceedings  had  to  be 
taken  against  an  owner  to  compel  w'ork  to  be  done 
in  the  interests  of  the  public  generally,  and  in  the 
immediate  interests  of  the  payers  of  rent.  In  all. 
619  complaints  were  made  of  insanitary  nuisances, 
and  in  these  remedies  were  made  in  all,  with  the 
exception  of  eight,  in  which  eight  the  authorities 
“ could  not  as.sist.”  There  had  been  146  analyses  of 
articles  of  food  sold  in  the  district  made  in  the 
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twelve  months,  and  of  these  87  were  genuine,  7 
were  “doubtful,”  and  52  were  adulterated. — 7 he 
Times. 


COCOA-NUT  FIBRE. 

The  following  particulars  respecting  the  manu- 
facture of  cocoa-nut  fibre  are  taken  from  an  article 
by  Mr.  J.  R.  Jackson  in  the  Gardeners'  Chronicle  : — 

Cocoa-nuts,  or  as  they  are  generally  termed  in  the 
trade  coker-nuts,  to  distinguish  them  from  the 
Iheohroma  cacao,  which  furnishes  cocoa  and  choco- 
late, are  shipped  principally  from  Trinidad,  Jamaica, 
Demerara,  Tobago,  several  of  the  other  Leeward 
Islands  in  the  British  West  Indies,  Ceylon,  Belize, 
(British  Honduras),  all  round  the  coast  of  America, 
and  the  Fiji  Islands;  the  quantity  landed  in  the 
United  Kingdom  being  about  12,000,000  yearly. 
Nearly  all  the  nuts  are  imported  in  the  husks  or 
outer  covering,  from  which,  on  arrival,  they  are 
stripped  by  men  using  two  fine-pointed  steel  chisels, 
and  who,  by  constant  practice,  become  so  skilful  in 
the  art  that  many  are  able  to  open  1,000  to  1,200 
per  day.  The  nuts  themselves,  after  being  removed 
fiom  the  husks,  are  generally  sold  to  wholesale  fruit 
dealers,  who,  in  turn,  supply  the  retailers,  coster- 
mongers, and  others,  but  they  are  likewise  often  sold 
under  the  hammer  at  public  auction. 

After  removal  from  the  husk  they  are  sorted  into 
seven  sorts  of  varieties,  known  respectively  as  large 
milky,  middle  size,  small,  starters,  milky  growers, 
green  and  dry.  Those  from  Trinidad  are  the  sweetest 
in  flavour,  and  are  mostly  preferred  by  the  manu- 
facturing confectioners,  biscuit-makers,  and  others, 
though  the  Ceylon  nuts  run  them  very  close  in 
quality.  Cocoa-nuts  are  largely  used  in  the  North 
and  West  of  England,  and  they  are  also  in  great 
demand  at  holiday  times,  at  fairs,  on  racecourses,  and 
such-like  gatherings  in  all  parts  of  the  kingdom. 
The  husks,  after  the  nuts  have  been  cracked,  are 
stacked  in  the  yard  in  the  open  air,  until  they  are  re- 
quired for  conversion  into  fibre  ; for  this  purpose  they 
are  first  passed  singly  through  a powerful  “ crusher,” 
or  “back-breaker,”  driven  by  steam-power,  with  large 
revolving,  corrugated  wheels,  which  flatten  the  husks, 
and  to  a certain  extent  make  them  more  pliable ; but 
after  this  severe  pressure,  so  springy  is  the  natnre  of 
the  husk  that,  somewhat  like  a sponge,  they  im- 
mediately assume  their  original  shape  on  emerging 
from  the  crusher.  They  are  then  thrown  into  huge 
stone  tanks,  each  holding  many  thousands,  where 
they  undergo  several  hours’  steaming  and  soaking. 
Great  care  and  skill  are  required  to  know  how  long 
to  keep  them  in  the  tanks,  husks  from  different 
countries  requiring  more  or  less  time  according  to 
circumstances,  such  as  age,  thickness  of  outer  cuticle, 
substance  of  fibre,  and  other  peculiarities  known  to 
the  manufacturers.  In  the  tanks  the  husks  swell 


considerably,  and  have  to  be  kept  down  by  heavy 
pressure. 

After  the  husks  are  sufficiently  soaked  they  are 
ready  for  the  mills,  which  are  technically  known  as 
“ Teasers  ” or  “ Devils,”  and  consist  of  cylinders  or 
drums,  each  being  studded  on  the  outer  circumference 
with  about  3,000  fine  or  thick  3-inch  steel  teeth, 
specially  tempered.  The  mills  vary  slightly  accord- 
ing to  certain  requirements.  They  are  driven  by 
steam,  and  revolve  with  great  rapidity,  requiring  the 
utmost  care  and  constant  attention  of  the  workmen. 
Each  husk  is  divided  longitudinally  into  thin  pieces, 
and  each  piece  is  passed  into  the  mill  separately  by 
the  workman  between  two  steel  rollers,  the  workman 
retaining  a firm  grip  of  it  so  as  not  to  allow  it  to  pass 
out  of  his  hands  ; but  the  few  moments  he  holds  it 
there  the  drum  with  its  numerous  steel  teeth  is 
revolving,  and  combing  out  the  irregular  fibre  and 
refuse.  After  cne-half  of  the  slice  of  husk  is  thus 
cleaned  the  workman  reverses  it,  passing  in  the  other 
half.  The  continual  feeding  of  these  mills  gives  such 
strength  of  wrist  and  dexterity  to  the  workmen  that 
what  appears  a very  dangerous  operation  is  gone 
through  with  wonderful  rapidity,  and  each  slice  of 
husk  is  passed  through  three  of  these  mills  in  succes- 
sion, occupying  but  a few  seconds  from  the  time  that 
the  crude  husk  is  passed  into  the  mill  until  it  comes 
out  a perfectly  cleaned  bundle  of  light  brown  separated 
fibres ; these  bundles  are  next  laid  out  in  drying 
rooms  on  heated  iron  tables  to  perfectly  dry  them, 
when  they  are  ready  for  making  brushes  and  brooms 
of  various  kinds. 

It  will  be  seen  that  the  principal  attention  has 
been  given  to  the  long  clean  fibres  used  for  brush- 
making, but  there  are  other  processes  to  which  I 
have  not  yet  alluded.  If  a cocoa-nut  husk  is  cut 
through  transversely,  it  will  be  found  that  imme- 
diately under  the  outer  woody  coating  the  long  brush 
fibres,  if  we  may  so  call  them,  are  deposited  to  the 
thickness  of  about  half-an  inch ; nearer  the  centre, 
and  immediately  surrounding  the  nut,  the  fibres  are 
more  irregular,  somewhat  matted,  and  mixed  with 
soft  brown  refuse.  In  the  process  of  passing  through 
the  mill,  and  separating  the  brush  fibre,  this  finer 
fibre  and  refuse  is  thrown  out  at  the  back,  from 
whence  it  is  collected  and  placed  on  elevators,  and 
carried  automatically  into  the  mouths  of  double 
rotary  screens  or  “willows,”  peculiarly  made  for  the 
purpose,  a spindle  fitted  with  arms  or  rods  running 
the  entire  length,  and  after  many  revolutions  and 
much  tossing  about,  the  fibre  is  separated,  and  falls 
out  at  the  lower  ends  clean  and  ready  to  be  dried. 
This  fibre  is  used  for  matting,  and  is  not  only  sup- 
plied in  large  quantities  for  mat-makers,  but  also 
to  the  Government  for  mat-making  in  prisons; 
it  is  further  largely  used  for  stuffing  mattresses 
saddles,  &c.  The  refuse,  by  a special  process, 
is  separated  into  two  different  qualities,  the 
ordinary  coarse  kind  being  used  for  general  horti- 
cultural purposes,  and  the  granulated  for  conserva- 
tory use  and  potting. 
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Obituary. 


Professor  Sheldon  Amos.— Mr.  Sheldon 
Amos,  who  died  at  Ramleh,  near  Alexandria,  on 
the  3rd  inst.,  aged  fifty,  was  the  youngest  son  of 
the  late  Andrew  Amos,  Professor  of  Law  at  Cam- 
bridge. He  was  educated  at  Clare  College,  Cam- 
bridge, where  after  gaining  the  JMembers’  Prize  in 
1858,  he  took  his  degree  in  the  year  1859.  On 
leaving  the  University  he  devoted  himself  to  the  law, 
and  was  called  to  the  Bar  as  a member  of  the  Inner 
Temple  on  the  nth  June,  1862,  having  obtained  a 
certificate  of  honour  in  May  of  the  same  year. 
Professor  Sheldon  Amos  occupied  for  some  years  the 
chair  of  Jurisprudence  at  University  College,  Lon- 
don, but  he  passed  many  of  the  later  years  of  his  life 
abroad.  After  some  stay  in  Australia,  he  established 
himself  in  Cairo,  where,  on  the  reorganisation  of  the 
criminal  administration  of  the  country,  subsequent  to 
Lord  Dufferin’s  visit  to  Egypt,  he  w^as  appointed 
English  judge  of  the  new  native  Court  of  Appeal, 
which  post  he  occupied  at  the  time  of  his  death. 
Professor  Amos  was  the  author  of  several  legal 
treatises,  and  for  his  work  “ A Systematic  View  of 
the  Science  of  Jurisprudence,”  the  Swiney  Prize  was 
awarded  in  1884,  by  a joint  committee  of  the  Society 
of  Arts  and  the  Royal  College  of  Physicians 


General  Notes. 

— — 

Cotton  See[). — According  to  experiments  by 
Sacc  {Journ.de  Pharm.  et  Chem.),  cotton  seed  has 
the  following  composition  Casein,  6 per  cent. ; 
dextrin,  2*0;  sugar,  2*0;  fibrin,  237;  woody  fibre, 
32*1;  starch,  9*6;  greenish- yellow  oil,  9*6  ; yellow 
w’ax,  0-8  ; water,  8-o;  ash,  8-o.  The  seed  affords  by 
grinding  56-5  per  cent,  of  a yellow  meal,  wliich  may 
be  employed  with  milk  in  bread- making.  This  meal, 
or  what  is  cheaper,  the  residue  left  after  the  seed  has 
been  passed  through  the  oil-press,  is  available  for 
clarifying  syrups. 

Telegraphs  and  Telephones  in  Germany. — 
The  number  of  telegraph  offices  in  Germany  has 
nearly  doubled  during  the  last  four  years,  during 
which  period  4>4*5  ones  have  been  opened,  the 
total  number  of  5iOi4  1880  having  been  increased 
to  9,529  in  1884.  The  total  length  of  telegraph  lines 
has  increased  from  121,520  miles  to  150,040  miles 
during  the  same  period,  an  addition  of  28,520  miles. 
The  telephonic  service,  which  was  introduced  into 
[ Germany  four  years  ago,  now  counts  58  central  offices, 

I 7,3  ^ I subscribers,  and  a network  of  upwards  of  10,000 
miles.  During  the  last  six  years  considerable  progress 
has  been  made  in  the  extension  of  the  use  of  the 
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electric  light,  and  at  the  present  time  upwards  of  600 
dynamos  and  20,000  lamps  are  in  use,  and  the  cost  of 
their  installation  may  be  estimated  at  about  one 
million  sterling. 

Malleable  Cast  Iron.— Many  cast-iron  objects 
when  leaving  the  mould  are  too  hard  for  being 
worked.  This  happens  even  with  the  softest  grey 
pig-iron,  when  the  objects  are  of  slight  thickness. 
In  this  case  moulding  with  rich  sand  produces  as 
great  hardness  as  chill-moulding.  To  remedy  this 
disadvantage,  the  Piilletin  de  la  Ceramique  recom- 
mends the  subjection  of  the  objects  to  a process  of 
annealing,  which  softens  the  surface.  When  the 
objects  treated  are  in  grey  pig-iron,  they  are  put  in 
cases  surrounded  with  coarse  sand,  and  heated  for 
twenty-four  hours  with  sal-ammoniac  and  forge- scales 
in  the  proportion  of  one  part  of  the  former  to  twelve 
of  the  latter.  It  will  be  remarked  that  this  last 
process  is  the  same  which  is  employed  in  the  manu- 
facture of  malleable  cast-iron.  Only  as  in  this  case 
there  is  only  a very  superficial  decarburation  to  be 
produced,  the  heating  only  lasts  twenty-four  hours 
while  in  the  preparation  of  malleable  cast-iron  the 
operation  lasts  seven  to  nine  days. 


MEETINGS  GF  THE  SOCIETY. 

Ordinary  Meetings. 

Wednesday  evenings,  at  Eight  o’clock  : — 

The  following  Dates  have  been  fixed. 

January  13. — “Museums  for  Trade  Patterns.” 
By  Wm.  H.  Able  it.  Owen  Roberts,  F.S.A. 
Vice-President  of  the  Society,  will  preside. 

January  20. — “ Results  of  Experiments  on 
Mechanical  Motors  for  Tramways  made  by  the  Com- 
mission at  the  Antwerp  Exhibition.”  By  Captain 
Douglas  Gallon,  D.C.L.,  C.B.,  F.R.S.  Sir 
Frederick  Abel,  D.C.L.,  C.B.,  F.R.S.,  Chair- 
man of  Council,  wiU  preside. 

January  27. — “ Machinery  in  Mines.”  By 
Henry  Davey.  Sir  Frederick  Bramwell, 
F.R.S.,  will  preside. 

February  3. — “ Artistic  Bronze  Casting.”  By 
George  Simonds.  Sir  Philip  Cunliffe-Owen, 
K.C.M.G.,  C.B.,  C.I.E.,  will  preside. 

Dates  to  be  Hereafter  Announced  ; — 

“ The  Treatment  of  SeM^age.”  By  Dr.  C. 
Meymott  Tidy. 

“ Calculating  Machines.”  By  C.  V.  Boys. 

“Domestic  Electric  Lighting.”  By  W.  H’, 
Preece,  F.R.S. 

“The  Experiments  with  Lighthouse  Illuminants  at 
the  South  Foreland.”  By  E.  PRICE  Edwards. 

Foreign  and  Colonial  Section. 

Tuesday  evenings,  at  Eight  o’clock  : — 

January  26. — “The  Importance  of  a National 
Scheme  of  Emigration  for  the  best  interests  ot 
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British  Commerce.”  By  Arnold  White.  The 
Most  Hon.  the  Marquis  of  Lorne,  K.T.,  will 
preside. 

February  i6. — “The  Aspect  of  Affairs  in  the 
Interior  of  South  Africa.”  By  Major-General  Sir 
Charles  Warren,  R.E.,  G.C.M.G. 

March  23. — “ The  Commercial  Progress  of  New 
South  Wales.”  By  Edward  Combes,  C.M.G. 

March  2 ; April  13  ; May  18. 


Applied  Chemistry  and  Physics  Section. 
Thursday  evenings,  at  Eight  o’clock : — 
January  28. — “ Magnetism  of  Ships  and  the 
Mariner’s  Compass.”  By  Wm.  Bottomley,  Jun. 
February  ii. — 

February  25. — “ Photography  and  the  Spectro- 
scope in  their  Application  to  Chemical  Analysis.” 
By  Professor  W.  N.  Hartley,  F.R.S. 

March  ii. — 

April  8. — 

May  13. — “The  Scientific  Development  of  the 
Coal  Tar  Colour  Industry.”  By  Professor  R. 
Meldola,  F.C.S. 


Indian  Section. 

Friday  evenings,  at  Eight  o’clock  : — 

January  22. — “Burma  ; the  Eastern  Country  and 
the  Race  of  the  Brahmas.”  By  J,  George  Scott 
(Shway  Yoe).  The  Hon.  Sir  Ashley  Eden, 
K.C.S.I.,  will  preside. 

February  19.—  “ Historical  and  Recent  Famines 
in  India.”  By  F.  C.  Danvers,  F.S.S.,  Registrar 
and  Superintendent  of  Records,  India-office.  J.  M. 
Maclean,  M.P.,  will  preside. 

March  19. — “ Experiences  on  the  Afghan 
Frontier.”  By  William  Simpson.  Col.  Henry 
Yule,  C.B.,  will  preside. 

April  2 ; May  7,  21. 

The  above  dates  are  liable  to  alteration. 


Cantor  Lectures. 

The  Second  Course  will  be  on  “Friction.” 
By  Prof.  H.  S.  Hele  Shaw. 

Lecture  I. — January  18. — The  Friction  of  Solids. 
Lecture  II. — January  25.~TheFrictionofFluids. 
Lecture  HI. — February  i. — The  Mechanical  Ap- 
plications of  Friction. 

Lecture  IV. — February  8. — The  Methods  of  Re- 
ducing Friction. 


Admission  to  Meetings. 

Members  have  the  right  of  attending  all  the 
Society’s  meetings  andlectures.  Special  tickets 
are  required  for  the  Juvenile  Lectures.  Every 
member  can  admit  two  friends  to  the  Ordinary 
and  Sectional  Meetings,  and  one  friend  to  the 
Cantor  Lectures.  Books  of  tickets  for  the 
purpose  have  been  issued  to  the  members,  but 
admission  can  also  be  obtained  on  the  personal 
introduction  of  a member. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  Jan.  ii... Inventors  Institute,  27,  Chancery-lane, 
W.C.,  8 p.m.  Special  discussion  on  Patent-law, 
1883.” 

Medical,  ii,  Chandos-street,  W.,  8J  p.m. 

Asiatic,  22,  Albemarle-street,  W.,  4 p.m. 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m. 
Mr.  Henry  Seebohm,  “ The  Migration  of  Birds.” 

Tuesday,  Jan.  12. ..Civil  Engineers,  25,  Great  George- 
street,  S.W.,  8 p.m.  Mr.  F.  J.  Rowan,  “Gas 
Producers.” 

Medical  and  Chirurgical,  53,  Berners-street,  Oxford- 
street,  W.,  8^ p.m. 

Photographic,  5A,  Pall-mall  East,  S.W.,  8 p.m. 

Anthropological,  3,  Hanover-square,  W.,  8 pm.  i. 
Mr,  Bryce  Wright,  “ Exhibition  of  a Bronze 
Sword  found  by  the  late  Capt.  Sir  William  Peel, 
R.N.,  at  Sandy,  Bedfordshire.”  2.  Mr.  G.  F. 
Lawrence,  “ Exhibition  of  Flint  Implements  from 
the  junction  of  the  Thames  and  Wandle.”  3.  Dr. 
R.  Munro,  “ Ancient  British  Lake  Dwellings,  and 
their  relation  to  Analogous  Remains  in  Europe.” 
4.  Mr.  A.  L.  Lewis,  “ Stone  Circles  in  Cumber- 
land.” 

Biblical  Archaeology,  9,  Conduit-street,  W.,  8 p.m. 
Annual  Meeting. 

Colonial  Institute,  St.  James’s-hall,  69,  Regent- 
street,  W,,  8 p.m.  Mr.  J.  G.  Colmer,  “ Recent 
and  Prospective  Development  of  Canada.” 

Wednesday,  Jan.  13. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W C.,  8 p.m.  Mr.  William  H.  Ablctt, 
“ Museums  for  Trade  Patterns.” 

Geological,  Burlington-house,  W.,  8 p.m.  1.  Mr. 
W.  H.  Hudleston,  “A  Recent  Section  through 
Walton  Common,  exposing  the  London  Clay, 
Bagshot  Beds,  and  Plateau-gravel.”  2.  Mr.  James 
W.  Davis,  “Some  Fish-remains  from  the  Tertiary 
Strata  of  New  Zealand.” 

Graphic,  University  College,  W.C.,  8 p.m. 

Microscopical,  King’s  College,  W.C.,  8 p ra.  i.  Mr. 
G.  F.  Dowdeswell,  “ The  Microbe  of  Chicken 
Cholera.”  2.  Mr.  A.  W.  Bennett,  “ Fresh  Water 
Algse  of  the  Lake  District.”  Mr.  J.  W.  Stephen- 
son, “ Central  and  Oblique  Light  in  Resolution.” 

Royal  Literary  Fund,  10,  John-street,  Adelphi, 
W.C.,  3 p.m. 

Patent  Agents,  55,  Chancery-lane,  W.C.,  7J  p.m. 
I.  Mr.  J.  E.  Remfry,  “ Indian  Patents.”  2.  Mr. 
Ernest  de  Pass,  “The  International  Convention.” 

Royal  Society  of  Literature,  4,  St.  Martin’s-place, 
W.C. ,8  p.m. 

Obstetrical,  53,  Berners-street,  8 p.m. 

Civil  and  Mechanical  Engineers,  7,  Westminster- 
chambers,  S.W.,  7 p.m.  General  Meeting  for  the 
presentation  of  Accounts, 

Thursday,  Jan.  14.. .Royal,  Burlington-house,  W.,  4J  p.m. 

Antiquaries,  Burlington-house,  W.,  8J  p.m. 

London  Institution,  Finsbury-circus,  E.C.,  7 p.m. 
Mr.  W.  A.  Barrett,  “ Charles  Dibdin  and  his 
Songs  for  the  Sea,  the  Stage,  and  the  Concert- 
room.”  (Illustrated.) 

Mathematical,  22,  Albermarle- street,  W,,  8 p.m. 

Friday,  Jan.  15. ..Civil  Engineers,  25,  Great  George-street, 
S.W.,  p.m.  (Students’  Meeting.)  Mr. 
Rudolph  E.  von  Lengerke,  “ Graphic  Method 
of  Determining  the  Flow  of  Water  in  Pipes.” 

New  Shakspere,  University  College,  W.C.,  8 p.m. 
Mr.  Richard  G.  Moulton,  “ Character-develop- 
ment in  Shakspeare,  as  illustrated  by  Macbeth  and 
Henry  V.” 
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FRIDAY,  JANUARY  1886. 


All  communtcat tons  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelpht,  London,  W.C. 


NOTICES. 


INTERNATIONAL  INVENTIONS 

EXHIBITION  DIPL  OMA . 

With  this  number  of  the  Joui'ual  is  issued 
a supplement  which  gives  a reduced  facsimile 
of  the  diploma  which  will  be  presented  to 
those  exhibitors  who  received  medals  at  the 
International  Inventions  Exhibition.  The 
diploma  was  designed  by  Mr.  Thomas  Riley, 
under  the  instructions  of  a Committee  of  the 
Executive  Council  of  the  Exhibition,  and  it  is 
now’  being  printed  by  Messrs.  Goupil,  by 
means  of  a new  printing  process,  to  w’hich 
the  name  of  typo-gravure  has  been  given. 
This  is  one  of  the  methods  by  which  a 
printing  block,  capable  of  being  printed  simul- 
taneously with  ordinary  type,  is  produced  by 
photographic  means  from  a picture  or  drawing 
not  necessarily  in  line  or  stipple.  The  re- 
duced copy  forming  the  supplement  has  been 
printed  from  a block  prepared  by  the  same 
method  by  Messrs.  Goupil. 

Any  member  wishing  for  an  additional  copy 
of  this  engraving  can  have  one  on  application 
to  the  Secretary. 


UNION  OF  INSTITUTIONS. 

The  following  Institution  has  been  received 
into  Union  since  the  last  announcement:  — 
Hull  Church  Institute,  47,  Albany-street,  Hull. 


COVERS  FOR  JOURNA  L. 

For  the  convenience  of  members  wishing  to 
bind  their  volumes  of  the  Journal,  cloth 
covers  will  be  supplied  post-free  for  is.  6d. 
each,  on  application  to  the  Secretary. 


Proceedings  of  the  Society. 

♦ 

SIXTH  ORDINARY  MEETING. 

Wednesday,  January  13th,  1886;  Owln 
Roberts,  M.A.,  F.S.A.,  Vice-President  of 
the  Society,  in  tke  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society  : — 

Aldwinckle,  Thomas  William,  2,  East  India-avenuc, 
Leadenhall-street,  E.C. 

Atkins,  Alfred,  Wanganui,  New'  Zealand. 

Beadel,  William  James,  M.P.,  Springfield  Lyons, 
Chelmsford,  Essex,  and  97,  Gresham-street,  E.C. 
Bedford,  Alfred,  Waltham-buildings,  Holborn- circus, 
E.C. 

Brindle,  Thomas,  North-bank,  Tunbridge  Wells. 
Criswick,  George  Stickland,  F.R.A.S.,  Royal 
Observatory,  Greenwich,  S.E. 

Grahame,  Harry,  Wanganui,  New  Zealand. 
Kennedy,  Thomas,  ii.  Old  Jewry-chambers,  EC., 
and  61,  Warwick-road,  Kensington,  S.W. 
Kirkwood,  W.  G.,  Stowford,  Mowbray-road,  Upper 
Norwood,  S.E. 

Lee,  Herbert  Cabry,  9,  Park-crescent,  Portland- 
place,W.,The  Brewery, Hill-street,  Peckham,S.E. 
Lyle,  Charles,  37,  Mincing-lane,  E.C. 

Medley,  Dudley  Julius,  B.A.,  Keble  Col’ege,  Oxford. 
Milnes,  William  Stert,  Woodstock,  Grove-park,  Lee, 
S.E. 

Mumford,  William  Thomas,  36,  Oswald-street, 
Glasgow. 

Pain,  William,  8,  Adelphi-terrace,  W.C. 

Porter,  'Nicholas  Ellis,  2,  Belgrave-terrace,  Lee, 
S.E.,  and  lor,  Leadenhall-street,  E.C. 

Pownall,  Robert,  Wanganui,  New  Zealand. 
Richards,  James,  9,  The  Chase,  Clapham-common, 
S.W. 

Rosenheim,  Herman,  High  field- house,  Fitzjohn- 
avenue,  N.W. 

Turk,  Edw'ard,  AVimbledon  School,  Wimbledon, 

S.W. 

Ygledas,  Miguel,  2,  Tokenhouse-buildings,  E.C. 

The  following  candidates  were  balloted  for 
and  duly  ekcted  members  of  the  Society  : — 

Christmas,  Walter,  3,  Mowbray-road,  Brondesbuiy, 

N.W. 

Edmunds,  Lewis,  D.Sc.,  LL.B.,  i,  Garden-court, 
Temple,  E.C. 

Gilchrist,  Percy  Carlyle,  Palace-chambers,  9,  Bridge- 
street,  Westminster,  S.W. 

McDaniel,  J.  J.,  Woodlands,  Bandon,  co.  Cork, 
Ireland. 

Nicole,  Henry  James,  Williams-terrace,  Chiswick. 
Rockstro,  W.  S.,  Elm-court,  Babbacombe,  Torqu.ay. 
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Vernon,  John,  36,  Coleman- street,  E.C. 

Walker,  Edward  Lake,  22,  Great  Cumberland- 

place,  W. 

The  paper  read  was — 

MUSEUMS  OF  TRADE  PATTERNS  AND 
INDUSTRIAL  EXAMPLES. 

By  William  H.  Ablett. 

The  prevailing  depression  of  trade  in  many 
leading  branches  of  industry  lately  has  caused 
the  conviction  that  no  steps  should  be  neglected 
to  be  taken  in  any  direction  that  is  likely  to  be 
the  means  of  givingassistanceto  manufacturing 
enterprise  and  technical  skill,  and  I respect- 
fully desire  to  direct  the  attention  of  those 
who  have  done  me  the  honour  of  attending 
the  present  meeting,  to  the  great  utility  of 
museums  of  trade  patterns,  and  industrial 
examples,  in  aid  of  technical  education ; 
which,  established  in  continental  counties, 
and  found  to  be  of  the  greatest  assistance 
there  to  manufacturers,  are  yet  quite  over- 
looked in  England. 

The  general  idea  of  a museum  is,  that  it 
enshrines  the  past,  and  that,  as  time  rolls  on, 
the  collection  that  accumulates  ought  to  show 
in  a very  interesting  manner  the  yearly  pro- 
gress of  manufacturing  and  inventive  skill. 
But  it  is  not  in  that  light  that  it  would  become 
most  valuable,  but  in  teaching  men  the  prac- 
tical business  of  their  every-day  lives,  from 
which  each  workman  could  gain  an  idea,  and 
perhaps  bestow  one  of  his  own,  which,  in  turn^ 
would  become  amplified  by  another. 

A most  forcible  instance  of  the  suggestive 
value  of  designs  in  models  for  imitation  or 
inspiration — let  us  call  it  by  both  names — 
exists  in  the  case  of  Wedgwood,  to  whom  the 
Duchess  of  Portland  lent  the  celebrated 
Barberini  vase,  which  cost  i,ooo  guineas,  and 
for  which,  I believe,  both  competed  when  it 
was  offered  for  sale.  I can  recollect  that  in  my 
early  childhood  most  of  the  common  crockery- 
ware  in  daily  use  came  to  us  from  Delft,  in 
Holland,  and  it  was  of  a very  inferior  descrip- 
tion. But,  thanks  to  Wedgwood’s  labour, 
and  to  that  of  those  who  have  succeeded  him, 
those  articles  in  ordinary  use,  such  as  jugs, 
&c.,  are  now  tasteful  in  shape,  partaking  of 
the  graceful  outlines  of  the  Grecian  and  Roman 
examples,  while  prices  are  so  low  that  instead 
of  importing  we  are  now  large  exporters  of 
fictile  wares  ; and  this  can  be  traced  mainly 
to  the  influence  of  one  man  upon  a particular 
bi  anch  of  trade  ! 


As  thefacts  in  connection  with  one’s  personal 
experience  are  perhaps  amongst  the  best 
arguments  that  can  be  used  for  the  recom- 
mendation of  any  scheme,  perhaps  I may  be 
allowed  to  explain  that  shortly  after  the  altera- 
tion in  the  fiscal  laws  in  i860,  being  a ribbon 
manufacturer  at  Coventry,  as  English  ribbons 
would  not  sell  and  the  workmen  were  standing 
idle  for  want  of  work,  I was  desirous  of  making 
certain  kinds  of  trimmings,  and  for  this  purpose 
told  my  manager  to  get  together  all  the  old 
trimming  makers  he  could  find,  and  cause 
them  to  bring  samples  of  anything  they  had 
previously  made,  with  the  view  of  starting  some- 
thing fresh.  Accordingly  a number  of  old 
patterns  were  brought,  but  there  was  nothing  to 
serve  the  purpose  intended,  and  the  great 
necessity  for  the  existence  of  a trade  collec- 
tion of  patterns  to  which  manufacturers  and 
others  might  have  access  then  first  struck  me ; 
for  if  I could  have  shown  my  weavers  a collec- 
tion of  German  and  French  trimmings  I could 
have  indicated  what  I wanted  and  have  struck 
out  something  new. 

This  conviction  led  me  to  make  a move 
in  endeavouring  to  originate  museums  of 
trade  patterns,  including  raw  textile  fibres 
of  the  different  kinds,  &c.,  in  this  country, 
and  for  two  years  I had  an  office  in  West- 
minster-chambers,  London , where  I made  alarge 
collection  of  patterns  of  textile  materials, 
which  I offered  to  present  to  the  Government 
if  they  would  begin  the  matter  by  making  the 
attempt  at  South  Kensington.  I broached  my 
scheme  to  the  late  Sir  Henry  Cole,  and  sent 
pattern  - books  to  the  South  Kensington 
Museum  to  illustrate  the  method  upon  which 
I proposed  to  work,  which  was  to  have  bits  of 
textile  materials  exhibited  in  cases  around  the 
walls  and  upon  screens  with  folding  leaves,  by 
which  an  enormous  variety  could  be  shown  in 
a comparatively  small  space,  with  numbers 
attached  to  each,  duplicate  pieces,  with  cor- 
responding numbers,  to  be  contained  in  the 
pattern  books,  which  could  thus  be  handled  and 
examined  when  required. 

In  recommendation  of  the  scheme,  the 
accompanying  memorial  was  presented  to  the 
Lord  President  of  the  Council  on  the  25th  of 
March,  1867  : — 

To  the  Coimnittee  of  Council  on  Education,  Science 
and  Art  DeparUnent,  South  Kensmgton, 

We,  the  undersigned  merchants,  manufacturers, 
and  others,  having  had  a proposition  brought  before 
us  by  Mr.  Ablett,  for  the  illustration  of  collections 
of  patterns  produced  in  the  current  course  of  trade 
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and  manufacture,  desire  to  express  to  your  Lordships 
our  opinion  of  the  great  utilility  of  exhibiting  series 
of  patterns,  of  foreign  and  home  production,  for  the 
information  of  producers  of  all  classes,  whether 
employers  of  labour  or  artisans,  not  only  in  the 
metropolis,  but  in  the  great  centres  of  industry  in  the 
provinces.  And  considering  that  it  is  the  special 
function  of  the  Department  of  Science  and  Art  to 
promote  the  education  of  the  people,  we  desire 
to  express  a hope  that  your  Lordships  will  see  the 
propriety,  and  even  necessity,  for  providing  that  such 
illustrations  shall  be  collected  and  exhibited  in  the 
manner  best  calculated  to  afford  practical  information 
to  all  who  are  interested  in  the  art,  progress,  and  manu- 
factures of  the  United  Kingdom,  with  the  view  of 
stimulating  an  honourable  rivalry  in  those  branches 
in  which  we  are  excelled  by  our  foreign  competitors, 
M’hich  the  opportunity  of  inspecting  better  specimens 
would  tend  to  improve,  and  thus  supply  the  missing 
link  that  is  needed  to  connect  the  School  of  Art  and 
Design  with  practical  manufactures,  and  complete 
the  original  plan  of  the  late  Prince  Consort  and  the 
Exhibition  Commissioners,  “ to  increase  the  means 
of  industrial  education,  and  extend  the  influence  of 
science  and  art  upon  productive  industry.”  [Here 
follow  the  signatures  of  fifty  of  the  largest  whole- 
sale houses  in  London.] 

Nothing,  however,  came  of  this,  for  the  matter 
w’as  referred  to  the  consideration  of  the  South 
Kensington  authorities,  w'ho  decided  they  had 
not  room  for  such  a collection  to  be  formed 
there. 

Since  that  time  I have  constantly  urged  the 
formation  of  these  museums  through  the  Press, 
and,  when  residing  in  France,  have  had  the 
mortification  of  seeing  my  recommendations 
translated  into  the  French  and  Belgian  journals 
and  acted  upon  (the  Commercial  Museum  at 
Brussels  having  been  founded  only  in  1882), 
while  they  have  been  neglected  in  England. 

Partial  museums  have,  it  is  true,  been  formed, 
but  nothing  has  ever  been  carried  out  in  a 
complete  manner  in  this  country.  Numerous 
managers  and  secretaries  have  applied  to  me 
asking  for  information  how  these  should  be 
formed,  but  none,  I believe,  ever  grasped  the 
subject  so  as  to  understand  the  full  details  of 
the  principle  upon  which  they  should  be  carried 
out  thoroughly. 

With  increased  knowledge  and  technical 
educati':'n  a good  deal  of  our  trade  depression 
w’ould  disappear ; for,  instead  of  being  sup- 
planted in  markets  w^here  we  have  hitherto 
been  supreme,  new  productions  would  start  to 
the  front,  and  a briskness  of  general  business 
w’ould  result  in  many  departments  of  trade 
that  are  now  behindhand  and  languishing,  if 
we  were  leaders  instead  of  being  followers  of 


others,  as  is  now  the  case  in  many  instances. 
Elaborate  systems  must  necessarily  take  time 
to  develop  ; but  the  simple  one  I have  indicated 
would  elfect  an  immediate  change  for  good  in 
every  manufacturing  town  throughout  the 
kingdom. 

Two  years  ago,  finding  that  two  of  the 
Royal  Commissioners  on  Technical  Education 
—Mr.  Swire  Smith  and  Mr.  Woodall,  M.P.— 
had  spoken  of  the  advantages  attending 
museums  of  trade  patterns  abroad  to  meetings 
which  they  have  addressed  upon  their  return 
from  the  Continent,  I sent  a copy  of  a pamphlet 
I had  written  many  years  before,  in  which  1 
pointed  out  that  the  progress  then  being  madein 
Roubaix  in  certain  dress  fabrics  was  threatening 
the  Bradford  trade,  and  explained  to  these 
gentlemen  that  for  years  I had  been  advocat- 
ing their  establishment  in  this  country,  and 
had  had  the  mortification  of  seeing  my  recom- 
mendations translated  into  foreign  journals  and 
acted  upon  abroad  while  but  very  little  was 
being  done  in  this  direction  in  this  country, 
and  Mr.  Swire  Smith  was  good  enough  to 
send  me  the  following  answer  : — 

Keighley,  June  5,  1883. 

Dear  Sir, — I must  apologise  for  not  having  earlier 
acknowledged  the  receipt  of  the  pamphlet  you  kindly 
sent  me  advocating  the  establishment  of  museums  of 
trade  patterns. 

What  strikes  me  so  much  about  the  pamphlet  is 
that,  although  written  so  long  ago  as  1868,  it  is  as 
clear  and  fresh  and  direct  to  the  purpose  now  as  it 
was  then.  Every  word  that  you  say  is  important, 
and  in  my  opinion  the  adoption  of  your  plan,  in  the 
practical  and  business-like  w'ay  which  you  suggest, 
w'ould  very  materially  influence  our  manufactured 
products  in  the  direction  of  greater  taste  and 
attractiveness  which  you  indicate. 

Although  you  have  spent  so  much  time  and  money 
in  urging  the  British  public  to  look  after  their  highest 
interests  in  trade  matters,  I hope  you  w'ill  not  despair 
now,  but  go  on,  as  you  did  fifteen  years  ago,  when 
allies  were  fewer  and  the  public  even  more  apathetic. 
Sound  advice,  such  as  you  are  evidently  well  qualified 
to  give,  is  still  much  wanted,  and  who  so  likely  to 
give  it  as  one  who  spoke  so  prophetically  when  the 
danger  of  foreign  superiority  seemed  to  be  further 
aw'ay  and  less  likely  to  reach  us  than  at  present  r 
Believe  me. 

Yours  very  truly, 

(Signed)  Sayire  Smith. 

To  W.  H.  Ablett,  Esq. 

When  I first  began  to  advocate  the  adoption 
of  museums  of  trade  patterns,  I had  not  the 
slightest  idea  that  the  plan  was  acted  upon 
anywhere  abroad,  the  necessity  of  some  such 
expedient  having  been  forced  upon  my  notice 
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from  trade  exigency  at  Coventry,  as  before 
mentioned  ; but  since  the  Report  of  the  Royal 
Commission  on  Technical  Instruction  it  seems 
that  the  Museum  of  Textile  Fabrics  at  Mul- 
house  contains  a complete  series  of  patterns 
used  in  calico  printing  from  the  commence- 
ment of  the  trade  in  Alsace  in  1746,  up  to  the 
present  year.  There  is  a permanent  exhibition 
of  historical  specimens  of  ancient  textiles  in 
cotton,  silk,  and  wool.  The  new  patterns  for 
each  year  are  fixed  up  and  labelled  with  the 
names  of  the  producers,  whether  they  be  in 
France,  Germany,  England,  or  elsewhere. 
These  designs  are  in  due  course  removed  in 
order  to  make  way  for  newer  ones,  the  older 
ones  being  mounted  in  books  and  catalogued. 
Those  ranging  from  the  year  1829  to  1858 
which  are  considered  worthy  of  being  pre- 
served fill  no  less  than  389  large  volumes.  The 
leading  manufacturers  are  convinced  of  the 
beneficial  influence  of  this  museum  upon  the 
principal  industry  of  the  district.  Some, 
indeed,  went  so  far  as  to  say  that  they  could 
not  see  how  trade  could  prosper  without  it.  It 
is,  they  think,  a source  of  inspiration  to  the 
designer;  it  sharpens  the  wits  of  the  manu- 
facturer, is  a constant  register  of  the  relative 
progress  of  competing  countries,  and  it  gives 
individuals  assistance  in  suggesting  the 
adoption  of  old  or  historical  styles  to  current 
wants. 

I have  visited  every  town  throughout  Great 
Britain  wherein  any  textile  manufacture  of  im- 
portance is  carried  on,  and  I unhesitatingly 
affirm  that  there  is  not  one  in  the  United 
Kingdom  where  the  standard  of  manufacturing 
skill,  invention,  and  design  could  not  be  im- 
measurably raised  by  the  presence  of  such 
an  institution  in  its  midst.  The  main  idea 
of  late  in  imparting  technical  instruction 
seems  to  be  through  the  giving  of  lectures. 
I certainly  am  not  disposed  to  undervalue 
these,  but  it  is  very  clear  that  the 
teacher  cannot  go  beyond  what  is  already 
known  to  some  ; and  what  we  need  are  further 
advances,  and  fresh  flelds  struck  out  in  actual 
manufacture,  for  he  can  only  speak  of  the  facts 
or  conditions  of  matters  up  to  that  standpoint 
which  exists  and  is  common  to  the  most  ex- 
perienced persons  in  any  given  branch,  andhere 
he  stops,  and  his  hearers  with  him. 

But  the  practical  manufacturing  hand,  be 
he  master,  overlooker,  or  first-class  workman, 
gets  a new  idea  from  something  he  sees  in 
a museum,  and  he  makes  an  addition  to  it 
— strikes  out  something  fresh  and  causes 
a new  departure, — and  it  is  the  practical  man. 


and  not  the  theoretical  one,  to  whom  we  must 
look  for  new  inventions,  fresh  combinations, 
and  general  improvements  in  manufacture. 
And  while  many  schemes  and  plans  might 
be  suggested  for  the  acquisition  of  enlarged 
technical  knowledge,  nearly  all,  if  not  quite 
all,  would  take  a considerable  time  to  develop; 
while  the  system  I advocate  would  enable  men 
to  teach  themselves  at  once  what  they  need  to 
aim  at,  because  each  could  apply  to  his  own 
circumstances  the  lessons  which  might  thus 
be  gained.  No  manufacturing  centre  can  be 
regarded  as  completely  equipped,  so  far  as  its 
public  arrangements  in  connection  with  the  ac- 
quisition of  technical  knowledge  are  concerned, 
till  it  has  acquired  its  “Kunst  Gewerbe,” 
which  abound  in  Germany,  and  also  in 
Switzerland,  at  Berne,  Zurich,  St.  Gallen, 
Basle,  and  Winterthur ; there  is  the 
“Museum  fiir  Kunst  und  Industrie”  at 
Vienna ; and  the  Landesgewerbehalle  at 
Karlsruhe  is  one  of  the  finest  collections  in 
the  world.  France  has  taken  up  this  move- 
ment upon  a large  scale  in  recent  years,  al- 
though there  have  long  been  such  establish- 
ments in  Lyons,  St.  Etienne,  and  other  places. 
The  Depot  des  Lois,  No.  1,284,  Chambre  des 
Deputes,  Session  1879,  contains  a “ Propo- 
sition de  Loi  sur  T organisation  des  musees 
d’art  industriel,”  in  the  Budget  of  the  same 
year  the  Chamber  voting  1,000,000  fr.  for  this 
purpose.  “ During  a recent  visit  to  the  Con- 
tinent,” writes  Professor  Charles  U.  Yates,  of 
U niversity  College,  N ottingham , “ I paid  special 
attention  to  these  questions,  and  had  frequent 
conversations  with  the  leading  manufacturers 
in  different  towns  concerning  this  subject. 
From  Germany,  through  Austria,  Switzerland, 
France,  and  Belgium  I have  only  heard  one 
opinion  ; I was  invariably  told  that  the  trade 
museums  were  not  only  a great  benefit  but 
many  men  considered  them  indispensable. 
Such  testimony,  combined  with  the  recom- 
mendations of  our  Commission  on  Technical 
Education,  should  open  the  eyes  of  our  people. 
Nottingham,  above  all  other  places,  stands  in 
need  of  such  an  institute,  and  sooner  or  later 
we,  and  other  places  as  well,  will  be  obliged 
to  take  some  steps  in  this  direction.” 

Any  person  seeing  an  actual  pattern  or 
sample  before  him,  would  gain  more  positive 
instruction  at  a glance,  than  many  pages 
of  written  description  would  afford,  while 
the  opportunity  of  inspecting  the  best 
manufactures  that  are  produced  abroad  and 
elsewhere,  would  enable  any  short-coming  to 
be  detected  at  once,  and  allow  of  existing 
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errors  to  be  rectified  through  comparison,  and 
consequently  be  the  means  of  suggesting  excel- 
lence in  manufactures,  that  would  in  vain  be 
sought  for  by  any  other  method  ; and  so  form 
a permanent  collection  to  which  masters  and 
workmen  alike  might  have  recourse  in  seasons 
of  difficulty. 

Persons  with  only  a superficial  knowledge 
of  manufactures,  such  as  would  be  possessed 
by  an  ordinary  buyer  of  goods,  who  is  ac- 
quainted with  an  article  in  its  manufactured 
and  complete  state,  ready  to  be  handed  over 
to  the  consumer,  but  who  are,  perhaps,  igno- 
rant of  the  various  details  and  stages  through 
which  it  is  necessary  for  an  article  to  pass, 
are  struck  with  the  great  lack  of  invention  and 
power  to  stimulate  improvements,  combined 
with  an  awkward  unwillingness  to  depart  from 
old-fashioned  methods,  that  characterise  not 
only  the  managers  of  factories,  but  the  masters 
also  in  many  branches  of  English  manufacture. 
They  often  seem  to  satisfy  themselves,  as  it 
were,  by  following  the  old  round  of  mechanical 
production,  contented  to  ignore  the  more 
fanciful  or  artistic  finish,  that  it  would  be  the 
aim  of  a more  highly  instructed  individual  to 
arrive  at. 

That  Englishmen  are  inventive  no  one  can 
deny,  and  that  much  ingenuity  and  mechanical 
skill  is  often  manifested  by  entirely  un- 
instructed workmen  is  equally  plain.  In  every 
manufacturing  town  throughout  the  kingdom 
there  lie  scattered  about,  among  the  working 
population,  samples  or  specimens  of  attempts 
at  something  different,  either  in  the  shape  of 
new  inventions  or  improvements,  that  have 
never  had  the  opportunity  of  coming  under 
the  obser\’ation  of  those  who  could  put  them  in 
a trade  form,  from  the  simple  fact  that  there 
is  no  system  by  which  these  methods  come 
under  the  notice  of  those  most  interested,  ex- 
cepting by  chance,  or  at  rare  intervals.  The 
industrial  exhibitions  amongst  the  workmen 
that  have  been  lately  seen,  give  ample  proof 
of  the  manufacturing  ingenuity  of  the  working 
population  ; but  such  exhibitions  can  have  no 
beneficial  influence  upon  manufacturing  edu- 
cation. 

I do  not  for  a moment  deny  that  in  some 
branches  of  trade  we  still  excel  the  foreign 
producer,  and  those  associated  with  the 
branches  that  still  retain  their  supremacy 
do  not  believe  we  are  in  any  danger  from 
foreign  competition  ; but  men  ask,  why 
should  not  an  Englishman  do  as  well  as  a 
Frenchman  or  Prussian  ? He  has  as  good 
hands,  eyes,  and  bodily  faculties  as  the  others, 


say  they,  and  why  should  he  be  excelled  ? So 
far  from  denying  that  an  Englishman  equals  a 
foreigner  in  the  ordinary  gifts  of  natural  apti- 
tude, I am  prepared  to  say  that  an  English- 
man will,  as  a rule,  do  far  more  work  than  a 
foreigner,  and  bring  a more  continuous  and 
indomitable  energy  to  any  given  task  that  he 
may  apply  himself  to  ; but  it  is  not  here  that 
his  weakness  lies.  It  is  in  deficient  knowledge 
of  matters  of  taste  and  arrangement,  and  an 
absence  of  that  quickness  of  apprehension 
and  fertility  of  expedient  that  is  only  brought 
into  active  life  by  education,  and  continuously 
sustained  by  daily  observation. 

But  what  we  now  want  is  a more  diffused 
intelligence  in  the  constantly  recurring  opera- 
tions of  everyday  life,  by  which  not  only  the 
skill  and  talent  of  the  workmen  may  be  in- 
creased, but  the  mind  of  that  workman  become 
more  enlarged  as  to  the  object  and  application 
of  his  work,  and  its  comparative  excellence  or 
defects,  when  placed  side  by  side  with  other 
work.  Now  no  system  at  present  exists  for 
thus  aiding  the  workman,  except  by  means  of 
those  chance  opportunities  that  are  sometimes 
brought  under  his  notice,  in  case  of  failure  it 
may  be  ; but  if  a museum  of  trade  patterns 
existed,  the  germ  of  a good  thought  might 
become  perfected,  instead  of  dying  away  as  it 
often  does  now,  and  ideas  from  other  objects 
would  suggest  themselves,  so  as  to  form  a 
complete  whole  of  what  otherwise  would  have 
remained  undeveloped. 

I have  constantly  heard  it  asserted  that 
Englishmen  have  not  any  taste,  and  have 
heard  the  most  ingenious  reasons  given  why 
this  should  be  so — amongst  others,  that  there 
is  something  dull  and  heavy  in  our  climate 
which  has  an  oppressive  influence  on  the  mind 
and  fancy.  I don’t  believe  anything  of  the 
sort.  I have  heard  it  gravely  asserted  that 
French  designers  who  have  come  over  here, 
and  were  celebrated  as  good  workmen  in  their 
own  country,  after  being  in  England  a short 
time  could  do  nothing  at  all,  and  went  back 
to  France,  where  they  once  more  picked  up 
again  their  former  excellence. 

I can  account  for  such  instances  easily 
enough,  in  the  absence  of  taste  and  artistic 
skill  amongst  the  people  with  whom  such  an 
one  was  placed,  which  took  away  from  the 
individual  all  that  spirit  of  honourable  emula- 
tion, and  this  is  really  the  unhealthy  atmosphere 
we  have  to  contend  against — the  foul  air  of 
ignorance,  and  an  absence  of  inventive  de- 
sign, which  the  plan  I advocate  would  go 
far  to  ameliorate. 
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In  the  history  of  manufacturing  process,  it 
is  quite  well  known  how  often  men  are  at  a 
loss  for  the  commonest  contrivances  to  ensure 
a certain  description  of  work,  or  result,  that 
are  well  known  and  simplified  elsewhere ; 
under  these  conditions  such  an  institution,  in 
the  midst  of  an  industrial  centre,  would 
become  the  foster-mother  of  inventive  design 
—the  Alma  Mater  of  the  manufacturing  dis- 
tricts— the  common  centres  which  would  attract 
all  the  strayed  efforts  of  genius  that  otherwise 
would  be  unable  to  find  a home  and  lodgment, 
which  would  ultimately  ripen  into  new  and 
perfected  systems  of  manufacture  that  cannot 
fail  to  result  in  the  advancement  af  any  district 
wherein  it  is  placed.  New  ideas  struggling 
towards  the  light,  invented  perhaps  by  persons 
who  are  not  quite  aware  themselves  of  the 
advantages,  or  the  future  applications,  of  what 
they  are  doing,  would  be  appreciated  by 
perceptive  eyes,  which  would  know  how 
to  turn  such  ideas  to  the  best  account.  In 
a local  exhibition  this  result  would  often  of 
necessity  ensue ; for  the  inventions  of  the 
workman,  who  in  many  branches  is  ignorant 
of  the  best  applications  of  an  article,  requiring 
judgment  or  taste  in  its  disposal,  would  be 
seen  by  the  manufacturer,  to  their  mutual 
benefit ; as  the  workman  would  find  a patron 
for  his  invention,  and  the  master  get  a new 
idea  from  the  artisan. 

The  plan  would  have  a very  wide  application, 
for  there  is  not  a single  branch  of  industry 
throughout  the  country  that  would  not  be  con- 
siderably benefited  by  its  adoption.  Even  in 
purelyagriculturaldistricts,  amongst  labourers, 
a kind  of  museum  could  be  formed  of  objects  of 
rustic  ornament  and  use,  that  could  be  made 
in  winter  evenings,  or  when  men  are  doomed 
to  enforced  idleness  from  stress  of  weather,  or 
from  beingout  of  employment,  consistingof  such 
things  as  chairs,  tables,  and  garden  seats, 
made  from  branches  of  trees ; ornamental 
stands  for  holding  flower-pots ; straw  bottle 
covers  used  by  wine  merchants ; and  such  de- 
vices as  those  for  suspending  flower-pots  in 
little  contrivances  of  crossed  hazel  sticks  to 
form  a kind  of  basket,  in  which  drooping  or 
trailing  plants  are  grown.  The  manufacture  of 
even  such  objects  amongst  rural  populations 
would  not  only  supplement  their  earnings  to 
a small  extent  by  their  sale,  and  add  to  their 
material  comfort,  but  would  also  cause  them 
to  be  gainers  in  that  contentment  and  peace  of 
mind  which  arises  from  habits  of  industry,  and 
the  exercise  of  a little  ingenuity  and  skill 
which  is  productive  of  satisfaction  in  all  human 


effort,  let  a man’s  condition  be  never  so 
lowly. 

In  the  mining  districts,  a museum  would  be 
desirable.  The  classification  of  the  various 
ores,  enlivened  by  the  beautiful  stalactites 
that  abound,  would  form  a very  interesting 
collection — to  which  might  be  added  models 
of  machinery,  and  of  all  appliances  used  in 
mining.  In  the  sea-port  towns,  boats,  anchors, 
cordage,  sails,  models  of  vessels,  and  marine 
engines,  might  be  well  represented  ; and  these 
would  become  in  time  depositories  of  curiosities 
brought  from  abroad,  though  this  is  the  least 
useful  aspect  in  which  to  regard  the  subject, 
unless  we  consider  the  great  probability  that 
useful  fibres  would  be  attracted  amongst  other 
specimens,  which  would  open  out  new  branches 
of  industry.  It  is  surprising  what  small  ad- 
vances we  make  in  utilising  these,  of  which  a 
great  wealth  is  spread  over  the  vast  tracts  of 
the  vegetable  kingdom  in  some  countries, 
that  might  be  discovered  and  put  to  profitable 
use.  Travellers  from  abroad  would,  doubtless, 
often  send  specimens  to  such  an  institution, 
and  it  cannot  be  doubted  but  that  we  should 
add  materially  to  our  resources,  and  abund- 
ance of  useful  fibres  be  discovered. 

Models  of  machinery  for  effecting  improve- 
ment in  any  known  branch  of  industry,  would 
often  be  furnished  gratuitously  by  those  per- 
sons desirous  of  effecting  sales  of  them,  and 
collections  could  be  formed  at  a very  trifling 
expense,  after  being  commenced,  throughout 
the  entire  kingdom,  with  the  happiest  results 
to  the  nation  at  large. 

Mere  Workmen’s  Industrial  Exhibitions, 
however  worthy  of  encouragement  on  cer- 
tain grounds,  can  have  no  abiding  influence 
on  routine  manufactures,  and,  on  the  other 
hand,  the  International  Exhibitions  are  con- 
sidered by  many  to  have  outgrown  their 
just  proportions,  so  that  some  manufacturers 
now  decline  to  exhibit,  and  say  the  effect  of 
these  exhibitions  has  been  to  educate  our 
continental  trade  opponents  up  to  our  own 
standard,  and  especially  in  machinery.  The 
proper  determination  and  level  of  these  ex- 
pedients seems  to  be  indicated  in  the  resolving 
of  these  efforts  into  the  final  and  permanent 
museum  of  trade  patterns,  to  be  established  in 
all  manufacturing  centres,  which  will  afford  an 
opportunity  for  the  study  and  observation  of 
the  description  of  manufacture  suitable  to 
each  district,  and  furnish  an  aid  to  technical 
education  that  could  not  be  obtained  by  any 
other  means  ; as  every  clever  manufacturing 
expedient  in  practical  working  would  here  be 
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displayed,  and  could  be  taken  advantage  of ; 
in  short,  it  would  be  the  best  descriptive 
supplement  to  technical  education  that  it 
would  be  possible  to  devise,  and  if  universally 
adopted  throughout  the  kingdom,  it  would 
serve  as  a fresh  mark,  or  epoch,  in  English 
manufacturing  greatness. 

It  is  generally  admitted  that  from  our  com- 
mercial activity  England  has  derived  a great 
share  of  her  wealth  and  position  amongst  the 
nations  of  the  world,  and  that  to  manufacture 
was  almost  our  necessity  ; it  would  seem  also 
as  if  it  were  the  destiny  of  Great  Britain  to 
clothe  the  teeming  millions  of  the  other  por- 
tions of  the  world,  and  receive  in  exchange  the 
produce  of  other  countries  ; but  according  to 
the  expressed  opinions  of  a great  number  of 
eminent  men,  thoroughly  well  qualified  to  pass 
judgment  on  such  matters,  there  exists  at  the 
present  time  the  most  imminent  danger  that 
England  will  lose  the  supremacy  she  has 
hitherto  maintained  over  the  rest  of  the  world 
as  a manufacturing  nation,  unless  she  girds 
herself  up  for  the  industrial  race  that  she  has 
to  run  in  future  with  other  kingdoms,  which 
are  now  devoting  more  attention  to  the  peace- 
ful arts  than  they  formerly  did,  and  whose 
importations  are  competing  with  British  manu- 
factures even  in  the  home  market.  In 
connection  with  this  rivalry,  it  has  been 
unmistakably  shown  that  our  most  successful 
competitors  are  found  in  those  countries  where 
the  best  systems  of  technical  education  is  in 
use—  notably  in  France,  Austria,  Prussia, 
Belgium,  Bavaria,  and  Switzerland — and  the 
necessity  that  exists  for  the  more  efficient 
education  of  the  masses  is  the  great  social 
problem  of  the  future  in  this  country. 

Assistance  of  the  most  valuable  kind  could 
be  afforded  to  both  artisans  and  manufacturers 
by  their  museum  of  trade  patterns,  which 
would  give  an  opportunity  to  all  interested  in 
any  particular  branch  of  manufacture  to  inspect 
samples  of  goods  made  abroad,  which  would 
go  a long  way  towards  affecting  an  improve- 
ment, as  it  would  be  the  means  of  showing,  in 
a distinct  and  positive  manner,  where  we  are 
excelled  by  our  foreign  competitors,  and  where 
our  own  weakness  lies.  Not  only  would  the 
eye  be  educated  in  matters  of  taste  through 
this  system,  but  trade  knowledge  of  almost 
every  description  could  be  gathered  from  this 
comparatively  simple  and  inexpensive  ex- 
pedient, out  of  which  other  advantages  would 
naturally  spring,  as  the  plan  would  serve 
as  a spur  to  inventive  application,  and  would 
render  such  assistance  to  those  provincial 


towns  which  might  be  inclined  to  adopt  the 
plan,  as  would  speedily  raise  their  standard  of 
manufacturing  skill  and  design.  An  ignorant 
workman  cannot  be  supposed  to  be  acquainted 
with  the  many  beautiful  forms  and  designs 
that  are  familiar  to  the  better  instructed 
one,  in  whose  mind  graceful  objects  arc 
associated  in  his  handicraft.  Not  only  would 
such  a collection  have  its  due  influence 
upon  taste  in  a district,  but  it  would  positively 
give  commercial  information  in  the  line  of 
business  a man  was  engaged  in,  by  which  he 
earned  his  daily  living.  He  could  handle  the 
samples  of  his  trade  opponents,  acquaint  himself 
with  the  methods  of  manufacture  pursued  in 
other  countries,  see  for  himself  how  an  article 
was  started  in  a loom,  or  an  object  of  metal 
cast ; a glance,  in  short,  would  reveal  what 
description  of  goods  came  against  him  in  the 
general  markets  of  the  world.  Thousands  of 
workmen  in  this  country  see  nothing  else  but 
their  own  productions,  and  those  of  their 
fellows,  from  one  year’s  end  to  another. 

If  a museum  of  this  sort  existed  in  every 
manufacturing  town,  not  only  would  workmen 
have  an  opportunity  of  seeing  a full  collection 
of  all  goods  in  their  own  line  of  business,  both 
native  and  foreign,  but  they  would  see  speci- 
mens of  different  goods,  from  which  they 
would  obtain  ideas  and  originate  new  appliances 
of  their  own.  Of  course,  the  detail  and 
minutiae  of  these  museums  would  have  to  be 
left  to  local  or  municipal  management,  which 
in  many  instances  will  be  sure  to  differ  from 
one  another ; but  if  a plan  was  arranged  by 
which  any  w'orking  man  who  had  made  any 
invention,  or  any  new  pattern,  could  exhibit  it 
with  his  name  and  address  attached,  such  a 
system  would  not  only  arouse  the  emulative 
spirit  of  the  working  classes,  who  would  be 
anxious  to  exhibit,  but  it  would  gather  to- 
gether in  one  focus  all  the  latent  intelligence 
of  that  district,  and  masters  could  find 
ingenious  workmen  whom  they  never  otherwise 
would  have  discovered,  and  the  workmen  find 
masters  who  would  take  up  their  inventions 
and  carry  them  out  to  a perfected  and  success- 
ful issue,  that  never  could  have  been  arrived 
at,  save  for  the  mutual  help  rendered  to  one 
another. 

It  must  be  borne  in  mind,  that  for  many 
years  past,  foreign  nations  have  been  making 
strenuous  efforts,  and  sparing  no  expense  and 
pains  to  fix  some  of  the  industries  thatha\e 
enriched  England  in  their  own  countries,  and 
in  some  instances  they  have  succeeded  to  a 
remarkable  degree.  The  broad  silk  trade  of  the 
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country — that  is  to  say  the  trade  in  silks  for  ladies 
dresses — is  entirely  gone,  and  there  are  lidw  no 
dress  silks  of  any  consequence  manufactured 
in  England,  all  the  wide  goods  which  are 
used,  being  sent  to  us  from  France,  Germany, 
and  Switzerland,  respectively ; and  the  im- 
portations of  foreign  manufactured  silk  goods 
amount  annually  to  between  ^10,000,000  and 
1,000,000.  This  branch  is  in  a worse  posi- 
tion than  it  is  generally  supposed  to  be  in, 
inasmuch  as,  according  to  the  Board  of  Trade 
returns,  there  annually  appears  to  be  a re- 
spectable amount  of  silk  goods  exported.  But 
these,  for  the  most  part,  consist  of  silks  which 
have  been  imported  into  England  from  abroad, 
and  now  resold  by  wholesale  houses  to  mer- 
chants in  our  colonies,  India,  &c.,  and  these 
figure  as  English  silks,  because  they  are  sent 
out  by  English  houses. 

The  ribbon  trade  is  dying  out  in  Coventry, 
no  lads  being  now  apprenticed  to  the  weaving 
business  as  formerly,  though  the  classes  of 
goods  mostly  in  demand  of  late  are  of  that 
description  which  comes  best  within  the  com- 
pass of  what  the  English  manufacturer  can 
do,  consistingmostly  of  “union”  goods;  for  in 
“ all-silk  ” ribbons  there  is  no  competing  with 
the  Basle  makers  in  the  low-priced  descriptions, 
o:  those  of  St.  Etienne  in  the  higher  classes. 

As  a counterpoise  to  this  unsatisfactory  con- 
dition of  affairs,  it  is  gratifying  to  be  able  to 
remark  that  a new  branch  has  recently  sprang 
up  in  this  country  in  the  form  of  spun  and  waste 
silk,  in  which  we  have  so  far  beaten  the 
foreigner ; but  it  is  impossible  to  say  how  long 
this  fortunate  condition  of  affairs  may  last,  for 
our  trade  opponents  are  both  numerous  and 
skilful,  and  soon  adapt  themselves  to  altered 
conditions.  But  we  want  more  of  this  inven- 
tive spirit  displayed  which  is  due  more 
especially  to  the  labours  of  one  individual 
who  has  been  a successful  pioneer  in  this 
branch  of  industry,  and  the  museum  of  trade 
patterns  would  often  be  found  the  means 
of  furnishing  new  suggestions ; to  meet 
various  contingencies  to  which  we  are  now 
exposed,  it  is  plain  that  we  must  call  up  allour 
labour  powers  and  educate  them  properly  to  the 
general  advantage  of  the  commonwealth,  and 
which  we  have  hitherto  very  much  neglected. 
From  the  elements  within  us,  the  capital  and 
energy  of  our  merchants  and  traders,  the 
indomitable  perseverance  and  endurance  of 
our  artisans,  who  are  naturally  industrious  and 
skilful,  there  is  room  to  build  up  extended 
trades  in  many  branches  that  are  now  regarded 
as  decaying,  or  at  best  stationary. 


In  the  face  of  the  opposition  to  which  many 
branches  of  production  are  at  present  exposed, 
it  has  been  often  proclaimed  that  the  wages  of 
workmen  must  be  materially  reduced.  But 
the  proper  thing  to  aim  at,  I take  it,  is  not  to 
grind  down  the  wages  of  Englishmen  to  a 
continental  level,  but,  by  awakening  their  in- 
telligence, and  kindling  their  emulation,  to 
raise  the  value  of  their  producing  power, 
which,  most  assuredly,  can  be  assured ; and 
it  is  from  a deep  conviction  that  this  can  be 
done  that  I have  ventured  to  address  you  to- 
night ; and  my  own  experience  has  proved  to 
me  that  one  of  the  most  lasting  and  surest 
methods  of  raising  the  skill  of  our  workmen  is 
by  adopting  the  method  of  museums  of  trade 
patterns. 

The  increased  use  of  machiner}',  which  is 
destined  ultimately  to  do  most  of  the  work  of 
men’s  hands,  will,  with  its  increased  perfec- 
tion, bring  a disturbing  element  with  it,  inso- 
much that  it  will  be  mainly  its  rapid  pro- 
duction in  the  manufacture  of  goods,  its 
producing  capability  as  regards  quantity, 
which  will  compel  manufacturers  to  stop  from 
time  to  time,  and  thus  unsettle  the  regular 
employment  of  labour,  which  will  be  liable  to 
greater  fluctuations  than  have  yet  been  known. 
Of  course,  when  markets  are  stocked,  produc- 
tion must  cease,  and  the  result  now  referred  to 
is  being  experienced  periodically,  to  a slight 
extent,  in  one  or  two  branches  of  manufacture. 

It  is,  therefore,  to  be  hoped  that  the  work- 
men of  the  future  will,  with  increased  intelli- 
gence, become,  as  a body,  more  thrifty  and 
saving,  so  that  while  earning  greater  wages 
in  times  of  prosperity,  their  prudence  will 
cause  them  to  make  better  provision  than  is 
now  often  practised  for  intermittent  days  of 
adversity  when  they  arrive. 

I am  firmly  convinced  that  the  future  pros- 
perity and  welfare  of  this  country  will  very'’ 
much  depend  upon  the  working  classes — I 
mean  those  who  depend  upon  their  daily 
exertions  for  the  means  of  living,  those  who 
have  not  private  property  of  their  own  to  sub- 
sist upon — and  it  will  be  to  their  advantage  to 
endeavour  to  get  adopted  every  useful  ex- 
pedient that  can  be  devised  for  increasing 
their  own  efficiency,  and  the  value  of  their 
own  exertions,  for  as  individuals  become 
richer,  the  riches  of  a State  also  increase  pro- 
portionately, and  it  is  really  imperative,  for 
more  reasons  than  one,  that  the  importance  of 
the  plan  that  I advocate  should  be  widely 
felt,  known,  and  understood,  for  it  will  be 
found  as  practically  useful  to  my  fellow- 
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countrymen  engaged  in  manufactures  as  the 
Sunday-school  scheme  of  Raikes  proved  to  be 
to  religious  and  secular  elementary  education. 
But  it  is  a hard  matter  to  produce  an  impres- 
sion upon  the  British  public,  unlike  the  French, 
who  are  charmed  with  an  “ idea,’'  and  en- 
thusiastically carry  it  out  to  its  practical  ter- 
mination. 

Further,  it  naturally  follows  that  foreign 
importations  which  are  now  conducted  upon 
such  a large  scale  must  inevitably  displace  so 
much  native  industry,  and,  to  compete  with 
the  foreigner,  the  Englishman  must  fall  back 
upon  productive  skill,  or  the  economising  of 
labour,  which  can  only  be  effected  through  a 
superior  intelligence- an  inferior  one,  of 
course,  stands  no  earthly  chance  against  one 
who  pays  less  taxes  than  we  do,  and  can 
manufacture  his  goods  at  a far  less  cost  than 
that  paid  for  English  labour. 

Business  matters  are  now  so  conducted,  that 
those  who  manage  them  may  be  fairly  said  to 
be  engaged  in  a race,  in  which  the  most  skil- 
ful will  be  sure  to  win.  The  hidden  powers  of 
nature,  which  are  now  being  subjected  to  the 
control  of  man’s  increased  and  ever-growing 
knowledge,  are  doing  their  share  in  the 
work  of  man’s  daily  life,  and  are  creating 
entirely  new  combinations  of  results  in  every 
direction. 

There  appears  to  be  something  in  the 
peculiar  character  of  Englishmen,  that  they 
never  do  their  best  until  some  strong  opposition 
is  brought  to  bear  upon  them,  when  the  com- 
bative and  persevering  spirit  of  the  nation 
seems  to  be  brought  out,  and  great  improve- 
ment often  results  after  a temporary  collapse. 

May  the  opposition  we  are  now  experiencing 
in  many  departments  of  trade  infuse  the  old 
energy  into  us,  and  lead  us  to  glorious, 
yet  bloodless,  victories  on  the  broad  field  of 
honourable  competition.  Yet  viewed  in  a 
national  point  of  view,  as  from  that  of  the 
stand-point  of  free  trade,  if  the  State  makes 
laws  which  permit  manufactured  goods  to 
come  into  England  duty  free,  it  would  be 
some  slight  concession  and  assistance  if  the 
Government  were  to  inform  those  manufac- 
turers of  the  country  who  have  been  the 
hardest  hit  by  this  arrangement,  what  goods 
come  against  their  own  in  the  markets  of  the 
world,  which  could  be  done  effectually  through 
the  instrumentality  of  these  museums.  And 
I would  therefore  suggest,  in  conclusion,  that 
one  should  be  established  in  London  to  serve 
as  a model,  and  assist  provincial  towns 
desirous  of  establishing  a museum  of  trade 


patterns  of  their  own,  which  of  necessity 
would  be  very  varied  in  their  aims  and 
methods  of  management.  To  the  parent 
museum  our  consuls  might  furnish  informa- 
tion and  samples  of  goods  that  are  either 
produced  or  wanted  abroad,  together  with  any 
details  of  an  useful  character  which  might 
afterwards  be  disseminated  in  the  various 
producing  centres  of  the  country  which  they 
would  mostly  concern.  Such  a museum  could 
be  begun  at  a comparatively  trifling  expense, 
and  would  gradually  attain  to  very  consider- 
able proportions.  A large  amount  of  valuable 
specimens  could  be  obtained  gratuitously 
from  persons  desirous  of  aiding  the  scheme, 
which  would  be  found  to  accumulate  rapidly, 
and  form  a most  valuable  aid  to  the  develop- 
ment of  technical  education  and  business 
knowledge  of  every  description.  I may  add 
that  the  proposed  plan  has  met  with  the 
approval  of  a few  close  observers  of  the  rapid 
progress  made  by  other  countries  in  technical 
knowledge,  and  having  about  three  months 
since  written  a couple  of  letters  on  the  subject 
in  the  Manchester  Gnantian,  amongst  other 
communications  I received  the  following  from 
Mr.  Thomas  Wardle,  one  of  the  Assistant 
Commissioners  who  prepared  the  admirable 
report  on  the  silk  industry  for  the  Commission 
on  Technical  Education  : — 

St.  Edward-street,  Ece’e. 

Sept.  5th,  1885. 

Dear  Sir, — I have  just  seen  your  excellent  letter  oi 
August  26th,  in  the  Manchester  Guardian.  I fully 
agree  with  you  on  the  importance  of  trade  patterns 
in  local  and  other  museums.  'Without  knowing  of 
your  advocacy,  I strongly  recommended  the  same 
idea  in  my  report  on  the  Silk  Industiy  to  the  Royal 
Commissio  on  Technical  Education,  vol.  3. 

Yours  truly, 

Thomas  Wardle, 

P.S. — I think  it  an  admirable  plan  to  keep  us  fully 
informed  of  foreign  competition. 


DISCUSSION. 

Mr.  George  Wallis  said  he  had  hoped  that 
Mr.  Ablett  would  have  made  progress  by  this 
time  with  the  idea  which  he  well  remembered 
talking  over  with  Sir  Henry  Cole  when  it  was 
first  submitted  in  1862-3,  and  he  believed  he 
made  a report  upon  it.  If  he  recollected  rightly, 
the  matter  ended  in  the  suggestion  that  if  Mr. 
Ablett  could  get  up  a feeling  in  favour  of  such  a 
museum  on  the  part  of  the  public,  the  Science  and 
Art  Department  w'ould  be  inclined  to  take  it  up. 
But  even  at  that  time,  he  had  had  a good  deal  of 
experience  with  manufacturers,  and  he  felt  that 
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trade  jealousy  stood  fearfully  in  the  way  of  any- 
thing of  the  kind ; in  fact,  it  was  a great 
stumbling  block  in  the  way  of  the  Great  Kx- 
hibition  of  1851.  He  addressed  some  hundred 
audiences  in  different  parts  of  the  kingdom  in 
anticipation  of  that  Exhibition,  and  his  greatest 
difficulty  always  was  to  convince  manufacturers  that 
it  was  to  their  interest  to  show  what  was  doing,  and 
by  stimulating  each  other  to  endeavour  to  improve 
the  manufactures  of  the  country.  This  trade  jealousy 
still  existed,  and  would  stand  in  the  way  of  carrying 
out  this  idea  to  a satisfactory  conclusion.  He 
always  found  when  an  effort  was  made  to  establish 
a local  museum,  that  the  general  feeling  was  one  of 
indifference  towards  what  was  being  done  in  the 
neighbourhood ; and  the  only  object  was  to  get 
objects  of  art,  especially  pictures.  This  pictorial 
craze  stood  more  in  the  way  of  real  artistic  advance 
than  almost  anything  else.  It  required  almost  a 
surgical  operation  to  get  it  out  of  an  Englishman’s 
head  that  aU  art  began  and  ended  with  pictures.  No 
doubt  it  would  be  a great  thing  for  manufacturers  to 
agree  to  exhibit  a series  of  their  productions,  for  they 
would  certainly  be  helping  to  educate  each  other. 
At  the  time  of  the  Paris  Exhibition,  in  1867,  an 
eminent  French  designer,  who  had  retired  from 
business,  wrote  to  South  Kensington  to  say  that  he 
had  a very  extensive  collection  of  designs  which  he 
had  made  and  collected  for  various  purposes,  and  he 
thought  it  veiy  desirable  that  it  should  go  to  South 
Kensington.  After  talking  the  matter  over  with 
Sir  Henry  (then  Mr.)  Cole,  some  one  was  sent  to 
report  upon  the  collection,  which  was  about  sixty 
miles  from  Paris,  and  ultimately  arrangements  were 
made  for  it  to  be  sent  to  England  on  approval.  It 
was  there  carefully  examined,  and  finally  Mr.  Cole 
said  they  had  better  get  Mr.  So-and-So’s  opinion, 
mentioning  an  eminent  calico  printer  and  Member  of 
Parliament.  That  gentleman  came  and  inspected 
the  collection,  and  gave  it  as  his  opinion  that  they 
had  better  have  nothing  to  do  with  it,  adding,  that  if 
the  purchase  were  made,  he  should  certainly  bring 
the  matter  before  Parliament.  The  question  was 
thus  settled  in  the  negative,  but  he  had  no  hesi- 
tation in  saying  that  it  was  simply  trade  jealousy 
which  actuated  the  gentleman  referred  to.  This 
sort  of  thing  was  what  he  had  experienced  in  con- 
nection with  schools  of  design.  If  manufacturers 
could  get  designs  they  could  keep  to  themselves,  they 
would  have  patronised  schools  of  design  much  more 
liberally.  There  was  a favourite  quotation,  ‘ ‘ Sweet  are 
the  uses  of  adversity,”  and  if  as  a result  of  the  present 
state  of  things  these  petty  feelings  were  overcome, 
and  trade  collections  established,  a great  deal  of 
usefnl  information  would  be  obtained.  For  some 
years  it  had  appeared  very  doubtful  to  him  whether 
English  manufacturers  were  making  the  use  they 
might  of  all  the  riches  of  design  at  South  Ken- 
sington, but  he  found  that  the  Germans  and  French 
were  constantly  sending  over  their  designers  to 
London  to  study  and  make  sketches  in  the  museums, 


using  those  sketches  for  the  purpose  of  designing 
patterns,  and  then  sending  them  to  England ; and 
he  had  seen  designs  thus  originated  copied  by 
English  manufacturers,  because  they  had  come  from 
the  Continent.  Happily  this  state  of  things  had 
much  altered,  and  English  designers  now  made  con- 
siderable use  of  the  Museum,  though  they  were  still 
always  particularly  anxious  to  conceal  where  they 
came  from,  what  they  wanted  to  do,  and  especially 
that  they  got  their  ideas  from  South  Kensington. 

Mr.  Carpmael  said  he  could  echo  a great  deal 
of  what  had  just  been  said.  Many  manufacturers  spent 
hundreds,  perhaps  thousands  of  pounds  a year  in  pro- 
ducing patterns,  and  the  last  thing  they  would  desire 
would  be  to  exhibit  such  patterns  for  the  benefit  of 
their  competitors  ; though  they  might  not  object  to 
their  being  shown  four  or  five  years  afterwards,  when 
the  fashion  had  changed.  A great  deal  might,  no 
doubt,  be  done  in  the  way  of  preserving  good  pat- 
terns from  being  lost,  but  all  patterns  were  not  good  ; 
the  majority  were  mere  rubbish.  Mr.  Ablett  had 
told  them  that  the  collection  of  a few  years  amounted 
to  450  volumes ; he  thought  anyone  who  had  to 
search  through  such  a mass,  most  of  which  was 
unsuitable  for  his  purpose,  would  soon  get  tired 
and  disgusted.  If  some  plan  could  be  devised  of 
selecting  what  were  really  worth  keeping,  and  storing 
them  in  museums,  local  or  otherwise,  great  good 
might  be  done  ; but  he  did  not  see  any  possibility  of 
establishing  such  a museum  in  London.  The  magni- 
tude would  be  too  great,  if  it  were  to  include  all 
manufactures,  and  the  cost  would  be  enormous,  both 
in  establishing  it  and  keeping  it  up.  Anything  of 
the  kind,  to  be  of  real  use,  should  be  placed  in  the 
local  centre  of  each  manufacture,  and  should  contain 
only  selected  specimens  of  the  best  patterns  pro- 
duced from  year  to  year. 

Mr.  H.  Trueman  Wood  remarked  that  it  seemed 
to  have  been  overlooked  that  there  already  existed  in 
London  a very  extensive  museum  of  trade  patterns ; 
most  of  the  patterns  invented  were  registered  in  the 
office  of  the  Registrar  of  Designs,  in  Chancery-lane, 
and  could  be  inspected  by  the  public  on  payment  of 
a fee  of  is.  for  each  design.  Now  the  specification 
of  any  patent  could  be  seen  in  the  Patent-office 
library  for  nothing,  and  he  did  not  see  why  the  same 
facility  should  not  be  given  for  the  inspection  of 
designs.  If  that  could  be  done,  there  would  be  a verj^ 
complete  museum  of  trade  patterns  without  any  more 
trouble.  A great  deal  of  what  Mr.  Ablett  had  said 
referred  to  the  general  question  of  technical  educa- 
tion and  industrial  museums,  and  if  something  in  the 
nature  of  an  industrial  museum  could  be  established 
in  London  or  the  great  centres,  he  thought  it  would 
be  much  more  useful  than  a mere  collection  of 
patterns.  Perhaps  the  Chairman  could  inform  them 
whether  the  City  Guilds  purposed  doing  anything  of 
the  sort  in  connection  with  their  fine  buildings  at 
South  Kensington— a museum  which  should  contain 
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•not  only  selected  patterns,  but  also’  specimens  of  the 
war  material  of  our  industries.  As  to  the  capacities  of 
Englishmen  for  design,  he  would  remind  the  meeting 
that  recent  Exhibitions  had  shown  pretty  plainly 
that  Englishmen  were  ahead  of  any  other  nation. 
There  was  no  doubt  that  in  the  last  Paris  Exhibition, 
the  art  workers  of  other  countries  were  anxious  to  copy 
the  designs  of  English  manufacturers,  but  that  our 
manufacturers  found  little  to  imitate.  He  had  heard 
the  coin  plaint  made  over  and  over  again  that  our  designs 
were  imitated  in  an  inferior  manner.  Not  long  ago 
the  complaint  was  that  goods  of  inferior  quality  com- 
peted with  English  articles,  but  now  the  complaint 
was  that  our  makers  of  artistic  wares  were  being 
undersold  by  inferior  imitators  of  their  patterns.  This 
complaint  had  been  made  to  him  by  five  or  six  of  the 
largest  manufacturers  of  pottery,  and  also  of  textiles. 
Of  course  the  real  obstacle  to  the  establishment  of  a 
museum  of  trade  patterns  was,  as  Mr.  Wallis  had 
pointed  out,  trade  jealousy,  but  this  difficulty  might 
be  got  over  if  the  patterns  were  not  exhibited  until 
they  had  been  some  time  in  use.  One  advantage 
would  be,  there  would  not  be  such  an  immense 
number  of  patterns  invented.  He  believed  the 
number  of  really  good  patterns  was  limited,  and  if 
people  would  only  reproduce  old  ones  which  were 
good,  and  give  over  the  craze  for  continually  pro- 
ducing something  new  and  hideous,  it  would  be  a 
great  advantage. 

Mr.  Liggins  had  been  struck  by  the  fact  that, 
judging  by  the  paper  they  had  heard,  not  a single 
manufacturer  appeared  to  have  given  the  scheme  his 
approval.  The  names  appended  to  the  memorial 
were,  he  understood,  all  those  of  London  houses  who 
were  sellers  of  articles  which  other  men  spent  their 
money,  energy,  and  skill  in  producing.  One  of  the 
cleverest  pieces  of  work  ever  designed  and  carried 
out  by  an  Englishman  was  the  yacht  Avierica^  which 
though  built  in  New  York,  was  designed  by  an 
Englishman.  The  yacht,  after  she  had  won  the  cup, 
was  purchased  by  an  Irish  nobleman,  and  being 
much  decayed,  a friend  of  his  was  employed 
to  repair  or  rebuild  her  ; but  this  was  done  in  the 
quietest  possible  manner,  one  rotten  timber  at  a time 
being  taken  out  and  replaced,  and  the  work  was 
done  as  much  as  possible  at  night,  so  that  the  lines 
might  not  be  copied.  This  sort  of  thing  was  very 
common,  so  that  he  did  not  think  a museum  of  ship 
models  would  be  of  much  use  in  seaport  towns  ; no 
trustworthy  models  would  be  obtained.  You  could 
easily  get  a model  of  a large  Cunard  steamer;  but 
there  was  scarcely  any  naval  architecture  about  those 
vessels — they  were  merely  girders  sharpened  at 
each  end.  It  was  not  a very  pleasant  thing  when 
we  went  on  board  French  and  German  steamers 
to  find  that  the  engines  had  been  copied  from 
English  patterns,  because  they  had  been  in  the 
Paris  Exhibition  some  years  ago.  On  Lake  Thun 
he  remarked  that  the  engines  of  the  steamers  were 
exactly  Penn’s  pattern,  but  the  captain  said  they  were 


made  in  Belgium.  On  another  occasion  he  had  seen 
English  cotton  spinning  machinery  going  to  Switzer- 
land, where  it  was  copied,  and  so  England  lost  the 
supremacy  which  up  to  1851  she  had  maintained  in 
all  such  matters.  Formerly  he  had  seen  two  or  three 
locomotives  a week  shipped  to  New  York,  but  the 
Americans  now  copied  them  themselves.  He  could 
not  agree  to  all  Mr.  Wallis  said,  for  he  thought  it  was 
quite  right  if  a man  got  a good  design  that  he  should 
keep  it  to  himself.  He  once  had  to  make  a design 
for  a chess-board  he  was  making,  and  he  went  to  the 
British  Museum  where  he  found  a frieze,  which  when 
reduced  in  size  answered  admirably  as  a border,  but 
he  did  not  tell  all  his  friends  where  he  got  it  from. 
Any  intelligent  man  who  wanted  a design  could 
always  find  one  in  an  old  book  or  a museum. 

Mr.  Millis  thought  there  was  a decided  objection 
to  a museum  of  trade  patterns,  but  something  could 
be  done  in  the  way  of  industrial  museums  which 
would  show  the  principles  and  methods  of  working 
in  different  industries.  He  was  now  engaged  in  trj’- 
ing  to  form  an  industrial  museum  on  a small  scale  in 
connection  with  the  Finsbury  College,  which  should 
be  of  use  to  all  workers  in  sheet  metal.  He  proposed 
to  get  samples  of  all  metals,  ores,  and  alloys,  and 
also  to  have  a series  of  examples  showing  the 
different  kinds  of  joints  most  applicable  to  these 
various  metals.  In  addition  to  this  he  intended  to 
get  copies  of  the  best  hand  working  tools  at  present 
to  be  found.  A great  deal  of  the  excellence  of  hand 
work  depended  on  the  form  of  the  tools,  and  though 
two  might  appear  very  similar  when  put  side  by  side, 
even  in  so  simple  a tool  as  a hammer,  the  correct 
curve  in  the  handle  would  make  a great  difference 
in  the  work  to  be  done  with  it.  Similarly, 
shears  used  for  cutting  sheet  metal  by  hand  were 
almost  becoming  extinct,  so  that  in  London,  to-day, 
you  would  hardly  find  twenty  pairs  of  good  cutting 
shears.  An  old  workman  who  knew  the  value  of  a 
good  tool  would  give  double  the  price  for  an  old 
pair  of  shears  to  what  he  would  for  those  now  made  ; 
though  perhaps  an  apprentice  w’ould  hardly  know 
the  difference.  A good  collection  of  tools  would  be 
very  useful  in  many  trades,  and  much  space  would 
not  be  necessary  for  this  purpose,  nor  much  expense. 
He  did  not  intend  to  show  any  manufactured  articles 
or  patterns  of  work,  but  rather  the  principles  under- 
lying the  manufacture  of  all.  This  would  economise 
space,  and  be  of  great  service  from  an  educational 
point  of  view.  In  the  back  numbers  of  the  Iron~ 
monger  'W’ould  be  found  a deal  of  correspondence  as 
to  the  reason  why  American  axes  had  superseded 
English  in  the  colonies,  and  it  came  simply  to  this, 
that  the  Americans  had  considered  the  purpose  in 
view,  and  the  colonial  backwoodsman,  when  he  had 
an  American  axe,  felt  that  he  had  something  best 
suited  to  the  work  he  had  in  hand. 

Mr.  Barber  desired  to  endorse  what  Mr.  Millis 
had  said ; and  would  like  to  see  a trade  museum 
established  from  an  artistic  point  of  view.  He  had 
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sometimes  been  asked  to  make  things  in  a certain 
style,  but  he  had  never  been  properly  trained  to  do 
so,  and  he  doubted  whether  there  was  a man,  how- 
ever good  a workman,  who  could  do  so.  If  you  told 
him  you  wanted  something  in  a particular  style,  he 
knew  nothing  about  that  style.  If  a trade  museum 
were  formed,  you  should  have  in  it  the  best  specimens 
of  art  of  various  kinds,  not  necessarily  confined  to 
ancient  things,  though  they  were  worthy  of  all  ad- 
miration, but  the  best  ©f  each  year  should  be  selected 
and  exhibited,  and  then  manufactures  would  gradually 
improve.  With  regard  to  tools  he  thought  the  manu- 
facturers made  them  simply  to  sell,  and  knew  very 
little  about  their  use. 

The  Chairman  said  Mr.  Ablett  called  on  him 
many  years  ago  in  the  City,  and  propounded  this 
scheme  for  the  establishment  of  a museum  of  trade 
patterns,  especially  in  connection  with  textile  fabrics, 
and  being  Clerk  to  the  Clothworkers’  Company,  and 
anxious  to  make  that  institution  useful  to  the  trade  with 
which  it  was  titularly  connected,  he  naturally  took 
a great  interest  in  the  subject.  From  time  to  time 
Mr.  Ablett  had  recurred  to  the  subject,  but  he  con- 
fessed he  had  always  attached  most  value  to  the 
idea  in  connection  with  technical  education,  with 
which  he  had  a great  deal  to  do.  He  knew  the 
jealousy  of  trade,  and  it  was  a very  natural  feeling  in 
human  nature  that  those  who  had  been  at  the  pains 
and  expense  of  elaborating  some  new  idea  should,  at 
all  events,  obtain  the  first-fruits  of  their  labour, 
before  making  it  the  common  property  of  the  com- 
munity. He  did,  however,  desire  to  see  in  every 
technical  school,  such  as  were  now  rising  in  the 
various  great  centres  of  industry,  as  a necessary 
adjunct,  a trade  or  industrial  museum.  There  must 
be  some  reference  to  trade  patterns,  certainly  of  the 
past,  because  the  student  ought  to  know  what  to 
avoid,  as  well  as  what  to  imitate.  He  did  not  know 
what  the  industrial  pattern  museums  at  Roubaix  and 
St.  Etienne  were,  but  probably  they  contained  mostly 
English  patterns,  and  he  thought  it  doubtful  whether 
the  local  manufacturers  exhibited  their  own  latest 
designs.  But  there  was  no  reason  why  we  should  not 
have  the  very  last  information  as  to  the  tendencies  of 
patterns,  and  the  direction  in  which  trade  instincts  were 
developing.  It  must  not  be  forgotten  that,  though 
there  were  abstract  ideas  of  design  which  were  very 
admirable,  this  was  a perverse  world,  which  did  not 
always  recognise  the  virtues  of  the  best  design ; the 
tradesman  had  to  cater  for  his  customers,  and  if  the 
public  mind  was  not  educated,  he  must  wait  until  it 
was.  It  would  not  do  for  him  to  be  too  much  ahead 
of  those  he  had  to  manufacture  for.  A trade  museum 
should  have  not  only  its  academical  but  its  trade  side 
also,  and  take  designs  from  the  tradesman’s  point  of 
view  as  well  as  the  art  teachers’.  With  regard  to 
establishing  such  a museum  in  connection  with  the 
Technological  Institute  in  the  Exhibition-road,  some- 
thing had  already  been  done.  The  Clothworkers’ 
Company  had,  through  Mr.  Beaumont,  Professor 


of  Textile  Industries  at  the  Yorkshire  College, 
presented  to  the  Institute  a collection  of  patterns 
indicating  the  raw  materials,  and  likewise  the  best 
examples  of  the  manufactured  products  of  wool. 
It  was  said  to  be  the  best  thing  extant  of  the 
sort,  and  was  finished  a few  months  ago.  It 

must  not  be  allowed  to  get  out  of  date,  so 
that  it  would  have  to  be  perpetually  added  to,  to 
keep  it  up  to  the  mark.  In  that  spirit  he  hoped 
these  industrial  museums,  wherever  established,  would 
be  kept  up.  Pie  was  pleased  to  hear,  not  for  the  first 
time,  of  Mr.  Millis’s  laudable  attempts  in  connection 
with  a museum  for  his  own  metal- work  department  at 
Finsbury  College,  and  hoped  that  in  other  depart- 
ments, besides  that  presided  over  by  Mr.  Millis, 
similar  attempts  would  be  made.  He  was  not  aware 
that  any  such  museums  as  had  been  referred  to  were 
established  in  Paris,  and  he  doubted  if  it  would  be 
desirable  to  attempt  such  a thing  in  London.  It 
would  be  a work  of  almost  insuperable  difficulty, 
and  if  established  he  did  not  think  London  would  be 
quite  the  most  useful  place  for  them.  All  these  discus- 
sions brought  forward  very  prominently  the  great 
industrial  battle  which  had  to  be  fought  in  the  present 
generation.  Technical  education  and  the  estab- 
lishment of  these  museums  were  all  part  of  the 
necessary  equipment  for  the  industrial  combat, 
which  was  keener  now  than  it  had  ever  been,  and 
it  would  become  keener  still,  and  the  problem  was 
also  connected  with  the  question  of  wages,  hours  of 
labour,  and  many  other  things  which  complicated  the 
problem  indefinitely.  He  hoped  everyone  would  do 
their  best  to  help  the  country,  of  which  they  were  all 
proud  to  be  citizens,  to  make  the  battle  end  in  a 
manner  creditable  to  the  public  spirit  and  private 
energy  of  Englishmen,  and  that  his  old  friend  Mr. 
Ablett  would  get  credit  for  the  admirable  and  en- 
lightened proposals  he  had  brought  forward,  if  they 
were  not  all  carried  out  in  his  time  and  generation. 

Mr.  Ablett,  in  reply,  said  he  quite  agreed  with 
Mr.  Wallis  as  to  the  opposition  of  the  manufacturers. 
They  were  anxious  to  keep  their  patterns  secret,  and 
felt  that  if  a museum  of  trade  patterns  were  estab- 
lished, everybody  would  be  educated  up  to  the  same 
level.  But  that  was  a very  narrow-minded  objection, 
and  he  thought  a groundless  one,  for  he  believed  the 
best  men  would  still  remain  the  best,  though  the 
standard  of  design  might  be  raised  throughout  a 
whole  district.  Sometime  ago  he  w'ent  to  Manchester 
to  endeavour  to  start  a trade  museum  there,  and 
received  a certain  am.ount  of  support ; the  late  Bishop 
of  Manchester  took  it  up,  the  ex-Mayor,  Mr.  Abel 
Heywood,  and  others,  but  when  he  went  to  the  manu- 
facturers they  did  not  take  the  scheme  up,  but  rather 
put  a damper  upon  it.  He  had  been  working  at  the 
matter  for  so  many  years  that  he  was  thoroughly 
acquainted  with  all  the  obstacles  to  be  encountered. 
With  regard  to  what  Mr.  Wallis  had  said  as  to 
English  patterns  being  copied  abroad,  he  could  go 
further  than  that,  for  he  knew  cases  where  goods 
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made  in  Nottingham  were  sent  to  Paris,  and 
bought  there  by  the  buyer  of  a large  London 
house,  and  sold  in  England  as  foreign  goods.  He  did 
not  see  that  the  museum  of  patterns  would  expose 
manufacturers  to  loss,  because,  wherever  a new 
pattern  took  the  public  fancy  it  would  be  imitated 
immediately,  unless  it  were  registered,  and  that  was 
but  very  little  protection.  Mr.  Millis  and  Mr. 
Barber  had  exactly  caught  his  idea  in  endeavouring 
to  establish  an  exhibition  of  the  best  tools  and 
appliances  in  any  given  branch  of  trade.  Mr. 
Liggins  had  shown  the  value  of  a museum  of  pat- 
terns, by  going  to  the  m.useum  to  get  a pattern  for 
his  chess-board.  When  people  said  they  did  not 
want  to  instruct  the  foreigner,  he  replied  that,  un- 
fortunately, the  foreigner  was  instructed,  and  he 
complained  that  the  Englishman  was  not  instructed. 
What  he  would  recommend  was  to  have  certain  pat- 
tern of  certain  things,  so  that  each  trade  might  see 
what  it  was  interested  in,  but  the  leading  manufac- 
turers would  not  stir  out  of  their  way  to  found  these 
museums,  on  account  of  trade  jealousy ; but  if  those 
engaged  in  any  particular  trade  saw  a full  collection 
of  their  own  goods,  they  could  not  go  away  without 
getting  some  fresh  ideas  which  would  be  a benefit  to 
themselves,  and  also  to  the  country  at  large. 

The  Chairman  then  moved  a vote  of  thanks  to 
Mr.  Ablett,  which  was  carried  unanimously. 


Notes  on  Books, 


The  Year  Book  of  Photography,  1886.  Edited 
by  Thomas  Bolas. 

This  photographic  annual  contains  the  usual 
! amount  of  information  about  the  progress  of  photo- 
j graphy  during  the  past  year,  and  is  also  full  of 
I receipts,  suggestions,  and  miscellaneous  information 
i likely  to  be  valuable  to  photographers.  It  is  illus- 
I trated  by  a number  of  blocks  made  by  the  various 
j new  processes,  so  much  advance  in  which  has  been 
, made  within  the  last  two  or  three  years.  Amongst 
I these  is  a specimen  of  Sprague’s  ink-photo  process, 
I which  was  first  brought  before  the  public  at  the 
Photographic  Exhibition  of  the  Society  of  Arts  in 
i88r.  This  is  a photo-lithographic  process,  and 
prints  by  its  means  cannot,  therefore,  be  introduced 
amongst  type.  There  is  also  a specimen  of  a print 
produced  by  the  stannotype  method.  This  is  an 
modification  of  the  well-known  Woodburytype  pro- 
cess, by  which  the  mould  for  producing  the  pictures 
is  made  in  a cheaper  and  more  expeditious  manner 
than  the  metal  block  used  for  Woodburytype.  In 
the  text  we  are  also  given  prints  from  surface  blocks 
by  Meisenbach  and  others.  Some  of  these,  it  must 
be  admitted,  show  the  difficulty  of  getting  satisfactory 
prints  from  blocks  having  such  very  low  relief  in  the 


ordinary  process  of  commercial  printing.  One 
specimen  illustrates  a process  by  Mr.  Borland,  bv 
the  use  of  which  a printing  block  can  be  produced 
direct  from  the  original  negative  obtained  from  the 
object  itself. 


MEETINGS  OF  THE  SOCIETY. 

Ordinary  Mp:etings. 

Wednesday  evenings,  at  Eight  o’clock  : — 

The  following  Datf.s  have  rkp.n  fixed. 

January  20. — “ Results  of  Experiments  on 
Mechanical  Motors  for  Tramways  made  by  the  Com- 
mission at  the  Antwerp  Exhibition,”  By  Captain 
Douglas  Galton,  D.C.L.,  C.B.,  E.K..S.  W. 
Anderson,  ^I.Inst.C.E.,  Member  of  Council,  will 
preside. 

January  27.—“  Machinery  in  Mines.”  By 
Henry  Davey.  Sir  Frederick  Bra.mwf.ll, 
F.R.S.,  will  preside. 

February  3. — “Artistic  Bronze  Casting.”  By 
George  Simonds.  Sir  Philip  Cunliffe-Owkn, 
K.C.M.G.,  C.B.,  C.I.E.,  will  preside. 

Dates  to  be  Hereafter  Announced:  — 

“ The  Treatment  of  Sewage.”  By  Dr.  C. 
Meymott  Tidy. 

“ Calculating  Machines.”  By  C.  V.  Boys. 

“Domestic  Electric  Lighting.”  By  W.  H. 
Preece,  F.R.S. 

“ The  Experiments  with  Lighthouse  Illuminants  at 
the  South  Foreland.”  By  E.  Price  Edwards. 


Foreign  and  Colonial  Section. 

Tuesday  evenings,  at  Eight  o’clock  : — 

January  26. — “The  Importance  of  a National 
Scheme  of  Emigration  for  the  best  interests  of 
British  Commerce.”  By  Arnold  White.  The 
Most  Hon.  the  Marquis  of  Lorne,  K.T.,  will 
preside. 

February  16.— “The  Aspect  of  Affairs  in  the 
Interior  of  Seuth  Africa.”  By  Major-General  Sir 
Charles  Warren,  R.E.,  G.C.M.G. 

March  23.—“  The  Commercial  Progress  of  New 
South  Wales.”  By  Edward  Combes,  C.M.G. 

March  2 ; April  13  ; May  18. 


Applied  Chemistry  and  Physics  Section. 

Thursday  evenings,  at  Eight  o’clock  : — 
January  28. — “ Magnetism  of  Ships  and  the 
Mariner’s  Compass.”  By  Wm.  Bottomley,  Jun. 
February  i i. — 

February  25.— “ Photography  and  the  Spectro- 
scope in  their  Application  to  Chemical  Analysis.” 
By  Professor  W.  N.  Hartley,  F.R.S. 

March  ii. — 

April  8. — 
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May  13. — “ The  Scientific  Development  of  the 
Coal  Tar  Colour  Industry.”  By  Professor  R. 
Meldola,  F.C.S. 

Indian  Section. 

Friday  evenings,  at  Eight  o’clock  : — 

January  22. — “ Burma  ; the  Eastern  Country  and 
the  Race  of  the  Brahmas.”  By  J.  George  Scott 
<(Shway  Yoe).  The  Hon.  Sir  Ashley  Eden, 
K.C.S.I.,  will  preside. 

February  19. — “ Historical  and  Recent  Famines 
in  India.”  By  F.  C.  Danvers,  F.S.S.,  Registrar 
and  Superintendent  of  Records,  India-office.  J.  M. 
Maclean,  M.P.,  will  preside. 

March  19. — “ Experiences  on  the  Afghan 
Frontier.”  By  William  Simpson.  Col.  Henry 
Yule,  C.B.,  will  preside. 

April  2 ; May  7,  21. 

The  above  dates  are  liable  to  alteration. 


Cantor  Lectures. 

The  Second  Course  will  be  on  “ Friction.” 
By  Prof.  H.  S.  Hele  Shaw. 

Lecture  I. — January  18. — The  Friction  of  Solids. 
Lecture  II. — January  25, — The  Friction  of  Fluids. 
Lecture  III. — February  i. — The  Mechanical  Ap- 
plications of  Friction. 

Lecture  IV.— February  8. — The  Methods  of  Re- 
ducing Friction. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  Jan.  18. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Prof.  H. 
S.  Hele  Shaw,  “ Friction.”  (Lecture  I.) 

Geographical,  University  of  London,  Burlington- 
gardens,  W.,  85  p.m.  Mr.  J.  G.  Scott,  “ The  Hill 
Slopes  of  Tongking.” 

Britisk  Architects,  9,  Conduit- street,  W.,  8 p.m. 

iMedical,  ii,  Chandos-street,  W.,  8^  p.m. 

Victoria  Institute,  7,  Adelphi-terrace,  W.C.,  8 p.m. 
Rev.  T.  Powell,  “ The  Samoan  Traditions  of  the 
Creation  and  the  Deluge.” 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m. 
Rev.  Stopford  A.  Brooke,  “ The  Charm  of  Venice.’  ’ 
Tuesday,  Jan.  19. ..Royal  Institution,  Abemarle-street,  W., 
3 p.m.  Prof.  R.  S.  Ball,  ” The  Astronomical 
Theory  of  the  Great  Ice  Age.”  (Lecture  I.) 

Civil  Engineers,  25,  Great  George  street,  S.W.,  8 
p.m.  I.  Discussion  on  Mr.  Fred.  Jno.  Rowan’s 
paper,  “ Gas  Producers.”  2.  Mr.  C.  E.  .Stromeyer, 
” The  Injurious  Effect  of  a Blue  Heat  on  and  Steel 
Iron.” 

Statistical,  School  of  Mines,  Jermyn-street,  S.W., 
7'J  p.m.  Dr.  Robert  Giffen,  ” Further  Notes  on 
the  Progress  of  the  Working  Classes  in  the  last 
Half  Century.” 

Pathological,  53,  Berners -street.  Oxford-street,  W., 
82  p.m. 

Zoological,  II,  Hanover-square,  W.,  82  p.m.  i.  Mr 
H.  J.  Elwes,  “ The  Butterflies  of  the  Genus 
Pa)Tiasstt{s.”  2.  Rev.  T.  R.  R.  Stebbing,  “ Some 
new  Exotic  Amphipoda  from  Singapore  and  New 
Zealand.’*  3.  Mr.  Oldfield  Thomas,  “ List  of  the 
Mammals  of  the  Hume  Collection.”  4.  The  Rev. 
Canon  Tristram,  “ An  apparently  new  Species  of 
Duck  (Dajila)  from  the  Central  Pacific.” 


Wednesday,  Jan.  20.. .SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W C.,  8 p.m.  Captain  Douglas  Galton, 

“ Results  of  Experiments  on  Mechanical  Motors 
for  Tramways  made  by  the  Commission  at  the 
Antwerp  Exhibition.” 

Meteorological,  25,  Great  George-street,  S.W., 

7 p.m.  Annual  Meeting. 

Entomological,  ii,  Chandos-street,  W.,  7 p.m. 
Annual  Meeting. 

Archaeological  Association,  32,  Sackville-street,  W., 

8 p.m.  I.  Mr.  H.  Sycr  Cuming,  “The  Old 
Traders’  Signs  in  Westminster  Hall.”  2.  Rev. 
Canon  Ayles,  “Notes  by  the  late  Rev.  D.  M. 
Haigh  on  Barnack  Church.” 

Thursday,  Jan.  21. ..Royal,  Burlington-house,  W.,  4^  p.m. 
Antiquaries,  Burlington-house,  W.,  8.2  p.m. 

Linnean,  Burlington-house,  W.,  8 p.m.  i.  Dr. 

Maxwell  Masters,  “ Notes  on  the  Coniferae.”  2. 
Prof.  Cobbold,  “ Strongylus  Axei  and  its 
Affinities.”  3.  Mr.  J.  Starkic  Gardner,  “Fossil 
Plants  from  Mull.” 

Chemical,  Burlington-house,  W.  8 p.m.  i.  ^Ir. 
Thomas  Turner,  “ The  Influence  of  Silicon  on  the 
Properties  of  Cast-iron.”  (Part  III.)  2.  Mr.  Adrian 
J.  Brown,  “ The  Chemical  Action  of  Pure  Cultiva- 
tions of  Bacterium  Aceti.”  3.  Dr,  G.  H.  Bailey, 
“ The  Separation  and  Estimation  of  Zirconium  ; ” 
and  4.  “ Notes  on  the  Analysis  of  Koppite.”  Mr. 
E.  Stallard,  “The  Mono-Cromophthalic  Acids.” 
6,  Dr.  Divers  and  Mr,  T.  Shimidzu,  “ Mercury 
Sulphites  and  the  Constitution  of  Sulphites.”  7. 
Dr.  W.  H.  Perkin,  jun.,  and  Mr.  A.  Caiman, 
“ Benzoylacetic  Acid  and  some  of  its  derivatives,” 
London  Institution,  Finsbury-circus,  E.C.,  7 p.m. 
Prof.  J.  Perry,  “ The  Distribution  of  Electric 
Power.” 

Society  for  the  Encouragement  of  Fine  Arts,  9, 
Conduit-street,  W.,  8 pm.  Conversazione  at  the 
Galleries  of  the  Royal  Institute  of  Painters  in  Oil 
Colours,  Piccadilly,  W. 

Royal  Institution,  Albemarle-strcet,  W.,  3 p.m. 
Prof.  R.  S.  Ball,  “ The  Astronomical  Theory  of 
the  Great  Ice  Ag&.”  (Lecture  II.) 

Historical,  ii,  Chandos-street,  W.  8 p.m. 
Numismatic,  4,  St.  IMartin’s-place,  W.C.,  7 p.m. 
Friday,  Jan.  22. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Indian  Section.)  Mr.  J. 
George  Scott  (Shway  Yoe),  “ Burma  ; the  Eastern 
Country  and  the  Race  of  the  Brahmas.” 

United  Service  Institute,  Whitehall-yard,  3 p.m. 
Capt.  R.  H.  Armit,  “ Machine  Guns — their  use 
and  abuse.” 

Royal  Institution,  Albemarle-street,  8 p.m.  Weekly 
Meeting,  9 p.m.  Prof.  Tyndall,  “Thomas 
Young  and  the  Wave  Theory.” 

Philological,  University  College,  W.C.,  8 p.m.  Dr.  J 
A.  H.  Murray,  a Dictionary  Evening. 

Quekett  Microscopical  Club,  University  College, 
W.C.,  8 p.m.  Paper  by  Mr,  E.  M.  Nelson  and 
Mr,  Prissi. 

Clinical,  53,  Berners-street,  W.,  8^  p.m. 

Saturday,  Jan,  23. ..Physical  Science  Schools,  South  Ken- 
sington, S.W.,  3 p.m.  i.  Prof,  W.  E.  Aj-rton  and 
Prof.  John  Perry,  “ Note  on  the  paper  by  Prof 
W.  Ramsay  and  Dr.  S.  Young  on  some  Thermo- 
dynamical Relations.”  2.  Mr.  A.  W.  Clayden, 
“ Note  on  the  paper  by  Mr.  J.  W.  Clark  on  the 
Determination  of  the  Heat  Capacity  of  a Thermo- 
meter.” 

Botanic,  Inner  Circle,  Regent’s- park,  N.W.,  3!  p.m. 
Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Prof.  R,  S.  Ball,  “The  Astronomical  Theory  of 
the  Great  Ice  Age.”  (Lecture  HI.) 


f-:A/i-:xT  TO  V7//S  yociAw.iL  o/-'  77//;  .s'()(i  //;ri’  of  arts,  ja\l  a/< 


yanuary  22,  1886.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


57 


gournal  of  thf  .§^odi«tn  of  girls’. 

No.  I,r3i.  VoL.  XXXVI. 

♦ 

FRIDAY,  JANUARY  22,  1886. 


All  communicaf tons  /or  the  Society  should  be  addressed  to 
the  Secretary,  Jehn-street,  Adelpht,  London,  IV. C. 


NOTICES. 


CANTOR  LECTURES. 

Professor  H.  S.  Hele  Shaw  delivered  the 
first  of  his  course  of  Lectures  on  “ Friction,” 
on  Monday  evening,  i8th  inst.,  the  special 
subject  of  the  lecture  being  the  friction  of 
solids. 

The  lectures  will  be  printed  in  the  Journa  I 
during  the  summer  recess. 


Proceedings  of  the  Society. 


SE  VENTH  ORDINA  R Y MEE2ING. 

Wednesday,  January  20th,  1886;  William 
Anderson,  M.Inst.C.E.,  Member  of  the 
Council,  in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society  : — 

Armstrong,  Walter  Young,  Engineers’  Offices,  Great 
Western  Railway,  Paddington,  W. 

Catterson,  Samuel  Prince,  34,  Great  Dover  street, 
S.E. 

Evans,  John  Luther,  2,  Tichborne-street,  Edgware- 
road,  W. 

Parken,  Augustus  Henry,  Astney-lodge,  Bourne- 
mouth. 

The  following  candidates  were  balloted  for 
and  duly  elected  members  of  the  Society  : — 

Acland,  Alfred  Dyke,  38,  Pont-street,  S.W. 

Adams,  Captain  Robert  C.,  care  of  Messrs.  Radcliffe 
and  Brown,  3,  Chapel-street,  Liverpool. 

Bone,  William  John,  61,  Linskill-terrace,  North 
Shields. 


Butcher,  James,  High-road,  Gunnersbury,  W.,  and 
National  Liberal  Club,  S.W, 

Creese,  Edward  James  Edgell,  Roman- villas, 
Cirencester. 

Innes,  Charles  A.,  M.D.,  21,  Montague-street, 
Russell  square,  W.C. 

Manuel,  George  Watson,  Fernbank,  Catford-hill, 

S.E. 

Morgan,  Edward  Vaughan,  Battersea  Works,  S.W. 
Pearce,  William,  Leadenhall-buildings,  Leadenhall- 
street,  E.C, 

Pirrie,  W.  J.,  Queen’s  Island,  Belfast. 

Varle}’,  Fleetwood  E.,  2,  Vernon-chambers,  South- 
ampton-row, W.C. 

Wheatley,  William  Coe,  The  Elms,  Trinity-road, 
Upper  Tooting,  S.W. 

Whitaker,  William,  33,  East  Park-terrace,  South- 
ampton. 

The  paper  read  was  — 

RESULTS  OF  EXPERIMENTS  ON 
MECHANICAL  MOTORS  FOR  TRAM- 
WAYS MADE  BY  THE  JURY  ON  RAIL- 
WAY APPLIANCES  AT  THE  ANTWERP 
EXHIBITION. 

By  Captain  Douglas  Gallon,  D.C.L., 
C.B.,  F.R.S. 

An  interesting  feature  of  the  Internationa 
Exhibition  at  Antwerp  was  the  competition 
which  was  invited  between  different  forms  of 
mechanical  motors  on  tramways  for  use  in 
towns,  and  between  different  forms  of  engines 
for  use  on  light  railways  in  country  districts, 
or  as  these  are  termed  “ Chemins  de  Fer 
Vicinaux.” 

These  latter  have  obtained  a considerable 
development  in  Belgium,  Italy,  and  other 
Continental  States  ; and  are  found  to  be 
most  valuable  as  a means  of  cheapening 
the  cost  of  transit  in  thinly  peopled  districts. 
But  owing  to  the  fact  that^  the  Board 
of  Trade  regulations  in  this  country  have 
not  recognised  a different  standard  of  con- 
struction for  this  class  of  railway  from  that 
adopted  on  main  lines,  there  has  been  no 
opportunity  for  the  construction  of  such  lines 
in  England. 

There  has,  however,  been  a great  develop- 
ment of  tramway  lines  in  England,  which  in 
populous  districts  supply  a want  which  rail- 
ways never  could  fully  respond  to ; and 
although  hitherto  mechanical  traction  has  not 
attained  any  very  considerable  extension,  it  is 
quite  evident  that  if  tramways  are  to  fulfil 
their  object  satisfactorily,  it  must  be  by  means 
of  mechanical  traction. 

It  is  also  certain  that  the  mechanical  motor 
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which  shall  be  found  to  be  most  universally 
adaptable,  that  is  to  say,  most  pliant  in 
accommodating  itself  to  the  various  lines  and 
to  the  varying  work  of  the  traffic,  will  be  the 
form  of  motor  which  will  eventually  carry  the 
day. 

The  competition  between  dilferent  forms  of 
motors  at  the  Antwerp  Exhibition,  which 
was  carefully  superintended,  and  which  was 
arranged  to  be  carried  on  for  a reasonable 
time,  so  as  to  enable  the  qualities  and  defects 
of  the  different  motors  to  be  ascertained, 
affords  a starting  point  from  which  it  will  be 
possible  to  carry  on  future  investigations. 

I have,  therefore,  thought  it  advantageous 
to  the  interests  of  the  community  in  this 
country  to  bring  the  results  arrived  at  before 
this  Society;  and  as  the  “ Chemins  de  Fer 
Vicinaux,”  to  which  one  part  of  the  competi- 
tion was  devoted,  have  no  counterpart  in  this 
country,  it  is  proposed  to  limit  the  present 
paper  to  an  account  of  the  experiments  made 
on  the  motors  for  tramways. 

Certain  conditions  were  laid  down  in  the 
programme  published  at  the  opening  of  the 
Exhibition,  to  regulate  the  competition,  in 
order  that  the  competitors  might  understand 
the  points  which  would  be  taken  into  account 
by  the  judges  in  awarding  the  prizes. 

The  experiments  were  made  upon  a line  of 
tramway  laid  down  for  the  purpose  in  the 
City  of  Antwerp,  carried  along  the  boulevards 
from  near  the  main  entrance  of  the  Exhibition 
to  the  vicinity  of  the  principal  railway  station, 
a distance  of  2,292  metres. 

The  line  ended  in  a triangle  of  505  metres, 
in  order  that  those  motors  which  required  to 
run  always  in  the  same  direction  should  be 
enabled  to  do  so. 

Out  of  the  whole  length  of  the  line,  viz., 
2,797  metres,  2,295  metres  were  in  a straight 
line,  189  metres  in  curves  of  i|  chains  radius, 
and  313  metres  in  curves  of  i chain  radius. 
There  were  on  the  line  four  passing  places, 
besides  a passing  place  at  the  terminus ; 
these  were  joined  to  the  main  line  by  curves  of 
i|  chains  radius. 

The  line  was  practically  level,  the  steepest 
incline  being  i in  1,000;  this  circumstance  is 
somewhat  to  be  regretted,  but  the  City  of 
Antwerp  afforded  no  convenient  locality  where 
a line  with  steep  gradients  could  have  been 
obtained.  The  motors  were  kept  in  sheds 
close  to  the  commencement  of  the  line  of  tram- 
way near  the  Exhibition,  where  all  necessary 
cleaning  and  such  minor  repairs  as  were 
required  could  take  place. 


A regular  service  was  established,  according 
to  a fixed  time-table,  to  which  each  motor  was 
required  to  conform.  Each  journey  was 
reckoned  as  starting  from  the  end  near  the 
Exhibition,  proceeding  to  the  beginning  of  the 
triangle,  and  returning  to  the  starting  point. 
An  hour  was  allowed  between  the  commence- 
ment of  each  journey,  fourteen  minutes  were 
allowed  for  a stoppage  at  the  end  near  the 
Exhibition,  and  eighteen  minutes  at  the  other 
end— thus  allowing  twenty-eight  minutes  for 
travelling  2 miles  1,500  yards,  or  a travelling 
speed  of  about  6 miles  an  hour.  The  motors 
were  required  to  work  four  days  out  of  six, 
and  on  one  of  the  four  days  to  draw  a supple- 
mentary carriage. 

An  official,  assisted  by  a storekeeper,  was 
appointed  to  keep  a detailed  record — 

1.  Of  the  work  done  by  each  of  the  motors. 

2.  Of  any  delays  occurring  on  the  journey, 
and  of  the  causes  of  delay. 

3.  Of  the  consumption  of  fuel,  both  for 
lighting  the  fires  and  for  working. 

4.  Of  the  consumption  of  grease. 

5.  Of  the  consumption  of  water. 

6.  Of  all  repairs  of  whatever  nature. 

7.  Of  the  frequency  of  cleaning  and  other 
necessary  operations  required  for  the  efficient 
service  of  the  motor. 

The  experiments  lasted  about  four  months. 
Five  competitors  offered  themselves,  which 
may  be  classed  as  follows  : — Three  were  pro- 
pelled by  the  direct  action  of  steam  ; and  two 
were  propelled  by  stored-up  force  supplied 
from  fixed  engines. 

ProJ>elled  by  the  direct  action  of  the  steam. 

1.  The  Krauss  locomotive  engine,  separate 
from  the  carriage. 

2.  The  Wilkinson  locomotive  engine  {i.e.., 
Black  and  Hawthorn),  also  separate  from  the 
carriage. 

3.  The  Rowan  engine  and  carriage  com- 
bined. 

Pro;pelled  by  stored-u^p  force. 

4.  The  Beaumont  compressed-air  engine. 

5.  The  electric  carriage. 

It  is  somewhat  to  be  regretted  in  the  public 
interest,  that  other  forms  of  mechanical  motors, 
such  as  the  Mekarski  compressed-air  engine, 
or  the  engine  worked  with  superheated  water, 
or  cable  tramways,  or  electrical  tramways, 
were  not  also  presented  for  competition. 

I.  The  Krauss  locomotive  is  of  the  general 
type  of  a tramway  locomotive,  but  with  certain 
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specialities  of  construction.  It  has  coupled 
wheels.  The  weight  is  suspended  on  three 
points.  The  water-tanks  form  part  of  the 
framing  on  each  side  ; a covering  conceals 
all  except  the  dome  of  the  boiler.  Above  the 
roof  is  a surface  condenser,  consisting  of 
io8  copper  tubes  placed  transversely,  each 
of  which  has  an  external  diameter  of  1*45 
inches.  The  boiler  is  similar  to  that  of  an 
ordinary  locomotive  ; its  axis  is  3 feet  10^ 
inches  above  the  road.  The  body  of  the 
engine  is  9 feet  1 1 inches  long,  and  7 feet 
2\  inches  wide.  The  axles  are  4 feet  1 1 inches 
from  centre  to  centre.  The  platform  extends 
along  each  side  of  the  boiler  ; the  door  of  the 
fire-box  is  in  the  axis  of  the  road.  The  engine- 
driver  stands  on  the  right-hand  side,  in  the 
middle  of  the  motor,  where  he  has  command 
of  all  the  appliances  for  regulating  the 
movements  of  the  engine  as  well  as  of  the 
brake. 

The  Wilkinson  (Black  and  Hawthorn)  engine 
had  a vertical  boiler  and  machiner}\  The 
cylinders  were  on  the  opposite  side  of  the 
boiler  from  the  door  of  the  fire-box,  and 
mounted  independently ; the  motion  of  the 
piston  was  communicated  by  means  of  a crank 
shaft  and  toothed  wheels  to  the  driving  axle. 
The  wheels  were  coupled.  A regulator,  in- 
jector, and  a hand-brake  were  placed  at  each 
end,  so  that  the  engine  driver  could  always 
stand  in  the  front,  whichever  was  the  direction 
in  which  the  engine  moved  ; and  there  was  a 
platform  of  communication  between  the  two 
ends,  carried  along  one  side  of  the  boiler. 

The  boiler  was  constructed  with  “Field” 
tubes,  the  horizontal  tube  plate  having  a flue 
in  the  middle  which  carried  the  heated  gases 
into  the  chimney. 

The  visible  escape  of  the  steam  is  prevented 
by  superheating.  To  effect  this  the  steam,  as 
it  leaves  the  cylinder,  passes  into  a cast  iron 
chamber  adjacent  to  the  boiler,  which  is  in- 
tended to  retain  the  water  carried  off  with  the 
steam.  From  thence  the  steam  passes  into  a 
second  chamber,  suspended  at  a small  height 
above  the  grate  in  the  axis  of  the  boiler  and  of 
the  flue  which  conveys  the  heated  gases  into 
the  chimney,  and  thence  into  a sort  of  pocket 
enclosed  in  the  last-mentioned  chamber,  which 
is  open  at  the  bottom,  and  the  upper  part  of 
which  terminates  in  a tube  passing  into  the 
open  air.  This  method  of  dissipating  the 
steam  avoids  the  necessity  of  a condenser  ; 
but  if  it  be  admitted  that  the  steam  in  escaping 
has  a minimum  temperature  of  572°  Fahr.,  it 
will  carry  away  12  per  cent,  more  caloric  than 
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would  have  been  required  to  raise  it  to  a 
pressure  of  150  lbs.  per  square  inch. 

The  steam  escaping  through  the  safety 
valve  is  passed  through  the  same  apparatus. 

The  toothed  wheel  on  the  driving  axle  is 
arranged  to  act  upon  another  toothed  wheel  on 
a shaft  connected  with  the  regulator,  so  as  to 
control  its  speed  automatically. 

The  length  of  the  engine  is  10  ft.  10  in.,  its 
width  5 ft.  9 in.,  and  the  distance  from  centre 
to  centre  of  the  wheels  5 ft.  2 in. 

The  Rowan  tram-car  consists  of  a body 
31  feet  long  and  7 feet  wide,  resting  on  a two- 
wheeled bogie  behind  and  on  a four-wheeled 
bogie  in  front,  this  front  bogie  being  the 
motor,  and  the  whole  has  the  appearance  of  a 
long  railway  carriage,  somewhat  in  the  form 
of  an  omnibus  with  a platform  at  each  end,  of 
which  the  front  platform  is  occupied  by  the 
engine.  It  requires,  therefore,  either  a turn- 
table or  a triangle  at  the  end  of  the  line,  so  as 
to  enable  it  to  reverse  its  direction. 

This  motor  is  a steam-engine  of  light  and 
simple  form,  supplied  with  steam  from  a water 
tube  boiler  with  very  perfect  combustion,  so 
that  no  smoke  escapes.  The  boiler  is  some- 
what on  the  principle  of  a Shand  and  Mason 
boiler;  it  is  so  built  that  it  can  easily  be 
opened,  and  every  part  of  the  interior 
examined  and  cleaned. 

The  peculiarity  of  the  Rowan  motor  is  the 
simplicity  of  the  attachment  of  the  engine  to 
the  carriage,  and  the  facility  with  which  it 
can  be  detached  when  required  for  cleaning 
or  repair,  viz.,  in  five  or  six  minutes. 

The  steam  can  be  got  up  in  the  engine  with 
great  rapidity  if  a change  of  engine  is  required. 
When,  however,  the  engine  is  detached,  the 
carriage  loses  its  support  in  front,  and  is  there- 
fore not  serviceable.  When  necessary,  the 
combined  motor  can  draw  a second  ordinary 
carriage. 

The  motor  by  itself  occupies  a length  of  9 ft. 

8 in.  It  has  two  horizontal  cylinders  ; the  four 
wheels  of  the  bogie  are  coupled,  and  between 
the  wheels  the  sides  of  the  framing  are  rounded 
to  allow  two  vertical  boilers  to  stand.  These 
boilers  have  vertical  tubes  for  the  water  which 
are  joined  together  at  the  top  by  a horizontal 
cylinder.  Each  boiler,  with  its  covering,  is 
I ft.  9 in.  in  diameter.  The  boilers  stand 
I ft.  9 in.  apart,  thus  affording  space  between 
them  for  the  motive  machinery,  including  the 
pump.  The  crank  axle  is  behind  the  boilers. 
The  levers,  the  injector,  the  access  to  the  fire- 
box, a pedal  for  working  the  engine  brake  as 
well  as  a screw  brake  for  the  carriage,  are  all  in 
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front.  The  brakes  act  on  all  six  wheels,  are 
worked  by  the  driver,  and  the  whole  weight  of  the 
engine,  car,  and  passengers  being  carried  on 
these  wheels,  the  car  can  be  stopped  almost 
instantaneously  ; and  as  over  two-thirds  of  the 
entire  weight  of  the  car  and  passengers  rests 
on  the  four  driving  wheels,  there  is  always 
sufficient  adhesion  on  all  reasonable  inclines, 
ofand  the  adhesion  is  augmented  asthenumber 
passengers  carried  increases.  Hence  this  car 
is  adapted  for  lines  with  heavy  grades. 

A small  water-tank  is  attached  to  the  fram- 
ing; two  small  boxes  for  coal  or  coke, 
with  a cubic  capacity  of  about  3^  feet,  are 
attached  to  the  plate  in  front  of  the  bogie. 
The  covering  of  the  boilers  is  in  two  parts, 
which  are  put  on  from  each  side  horizontally, 
and  screwed  together  in  the  centre.  The 
removal  of  the  upper  part  enables  the  tubes  to 
be  examined  and  cleaned.  The  draught  is 
natural ; the  base  of  the  chimney  is  3 ft.  2 in. 
from  the  grate  ; the  height  of  the  chimney  is 
5 ft.  2 in. 

The  steam  from  the  cylinders  passes  directly 
into  a condenser  placed  on  the  top  of  the 
carriage.  The  condenser  is  made  of  corrugated 
copper  sheets  millimetre  thick.  Two  sheets, 
about  15  to  18  inches  wide  and  15  feet  long,  are 
laid  together  and  firmly  soldered,  forming  a 
chamber.  Twenty  of  these  chambers  are 
placed  side  by  side  on  the  top  of  the  carriage, 
connected  with  a tube  at  each  end,  so  as  to 
allow  the  steam  to  pass  freely  through  them. 
The  lower  corrugations  in  the  several  chambers 
are  connected  together,  and  thence  a pipe  with 
a syphon  to  stop  the  steam  is  carried  to  a 
water-tank  under  the  carriage,  which  thus 
receives  the  condensed  water.  This  arrange- 
ment afforded  a condensing  surface  of  about 
800  square  feet.  It  should  be  mentioned 
that  with  larger  engines  Mr.  Rowan  employs 
as  much  as  1,600  feet  of  condensing  sur- 
face. Tlie  nearness  of  the  chambers  to 
each  other  tends  no  doubt  to  diminish  the 
power  of  condensing  the  steam,  but  this  is 
somewhat  compensated  by  the  artificial  circu- 
lation of  air  produced  by  the  movement  of  the 
carriage.  But  in  any  case,  if  there  is  surplus 
steam,  the  pipe  from  the  condenser  causes  it 
to  pass  under  the  grate,  whence  it  rises  super- 
heated and  invisible  through  the  fire  and  up 
the  chimney. 

Under  the  carriage  attached  to  the  framing 
are  four  reservoirs,  holding  about  three - 
and-a-half  cubic  feet  of  water,  of  which 
water  space  one  half  acts  as  a reservoir  for 
cold  feed  water,  and  half  for  the  condensed 


water.  A tube  from  the  small  reservoir  on  the 
engine  communicates  through  valves  with  the 
reservoirs  of  hot  and  cold  water  on  the 
carriage. 

The  consumption  of  cold  water  measured 
during  two  days  was  2*86  lbs.  per  kilo- 
metre ; assuming  that  the  boiler  evaporated 
6'5lbs.  of  water  per  pound  of  coal,  the  cold 
water  formed  one-fifth  of  the  total  feed  water 
required. 

The  carriage,  i.e.,  the  part  occupied  by  pas- 
sengers, is  2ift.  3 in.  in  length.  It  holds  seats 
for  forty-five  passengers,  besides  those  who 
would  stand  on  the  gangway  and  platform. 
The  seats  are  placed  transversely  on  each 
side  of  a central  corridor,  each  seat  hold- 
ing two  people.  The  platform  of  the  carriage 
is  about  2ft.  6 in.  above  the  rails.  Pas- 
sengers have  access  to  the  interior  from 
behind  by  means  of  the  end  platform,  and 
in  front  near  the  engine  from  the  two  sides. 
As  already  mentioned,  the  hind  part  of  the 
carriage  rests  upon  two  wheels,  the  front  part 
being,  as  already  mentioned,  supported  on  the 
engine  bogie.  To  effect  this  support,  the 
hinder  part  of  the  framing  of  the  engine  is 
formed  in  a half  circle,  with  a broad  groove, 
in  which  the  ends  of  two  springs  are  arranged 
to  slide.  The  centres  of  the  springs  form  the 
support  of  the  framing  of  the  carriage. 

The  framing  of  the  engine  bogie  is  attached 
to  the  hind  bogie  truck  of  the  carriage  by  two 
diagonal  drawbars.  The  coupling  is  effected 
by  bolts  close  to  the  engine,  and  the  car  is 
drawn  entirely  by  means  of  the  bogie  pin  of 
the  hind  bogie.  The  trucks  are  16-5  ft.  apart. 

Table  I.  (p.  161)  shows  the  dimensions  of 
different  parts  of  these  three  steam  motors,  as 
well  as  their  weights. 

The  Beaumont  engine,  worked  by  com- 
pressed air,  may  be  generally  said  to  be 
similar  to  that  described  in  a paper  read 
before  the  Society  of  Arts  on  the  i6th  March, 
1881,  to  which,  however,  some  improvements 
have  been  since  introduced. 

The  apparatus  for  compressing  the  air  was 
placed  in  the  shed.  The  air  was  compressed 
to  63  atmospheres  by  a pump  worked  by  a 
steam-engine,  and  stored  in  cylindrical  reser- 
voirs of  wrought  iron  without  rivets.  A pipe 
led  the  air  from  the  reservoirs  to  the  head  of 
the  tramway,  where  the  cylinder  placed  on  the 
motor  for  storing  the  air  during  the  journey 
could  be  conveniently  charged. 

The  air  was  compressed  by  means  of  four 
pumps,  placed  two  and  two  in  a water-box, 
and  worked  by  the  direct  action  of  a com.pound 
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Table  I. 


Krauss, 

Wilkinson. 

Rowan. 

Diameter  of  cylinder 

d 

5*5  in. 

6-5  in. 

5-1  in. 

Length  of  stroke  

1 

11*8  in. 

9 in. 

9-8  in. 

Diameter  of  wheels  

D 

31-5  in. 

27-5  in. 

29-5  in. 

Pressure  at  which  boiler  is  worked 

P 

220  lbs. 

147  lbs. 

191  lbs. 

p 1 

E 

1,210  lbs. 

1,509  lbs. 

805  lbs. 

2-D 

Total  heating  surface 

S 

105  sq.  ft. 

105  sq.  ft. 

64  sq.  ft. 

Grate  surface  

G 

27  sq.  ft. 

5-4  sq.  ft. 

3-1  sq.  ft. 

Surface  of  condenser 

C 

274-482  sq.  ft. 

None 

861-120  sq.  ft. 

"Weight  in  running  order  (motor  only)  

F' 

15,400  lbs. 

15,400  lbs. 

9,020  Ibs- 

Do.  do.  (total)  

F" 

. . 

. . 

15,400  lbs, 

Contents  of  water  tank  

. . 

28-24  cub.  ft. 

13  cub.  ft. 

4-2  cub.  ft. 

Do.  coal  bunks  

F' 

14- 12  cub.  ft. 

I2‘5  cub.  ft. 

3-5  cub.  ft. 

E 

F» 

12-7  lbs. 

10-2  lbs. 

1 1-2  lbs. 

E 

F' 

• • 

• • 

19-125  lbs. 

S 

F' 

146 

147 

140 

G 

5.722 

2,855 

2,889 

\ 

2-6 

13-4 

102 

275 

engine  with  cylinders  placed  in  juxta-position, 
of  8 in.  and  14  in.  diameter  respectively,  with 
an  equal  length  of  stroke  of  13  in. 

The  air,  after  being  forced  through  the  first 
pump  cylinder,  passed  successively  through 
the  other  three,  the  diameters  of  which  were  of 
proportionately  decreasing  sizes,  viz. : — 8‘2  in., 
5 in.,  3*5  in.,  and  2 in.,  and  the  air  on  leaving 
each  cylinder  passed  on  its  way  to  the  next 
cylinder  through  a coiled  pipe  immersed  in 
flowing  water  to  remove  the  heat  generated. 
This  cooling  surface  amounted  to  nearly 
54  sq.  ft. 

The  cooling  of  the  air  was  veiy'  efficient. 
In  an  experiment  made  on  this  question,  the 
temperature  of  the  compressor  did  not  vary  to 
the  extent  of  9°  Fahr.  in  charging  the  reservoir 
from  40  to  63  atmospheres,  occupying  an  hour 
and  a- half,  the  consumption  of  water  during 
the  time  being  about  1,400  gallons. 


The  fixed  reservoirs  were  of  about  240  cubic 
feet  capacity. 

The  motor  formed  part  of  a compound 
vehicle,  which  may  be  said  to  have  consisted 
of  two  parts  joined  together  by  an  articulated 
corridor,  the  whole  being  covered  by  a roof 
which  was  approached  from  the  platform 
behind  by  an  easy  staircase.  On  this  roof 
were  seats  for  outside  passengers. 

The  front  part  of  the  compound  vehicle 
contained  the  motor,  as  well  as  a compart- 
ment for  six  inside  passengers,  with  roof  space 
for  twenty  passengers,  and  weighed  about 
15,400  lbs.  when  empty;  the  hind  part  con- 
tained accommodation  inside  for  twelve  pas- 
sengers, and  outside  for  fourteen  passengers, 
and  weighed  6,600  lbs. 

The  combined  vehicle  was  entered  from  the 
platform  in  the  rear,  which  could  hold  four 
passengers,  and  from  thence,  as  already  men- 
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tioned,  the  staircase  led  on  to  the  roof.  The 
total  number  of  passengers  this  vehicle  could 
accommodate  was  thus  — eighteen  inside, 
thirty-four  on  the  roof,  four  on  the  platform, 
or  fifty-six  in  all. 

The  total  length  of  the  carriage  was  29  ft. 
7 in.,  the  width  7 ft.  The  distance  between 
the  axes  of  the  bogies  was  16  ft,  9 in.  The 
distances  apart  of  the  centres  of  the  wheels 
were,  in  the  case  of  the  hind  bogie  3 ft. 
9 in.,  and  in  the  case  of  the  front  bogie 
4 ft.  4*6  in. 

The  motor  is  a compound  engine,  the 
diameters  of  the  cylinders  being  4*9  inches, 
and  I ’9  inches,  with  a 12  inch  stroke.  The 
diameter  of  the  wheels  was  2 ft.  4 in.  A 
small  boiler  is  placed  on  one  side,  in  front, 
for  creating  steam,  which  passes  into  a steam- 
jacket,  enclosing  the  pipe  of  communication 
from  the  reservoir  to  the  cylinders,  as  well 
as  the  cylinders  themselves,  so  that  the  air 
was  warmed  before  it  escaped.  The  reservoirs 
on  the  motor  contained  71  cubic  feet. 

In  an  experiment  made  on  charging  the 
reservoir  in  the  motor,  the  pressure  in  the  fixed 
reservoirs,  at  the  time  of  charging  the  reser- 
voirs on  the  motor,  was  63*8  atmospheres,  at 
a temperature  of  68°  Fahr.  One  atmosphere 
was  lost  by  letting  the  air  into  the  pipe  laid 
between  the  shed  and  the  tramway  where  the 
motor  stood  ; when  the  reservoir  on  the  motor 
was  charged,  the  pressure  fell  to  42-6  atmo- 
spheres in  the  fixed  reservoirs,  at  a tempera- 
ture of  55°  Fahr. 

The  pressure  in  the  reservoir  on  the  motor, 
when  ready  to  start,  was  42-6  atmospheres,  at 
a temperature  of  84°  Fahr.  On  its  return,  at 
the  end  of  forty-six  minutes,  after  a journey  as 
above  mentioned  of  about  3^^  miles  including 
the  triangle,  the  pressure  had  fallen  to  20*9 
atmospheres,  and  the  temperature  to  71°  Fahr. 
The  weight  of  air  used  during  the  journey  was 
thus  about  no  lbs.,  or,  say,  34  lbs.  per  mile. 
The  coal  consumed  by  the  stationary  engine  to 
compress  the  air  amounted  to  39  lbs.  per  mile, 
in  addition  to  3 lbs.  of  coke  per  mile  for  warm- 
ing the  exhaust. 

Whilst  the  motor  was  performing  its  journey, 
the  stationary  steam-engine  was  employed  in 
raising  the  pressure  in  the  fixed  cylinders  to 
63  atmospheres,  and  worked,  on  an  average, 
during  fifty  minutes  in  each  hour ; during  the 
rest  of  the  journey  it  remained  idle.  It  was 
thus  always  employed  in  doing  work  in  excess 
of  the  pressure  which  could  be  utilised  on  the 
car,  and  the  work  was,  under  the  circum- 
stances of  the  case,  necessarily  intermittent. 


This  was  a very  unfavourable  condition  of 
working. 

In  the  electric  tram-car  the  haulage  was 
effected  by  means  of  accumulators.  The  car 
was  of  the  ordinary  type  with  two  platforms. 
It  was  said  to  have  been  running  as  an  or- 
dinary tram-car  since  1876.  It  had  been 
altered  in  1884  by  raising  the  body  about  six 
inches,  so  as  to  lift  it  clear  of  the  wheels,  in 
order  to  allow  the  space  under  the  seats  to  be 
available  for  receiving  the  accumulators,  which 
consisted  of  Faure  batteries  of  a modified 
construction.  The  accumulators  employed 
were  of  an  improved  kind,  devised  by  M. 
Julien,  the  under  manager  of  the  Compagnie 
TElectrique,  which  undertook  the  work. 

The  principal  modification  consists  in  the 
substitution,  for  the  lead  core  of  the  plates,  of 
one  composed  of  a new  unalterable  metal. 
By  this  change  the  resistance  is  considerably 
diminished,  the  electromotive  forco  rises  to 
2*40  volts,  the  return  is  greater,  the  output 
more  constant,  and  the  weight  is  considerably 
reduced.  The  plates  being  no  longer  subject 
to  deformation,  have  the  prospect  of  lasting 
indefinitely.  The  accumulators  used  were 
constructed  in  August,  1884. 

The  car,  as  altered,  had  been  running  as  an 
electric  tram-car  on  the  Brussels  tramways 
since  October,  1884,  till  it  was  transferred  to 
the  experimental  tramway  at  Antwerp.  The 
accumulators  had  been  in  use  upon  the  car 
during  the  whole  of  this  period,  and  they  were 
in  good  order  at  the  end  of  the  experiments, 
that  is  to  say,  when  the  Exhibition  closed  at 
the  end  of  October,  1885. 

The  accumulator  had  forty  elements,  divided 
into  four  series,  each  series  communicating  by 
means  of  wires  fixed  to  the  floor  of  the  car, 
with  commutators  which  connected  them  with 
the  dynamo  used  as  a motor. 

There  were  two  sets  of  these  batteries  or 
accumulators,  one  of  which  was  being  charged 
in  the  shed  whilst  the  other  was  in  use.  The 
exchange  required  ten  minutes,  including  the 
time  for  the  car  to  go  off  the  tramway  into 
the  shed  and  return  to  the  tramwa\ . This 
exchange  took  place  after  every  seven 
journeys.  Therefore,  the  two  batteries  would 
have  sufficed  for  working  the  car  over  a distance 
of  about  42  miles  during  16  hours. 

It  may  be  observed  that  the  first  service  in 
the  morning  would  be  performed  by  means  of 
the  accumulators  charged  during  the  after- 
noon and  evening  of  the  previous  day. 

Each  element  of  a battery  was  composed  of 
19  plates,  of  which  9 were  positive,  4 milli- 


January  22,  i886.J 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


163 


metres  thick,  and  lo  negative,  3 millimetres 
thick.  Each  positive  plate  weighed  i’44lbs., 
of  which  about  25  per  cent,  consisted  of 
active  material.  Each  negative  plate  weighed 
nearly  i lb,,  of  which  one-third  consisted  of 
active  matter.  The  weight  of  the  metallic 
part  of  the  battery  amounted,  therefore,  to 
1,846  lbs.  ; and  the  whole  battery,  including 
the  case  and  the  liquid,  amounted  to  2,464  lbs., 
which  contained  499  ibs.  of  active  matter,  or 
about  20*25  per  cent.  The  four  cases  in  which 
the  battery  was  contained  were  so  arranged 
as  to  divide  the  weight  equally  between  the 
wheels. 

Two  commutators  enclosed  in  a box  were 
placed  on  the  platforms  at  the  two  ends  of  the 
carriage,  so  as  to  be  available  for  moving  in 
either  direction. 

The  accumulators  were  divided  into  four 
series  of  ten  double  elements,  which,  by  means 
of  the  commutators,  could  be  united  under 
four  combinations,  viz  : — 

1st.  4 series  in  quantity — i in  tension. 

2nd.  2 „ „ ,,  2 „ 

3rd 3 

4tk 4 

Finally,  a fifth  movement  united  the  four 
series  in  quantity,  coupling  them  on  each 
other,  and  putting  the  dynamo  out  of  circuit, 
thus  restoring  equilibrium.  When  in  a state 
of  repose  the  handle  was  so  arranged  as  to 
keep  this  latter  switch  turned  on.  The  accu- 
mulators were  arranged  for  charging  in  two 
series  united  in  qnantity,  each  containing 
twenty  double  elements.  The  charge  was 
effected  by  a Gramme  machine,  worked  by  a 
portable  engine.  Each  of  these  series  re- 
ceived its  charge  during  seven  hours  for  the 
ordinary  service  of  the  car,  and  during  nine 
hours  for  the  accelerated  service. 

The  accumulators  on  the  car  actuated  a 
Siemens  dynamo,  acting  as  a motor,  such 
as  is  used  for  lighting,  having  a normal 
speed  of  1,000  revolutions,  fixed  on  the 
frame  of  the  carriage.  The  motion  was  con- 
veyed from  the  pulley  on  the  dynamo  by 
means  of  a belt  passing  round  a shaft  fixed  on 
moveable  bearings  to  regulate  its  tension,  and 
thence  to  the  axles  by  means  of  a flat  chain  of 
phospor  bronze.  The  chain  was  adopted  as 
the  means  of  moving  the  axle,  on  account  of 
its  simplicity  and  facility  of  repair  by  un- 
skilled labour. 

The  speed  was  fixed  at  4 metres  per  second 
(which  corresponds  with  a speed  of  nearly 
9 miles  per  hour),  for  1,000  revolutions  of  the 


dynamo ; and  it  was  regulated  by  cutting  a 
certain  number  of  the  accumulators  out  of 
circuit,  instead  of  by  the  device  of  inserting 
resistances  which  cause  a waste  of  energy. 
By  breaking  the  circuit  entirely  the  motive 
power  ceased,  and  the  vehicle  might  either  be 
stopped  by  the  brakes  or  allowed  to  run  forward 
by  gravity,  if  the  road  were  sufficiently  in- 
clined. The  reversal  of  the  motor  was  effected 
by  means  of  a lever  which  reversed  the  posi- 
tion of  the  brushes  of  the  dynamo. 

The  dynamo  could  be  set  in  motion,  and 
the  carriage  worked  from  either  end,  as  de- 
sired. The  handle  to  effect  this  was  move- 
able,  and  as  there  was  only  one  handle  and 
this  one  was  in  charge  of  the  conductor,  he 
used  it  at  either  end  as  required. 

It  should  be  mentioned  that  the  car  was 
lighted  at  night  by  two  incandescent  lamps, 
which  absorbed  1*5  amperes  each;  and  the 
brakes  also  were  worked  by  the  accumulators. 

The  weight  of  the  tram-car  was  5,654  lbs.  ; 
the  weight  of  the  accumulators  was  2,460  lbs.  ; 
the  weight  of  the  machinery,  including 
dynamo,  1,232  lbs.  The  car  contained  room 
for  fourteen  persons  inside  and  twenty  outside. 
Under  the  conditions  of  the  competition  the  car 
was  required  to  draw  a second  car  occasionally. 

The  jury  made  special  observations  upon  the 
work  required  to  move  the  car  between  tffe  20th 
September  and  15th  October,  1885.  Seals  were 
attached  to  the  accumulators.  Moreover,  from 
the  27th  of  September,  after  each  charge,  seals 
were  placed  on  the  belts  from  the  steam-engine 
to  prevent  any  movement  of  the  Gramme 
machine,  so  that  there  could  be  no  charges 
put  into  the  accumulators  beyond  those 
measured  by  the  jury. 

The  instruments  used  for  measuring  were 
Ayrton’s  ampere  meter  and  E)eprez’s  volt 
meter,  which  had  been  tested  in  the  Exhibition 
by  the  Commission  for  Experiments  on  Elec- 
trical Instruments,  under  the  presidency  of 
Professor  Rousseau.  Besides  this  Siemens 
electro  dynamometer  and  Ayrton’s  voltmeter 
were  used  to  check  the  results;  but  there  was 
no  practical  difference  discovered.  During 
the  period  of  charging  the  accumulators,  the 
intensity  of  the  current  and  the  electro  motive 
force  was  measured  every  quarter  of  an  hour, 
and  thence  the  energy  stored  up  in  the  battery 
was  deduced.  It  may  be  mentioned  that  the 
charge  in  the  accumulators,  when  the  experi- 
ments were  commenced,  was  equal  in  amount 
to  that  at  their  termination. 

An  experiment  was  made  on  21st  October  to 
ascertain,  as  a practical  question,  what  was 
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the  work  absorbed  by  the  Gramme  machine  in 
charging  the  accumulators.  The  work  trans  • 
mitted  from  the  steam-engine  was  measured 
every  quarter  of  an  hour  by  a Siemens  dynamo- 
meter, at  the  same  time  the  intensity  of  the 
electromotive  force  given  out  by  the  machine, 
as  well  as  the  number  of  the  revolutions  it  was 
making,  was  noted.  It  resulted  that  for  a 
mean  development  of  4-mechanical  horse 
power,  the  dynamometer  gave  into  the  ac- 
cumulators to  be  stored  up  2 •28-electrical 
horse  power,  or  57  per  cent.  The  intensity 
varied  between  25*03  and  23  *51  amperes  during 
the  whole  time  of  charging.  Of  this  amount 
stored  up  in  the  accumulators  a further  loss 
took  place  in  working  the  motor ; so  that  from 
30  to  40  per  cent,  of  the  work  originally  given 
out  by  the  steam-engine  must  be  taken  as  the 
utmost  useful  effect  on  the  rail. 

It  was  estimated  that  to  draw  the  carriage 
on  the  level  .714-horse  power  was  required,  or 
if  a second  carriage  was  attached,  ’SqS-horse 
power  would  draw  the  two  together.  This 
would  mean  that,  say,  2 -horse  power  on  the 
fixed  engine  would  be  employed  to  create  the 
electricity,  for  producing  the  energy  required 
to  draw  the  carriage  on  the  level. 

The  electric  tram-car  was  quite  equal  in 
speed  to  those  driven  by  steam  or  compressed 
air,  and  was  characterised  by  its  noiselessness 
and  by  the  care  with  which  it  was  manipu- 
lated. 

Assuming  the  car,  by  itself,  cost  the  same 
as  an  ordinary  tram-car,  the  extra  cost  relatively 
to  other  systems  was  stated  as  being,  according 
to  the  following  figures,  viz.; — The  Gramme 
machine  cost  ^48,  the  motor  ;^2 08,  and  the 
accumulators  2-25  francs  per  kilogramme  (lod. 
per  pound).  To  these  must  be  added  the  cost 
of  erection,  and  of  switches  for  manipulating 
the  current ; as  well  as  the  proportion  of 
the  cost  of  a fixed  engine  to  create  the 
•electricity. 

Having  thus  given  a general  description  of 
the  various  motors  which  were  presented  for 
competition,  I will  now  give  a brief  summary 
of  some  of  the  principal  particulars  obtained 
during  the  competition.  In  the  first  place,  it 
may  be  mentioned  that  the  Jury  consisted  of 
the  following : — 

President. — M.  Hubert,  Ingenieur  en  Chef, 
Inspecteur  de  Direction  a Tadministration  des 
chemins  de  fer  de  I’Etat  Beige. 

Vice-President. — M.  Beliard,  Ingenieur  des 
Arts  et  Manufactures,  delegue  par  leGouverne- 
ment  Frangais. 


Members. — M.  M.  Douglas  Galton,Capitaine 
du  Genie,  delegue  par  le  Gouvernement 
Anglais ; Gunther,  Ingenienr,  Commissaire 
General  de  la  Section  allemande  a V Exposition 
d’ Anvers ; Huberti,  Ingenieur  a I’adminis- 
tration  des  chemins  de  fer  de  I’Etat  Beige, 
Professeur  a 1’  Universite  de  Bruxelles  ; Dery, 
Ingenieur  Chef  de  service  a I’administration 
des  chemins  de  fer  de  I’Etat  Beige. 

Secretary. — M.  Dupuich,  Ingenieur  Chef  du 
service  du  material  et  de  la  traction  a la 
Societe  Generale  des  chemins  de  fer  econo- 
miques. 

Reporter. — M.  Belleroche,  Ingenieur  en 
Chef,  a la  traction  et  au  material  des  chemins 
de  fer  du  Grand  Central. 

Members  added  by  the  Juiy\  — MM. 
Vingotte,  Ingenieur,  Directeur  de  1’  Associa- 
tion pour  la  surveillance  des  machines  a 
vapeur;  Laurent,  Ingenieur  des  mines  et  de 
ITnstitut  electro-technique  de  E Universite  de 
Liege. 

The  original  programme  of  the  conditions 
which  were  laid  down  in  the  invitation  to  com- 
petitors, as  those  upon  which  the  adjudication 
of  merit  would  be  awarded,  contained  twenty 
heads,  to  each  of  which  a certain  value 
was  to  be  attached ; and,  in  addition  to 
these  special  heads,  there  were  also  to  be 
weighed  the  following  general  considera- 
tions, viz. : — 

a.  The  defects  or  inconveniences  established 
in  the  course  of  the  trials. 

b.  The  necessity  or  otherwise  of  turning  the 
motor,  or  the  carriage  with  motor,  at  the 
termini. 

c.  Whether  one  or  two  men  would  be  re- 
quired for  the  management  of  the  engine. 

As  regards  these  preliminary  special  points, 
the  compressed  air  motor,  as  well  as  the 
Rowan  engine,  required  to  be  turned  for  the 
return  journey,  whereas  the  other  motors  could 
run  in  either  direction. 

In  regard  to  this,  the  electric  car  was  pecu- 
liarly manageable,  as  it  moved  in  either  direc- 
tion, and  the  handle  by  which  it  was  managed 
was  always  in  front,  close  to  the  brake.  This 
carriage  was  the  only  one  which  was  entirely 
free  from  the  necessity  of  attending  to  the  fire 
during  the  progress  of  the  journey,  for  even 
the  compressed  air  engine  had  its  small 
furnace  and  boiler  for  heating  the  air. 

Each  of  the  motors  under  trial  was  managed 
by  one  man. 

The  several  conditions  of  the  programme 
may  be  conveniently  classified  in  three  groups, 
under  the  letters  A,  B,  C.  Under  the  letter  A 
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have  been  classed  accessory  considerations, 
such  as  those  of  safety  and  of  police.  These 
are  of  special  importance  in  towns.  But  their 
relative  importance  varies  somewhat  with  the 
habits  of  the  people  as  well  as  with  the  require- 
ments of  the  authorities  ; for  instance,  in  one 
locality  or  country  conditions  are  not  objected 
to,  which  in  another  locality  are  considered 
entirely  prohibitory. 

The  conditions  under  this  head  are  : — 

1.  Absence  of  steam. 

2.  Absence  of  smoke  and  cinders. 

3.  Absence,  more  or  less  complete,  of 
noise. 

4.  Elegance  of  aspect. 

5.  The  facility  with  which  the  motor  can  be 
separated  from  the  carriage  itself. 

6.  Capacity  of  the  brake  for  acting  upon  the 
greatest  possible  number  of  wheels  of  the 
vehicle  or  vehicles. 

7.  The  degree  to  which  the  outside  covering 
of  the  motor  conceals  the  machinery  from  the 
public,  whilst  allowing  it  to  be  visible  and 
accessible  in  all  parts  to  the  engineer. 

8.  Facility  of  communication  between  the 
engineer  and  the  conductor  of  the  train. 

In  deciding  upon  the  relative  merits  of  the 
several  motors,  so  far  as  the  eight  points  in- 
cluded under  this  heading  are  concerned,  it  is 
clear  that,  except  possibly  as  regards  absence 
of  noise,  the  electrical  car  surpassed  all  the 
others. 

The  compressed  air  car  followed,  in  its 
superiority  in  respect  of  the  first  three  points, 
viz.,  absence  of  steam,  absence  of  smoke,  and 
absence  of  noise  ; but  the  Rowan  was  con- 
sidered superior  in  respect  of  the  other  points 
included  in  this  class. 

Under  the  letter  B have  been  classed  con- 
siderations of  maintenance  and  construction. 

9.  Protection,  more  or  less  complete,  of  the 
machinery  against  the  action  of  dust  and 
mud. 

10.  Regularity  and  smoothness  of  motion. 

11.  Capacity  for  passing  over  curv^es  of 
small  radius. 

12.  The  simplest  and  most  rational  con- 
struction. 

13.  Facility  for  inspecting  and  cleaning  the 
interior  of  the  boilers. 

14.  Dead  weight  of  the  train  compared  with 
the  number  of  places. 

15.  Effective  power  of  traction  when  the 
carriages  are  completely  full. 

16.  Rapidity  with  which  the  motor  can  be 
taken  out  of  the  shed  and  made  ready  for 
running. 
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17.  The  longest  daily  service  without  stops 
other  than  those  compatible  with  the  require- 
ments of  the  service. 

18.  Cost  of  maintenance  per  kilometre.  (It 
was  assumed,  for  the  purposes  of  this  sub- 
heading, that  the  motor  or  carriage  which  gave 
the  best  results  under  the  conditions  relating 
to  paragraphs  9,  10,  12,  and  13,  would  be 
least  costly  for  repairs.) 

As  regards  the  first  of  these,  viz.,  pro- 
tection of  the  machinery  against  dirt,  the 
machinery  of  the  electrical  car  had  no  pro- 
tection. It  was  not  found  in  the  experiments 
at  Antwerp  that  inconvenience  resulted  from 
this;  but  it  is  a question  whether  in  very 
dusty  localities,  and  especially  in  a locality 
where  there  is  metallic  dust,  the  absence  of 
protection  might  not  entail  serious  difficulties, 
and  even  cause  the  destruction  of  parts  of  the 
machinery. 

In  respect  of  the  smoothness  of  motion  and 
facility  of  passing  curves,  the  cars  did  not 
present  very  material  differences,  except  that 
the  cars  in  which  the  motor  formed  part  of  the 
car  had  the  preference. 

In  the  case  of  simplicity  of  construction,  it 
is  evident  that  the  simplest  and  most  rational 
construction  is  that  of  a car  which  depends 
on  itself  for  its  movement,  which  can  move  in 
either  direction  with  equal  facility,  which  can 
be  applied  to  any  existing  tramway  without 
expense  for  altering  the  road,  and  the  use  of 
which  will  not  throw  out  of  employment  vehicles 
already  used  on  the  lines ; the  electric  car 
fulfilled  this  condition  best,  as  also  the 
condition  numbered  13,  as  it  possessed  no 
boiler. 

In  respect  to  No.  14,  viz.,  the  ratio  of  the 
dead-weight  of  the  train  to  passengers,  if  we 
assume  154  lbs.  as  the  average  weight  per 
passenger,  the  following  is  the  result  in 
respect  of  the  three  cars  in  which  the  power 
formed  part  of  the  car : — 

9,350  lbs. 

Electric  car  .... 

154  X 34, 

15,950  lbs. 

Rowan = 2*30. 

154  X 45  I 

22,OOOlbs.  i 

Compressed  air, . =22*55^  1 

154X56 

The  detached  engines  gave,  of  course,  less 
favourable  results  under  this  head. 

Under  head  No.  15  the  tractive  power  of 

I all  the  motors  was  sufficient  during  the  trials, 
but  the  line  was  practically  level,  therefore 
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this  question  could  only  be  resolved  theoreti- 
cally, so  far  as  these  trials  were  concerned, 
and  the  Table  before  given  affords  all  the 
necessary  data  for  the  theoretical  calcula- 
tion. 

Asregards  the  rapidity  with  which  the  motors 
could  be  brought  into  use  from  standing  empty 
in  the  shed,  the  electric  car  could  receive  its 
accumulators  more  rapidly  than  could  the 

boiler  for  heating  the  exhaust  of  the  com- 
pressed-air car  be  brought  into  use. 

As  regards  the  steam  motors,  the  following 
were  the  results  from  the  time  of  lighting  the 
fires : — 

The  Rowan — 

In  34  minutes 3 atmospheres. 

3^  })  ..........4  }) 

(At  this  pressure  the  vehicle  could  move.) 

40  „ 8 

The  Wilkinson 

In  35  minutes  . 

40  » 

44  „ 

47  „ 

The  Krauss  machine  required  two  hours  to 
give  6 atmospheres,  which  was  the  lowest 
pressure  at  which  it  could  be  worked. 

The  results  under  No.  17,  viz.,  the  fewest 
interruptions  to  the  daily  service,  class  the 
motors  in  the  following  order — Krauss,  elec- 
tric, Rowan,  Wilkinson,  compressed  air.  The 
chief  cause  of  injury  to  the  compressed  air 
motor  arose  from  the  carelessness  of  the 
drivers,  who  allowed  the  steam  boiler  to  be 
burnt  out.  Unfortunately,  these  drivers  were 
new  to  the  work. 

Under  the  letter  C are  classed  considera- 
tions of  economy  in  the  consumption  of 
materials  used  for  generating  the  power 
necessary  for  working. 

19.  Minimum  consumption  of  fuel  (either 
coke  or  coal),  in  proportion  to  the  number  of 
kilometres  run,  and  to  the  number  of  places, 
assuming  for  the  seats  a width  of  at  least  six- 
teen inches  for  each  person  seated. 

It  must  be  borne  in  mind  that  the  conditions 
of  the  competition  required  that  a second  car 
should  be  periodically  drawn  by  the  motor,  and 
that  the  calculations  which  follow  include  the 
total  number  of  miles  run,  the  total  amount  of 
fuel,  &c.,  consumed  ; and  the  total  number  of 
passengers  which  could  be  conveyed  by  each 
motor,  during  the  total  time  that  the  experi- 
ments were  being  carried  on. 


2 atmospheres. 
4 


Table  II. 


Description  of 
motor. 

Total 
number  of 
train  miles 
run. 

Total 

consumption 
of  fuel. 

No.  of  lbs. 
per  train  mile. 

Electric 

2,358-9 

lbs. 

14,786* 

6*16 

Rowan 

2,616-9 

14,498- 

1 

5-42 

Wilkinson  . . 

2,473-3 

22,000- 

1 8-82 

Krauss 

2,457-8 

22,726- 

i 

' 9-10 

Compressed  air 

1 

1 2,259-1 

90,420- 

39-48 

Table  III. 


Description  of  | 
motor.  1 

1 

1 

No.  of  places 
indicated 
on  the  cars, 
per  mile 
run.  ; 

1 

Consumption! 
of  fuel.  I 

No.  of  lbs.  of 
fuel  consumed 
per  places 
indicated 
per  mile  run. 

Electric 

80,203-5 

lbs. 

14,786- 

-18 

Rowan 

148,399-6 

14,498- 

-09 

Wilkinson  . . 

119,085-1 

22,000- 

•18 

Krauss 

108,983*9 

22,726- 

■20 

Compressed  air 

128,189*3 

1 

90,420- 

■69 

Table  IV. 


Description  of 
motor. 

1 

No.  of  seats 
per  mile 
run. 

Consumption 
of  fuel. 

No.  of  lbs.  of 
fuel  consumed 
per  seat 
per  mile  run. 

Electric 

61,591-2 

lbs. 

14,786- 

-23 

Rowan 

135,928-8 

14,498- 

■10 

Wilkinson  . . 

; 93,965-6 

22,000- 

•23 

Krauss 

' 86,039-9 

22,726- 

-25 

Compressed  air 

132,732-7 

90,420* 

■66 

As  regards  the  figures  in  these  Tables,  it  is 
to  be  observed  that  the  consumption  of  fuel  for 
the  electric  car  is,  to  a certain  extent,  an 
estimate  ; because  the  engine  which  furnished 
the  electricity  to  the  motor  also  supplied 
electricity  for  electric  lights,  as  well  as  for  an 
experimental  electric  motor  which  was  running 
on  the  lines  of  tramway,  but  was  not  brought 
into  competition. 
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20.  Minimum  consumption  of  oil,  of  grease, 
tallow,  &c.  (the  same  conditions  as  in  No.  19). 

Table  V. 


Description  of  Total 

motor.  number  of 

miles  run. 

Total 

consumption 

of 

oil,  tallow, 
&c. 

Consumption 
of  oil,  tallow, 
&c., 

per  train  mile 
run. 

lbs. 

Electric 2,358*9 

99*0 

•038 

Rowan 2,616*9 

106*7 

•038 

Krauss 2,457*8 

i88*5 

-073 

Wilkinson  ..'  2,473*3 

255-4 

*101 

Compressedair  2,259*1 

585-2 

-255 

In  addition  to  these  considerations,  it  was 
thought  useful  to  investigate  the  quantity  of 
water  consumed  in  the  case  of  these  engines 
which  used  steam.  The  experiments  made  on 
this  point  showed  as  the  consumption  of  water 

Gallons  per  mile. 


Rowan  *75 

Compressed  air i-o6 

Wilkinson 5*89 

Krauss  6*52 


Thus,  owing  to  the  large  proportion  of  water 
returned  from  the  condenser  to  the  tanks,  the 
Rowan  actually  used  less  water  than  the  com- 
pressed-air engine. 

CONXLUSIOX. 

The  general  conclusion  to  which  these  ex- 
periments bring  us  is  that,  undoubtedly,  if  it 
could  certainly  be  relied  upon,  the  electric 
car  would  be  the  preferable  form  of  tramway 
motor  in  towns,  because  it  is  simply  a self- 
contained  ordinary  tram-car,  and  in  a town  the 
service  requires  a number  of  separate  cars, 
occupying  as  small  a space  each  as  is  com- 
patible with  accommodating  the  passengers, 
and  which  follow  each  other  at  rapid  intervals. 

But  the  practicability  and  the  economy  of  a 
system  of  electric  tram  cars  has  yet  to  be 
proved ; for  the  experiments  at  Antwerp, 
whilst  they  tihow  the  perfection  of  the  electric 
car  as  a mea..:i  of  conveyance,  have  not  yet 
finally  determined  all  the  questions  which 
arise  in  the  consideration  of  the  subject.  For 
instance,  with  regard  to  economy,  the  engine 
employed  to  generate  the  electricity  was  notin 
thoroughly  good  order,  and  from  its  being  used 
to  do  other  work  than  charging  the  accumu- 
lators of  the  tram-car,  the  consumption  of  fuel 


had  to  be  to  some  extent  estimated.  In  the 
next  place,  the  durability  of  the  accumulators 
is  still  to  be  ascertained  ; upon  this  much  of 
the  economy  would  depend.  And  in  addition 
to  this  question,  there  is  also  that  of  the  dura- 
bility of  parts  of  the  machinery  if  exposed  tO' 
dust  and  mud. 

After  the  electric  car,  there  is  no  question 
but  that,  at  the  Antwerp  Exhibition,  the  most 
taking  of  the  tramway  motors  was  the  Rowan,, 
which  was  very  economical  in  fuel,  quite  free 
from  the  appearance  of  steam,  and  very  con- 
venient and  manageable. 

The  economy  of  the  Rowan  motor  arises  in. 
a large  degree  from  the  extent  of  its  condens- 
ing power,  by  means  of  which  a considerable 
supply  of  warm  water  is  constantly  supplied 
for  use  in  the  boiler,  and,  consequently,  the 
quantity  of  water  which  has  to  be  carried  is 
lessened,  and  the  fuel  is  economised. 

Independently,  however,  of  its  convenience 
as  a motor  for  tramways  in  towns,  the  Rowan 
machine  has  been  adapted  on  the  Continent  to 
the  conveyance  of  goods  as  well  as  passenger 
traffic  on  light  branch  railways,  and  fitted  to 
pass  over  curves  of  50  feet  radius,  and  up 
gradients  of  i : 10. 

In  England,  with  our  depressed  trade  and 
agriculture,  there  is  a great  want  in  many 
parts  of  the  country  of  a cheap  means  of  con- 
veyance from  the  railway  stations  into  the 
surrounding  districts  ; such  a means  of  con- 
veyance might  be  afforded  by  light  railways 
along  or  near  the  road-side,  the  cost  of  which 
would  be  comparatively  small,  provided  that 
the  expensive  methods  of  construction,  of 
signalling,  and  of  working,  which  have  been 
required  for  main  lines,  and  which  are  perfectly 
unnecessary  for  such  light  railways,  were  dis- 
pensed with. 

It  is  certain  that  this  question  will  acquire 
prominence  as  soon  as  a system  of  local  gover- 
ment  has  been  adopted,  in  which  the  wants  of 
the  several  communities  have  full  opportunity 
of  asserting  themselves,  and  in  which  each 
local  authority  shall  have  power  to  decide  on 
those  measures  which  are  essential  to  the 
development  of  the  resources  of  its  own  dis- 
trict, without  interference  from  a centralised 
bureaucracy. 


DISCUSSION. 

Mr.  Preece,  F.R.S.,  said  he  was  a juryman  at  the 
Antwerp  Exhibition,  and  though  his  official  duties  did 
not  require  him  to  inspect  and  report  upon  these  tram- 
cars,  he  took  every  possible  opportunity  of  examining 
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them,  and  being  an  electrician,  of  travelling  back- 
wards and  forwards  on  the  electric  car.  He  was 
delighted  to  find  that  the  anticipations  he  formed,  at 
an  early  period  of  the  Exhibition,  had  been  fully 
boine  out  by  what  Captain  Galton  had  said.  At 
the  same  time  it  was  rather  difficult  to  discover  in 
what  respect  this  particular  car  differed  from  others 
of  a similar  kind  which  had  been  experimented  on  in 
England.  The  chief  advantage  it  had,  seemed 
to  him  to  be  that  it  had  been  examined  and  reported 
on  by  Captain  Douglas  Galton.  One  very  similar 
ran  backwards  and  forwards  for  some  time  in 
the  works  of  the  Electric  Power  Storage  Com- 
pany at  Millwall,  and  one  designed  by  Mr. 
Reckenzaun  had  been  running  some  time  in 
Berlin.  He  tried  to  find  out  the  special  features  of 
the  accumulator  used  by  M.  Julien,  but  failed  to  do 
so.  It  was  said  to  be  formed  on  a framework  of 
■some  nnalterable  metal,  but  he  did  not  discover  what 
it  was ; he  heard  by  a side-wind  that  it  was  nickel, 
but  at  any  rate,  as  far  as  the  performance  and 
appearance  went,  he  could  see  no  difference  between 
it  and  those  used  in  England.  At  different  times, 
he  had  inspected  and  ridden  on  various  electric 
tram-cars,  some  driven  direct  by  the  current,  like 
that  at  Portrush,  or  the  one  at  Cleveland,  United 
States,  the  only  difference  in  these  two  being  that 
the  current  in  Ireland  was  of  low  tension,  and  that  in 
the  United  States  was  of  high  tension.  There  was 
also  one  which  he  had  not  seen  at  Blackpool.  As  an 
electrician,  he  had  seen  very  great  difficulties  in  carry- 
ing out  a system  of  tramways  worked  by  electricity, 
but,  like  all  other  difficulties,  experience  and  study 
succeeded  in  removing  them,  and  he  had  the  greatest 
confidence  in  the  future  use  of  electricity  for  this 
purpose,  whether  applied  directly  or  by  the  aid  of 
accumulators.  There  was  a great  want  of  confidence 
in  this  latter  system,  the  reason  for  which  was  not 
hard  to  discover,  because  they  were  thrust  on  the 
world  long  before  either  it  was  ready  to  receive  them 
or  they  were  properly  developed.  One  of  the  first 
places  in  which  the  tide  began  to  turn  was 
ia  the  Society  of  Arts.  Some  time  back  they 
had  succeeded  in  lighting  the  hall  by  means  of 
accumulators,  and  all  present  could  see  with  what 
absolute  steadiness  the  light  was  maintained.  Captain 
Galton,  at  the  end  of  the  paper,  said  that  undoubtedly 
if  it  could  be  relied  on  electricity  would  be  the  best 
motor  for  tramways ; and  that  was  the  way  in  which 
everyone  spoke  of  it.  But  there  was  no  power  on 
earth  used  for  the  service  of  man  which  could  be 
so  certainly  relied  on  as  electricity.  These  doubts 
were  due  to  the  fact  that  the  early  applications 
of  electricity  were  so  striking  in  their  character, 
such  for  instance  as  reproducing  speech  by  the  tele- 
phone, that  they  at  once  caught  the  attention  of  the 
public,  who  at  once  believed  the  thing  was  per- 
fection before  it  had  really  reached  the  practical  stage. 
So  it  was  with  the  accumulator;  the  idea  of  storing 
up  a horse-power  in  a deal  box  appealed  to  the  public 
imagination,  and  when  the  fact  was  first  published  in 


the  Times,  that  a certain  gentleman  brought  such  a 
box  from  Paris  to  Sir  William  Thomson,  in  Edin- 
burgh, inordinate  expectations  were  raised;  then 
when  it  was  not  found  at  first  a practical  instrument, 
they  began  to  use  such  expressions  as  he  had  referred 
to,  and  thought  it  could  not  be  relied  on.  He  had  no 
doubt,  however,  we  should  yet  live  to  see  in  London 
and  the  suburbs,  the  Antwerp  experiments  repeated 
on  a much  larger  scale. 

Mr.  A.  Reckenzaun  said  thiswas  one  of  the  most 
interesting  and  practical  papers  ever  read  on  the 
subject  of  the  mechanical  propulsion  of  tram-cars,  but 
it  would  have  been  still  more  useful  had  the  experi- 
ments been  carried  out  on  a line  presenting  more 
difficulties.  It  was  very  easy  to  travel  on  a level 
line,  but  very  difficult  to  travel  on  an  incline.  For 
instance,  if  it  required  2 horse-power  on  the  level,  it 
would  take  4 horse-power  to  go  at  the  same  speed 
up  a gradient  of  i in  75,  6 horse-power  for  a gradient 
of  I in  37,  and  8 horse-power  for  i in  25,  which  was 
not  very  serious  after  all.  Again,  the  sharpest  cuiv’e 
on  the  line  at  Antwerp  was  only  of  a radius  of  one 
chain,  and  he  was  rather  surprised  it  was  not  made 
sharper.  He  had  recently  been  running  a car  in 
Berlin,  where  he  had  received  much  more  encourage- 
ment than  in  London,  and  he  believed  a fair  amount 
of  business  would  be  done  there  before  any  start  was 
made  in  England  at  all.  There,  one  curve  was 
1 1 metres  radius,  and  there  were  several  of  1 5 metres. 
In  the  Antwerp  tram  it  appeared  there  was  a 
certain  amount  of  noise  caused  by  the  chain  gear, 
and  this  kind  'of  gearing  was  not  very  practical 
in  the  case  of  a tramway  where  there  was  a deal  of 
dirt  to  guard  against.  He  had  adopted  a worm 
wheel,  such  as  was  shown  on  a large  drawing  of  his 
tram-car  on  the  waU.  Many  experienced  engineers 
advised  him  not  to  use  this  gearing,  but  having 
arranged  it  so  that  the  wheel  dipped  into  an  oil  bath, 
and  the  whole  boxed  in,  so  that  little  or  no  dirt 
could  find  access,  he  found  that  there  was  not  nearly 
so  much  loss  by  friction  as  had  been  stated,  previous 
experiments  having  all  been  made  apparently  at  low 
speeds,  and  showing  an  efficiency  varying  between 
30  and  50  per  cent.  He  found,  however,  that  he 
got  as  much  as  80  to  85  per  cent.,  which  was  as 
much  as  could  be  got  with  a chain.  He  had  two 
motors,  so  that  the  speed  or  power  could  be  varied 
at  will.  One  motor  would  propel  the  car  along  a 
level  road,  and  it  would  run  down  an  incline  of  i in 
70  by  its  own  momentum,  which  showed  how  little 
friction  there  was.  The  two  motors  in  parallel  arc 
would  drive  it  up  an  incline  of  i in  18,  and  the  two 
were  used  in  series  at  starting,  when  the  electric 
resistance  was  greatest,  so  that  the  current  flowing 
then  should  be  the  smallest  possible.  With  regard 
to  the  wonderfully  lasting  accumulators  which  it  was 
said  Mr.  Julien  had  discovered,  he  would  only  say 
that  if  the  plates  lasted  only  six  or  eight  months 
electrical  cars  would  still  be  more  economical  than 
horses.  Although  the  efficiency  of  the  whole 
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apparatus  between  the  steam-engine  and  the  car 
wheels  could  not  be  taken  at  more  than  30  to  40  per 
cent,  (he  reckoned  it  at  33),  still  it  was  economical  to 
use  electricity,  because  the  accumulators  only  weighed 
1 1 ton,  and  the  whole  of  the  rest  of  the  machinery 
weighed  half  a ton,  making  i|  ton  altogether,  which 
compared  very  favourable  to  a locomotive  weighing 
eight  to  ten  tons.  You  could,  therefore,  afford  to 
lose  60  to  70  percent,  of  your  motive  power.  He 
ought  to  say  that  he  was  much  indebted  to  the 
Electric  Power  Storage  Company,  who  had  assisted 
him  \try  materially  in  bringing  this  car  to  perfec- 
tion. He  had  been  working  at  it  for  four  years, 
but  it  was  only  within  the  Inst  twelve  months 
he  had  arrived  at  a practical  result.  The  first 
question  was,  to  produce  an  accumulator  which  was 
light,  and  at  the  same  time  durable  and  efficient. 
The  main  advantages  of  this  system  were,  first, 
economy,  and  second,  the  electric  car  had  the  same 
appearance  as  those  in  general  use,  which  could  be 
easily  converted,  and  at  small  cost.  The  wearing 
parts  of  the  mechanism  were  very  few,  and  could  be 
easily  replaced.  The  weight  of  motive  power  was 
less  than  two  tons,  distributed  over  two  small  bogies 
of  four  wheels  each,  so  that  the  actual  weight  on  a 
given  section  of  the  rail  was  less  than  that  of  an 
ordinary  car  resting  on  four  wheels  only.  The  pro- 
pelling apparatus  was  invisible  to  the  passengers; 
the  motor  was  boxed  in  completely;  it  was  prac- 
tically noiseless,  and  free  from  danger.  One  man 
not  necessarily  skilled,  could  drive  the  car,  which 
could  also  be  illuminated  at  night  by  the  electric 
current.  Of  course,  the  maintenance  of  the  perma- 
nent way  would  cost  less  than  where  horses  were 
used,  and  the  charging  stations  would  occupy  less 
space  than  the  stables. 

W.  R.  Rowan  could  not  agree  with  the  two 
previous  speakers.  As  far  as  he  could  gather,  the 
contest  at  Antwerp  was  really  between  two  combined 
cars,  the  electric  car,  and  the  steam-car  which  he  had 
designed.  Ha\ung  been  there  some  eight  or  ten 
weeks,  he  could  bear  testimony  to  the  great  care 
and  trouble  taken  by  the  jury  over  this  question. 
There  was  no  doubt  that  the  most  taking  cor  was 
the  electric  motor,  but  the  whole  question  from  the 
first  hinged  on  one  word — economy,  and  the  question 
would  turn  out  to  be,  which  was  most  economical, 
steam  used  directly  in  driving  the  car,  or  to  produce 
electricity  or  compress  air,  which  should  then  drive 
it.  The  electric  car  had  all  the  advantages  on  its 
side  as  regarded^* appearance  and  other  qualities 
which  might  be  desired  in  a motor  for  towns,  but 
he  thought  it  would  be  difficult  for  the  jury  to  decide 
on  the  question  of  economy.  There  were  four  main 
difficulties  which  he  thought  it  would  take  elec- 
tricians some  time  to  get  over.  The  first  was  the 
transmission  of  the  power.  The  use  of^a  belt  or 
chain  was  not  generally  supposed  to  be  satisfactory, 
and  he  had  his  doubts  about  the  worm  wheel.  If 
electricians  could  discover  a gearing  which  would 
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enable  them  to  work  from  a shaft  running  at  r,ooo, 
or  even  500,  revolutions  a minute,  those  who  em- 
ployed steam  would  be  very  glad,  because  they  could 
use  it  with  small  engines  running  rapidly.  Such  a 
style  of  engine  was  what  naturally  suggested  itself 
for  this  purpose,  but  hitherto  it  could  not  be  used  on 
account  of  the  difficulty  in  transmitting  the  power. 
The  second  difficulty  was  that  of  the  accumulators  ; 
would  they  really  last  if  knocked  about  daily  in  a tram- 
car.  The  trial  at  Antwerp  gave  very  little  informa- 
tion on  that  point,  being  short,  straight,  and  level,  so 
that  they  only  had  to  be  charged  once  a day.  Had 
it  been  a line  such  as  Mr.  Reckenzaun  mentioned, 
they  would  require  charging  four  or  five  times  a day. 
There  was  as  yet  no  proof  that  the  accumulators 
would  stand,  and  if  they  had  to  be  renewed  even 
every  year,  the  cost  would  be  greater  than  that  of 
maintaining  a properly  constructed  steam-engine.  On 
a recent  visit  to  Brussels,  he  learned  that  the 
Company  had  voted  25,000  francs  towards  the  estab- 
lishment of  a regular  electric  service  on  one  of  the 
lines  there,  in  order  to  test  this  question ; but  he 
felt  pretty  confident  that  one  or  two  years’  trial 
would  not  lead  to  horses  being  superseded  by 
electricity.  The  third  difficulty  was  the  charging  of 
the  accumulators.  In  running  up  steep  grades,  and 
with  grooved  rails,  which  added  greatly  to  the  friction, 
he  believed  the  accumulators  would  have  to  be 
charged  five  times  a day,  which  would  be  a practical 
difficulty.  Lastly,  if  all  these  difficulties  could  be 
overcome,  he  doubted  if  they  could  work  as  cheaply 
as  with  steam  direct,  seeing  that  only  25  to  40  per 
cent,  of  the  power  would  be  utilised.  The  question 
of  the  power  utilised,  however,  did  not  play  an  im- 
portant part  in  tramway  maintenance,  the  whole 
secret  of  mechanical  tramway  work  would  lie  in 
having  a motor  powerful  enough  under  certain  cir- 
cumstances ; which  would  run  very  cheaply  when  ithad 
little  work  to  do,  but  which  would  work  expansively,  so 
that  you  could  put  on  a second  car  and  carry  a large 
number  of  passengers  when  required  ; and  up  to  the 
present  he  ventured  to  say  there  was  nothing  to 
compete  with  a simple  form  of  steam-engine,  where 
you  had  only  to  put  a little  more  coal  on  the  fire  to 
obtain  the  necessary  power. 

Isir.  Scott  Russell  though  it  a pity  Captain 
Galton  had  not  given  some  information  about  the 
“ Chemins  de  Fer  Vicinaux,”  because  in  Ireland  that 
sort  of  railways  was  being  begun.  The  other  day 
he  went  over  one  of  these  lines,  running  partly  on 
rails  and  partly  along  the  road.  On  the  road  the 
locomotives  were  made  to  condense  their  steam  ; on 
the  railway  they  worked  in  the  ordinary  way.  The 
paper  really  had  not  much  bearing  on  tramways  in 
this  country,  because  the  conditions  were  so  very 
different.  The  rail  at  Antwerp  was  an  edged  rail, 
in  England  they  were  grooved,  which  gave  treble  the 
resistance ; and  here  we  had  heavy  inclines,  and  in 
neaily  every  case  the  engine  or  horses  had  to  be 
detached  and  turnedTound.  Abroad,  steam-engines 
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puffed  through  the  stations  without  any  attempt  at 
condensation;  but  here  the  local  authorities  were  so 
strict  that  if  there  were  any  chance  of  arriving  at 
perfect  condensation,  they  would  certainly  insist 
upon  it.  He  agreed  with  a great  deal  of  what  Mr. 
Rowan  had  said  with  regard  to  using  steam  direct ; 
it  must  be  a question  of  economy,  and  however  much 
the  public  liked  it,  you  would  never  find  a tramway 
company  adopting  electricity  or  compressed  air  unless 
it  paid  them.  From  published  results  it  appeared  that 
the  cost  of  working  with  a detached  steam-engine 
had  been  brought  down  to  3s.  3d.  a mile,  and 
no  doubt  with  a combined  car  it  would  be  still  less, 
as  there  would  be  less  dead  weight ; with  horses  it 
was  4s.  8d. ; and  compressed  air,  taking  the  results 
at  Nantes,  was  3d.  a mile.  He  was  rather  a believer 
in  compressed  air,  but  did  not  think  either  the 
Mekarski  or  Beaumont  system  was  likely  to  be  suc- 
cessful, the  dead  weight  being  too  great.  The  loss 
in  the  compression  of  air  was  so  enormous,  that 
unless  the  weight  were  reduced  to  a minimum,  it 
could  not  be  worked  economically.  A much  moreprac- 
tical  plan  had  been  proposed  in  America,  making  a 
very  light  car  with  a low  pressure  of  the  air,  and 
tubes  carried  along  the  centre  of  the  track,  so  that 
the  car  might  be  charged  when  it  stopped,  by  means 
of  a coupling  similar  to  that  of  the  air  brake.  With 
regard  to  electricity,  he  understood  from  practical 
electricians  that  the  theoretical  loss  from  the  engines 
to  the  accumulators,  from  them  to  the  dynamo,  and 
from  that  to  the  rail,  was  something  like  75  per  cent, 
as  a minimum,  and  he  was  afraid  unless  accumulators 
were  made  much  lighter,  they  would  be  found  too 
heavy. 

Mr.  Scott  Moncrieff  said  Captain  Gallon  had 
pointed  out  what  would  be  admitted  more  and  more 
as  time  went  on,  that  certain  points,  such  as  sim- 
plicity of  construction,  power  of  moving  in  either 
direction,  applicability  to  existing  lines,  &c. , were  of 
vital  importance,  and  especially  that  the  motor  should 
be  self-contained  for  the  purpose  of  locomotion  in 
crowded  thoroughfares.  This  was  the  first  paper  of 
importance  on  tramway  traction  independent  of 
particular  interests,  and  embracing  the  subject  as  a 
whole,  and  it  was  very  satisfactory  that  it  should  be 
based  on  a series  of  practical  trials  such  as  those 
made  at  Antwerp.  At  the  same  time,  he  agreed  that 
the  trials  were  very  unsatisfactory,  for  the  reasons 
which  had  been  pointed  out.  The  absence  of  inclines 
and  curves  was  a fatal  objection,  because  the  best 
motor  at  Antwerp  might  get  a prize,  on  the  strength 
of  which  it  might  be  introduced  in  a place  where  it 
would  prove  a complete  failure.  He  hoped  that 
public  attention  being  drawn  to  the  matter  would 
lead  to  similar  trials  being  made  in  this  country 
before  long.  Time  did  not  allow  of  his  referring  at 
length  to  his  own  work  in  this  direction,  but  he 
might  say  that  his  first  series  of  experiments  with 
compressed  air  was  the  means  of  inducing  the  Legis- 
lature to  permit  the  use  of  mechanical  traction  on 


urban  or  suburban  tram  lines.  In  1877,  power  was 
given,  subject  to  the  approval  of  the  Board  of  Trade, 
for  mechanical  power  upon  a practically  country  line 
at  Wantage,  and  also  an  urban  line  in  the  Vale  of 
Clyde,  and  his  evidence  with  regard  to  the  success 
of  compressed  air  led  the  Parliamentary  Committee 
to  recommend  the  passing  of  a Bill  sanctioning  the 
use  of  mechanical  power.  In  common  ^vith  many 
others,  he  had  been  waiting  for  the  ripening  of  public 
opinion  with  regard  to  the  use  of  mechanical  power 
other  than  steam.  The  pressure  brought  by  the 
Board  of  Trade  on  inventors  to  produce  something 
which  would  comply  with  their  rules  had  been  more 
or  less  relaxed,  because  no  steam-engine  had  hitherto 
complied  with  those  requirements  all  day  long. 
During  a certain  period,  or  under  certain  conditions, 
the  smoke  and  steam  might  be  successfully  suppressed, 
but  after  a certain  amount  of  wear  and  tear  it  had  been 
absolutely  necessary  for  the  Board  of  Trade  require- 
ments to  be  relaxed,  if  steam  was  to  be  applied  to 
tramways  at  all.  He  could  not  speak  as  an  expert  in 
the  matter  of  electricity,  but  its  advantages,  as  regarded 
a self-contained  vehicle  of  good  appearance,  were 
evident.  Nothing  surprised  him  more  in  Table  No- 
ll. than  the  extraordinaiy  amount  of  fuel  used  by  the 
compressed  air  engine.  It  certainly  bore  no  relation 
at  all  to  the  theoretical  laws  which  bore  on  the 
conversion  of  energy  from  the  boiler  to  the  reservoir, 
and  showed  some  egregious  failure  in  the  system.  His 
own  experience,  as  given  in  evidence  in  1877,  more 
nearly  approached  the  Rowan  engine,  which  stood  at 
the  head  of  the  list  for  economy  ; but,  as  had  been 
very  properly  said,  if  the  proper  motor  were  obtained, 
neither  the  public  nor  the  companies  would  cut  the 
matter  so  fine  as  to  reject  it  on  account  of  one  or  two 
lbs.  of  coal  per  train  mile.  He  had  urged  before  the 
Institute  of  Mechanical  Engineers  reasons  for  believ- 
ing that  in  this  particular  case  compressed  air 
would  be  quite  as  economical  as  steam,  the  most 
obvious  of  these  reasons  being  that  a very  large  and 
powerful  engine,  embracing  all  modern  improvements, 
and  using  a very  small  quantity  of  coal  per  indicated 
horse-power,  might  be  employed.  If  such  an  engine 
only  consumed  3 lbs.  of  coal,  and  there  were  a loss  of 
50  per  cent,  on  the  use  of  compressed  air — which 
there  ought  not  to  be — you  would  get  to  practically 
the  same  economy  as  in  the  Rowan  engine,  at 
Antwerp,  5-42  lbs.  Then  the  car  itself,  although 
somewhat  heavier  than  an  electric  car,  had  still  all 
the  good  qualities  of  a self-contained  vehicle,  capable 
of  surmounting  considerable  inclines  and  going  round 
sharp  curves.  He  could  not  sit  down  without  sajing 
a word  on  the  electric  car  described  by  Mr.  Recken- 
zaun.  He  had  long  thought  that  the  worm  wheel 
had  been  a too  much  abused  mechanical  appliance, 
and  was  not  astonished  to  hear  that  the  loss  from 
friction  at  high  velocities  was  much  less  than  had  been 
generally  supposed.  He  should  be  interested  to 
know  how  this  worked  in  actual  practice,  but  thought 
from  the  appearance  of  the  drawing,  that  it  was  too 
slight  for  the  work  it  had  to  do. 
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Mr.  B,  Drake  said  there  were  one  or  two  points  in 
connection  with  the  Electric  Power  Storage  Company, 
which  he  represented,  which  he  should  like  to  men- 
tion. They  not  only  used  accumulators  at  their  own 
works,  but  had  supplied  them  for  trials  elsewhere, 
and  in  practical  working  it  was  found  that  giving 
them  the  full  charge,  the  efficiency  in  amperes  was 
75  per  cent.,  and  beyond  that  the  loss  in  energy, 
expressed  in  watts,  depended  on  the  time  at  disposal 
to  discharge  them.  When  ^Ir.  Reckenzaun  tested 
them  at  the  works,  the  power  going  into  the  accumu- 
lators necessary  for  each  car  was  reduced  to  a mini- 
mum, and  in  those  trials  they  were  charged  up 
rather  quicker  than  they  would  be  for  lighting  pur- 
poses, and  there  the  efficiency  was  about  70  per 
cent,  in  watts.  That  experiment  had  been  very 
carefully  conducted,  and  might  be  depended 
upon.  With  regard  to  the  duration,  the  same 
as  had  been  in  use  for  two  years  were  now  to  be 
seen  at  the  works ; there  was  very  little  destruction 
of  the  plates,  and  what  there  was,  W’as  from  mere 
mechanical  shaking  about.  They  were  all  perfectly 
ready,  and  if  they  were  wanted  to-morrow  for  an 
electric  car  could  be  put  into  regular  work.  M. 
Julien  claimed  a good  deal  in  the  way  of  production 
of  local  action  by  his  special  arrangement,  but  if 
one  went  into  the  causes  of  local  action  it  would  be 
seen  that,  if  pure  peroxide  and  pure  lead  were 
used,  there  was  no  necessity  to  have  any  local  action 
at  all.  They  had  left  batteries  standing  for  six  weeks 
fully  charged,  and  at  the  end  of  the  time  the  power 
was  practically  equal  to  what  was  put  in.  Whether 
they  were  discharged  in  one  week  or  six  weeks,  the 
loss  was  hardly  appreciable.  The  car  at  the  works, 
from  one  cause  or  another,  had  not  been  used 
for  some  months,  but  still  they  were  able  to 
show  it  that  day  running  without  having  been 
been  charged  or  touched  for  months.  It  had  been 
stated  on  behalf  of  the  compressed  air  car,  that 
stationary  engines  more  economical  than  any  which 
could  be  used  on  a car  were  applicable ; this  would 
also  hold  good  in  accumulatois  with  this  additional 
advantage,  that  in  the  case  of  compressed  air,  assum- 
ing that  from  the  moment  you  started  you  had  by 
some  mechanical  arrangement  to  get  over  the 
gradual  decrease  of  power  from  the  air  chambers, 
whereas  with  accumulators  there  was  practically  no 
loss  of  locomotor  force,  from  the  time  of  starting 
until  the  time  when  they  had  gone  so  low  that  for 
the  sake  of  sparing  the  plates  you  should  not  dis- 
charge them  any  further. 

Mr.  M.  Holroyd  Smith  said  a good  deal  had 
already  been  said  which  it  was  unnecessary  for  him 
to  repeat,  and  he  only  needed  to  clinch  the  argu- 
ment. Mr.  Rowan  and  Mr.  Reckenzaun  had  made 
comparisons  between  accumulators  and  steam  trac- 
tion, the  former  pointing  out  that  the  difficulty  with 
accumulators  was  that  you  had  to  take  the  power  and 
convert  it  into  electric  energy,  and  then  re-convert  it 
into  mechanical  energy,  and  that  there  must  be  a 


loss  in  the  transmission.  With  that  he  perfectly 
agreed ; on  the  other  hand,  Mr.  Rowan  showed  that 
the  tests  at  Antwerp  were  unfair  on  account  of  the 
car  running  on  a level  without  curves,  and  that  where 
2 horse-power  would  be  sufficient  on  a level  it  would 
have  to  be  raised  to  8 on  a gradient  of  one  in  25. 
Now,  he  wished  to  prove  that,  especially  in  the  case 
of  accumulators,  that  meant  an  excessive  demand  on 
the  stored  energy  contained  in  them,  and  he  would 
venture  to  prophesy  that  Mr.  Reckenzaun  would 
find  that  by  the  manner  in  which  he  was  now  work- 
ing the  accnmulators  they  would  very  soon  be  worn 
out,  and  he  did  not  see  how  a tram  line  could  be 
worked  economically  if  the  motive  battery  in  the  car 
lasted  only  six  months.  However,  he  believed  he 
had  absolutely  solved  the  question  which  Captain 
Douglas  Galton  had  put  before  them,  viz.,  that, 
whether  electricity  could  be  applied  with  certainty  to 
the  propulsion  of  cars.  He  was  now  doing  that, 
day  in  day  out,  from  morning  to  night,  at  Black- 
pool. He  used  electricity  direct,  and,  therefore,  there 
was  no  loss  through  the  accumulators.  The  great 
question  with  regard  to  using  electricity  direct  for 
street  purposes  was  how  to  do  it  with  safety  to  the 
public,  and  until  he  laid  down  this  line  it  had  not 
been  done,  because  one  rail  had  been  used  for  the 
positive,  and  the  other  for  the  negative  current,  or 
some  side  rail,  which  would  be  very  dangerous  to  the 
traffic,  had  been  applied.  By  conveying  the  electricity 
underground,  and  having  a means  of  communicating 
with  it  in  the  car,  it  was  possible  to  utilise  it  without 
any  danger  either  to  the  public  or  the  traffic.  That 
point  had  been  most  carefully  tested  by  Major  Arm- 
strong. The  Major  felt  a little  trepidation  at  first, 
and  it  was  not  until  holding  his  hand  he  touched 
the  surface  of  the  centre  channel  and  the  sur- 
face of  the  rails  at  the  same  time,  and  could  feel 
no  possible  shock,  that  he  was  satisfied  of  the  fact. 
The  cars  were  running  every  day  except  Sundays  ; the 
present  being  the  off-season,  there  are  only  three, 
whereas  during  the  season  there  would  be  ten,  and  of 
course  the  same  plant  had  to  be  put  down,  and  the 
same  electrician,  and  standing  wages  had  to  be  paid 
as  if  the  whole  ten  were  running.  It  was,  therefore, 
very  unfair  to  take  the  present  experience  as  a test  of 
what  could  be  done,  because  when  the  whole  of  the 
cars  were  running  it  only  meant  a little  more  coal  in 
the  engine;  but  even  now  the  cost  was  only  half 
that  of  horsing.  On  the  same  line,  before  the 
electric  plant  was  completed,  horses  were  employed, 
and  being  just  at  the  close  of  the  season  they  were 
obtained  from  omnibus  proprietors  at  a very  low 
price,  but  still  it  was  double  the  cost  of  electricity. 

Mr.  Scott  Moncrieff  asked  what  was  the  actual 
sum  paid. 

Mr.  M.  Holroyd  Smith  said  it  was  rather  less  than 
6d.  per  mile  for  the  horses,  but  they  were  now  doing 
it  at  half  that  price  ; when  the  whole  ten  cars  were 
running,  it  would  cost  about  2|d.  per  mile,  including 
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depreciation  and  interest  on  outlay.  The  length  of 
the  line  was  over  two  miles,  the  steepest  gradient 
I in  40,  and  the  sharpest  curve  one  of  48  feet 
radius,  cun-e  and  gradient  at  the  same  place.  The 
The  point  he  wished  to  insist  upon  was  the  advantage 
of  driA-ing  tram-cais  direct  instead  of  using  accumu- 
lators. He  did  not  wish  to  argue  against  secondary’ 
batteries  for  tram-car  work,  for  he  thought  they  would 
ser\-e  a very  useful  and  important  purpose,  by  increasing 
the  public  confidence  in  electricity,  and  then  they 
would  be  prepared  to  go  the  whole  length,  and  use  the 
direct  current.  At  the  same  time,  if  you  had  to  go  up 
a gradient  of  i in  20  for  a mile  and  a half,  and 
another  of  i in  30  for  two  miles,  as  was  the  ease  in 
some  places  in  Yorkshire,  it  required  some  pulling 
up,  and  unless  the  amount  of  accumulators  in  the  car 
were  doubled,  they  would  ver)^  soon  be  spent.  Elec- 
tricians knew  that  it  was  a veiy^  risky  thing  to  quickly 
exhaust  a secondary  batter)^ ; you  might  charge  them 
quickly  if  you  liked,  but  it  was  a very  awkward  busi- 
ness to  discharge  them  rapidly.  The  weight,  therefore, 
would  have  to  be  increased,  or  their  life  would  be 
shortened.  Xow,by  his  system,  if  the  tram-car  came  to  a 
hill,  the  man  in  charge  only  had  to  put  on  a little 
more  resistance,  and  if  necessary  the  whole  power 
generated  at  the  station  might  be  taken  to  send  the 
car  up  the  gradient.  He  could  not  only  take  the  car, 
but  could  draw  another  behind  it  loaded  with  passen- 
gers up  the  steepest  incline.  Although  they  had 
been  working  through  wet,  wind,  and  snow,  and  the 
whole  line  had  been  deluged  with  sea  water,  they 
had  been  able  to  work  with  a loss  from  leakage  of 
not  more  than  the  ampere  of  current. 

Capt.  Douglas  Gallon,  in  reply,  said  he  agreed 
with  the  comments  which  had  been  made  on  the  line 
at  Antwerp,  which  certainly  did  not  represent  those 
found  in  this  country,  but  those  who  knew  Antwerp 
would  be  aware  that  it  was  impossible  to  lay  down  a 
line  there  with  steep  gradients,  and  even  sharp  cuix'es 
could  not  be  made  conveniently,  having  regard  to 
other  traffic  on  the  boulevards.  The  full  report  of 
the  jur\-  would  soon  be  published  in  a very  complete 
form,  and  he  hoped  all  persons  would  reser%'e  their 
final  opinion  until  then. 

The  Chairman  then  proposed  a cordial  vote  of 
thanks  to  Captain  Douglas  Gallon  for  his  valuable 
paper,  which  was  carried  unanimously. 


Mr.  C.  J.  AV.  Jakeman  writes  ; — I have  heard 
Captain  Douglas  Gallon  with  considerable  pleasure, 
as  his  paper  differs  from  many  on  this  subject,  in  that 
it  contains  reliable  figures  and  data,  gathered  from 
specially  conducted  public  trials.  I may  say  that  ray 
firm  (Merixnveather  Sz  Sons)  was  invited  to  take  part 
in  the  trials,  but  after  examining  the  road,  decided 
that  it  would  be  no  fair  test  of  the  practical  working 
of  the  engines  on  ordinary  town  tramways,  with 
grooved  rails,  and  consequently  did  not  enter  the 
contest.  From  the  figures  given  in  the  paper,  it 


appears  that  Rowan’s  combined  car  was  most 
economical  in  working,  and  that  ver}'  little  water 
(three  quarters  of  a gallon  per  mile  only)  was  re- 
quired to  make  up  loss ; this  was  probably  due 
to  the  fact  that  on  a combined  car,  con- 
siderable roof- space  is  available  for  the  condenser, 
and  not  to  its  construction ; as  in  our  experi- 
ments with  plate  condensers  we  have  always  found 
them  inferior  to  tubulous  ones,  which  we  have 
finally  adopted.  With  reference  to  this  point,  I 
may  say  that  '«nth  our  detached  engines  working  on 
the  North  London  tramways,  vdth  inclines  of  i to  20, 
only  from  10  to  20  gallons  of  fresh  water  are  re- 
quired after  a run  of  1 1 miles. 

The  figures  relating  to  the  compressed  air  car  are 
really  astonishing,  and,  unless  the  principle  of  work- 
ng  air  at  high  pressure  is  altogether  wrong,  as  it 
possibly  is,  there  must  have  been  some  very  bad 
management  in  the  working.  The  coke  alone  (3  lbs. 
per  mile),  used  to  warm  the  air,  would  have  been 
more  than  half  the  quantity  of  fuel  required  to  drive 
by  steam  direct. 


Miscellaneous. 

♦ 

FRENCH  VINTAGE  OF  1885. 

In  the  Bulletin  de  Statistique  et  de  Legislation 
Comparee  for  the  month  of  December  last  an 
article  appeared  on  the  French  Hntage  of  1885. 
It  is  there  stated  that  the  wine  crop  amounted 
to  28,536,151  hectolitres,  the  hectolitres  being 
equivalent  to  22  imperial  gallons,  or  a diminution  of 
6,244,575  hectolitres  compared  \\dth  the  previous  year, 
and  of  13,672,903  hectolitres  taking  the  average  of  the 
last  ten  years.  A falling  off  in  the  yield  is  observ- 
able in  forty-two  departments,  and  it  is  particularly 
marked  in  Ariege,  Aude  Charente,  Charente- 
Inferieure,  Dordogne,  Gard,  Haute-Garonne,  Gers, 
Gironde,  Herault,  Landes,  Alame,  Haute  Afarne, 
Basses  - Pyrenees,  Hautes- Pyrenees,  P3’renees- 
Orientales,  Tam,  La  Vendee,  and  Vienne.  On  the 
other  hand,  there  was  a considerable  increase  in  the 
vine  production  in  Ain,  Allier,  Cote-d’Or,  Doubs, 
Isere,  Jura,  Haute-Lcire,  Loiret,  Nievre,  Puj’-de- 
Dome,  Haute- Saone,  Saone-et- Loire,  and  Yonne. 
So,  therefore,  it  is  in  the  departments  of  the  Alidi 
that  the  diminution  in  the  crop  is  more  particularly 
noticeable,  while  in  the  east  the  result  of  the  harvest 
has  been  satisfactor}%  and  in  the  centre  the  wine 
production  has  remained  stationary.  One  of  the 
principal  causes  that  have  contributed  to  affect  the 
yield  were  the  atmospheric  disturbances  which 
occurred  during  the  spring  and  the  greater  part  of 
the  summer,  generally  throughout  the  whole  of 
France.  The  vines  which  in  April  suffered  from 
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severe  frosts,  experienced  in  July  and  August 
long-continued  periods  of  drought,  and  in  some  in- 
stances suffered  from  hailstorms.  Then  the  autumn 
rains  which  in  the  Midi  exercised  a favourable  in- 
fluence on  the  development  of  the  grape,  had  the 
contrar)’  effect  in  the  centre  and  mountain  districts. 
To  these  general  causes  must  be  added,  as  regards 
the  Midi,  the  west,  and  the  district  of  Charente,  the 
ravages  of  the  phylloxera  and  the  mildew.  At  the 
present  time  there  are  no  less  than  fifty-four  depart- 
ments in  France  that  have  suffered  more  or  less 
severely  from  the  attacks  of  phylloxera.  The  area 
of  the  x-ineyards  affected  has  been  estimated  to  exceed 
430, OCX)  hectares,  the  hectare  being  equivalent  to  2-47 
acres,  but  notwithstanding  this  fact,  the  total  area 
under  vine  cultivation  has  only  decreased  to  the  ex- 
tent of  50,173  hectares.  Active  steps  have  been 
and  continue  to  be  taken,  to  reconstitute  the  French 
vineyards  with  American  vines,  and  this  plan,  which 
has  been  adopted  in  thirty-three  departments,  ap- 
pears to  have  been  particularly  successful  last  year  in 
the  Ardeche  and  the  Lozere.  The  mildew  which 
was  confined  to  the  department  of  the  Ain,  Gard, 
Basses- Pyrenees,  and  Vaucluse,  and  certain  districts 
of  the  Touches  du  Rhone  and  the  Landes,  has  now 
made  its  appearance  in  the  Aude,  Dordogne,  Haute 
Garonne,  Gironde,  Isere,  Lot-et-Garonne,  Hautes- 
Pyrenees,  Pyrenees-Orientales,  Deux- Sevres,  and 
Tarn-et-Garonne.  To  resist  the  attacks  of  the 
phylloxera  many  remedies  have  been  applied  with 
var}’ing  results,  and  the  latest  one  which  appears 
hitherto  to  have  been  particularly  successful  con- 
sists in  syringing  the  vines  with  a solution  of 
whitewash  and  sulphate  of  copper.  The  adoption 
of  this  plan  w’as  advocated  by  one  of  the  staff 
of  the  Ministry  of  Agriculture,  who  was  lately  com- 
missioned to  carry  out  certain  experiments  on  a large 
scale  in  the  Medoc,  and  who  reported  most  favour- 
ably on  the  efficacy  of  the  treatment  of  sulphate  of 
copper  as  a means  of  destroying  the  phylloxera.  As 
regards  vine  cultivation  in  Algeria,  it  continues,  says 
the  Bulletin  de  Statistique,  to  make  rapid  progress. 
The  yield,  in  1884,  amounted  to  896,000  hectolitres 
for  an  area  of  50,716  hectares,  while  during  the 
course  of  last  year  many  new  vineyards  were  planted, 
and  the  production  amounted  to  1,018,300  hecto- 
litres, distributed  as  follows: — 398,330  in  Algiers, 
261,890  in  Constantine,  and  358,080  in  Oran. 


OIL  SEEDS  OF  EGYPT. 

Several  plants  are  grown  in  Egypt  for  the  sake  of 
their  oleaginous  properties,  the  principal  being  as 
follows: — Sesame,  or  Semsem  [Sesamum  indicum),  is 
cultivated  in  Central  Egypt  on  a large  scale,  being 
so\vn  in  June  and  harvested  in  autumn.  The  stems 
are  pulled  up  bodily,  and  conveyed  in  an  upright 
position  to  suitable  spots ; as  soon  as  the  capsules  are 
dry  they  open  in  the  sun,  and  shaking  them  suffices 


to  dislodge  the  seed.  The  oil  obtained  by  pressing 
the  seeds  is  thin  and  yellow,  and  serves  largely  in 
cooking,  though  liable  to  rancidity ; when  purified 
it  is  a good  illuminant.  The  castor-oil  plant,  or 
Kharoiia  ahmar  [Ricinus  com?nunis),  attains  the 
proportions  of  a small  tree,  and  produces  much  oil, 
especially  in  Fayoum.  An  oil-yielding  lettuce 
{Khass)  is  grown  about  Edfou,  and  in  the  southern 
part  of  the  province  of  Thebes ; when  ripe,  the  plant 
is  cut,  dried,  and  threshed,  the  seed  affording  a pale 
yellow  very  sweet  oil,  used  in  cooking.  An  oil- 
yielding  radish  [Symagdh)  is  grown  for  its  seed,  the 
oil  finding  application  in  the  arts.  The  ground  nut, 
or  Fill  sennari  {Arachis  hypogesa),  requires  a light 
soil  into  which  it  can  thrust  its  seeds  for  maturation  ; 
the  oil  obtained  from  them  may  replace  that  of  the 
almond,  while  the  roasted  nuts  themselves  are  good 
eating,  and  serve  instead  of  hazel  nuts  in  pastries. 
Garden  cress,  or  Richdd  [Lepidum  sativum),  in 
Upper  Egypt,  affords  a seed  oil,  while  the  young 
plants  are  used  in  salad.  Mustard,  or  Khardal 
is  similarly  utilised,  and  colza,  or  Selgdm  {Brassica 
campestris),  is  grown  solely  for  its  seed  oil.  The 
seeds  of  the  safflower,  flax,  and  cotton,  are  all  pressed 
for  their  oil  in  Lower  Egypt ; whilst  the  opium 
poppy  {Papaver  somniferian)  and  the  heliotrope, 
turnsole,  ox  Ay n- el- chems  [Heliotropium  europceum), 
are  similarly  utilised  in  Upper  Egypt. 


MANUFACTURE  OF  BEER  IN  GERMANY. 

The  United  States  commercial  agent  at  Mayence 
says  that,  according  to  the  latest  statistics,  the 
number  of  breweries  in  the  German  Empire  has 
gradually  declined  from  14,157  in  1872,  to  10,703  in 
1884,  exclusive  of  those  in  Bavaria,  AVurtemburg, 
Bacen,  and  Alsace-Loraine,  as  the  people  of  those 
parts  of  the  Empire  do  not  pay  their  beer  taxes  into 
the  Treasury  of  the  General  Government,  but  to  their 
respective  States.  During  the  year  ended  April, 
1884,  the  breweries  consumed  4, 725?  73 1 double 
centners  of  malt,  this  being  equivalent  to  about 
1,044,386,551  pounds  avoirdupois,  of  which  457,805 
consisted  of  barley  malt,  and  24,659  centners  of 
malt  surrogate,  from  which  619,885,853  gallons  of 
beer  were  obtained.  In  Bavaria  the  amount  pro- 
duced in  the  same  period  was  269,839,064  gallons, 
in  Wurtemburg,  67,844,106;  in  Baden,  26,850,016; 
and  in  Alsace-Lorraine,  18,113,172  gallons.  The 
quantity  of  beer  brewed  from  1872  to  1883-84, 
amounted  to  65  quarts  per  head  of  population  in  that 
part  of  Germany  subject  to  Imperial  taxation ; to 
262  quarts  in  Bavaria;  196  quarts  in  Wurtemburg; 
76  quarts  in  Baden,  and  56  quarts  in  Alsace- 
Lorraine.  The  average  for  the  whole  of  the  Empire, 
exclusive  of  Bremen  and  Hamburg,  the  free  cities, 
was  93  quarts  per  head.  The  gross  amount  of  beer 
tax  collected,  in  1883-84,  by  the  Imperial  Govern- 
ment was  about  ^960,000  ; by  Bavaria,  595, 000  ; 
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by  Wurtemburg,  ;^365,ooo  ; by  Baden,  p^i95,cxx); 
and  in  Alsace-Lorraine,  ;^92,ooo.  During  the  last 
twelve  years  the  average  tax  per  hectolitre,  the 
hectolitre  being  equivalent  to  about  22  Imperial 
gallons,  has  been  84  pfennings,  or  about  tenpence, 
in  that  part  of  Germany  which  pays  an  Imperial 
tax ; about  two  shillings  in  Bavaria ; one  shilling 
and  eightpence  in  Wurtemburg;  two  shillings  and 
fourpence  in  Baden,  and  about  two  shillings  and 
twopence  in  Alsace-Lorraine.  The  entire  quantity 
of  beer  consumed  within  the  limits  of  the  German 
Customs  Union,  during  1883-84,  was  39,900,000 
hectolitres,  or  877,800,000  gallons,  or  about  93  quarts 
per  head  of  population. 


Correspondence. 


MUSEUMS  OF  TRADE  PATTERNS. 

It  is  obvious  that  a museum  of  trade  patterns 
would  be  of  great  advantage  to  manufacturers — 
equally  obvious,  it  seems  to  me,  that  it  is  no  one’s 
business  but  the  manufacturer’s  to  provide  it.  AVhere 
any  particular  manufacture  is  of  sufficient  importance 
to  a town  or  district,  such  town  or  district  might,  of 
course,  be  expected  to  lend  its  support  to  the  under- 
taking. To  draw  upon  the  national  purse  for  the 
encouragement  of  this  or  that  manufacture,  or  of  all 
manufactures,  would  be  an  injustice  to  the  trades, 
arts,  sciences,  and  professions  not  equally  encouraged. 

Mr.  Trueman  Wood  alluded  to  the  collection  of 
patterns  at  the  office  of  the  Registrar,  in  Chancery- 
lane.  There  is  another  collection  which  deserves 
mention — that,  namely,  in  the  Museum  at  South 
Kensington.  It  is  refreshing  to  read  Mr.  Wallis’s 
remarks  on  the  “ pictorial  craze  ” of  the  modern 
Englishman.  But  has  not  the  Department  done 
much  to  foster  that  feeling  ? Was  not  the  South 
Kensington  Museum  established  as  a museum  of 
industrial  art ; and  is  not  a great  part  of  it  taken  up 
with  pictures,  more  or  less  worth  exhibiting,  but 
certainly  out  of  place  where  they  are  ? If  a clean 
sweep  were  made  of  the  paintings  in  oil  and  water 
colour  at  South  Kensington,  there  would  be  room  to 
extend,  complete,  and  localise  the  admirable  collec- 
tions which  at  present  lead  a nomad  existence  within 
the  walls  of  the  Museum.  If  South  Kensington  did 
what  it  ought  to  do,  and  what  it  was  established  to 
•do,  there  would  be  no  need  of  Mr.  Ablett’s  supple- 
mental museums.  The  mere  accumulation  of  patterns 
without  selection  \vould  be  worse  than  useless.  The 
Department  also  might  do  much  more  than  it  does 
in  distributing  ideas  of  industrial  art.  In  Continental 
museums  you  find  that  there  are  good  and  fairly 
cheap  photographs  to  be  bought  of  the  objects  ex- 
hibited. With  the  modem  facilities  in  the  way  of 

process,”  we  ought  to  have,  not  merely  occasional 


sheets  of  comparatively  costly  colour-printing,  but 
permanent  photographs,  at  a penny  a piece,  of  all  the 
really  fine  things  in  the  Museum. 

It  seemed  to  be  generally  agreed,  in  the  discussion 
which  followed  Mr.  Ablett’s  paper,  that  the  manu- 
facturer did  not  want  trade  museums  of  patterns.  It  is 
probable  that  in  most  cases  he  somehow  patterns 
of  foreign  goods  at  the  earliest  possible  date,  which 
naturally  he  keeps  to  himself.  “ Trade  jealousy  ” has 
an  ugly  sound,  but  it  means  little  more  than  the  in- 
stinct of  self-preservation.  With  all  our  registration 
laws,  the  producer  has,  asMr.  Ablett  confesses,  “ very 
little  protection.”  Directly  a pattern  is  “out,”  or 
directly  it  promises  success,  it  is  seized  upon,  as 
though  there  were  no  such  thing  as  morality  in  trade 
and  manufacture  at  all.  The  passing  of  a law  by 
which  a man  could  really  keep  a pattern  would  do 
more  for  the  art  of  design  than  any  trade  museum  ; 
for  then  a man  would  have  an  interest  in  bringing 
out  a really  good  thing ; nor  would  he  object  to 
exhibit  it. 

Lewis  F.  Day. 

13,  Mecklenburg  square,  W.C., 

Jan.  i6th,  1886. 


General  Notes. 

♦ 

Population  of  Milan. — According  to  the  latest 
statistics  published  by  the  IMunicipality  of  Milan,  the 
population  of  that  city  has  been  rapidly  increasing, 
and  was,  in  1780,  133,000  inhabitants;  1848,  195,000; 
1857,215,000;  1871,261,000;  1881,320,000;  1884, 
349,000. 

Fruit  Trade  between  Italy  and  the 
United  States. — The  following  is  taken  from  the 
official  statistics,  lately  published,  relating  to  the 
exports  of  oranges  and  lemons  from  Italy  to  the 
United  States  during  the  past  season,  1884-85.  The 
number  of  boxes  shipped  from  the  following  ports 


was : — 

Oranges.  Lemons. 

Catania  63,392  103,564 

Messina  570,884  ....  376,137 

Palermo 404,616  ....  1,176,154 

Sorrento 122,583  ....  32,686 

Milazzo  6,186  ....  8,204 


1,167,661  1,696,745 

which  were  shipped  by  vessels  belonging  to  the 
following  nations : — 


Oranges.  Lemons. 

England 986,134  1,352,412 

Italy  108,415  ....  267,208 

France  48,691  ....  68,861 

Germany 24,421  ....  8,264 


1,167,661  1,696,745 
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XiGHT  Traffic  in  the  Suez  Canal. — The 
experiments  for  traffic  by  night  in  the  Suez  Canal 
were  commenced  on  the  ist  December;  they  are, 
however,  limited  to  ships  of  war  and  postal  steamers 
on  that  portion  of  the  canal  extending  from  Port 
Said  to  the  54th  passing  station,  a distance  of  about 
thirty  miles.  All  vessels  are  provided  with  electric 
lamps  capable  of  throwing  a powerful  light  on  every 
side. 

American  Exhibition,  18S7.  — It  has  been 
arranged  tbat  this  Exhibition  shall  be  opened  on 
Monday,  May  2,  1887,  instead  of  May  i,  1886.  The 
Executive  Council  were  prepared  to  carry  out  their 
original  intention,  but  have  yielded  to  the  strongly 
expressed  opinion  that  it  was  unadvisable  to  hold  the 
American  Exhibition  in  the  same  year  as  the  Colonial 
and  Indian  Exhibition. 

Electric  Tram-car  at  Berlin.— Mr.  Recken- 
zaun’s  electric  tram-car,  which  was  described  in  the 
Journal  of  January  2,  1885  (vol.  xxxiii.,  p.  160),  has 
been  introduced  into  Berlin.  In  noiice  of  the  trials 
given  in  the  Electrician  of  January]  15,  it  is  stated 
that  the  car  has  been  running  daily,  and  that  in  the 
previous  week  a number  of  directors  of  different 
tramway  companies  from  all  parts  of  Germany  in- 
spected the  working  of  the  car. 

Exports  from  Brazil. — The  Revista  Commer- 
dale  of  Buenos  Ayres,  publishes  a long  article  on 
the  commerce  of  Brazil,  and  gives  the  following 
figures  to  show  that  the  quantities  of  the  principal 
articles  of  export  have  increased  during  the  last  four 
years,  as  is  shown  by  the  following  : — 


Year. 

Coffee. 

Sugar. 

India-rubber. 

Tobacco. 

kilogs. 

kilogs. 

kilogs. 

kilogs. 

1880-81  .. 

..  219,519,022  . 

..  161,258,398 

...  6,722,638  ... 

19,900,188 

1881-82  .. 

243,888,010  .. 

,.  246,669,276 

...  6,840,210  ... 

23,646,845 

1882-83  .. 

232,228,517  . 

..  223,865,220 

...  6,781,724  ... 

21,773.516 

1883-84  .. 

. 224,5a9,309 

..  235.317.240 

...  8,111,764  ... 

23,435.512 

The  Highest  Chimney  in  the  World. — The 
highest  chimney  in  the  world  is  said  to  be  that  re- 
cently completed  at  the  lead  mines  of  Mechernich. 
It  is  134  metres  (439'  6")  high,  was  commenced  in 
18S4,  and  was  carried  up  23  metres  before  the  frost 
set  in;  building  was  again  resumed  on  the  14th  of 
last  April,  and  it  was  completed  last  September. 
The  foundation,  w’hich  is  of  dressed  stone,  is  square, 
measuring  1 1 metres  (33  feet)  on  each  side,  and  is 
3-50  metres  (iT  6")  deep;  the  base  is  also  square, 
and  is  carried  up  10  metres  (33  feet)  above  the 
ground.  The  chimney-stack  is  of  circular  section, 
7-50  metres  (24' 6")  diameter  at  the  bottom,  and 
tapering  to  3*50  metres  diameter  (ii'  6")  at  the  top, 
and  is  120*50  metres  (395  feet)  high. 

Poultry  Breeding  in  YKK^CE.—VIllustration 
gives  the  following  statistics  relating  to  poultry  in 
France  ; it  appears  from  these  that  the  poultry  yards 
in  that  country*  represent  a very  large  capital.  The 
number  of  fowls  is  estimated  at  45,000,000,  which, 
valued  at  2^  francs  each  on  the  average,  would 


amount  to  112,500,000  of  francs.  The  number  of 
laying  hens  is  taken  at  34,000,000,  and  taking  the 
number  of  eggs  laid  by  each  at  an  average  of  90 
yearly,  the  total  production  of  eggs  in  France  would 
not  fall  short  of  3,000,000,000,  which,  at  an  average 
of  5 cents  each,  would  amount  to  150,000,000 
francs.  Of  this  number  it  is  calculated  that 

100.000. 000  of  eggs  are  hatched,  of  which  10,000,000 
die  as  young  chickens,  10,000,000  serve  for  reproduc- 
tion, whilst  80,000,000  of  chickens  serve  for  food, 
which,  valued  at  i^  francs  each,  would  represent 

120.000. 000  francs.  To  these  figures  must  be  added 
an  extra  value  of  6,000,000  for  capons.  Altogether, 
the  value  of  poultry  and  eggs  produced  in  France 
may  be  taken  at  300,000,000  francs. 


MEETINGS  OF  THE  SOCIETY. 

Ordinary  Meetings. 

Wednesday  evenings,  at  Eight  o’clock  : — 
The  following  Dates  have  been  fixed. 
January  27. — “ Machinery  in  Mines.”  By 
Henry  Davey.  Sir  Frederick  Bramwell, 
F.R.S.,  will  preside. 

February  3. — “Artistic  Bronze  Casting.”  By 
George  Simonds.  Sir  Philip  Cunliffe-Owen, 
K.C.M.G.,  C.B.,  C.I.E.,  will  preside. 

February  10. — “ The  National  Exhibition  at 
Buda-Pest,  and  the  Mineral  Resources  of  India.” 
By  Bennett  H.  Brough. 

February  17. — “ Some  Points  in  Electrical  Dis- 
tribution.” By  Professor  George  Forbes. 

February  24. — “The  employment  of  Auto- 
graphic Records  in  Testing  Materials.”  By  Prof. 
W.  C.  Unwin. 

March  3. — “ Calculating  Machines.”  By  C.  V. 

Bovs. 

March  10. — “ The  Experiments  with  Lighthouse 
Illuminants  at  the  South  Foreland.”  By  Price 
Edwards.  Lord  Rayleigh,  Secretary  of  the  Royal 
Society,  will  preside. 

Dates  to  be  Hereafter  Announced  : — 

“ The  Treatment  of  Sewage.”  By  Dr.  C. 
IklEYMOTT  Tidy. 

“ Domestic  Electric  Lighting.”  By  W.  H. 
Preece,  F.R.S. 


Foreign  and  Colonial  Section. 
Tuesday  evenings,  at  Eight  o’clock  : — 
January  26. — “The  Importance  of  a National 
Scheme  of  Emigration  for  the  best  interests  of 
British  Commerce.”  By  Arnold  White. 

February  16. — “The  Aspect  of  Affairs  in  the 
Interior  of  South  Africa.”  By  Major-General  Sir 
Charles  Warren,  R.E.,  G.C.M.G. 

March  23. — “ The  Commercial  Progress  of  New 
South  Wales.”  By  Edward  Combes,  C.M.G. 
March  2 ; April  13  ; May  18. 
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Applied  Chemistry  and  Physics  Section. 

Thursday  evenings,  at  Eight  o’clock  : — 

January  28. — “ Magnetism  of  Ships  and  the 
Mariner’s  Compass.”  By  Wm.  Bottomley,  Jun. 

February  ii. — 

February  25. — “ Photography  and  the  Spectro- 
scope in  their  Application  to  Chemical  Analysis.” 
By  Professor  W.  N.  Hartley,  F.R.S. 

March  ii. — 

April  8. — 

May  13. — “The  Scientific  Development  of  the 
Coal  Tar  Colour  Industry.”  By  Professor  R. 
Meldola,  F.C.S. 

Indian  Section. 

Friday  evenings,  at  Eight  o’clock  : — 

January  22. — “ Burma  ; the  Eastern  Country  and 
the  Race  of  the  Brahmas.”  By  J.  George  Scott 
(Shway  Yoe).  The  Hon.  Sir  Ashley  Eden, 
K.C.S.T.,  will  preside. 

February  19. — “ Historical  and  Recent  Famines 
in  India.”  By  F.  C.  Danvers,  F.S.S.,  Registrar 
and  Superintendent  of  Records,  India-office.  J.  M. 
Maclean,  M.P.,  will  preside. 

March  19. — “ Experiences  on  the  Afghan 
Frontier.”  By  William  Simpson.  Col.  Henry 
Yule,  C.B.,  will  preside. 

April  2 ; May  7,  21. 

The  above  dates  are  liable  to  alteration. 

Cantor  Lectures. 

The  Second  Course  will  be  on  “Friction  ” 
By  Prof.  H.  S.  Hele  Shaw. 

Lecture  II. — January  25. — TheFrictionofFluids. 

Lecture  HI. — February  i. — The  Mechanical  Ap- 
plications of  Friction. 

Lecture  IV.— February  8. — The  Methods  of  Re- 
ducing Friction. 

Additional  Lectures. 

“ Japanese  Art  Work.”  By  Ernest  Hart. 

Lecture  I. — May  4. — Japanese  Metal  Work, 

Lecture  II. — May  ii. — Japanese  Porcelain  and 
Pottery. 

Lecture  HI. — May  18. — Japanese  Picture  Books 
and  Drawings. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  Jan.  25. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m,  (Cantor  Lectures.)  Prof.  H. 
S.  Hele  Shaw,  “ Friction.”  (Lecture  II.) 

Inventors’ Institute,  Lonsdale- chambers,  Chancery- 
lane,  E.C.,  8 p.m.  Mr.  W.  Johnson,  “ Brick- 
making Machinery  ; Bricks  and  their  Manu- 
facture.” 

Geographical,  University  of  London,  Burlington- 
gardens,  W.,  ^ p.m.  Mr.  W.  R.  Carles,  “ A 
Recent  Journey  in  Corea.” 

Actuaries,  The  Quadrangle,  King’s  College,  W.C., 
7 p.m. 

Surveyors,  i2.  Great  George-sfreet,  S.W.,  8 p.m. 
Adjourned  discussion  on  “ The  Copyhold  Enfran- 
chisement Bill,  1884-85.” 


Medical,  ii,  Chandos-street,  W.,  8J  p.m. 

London  Institution,  Finsbury-circus,  E.C-,  5 p.m., 
Mr.  Frederic  Harrison,  “ Paris  as  a Historical 
City.” 

Tuesday,  Jan.  26. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m  (Foreign  and  Colonial 
Section.)  Mr.  Arnold  AVhite,  “The  Importance 
of  a National  Scheme  of  Emigration  for  the  best 
Interests  of  British  Commerce.” 

Royal  Institution,  Albemarle-street,  W.,  3 p.m.  Dr. 
R,  Stuart  Poole,  “ Naucratis.”  (Lecture  III.l 
“The  Egyptian  Sources  of  Greek  Art.” 
lUedical  and  Chirugical,  53,  Berners-street,  Oxford- 
street,  W.,  8|  p.m. 

Civil  Engineers,  25,  Great  George -street,  S.W.,  8 
p m.  Mr.  Strome}-er,  “The  Injurious  Effect  of  a 
Blue  Heat  on  Steel  and  Iron.” 

Anthropological,  4,  St.  Martin’s-place,  AV.C  , 8 p m. 
East  India  Association,  Council-room,  Exeter-hall, 
Strand,  W.C.,  3 p.m.  M r.  Henry  Stanley  Newman 
“Water  Storage  and  Canals  in  India:  How  far 
they  are  Preventive  of  Famine.” 

Wednesday,  Jan.  27. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Mr.  Henry  Davey, 
“ ^Machinery  in  IMines.” 

Geological,  Burlington-house,  W.,  8 p.m. 

Institute  of  Patent  .A  gents,  63,  Chancery-lane,  W.C., 
7^  p.m.  Resumed  discussion  on  Mr.  Ernest  de 
Pass’s  paper  on  “ The  Articles  of  the  International 
Convention,  which  deal  with  the  question  of 
Patents.” 

Royal  Society  of  Literature,  4,  St.  Martin’s-place, 
AV.C.,  8 p.m. 

Civil  and  Mechanical  Engineers,  7,  Westminster- 
chambers,  S.W.,  7 p.m.  Mr.  R.  Harkess  Twigg, 
“The  Safety  of  Life  and  Property  at  Sea.” 

United  Service  Institute,  Whitehall  - yard,  S.W., 
3 p.m.  Major  M.  T.  Sale,  “ Land  Mines.” 

Thursday,  Jan.  28. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Applied  Chemistry  and 
Physics  Section.)  Mr.  William  Bottomley,  jun., 
“ The  Magnetism  of  Ships  and  the  Mariner’s 
Compass.” 

Royal,  Burlington-house,  W.,  4^  p.m. 

Antiquaries,  Burlington-house,  W.,  8^  p m. 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m. 
Prof.  John  Perry,  “ Telpherage,  or  the  Automatic 
Sending  of  Things  by  Electricity.” 

Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Prof.  W.  Chandler  Roberts  Austen,  “ Metals  as 
affected  by  Small  Quantities  of  Impurities.” 
(Lecture  I.) 

Telegraphic  Engineers  and  Electricians,  25,  Great 
George- street,  S.W.,  8 p.m.  Inaugural  Address 
by  the  President,  Professor  D.  E.  Hughes,  on 
“ Self-Induction  on  an  Electric  Current  in  Relation 
to  the  Nature  and  Form  of  its  Conductor.” 

Friday,  Jan.  29.. .Royal  Institution,  Albemarle-street,  W., 
8 p.m.  Weekly  Meeting,  9 p.m.  Sir  William 
Thomson,  “ Capillary  Attraction.” 

United  Service  Institute,  Whitehall-yard,  S.W  J 
3 p.m.  Captain  H.  T.  Allatl,  “The  Use  of 
Pigeons  as  Messengers  in  Wars,  and  the  Military 
Pigeon  System  of  Europe.” 

Civil  Engineers,  25,  Great  George-street,  S.W., 
74  p m.  (Students’  Meeting.)  Mr.  Llewel}n  B. 
Atkinson,  “ Electrical  Measuring-Instruments.” 
Browning,  University  College,  W.C.,  8 p.m.  i. 
Mr.  J.  B.  Bury,  “Aristophanes’  Apology.”  2. 
Paper  by  Mr.  L.  S.  Qutram. 

Saturday,  Jan.  3o....Ro3'al  Institution,  Albemarle-street, 
W.,  3 p.m.  Prof.  A.  Geikie,  “The  History  of 
Volcanic  Action  in  the  British  Isles.”  (Lecture  D. 
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NOTICES. 

♦ 

CANTOR  LECTURES. 

The  second  lecture  of  the  course  on 
“Friction”  was  delivered  on  Monday  even- 
ing, 1 8th  inst.,  the  subject  being  the  friction 
of  fluids. 

The  lectures  will  be  printed  in  the  Journal 
during  the  summer  recess. 


Proceedings  of  the  Society, 


INDIAN  SECTION. 

Friday,  January  22nd,  1886;  the  Hon.  Sir 
Ashley  Eden,  K.C.S.I.,  in  the  chair. 

The  paper  read  was — • 

BI:RMA  ; THE  EASTERN  COUNTRY 
AND  THE  RACE  OF  THE  BRAHMAS. 

By  J.  George  Scott  (Shavay  Yoe). 

The  Burmese  system  of  the  universe  is  very 
orderly,  but  it  conflicts  somewhat  with  the 
theories  of  western  men  of  science.  In  the 
centre  stands  Mount  Meru,  shaped  like  a cask 
floating  end  upwards,  half  above  the  ocean, 
half  below.  It  rests  on  three  feet,  huge 
rubies  and  carbuncles.  On  its  slopes  are  the 
six  seats  of  Devas,  the  beings  who  by  good 
works  and  incessant  meditation  have  risen 
above  man’s  estate  on  the  path  to  Nirvana. 
Above  the  mountain  in  the  empyrean  are  the 
sixteen  seats  of  the  Brahmas,  the  Perfect,  who 
live  in  a state  of  sublime  contemplation.  Down 


below  are  the  eight  great  hells  and  the  number- 
less smaller  ones.  Round  Mount  Meru  extends 
the  vast  Thamohddaya  ocean,  girdled  in  by 
the  seven  ranges  of  the  Sekyawala  hills,  with 
seven  seas  interposed.  In  the  sea  round 
Mount  Meru  are  four  great  islands,  the 
northern,  eastern,  southern,  and  western,  and 
each  of  these  has  five  hundred  small  islands 
round  about  it.  The  race  of  man  inhabits  the 
Southern  Island.  The  Burmese,  the  Chinese, 
and  Indo-Chinese,  and  the  Indians,  people 
the  mainland,  and  the  English  and  other 
foreigners  live  in  the  small  islands. 

The  eastern,  western,  and  northern  islands 
are  very  pleasant  to  live  in,  but  especially  the 
northern.  It  is  a regular  land  of  Cockayne. 
Gorgeous  dresses  hang  ready  made  from  the 
trees.  Dainty  meats  of  all  kinds  grow  up  and 
cook  themselves.  But  still  they  are  not  happy. 
Like  the  eastern  and  western  islanders,  they 
are  always  reborn  in  the  same  place,  and 
cannot  raise  themselves.  It  is  only  in  the 
Southern  Island  that  Buddhas  appear  to  teach 
the  law,  and  free  the  people  from  constant 
deaths  and  reappearances.  Only  there  can 
man  rise  in  the  scale  of  existence  until  he 
finally  frees  himself  from  passion,  and  sorrow, 
and  the  trammels  of  existence,  and  sinks  into 
the  bliss  of  Nirvana.  Therefore,  the  pious 
have  called  the  Southern  Island  the  ferry  to 
Nirvana. 

The  whole  universe  is  destroyed  once  in  an 
Asankya, 

“ which  is  the  tale 

Of  all  the  drops  that  in  ten  thousand  years 

Would  fall  on  all  the  worlds  by  daily  rain.” 

The  present  universe,  called  Badda,  has  a 
little  over  four  quadrillion  years  to  run.  It 
was  first  peopled  by  Brahmas,  who  came  down 
from  the  highest  heavens  and  degenerated. 
Of  these  Brahmas  the  Burmese  are  the  direct 
descendants ; they  call  themselves  Bam-ma, 
which  is  merely  a mutilated  form  of  Byam-ma, 
the  Burmese  form  of  Brahma.  They  were 
celestial  beings  once,  and  hope  to  be  so  again. 

The  particular  part  of  the  southern  island 
they  inhabit  is  called  the  Ashay  Pyee,  the 
Eastern  Country.  The  Chinese  live  east  of 
them,  it  is  true;  but  the  Chinese  are  “elder 
brothers”  and  Buddhists,  though  very  bad 
ones.  India  is  called  the  Middle  Country. 
The  east  is  the  place  of  honour,  for  it  was 
from  the  east  that  the  Buddha  came.  The 
name  has,  therefore,  the  signification  of  the 
“foremost  country,”  the  one  that  is  superior 
to  all  others,  the  country  ruled  over  by  the 
King  of  the  Umbrella-bearing  Chiefs,  the 
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Arbiter  of  Existence,  the  great  Lord  of  Right- 
eousness, as  the  King  of  Burma  was  called, 
among  other  titles. 

Now  that  we  have  got  the  Burmese  view  of 
themselves  and  their  country,  we  may  turn  to 
more  matter-of-fact  statements  about  Burma, 
the  more  readily  seeing  that  there  is  only  one 
“Burma”  now.  The  distinction  between 
“Upper”  and  “Lower”  Burma  is  simply  a 
provincial,  not  a governmental,  matter.  All 
the  early  history,  dating  from  the  7th  or  8th 
century  before  our  era,  we  may  dismiss  as 
more  or  less  imaginative,  a kind  of  Arabian 
Nights  of  a somewhat  truculent  kind.  But 
already  in  the  time  of  Ser  Marco  Polo  the 
Burmese  were  a formidable  power.  The  old 
Venetian  writes : — 

“ Now  there  was  (in  a.d.  1272)  a certain  King  oi 
Mien  (the  Chinese  name  for  Burma)  and  Bengala 
who  was  a very  puissant  prince,  with  much  territory, 
and  treasure,  and  people ; and  he  was  not  yet  subject 
to  the  great  Khan  (Emperor  of  China),  though  it 
was  not  long  after  that  the  latter  conquered  him,  and 
took  from  him  both  kingdoms  which  I have  named. 
And  it  came  to  pass  when  the  King  of  Mien  and 
Bengala  heard  that  the  host  of  the  great  Khan  was 
at  Vochan  (the  present  Yung-Chang),  he  said  to 
himself  that  it  behoved  him  to  go  against  them  with 
so  great  a force  as  v/ould  ensure  his  cutting  off  the 
whole  of  them.  So  this  king  prepared  a great  force 
and  ammunitions  of  war,  and  he  had  2,000  great 
elephants,  on  each  of  which  was  set  a tower  of 
timber,  well  bound  and  strong,  and  carrying  twelve 
to  sixteen  fighting  men.  When  the  king  had  com- 
pleted these  great  preparations  to  fight  the  Tartars, 
he  tarried  not,  but  marched  straight  against  them. 
And  after  marching  without  meeting  with  anything 
worth  mentioning,  they  arrived  within  three  days  of 
the  great  Khan’s  host,  which  was  then  at  Vochan  in 
Zardandan,  so  there  he  pitched  his  camp.  And  when 
the  captain  of  the  Tartar  host,  Nasaradin,  had  certain 
news  of  the  aforesaid  king,  he  waxed  uneasy,  as  he 
had  with  him  but  12,000  horsemen.  However,  he 
advanced  to  receive  the  enemy  in  the  plain  of  Vochan, 
and  when  the  king’s  army  had  arrived  in  the  plain, 
and  was  within  a mile  of  the  enemy,  he  caused  all 
the  elephants  to  be  ordered  for  battle,  and  began  to 
advance.  The  horses  of  the  Tartars  took  so  much 
flight  at  the  sight  of  the  elephants,  that  they  would 
not  face  the  foe.  And  when  the  Tartars  perceived 
how  the  case  stood,  they  were  in  great  wrath.  But 
their  captain  acted  like  a wise  leader,  for  he  ordered 
every  man  to  dismount,  and  to  tie  his  horse  to  a tree, 
and  then  to  take  their  bows.  They  did  as  he  bade 
them,  and  plied  their  bows  so  stoutly  on  the 
advancing  elephants,  that  in  a short  space  they  had 
wounded  or  slew  the  greatest  part  of  them.  So 
when  the  elephants  felt  the  smart  of  the  arrows  that 
pelted  them  like  rain,  they  turned  and  fled  into  the 


woods,  dashing  their  castles  against  the  trees,  and 
bruising  the  warriors.  So  when  the  Tartars  saw  that 
the  elephants  had  turned  tail,  they  got  to  horse,  and 
at  once  charged  the  enemy,  and  then  the  battle  raged 
furiously,  and  when  they  had  continued  fighting  till 
midday,  the  king’s  troops  would  stand  against  the 
Tartars  no  longer,  but  felt  they  were  defeated,  and 
turned  and  fled.” 

Immediately  after  this  came  the  first  Chinese 
invasion  of  Burma.  The  king  retreated  on 
the  sea  coast,  and  his  capital.  Pagan  on  the 
Irrawaddy,  was  sacked.  The  Chinese,  how- 
ever, after  a time,  retired  over  the  hills  again. 
After  this  there  were  periodic  invasions  from 
China,  most  of  them  unsuccessful,  but  the 
result  was  that  Burma  was  split  up  into 
separate  kingdoms — Pegu,  the  Talaing  king- 
dom, Arakan,  and  Upper  Burma,  the  country 
cf  the  Burmese  proper,  with  occasional  inde- 
pendent kings  in  particular  districts  such  as 
Toung-oo. 

It  is  only  after  the  Portuguese  navigators 
entered  the  eastern  seas  that  any  real  notion 
of  the  actual  state  of  Burma  can  be  formed. 
Malacca  was  captured  by  Albuquerque  in  15 1 1 , 
and  at  that  time  it  would  seem  that  the  country 
now  known  as  Burma  was  divided  into  four 
kingdoms,  Arakan,  Pegu,  Burma,  and  Ava, 
each  having  its  own  king  and  quarrelling  with 
its  neighbours.  One  of  these,  Buyin-Gyee 
Noung  Zaw,  or  Branginoco,  as  he  is  called  by 
the  old  chroniclers,  engaged  a number  of 
Portuguese  adventurers,  and  with  their  aid 
subdued  his  neighbours,  and  even  invaded 
Siam.  He  was  murdered,  as  most  sovereigns 
were  in  those  days,  and  succeeding  kings  in 
all  the  kingdoms  round  about  in  succession 
engaged  Portuguese  soldiers  of  fortune,  and 
invaded  and  ravaged  and  slaughtered  vigour- 
ously. 

At  last,  in  1600,  the  King  of  Arakan  gave 
the  port  of  Syriam,  close  to  Rangoon,  to  Philip 
de  Brito,  better  known  as  Nicote,  one  of  the 
most  notable  of  these  soldiers  of  fortune.  This 
seems  to  have  been  the  first  concession  of  land 
in  Burma  to  any  European  power,  and  it 
speedily  excited  a desire  for  more.  Nicote 
went  off  to  Goa  and  obtained  six  ships  of  war 
to  effect  the  conquest  of  Pegu.  This  he  partially 
succeeded  in  doing,  and  it  was  only  after 
thirteen  years  nearly  continuous  fighting  that 
Syriam  was  taken  and  Nicote  impaled.  About 
the  same  time  another  adventurer,  Gonsalves, 
a Spaniard,  establislied  himself  on  the  island 
of  Sunda  in  the  Sunderbunds,  and  waged  war 
on  Moguls  and  Arakanese  alike.  But  he  and  his 
followers  were  mere  pirates,  and,  at  the  price 
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of  vassalage  to  the  King  of  Portugal,  the 
Arakanese  monarch  received  assistance  from 
the  Viceroy  of  Goa,  and  extirpated  them.  But 
the  suzerainty  was  only  slightly  acknowledged. 
The  other  potentates  made  Portuguese  alliances 
also,  and  constant  wars  went  on  without  ad- 
vantage to  any  one. 

Our  connection  with  Burma  began  about  the 
same  time,  and  was  certainly  more  peaceful. 
2\Ir.  Ralph  Fitch  seems  to  have  been  the  first 
Englishman  who  visited  Burma.  He  was  there 
in  1586,  and  his  objects  were  more  commercial 
than  warlike.  In  his  narrative,  he  tells  us 
that  the  city  of  Pegu  was  “ strong,  very  fair, 
with  walls  of  stone,  and  great  ditches  round 
about  it.”  It  had  twenty  gates,  was  built 
square,  and  the  moat  was  full  of  crocodiles, 
which  reminds  one  of  the  way  in  which  the 
kings  of  Annam  defended  their  treasury.  The 
town  was  very  rich  and  populous,  and,  not- 
withstanding the  constant  wars,  did  much 
trade.  Opium  is  specially  mentioned  ; so  that 
we  are  hardly  so  guilty  in  that  matter  as  som.e 
people  would  have  us  believe.  Masulipatam 
sent  painted  cloth,  and  Bengal  its  “woven 
webs,  so  fine  twelve  folds  hide  not  a modest 
face.”  Cotton,  sandal,  porcelain,  and  other 
wares  came  from  China,  camphor  from  Borneo, 
pepper  from  Atchin  in  Sumatra.  European 
goods  were  sent  from  Mecca — woollen  cloths, 
velvets,  scarlets,  and  the  like.  The  exports 
were  mostly  metals,  gold  and  silver,  sapphires 
and  rubies,  musk,  lacquer,  wax,  rice,  and 
sugar.  Altogether,  Ralph  Fitch’s  account  is 
a relief  after  the  continual  massacreings  and 
impalings  of  the  Portuguese. 

The  result  was  considerable  trade  with 
Burma  from  both  England  and  Holland.  In 
the  early  part  of  the  17th  century  both  English 
and  Dutch  had  factories  at  Bhamb,  north  of 
Mandalay.  The  Dutch,  however,  quarrelled 
with  the  Burmese,  and  threatened  to  call  in 
the  Chinese  to  their  aid.  The  Burmese  then, 
as  now,  were  little  inclined  to  yield  to  threats, 
and  they  turned  the  Dutch  out  of  the  country, 
and  the  English  along  with  them.  The  Dutch 
were  never  re-admitted,  and  it  was  many  years 
before  we  were  either. 

At  last,  however,  in  1697,  a Mr.  Thomas 
Bowyer  arrived  in  Syriam,  and  a factory  was 
established,  only  to  be  burnt  down  because 
Mr.  Smart,  the  East  India  Company’s  agent 
of  the  time,  mixed  himself  up  in  the  quarrels 
of  the  Burmese  and  the  Falaings.  This  was 

H43»  2.nd  led  to  the  withdrawal  of  the  estab- 
lishment about  forty-six  years  after  it  had  been 
founded. 
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Meanwhile  the  turn  of  fortune’s  wheel  had 
brought  the  Peguans  to  the  top.  They  invaded 
Burma,  sacked  and  burnt  Ava,  and  carried 
the  king  off  as  a prisoner,  and  after  keeping 
him  in  imprisonment  some  time,  put  him  in  a 
red  sack  and  drowned  him  in  the  river.  Not- 
withstanding that  this  was  strictly  in  accord- 
ance with  precedent,  the  Burmese  were  so 
enraged  that  they  rose  and  massacred  the 
Talaing  garrisons,  and  eventually  gathering 
round  a simple  hunter  of  the  small  village 
of  Myouk-myo,  or  Moht-sho-bo,  eighty  miles 
north-west  of  Ava,  not  only  expelled  the 
Taiaings,  but  pursued  them  into  their  own 
country  and  conquered  Pegu  and  Tenasserim 
and  eventually  Arakan.  At  last,  in  1757,  he 
built  a palace  at  Dagohn  and  called  the  place 
Yan-gohn — the  war  is  finished.  This  is 
Rangoon,  the  present  capital  of  Burma,  for  we 
are  hardly  likely  to  shift  the  seat  of  govern- 
ment to  Mandalay,  and  the  warlike  hunter  was 
Aloung-payah,  or  Alompra  as  he  is  usually 
called,  the  founder  of  the  last  Burmese 
dynasty. 

He  united  the  whole  country  under  his  rule, 
and  as  there  was  now  some  chance  of  making 
a treaty  which  would  not  be  upset  by  local 
disturbances,  both  the  East  India  Company 
and  Dupleix,  the  Governor-General  of  French 
India  were  soon  busy  asking  for  favours.  The 
king  gave  Negrais  Island,  also  called  Hain- 
gyee,  on  the  Arakan  coast,  to  the  British,  in 
perpetuity,  and  allowed  the  French  to  keep  on 
a factory  at  Syriam.  Neither,  however,  was 
destined  to  last  long.  Alompra  was  informed 
that  they  were  intriguing  with  the  Peguans, 
and  about  the  same  time,  in  1759,  the  French 
were  killed  or  carried  prisoners  to  Ava,  and 
the  English  on  Hain-gyee  were  massacred, 
all  but  a few  who  were  able  to  escape  to  the 
ships  in  the  offing.  Captain  Alves  was  sent 
to  demand  satisfaction,  for  there  were  some 
soldiers  among  the  victims,  but  when  he 
reached  Ava,  he  found  that  Alompra  was  dead 
and  the  city  in  rebellion.  The  great  king  died 
on  an  expedition  against  Siam.  He  had  de- 
manded a daughter  of  the  royal  house  in 
marriage,  and  when  she  was  refused,  marched 
off  to  fetch  her.  But  he  died  before  he  could 
do  it,  after  seven  years’  reign. 

No  satisfaction  was  got  for  the  Negrais 
massacre,  notwithstanding  that  three  years 
later  Sin-Byoo-Shin  (the  lord  of  the  white 
elephant),  the  second  son  of  Alompra,  estab- 
lished himself  firmly  on  the  throne.  We  had 
more  serious  matters  on  hand  in  India  then. 
Sin-Byoo-Shin  reigned  thirteen  years,  and 
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during  all  that  time  he  was  fighting.  He 
repulsed  four  invasions  of  the  Chinese,  who 
wanted  to  exact  tribute.  He  invaded  Siam, 
destroyed  Ayuthia,  the  then  capital,  and 
took  most  of  the  royal  family  prisoners. 
He  asserted  his  authority  over  the  Shan 
states,  as  far  as  the  Mekong,  and  he 
over-ran  and  practically  annexed  Munnipur. 
After  his  death  there  was  a great  deal  of 
quarrelling  over  the  succession,  and  two  kings 
and  any  number  of  conspiring  princes  were 
sewn  up  in  red  sacks  and  thrown  into  the 
Irrawaddy.  At  last,  however,  in  1782,‘Bo-daw 
Payah  (the  sainted  royal  grandfather)  suc- 
ceeded, and  with  him,  in  1795,  we  first  came 
into  direct  political  intercourse.  Captain 
Symes  was  sent  by  Sir  John  Shore,  the 
Governor-General  of  India,  on  an  embassy  to 
Ava  for  the  purpose  of  strengthening  our  com- 
mercial relations  and  preventing  the  French 
from  gaining  a footing  in  the  country.  In 
addition  to  this  the  Burmese,  who  had  mean- 
while annexed  Arakan,  had  been  making 
hostile  demonstrations  on  our  Chittagong 
frontier.  Symes’  mission  was  not  very  suc- 
cessful, but  he  obtained  a royal  order,  grant- 
ing permission  for  the  establishment  of  a 
British  residency  at  Rangoon.  Captain 
Hiram  Cox  was  sent  to  act  as  agent  in  1796,  but 
he  was  subjected  to  so  many  indignities,  both 
in  Rangoon  and  Ava,  that  he  left  for  Calcutta 
again.  But  there  was  much  unpleasantness 
between  English  merchant  shippers  and  the 
Rangoon  native  authorities,  so  in  1802, 
Captain  Symes  was  again  sent  to  the  Burmese 
capital  by  Lord  Wellesley.  The  mission  was 
a grand  one,  and  Symes  was  ordered  to  seek 
a treaty  of  alliance  and  to  demand  the  re- 
cession of  Negrais  Island,  or  compensating 
commercial  advantages.  The  fate  of  Martin 
da  Costa  Falcom,  the  Portuguese  Ambassador 
of  the  17th  centuiy,  awaited  him.  The  mission 
was  an  utter  failure.  The  gallant  captain  never 
had  a proper  audience.  He  was  persistently 
and  elaborately  insulted,  and  eventually  went 
back  to  Bengal  without  settling  anything. 
But  the  Indian  Government  was  not  daunted, 
and  many  efforts  at  negotiation  were  made 
afterwards.  The  story  is,  however,  not  a 
pleasant  one,  and  I only  refer  to  the  matter  to 
show  that  French  intrigue  is  no  new  matter  in 
Burma,  and  that  Burmese  officials  have  been 
consistently  overbearing  and  contemptuous, 
while  we,  through  our  representatives,  have 
been  patient  and  long-suffering.  The  insolent 
treatment  of  our  envoys  was  not  our  only  cause 
of*  complaint.  Wherever  Burmese  territory 


touched  British  there  was  aggression,  and  no 
redress  was  to  be  had.  The  king  demanded 
the  surrender  of  refugees  who  had  fled  into  our 
territory  for  protection,  and  when  this  was 
refused,  called  upon  the  Governor-General  to 
cede  Chittagong,  Dacca,  and  Murshidabad. 

There  could  be  only  one  end  to  this,  and  it 
came  in  1824.  The  Burmese  drove  a Sepoy 
garrison  out  of  Supari  island  at  the  mouth  of 
the  Naaf  river,  and  we  declared  war.  At  this 
time  the  empire  of  Burma  was  one  of  the  most 
extensive,  as  well  as  the  most  formidable,  powers 
in  Asia.  Besides  Burma  proper,  and  the  pro- 
vinces of  Pegu,  Arakan,  and  Tenasserim,  it 
embraced  the  principality  of  Mogoung,  the 
northern  Shan  and  Kachyen  States,  Assam, 
Cachar,  Munnipur,  and  had  as  tributaries  all 
the  Shan  chieftains  as  far  east  as  the  Mekong 
river.  It  had  a thousand  miles  of  sea-board, 
and  years  of  constant  fighting  had  made  a 
naturally  brave  and  warlike  people  so  con- 
fident in  their  invincibility  that  they  listened 
complacently  to  the  order  of  the  day 
issued,  calling  upon  them  to  march  to  Eng- 
land. The  first  fighting  began  in  Sylhet  and 
Assam,  and  there  our  troops  were  held  in 
check  for  some  time,  while  in  Chittagongthey 
were  routed  by  a superior  force  of  Burmese. 
Calcutta  was  in  a state  of  panic,  and  the 
Europeans  formed  themselves  into  a militia. 
Then,  however,  the  capture  of  Rangoon  by  a 
British  force,  and  the  defeat  of  the  Burmese 
generals  there,  caused  a diversion,  and  Assam 
and  Chittagong  were  evacuated  by  the  Bur- 
mese. It  is  not  necessary  to  give  an  account 
of  the  war.  The  British  force  numbered  only 
a little  over  12,000,  of  whom  about  7,000 
belonging  to  native  regiments,  but  they  were 
enough,  notwithstanding  the  determination 
with  which  the  Burmese  fought  on  several 
occasions,  especially  under  their  great  general, 
Mahah  Bundoola.  Eventually,  in  1826,  after 
a battle  at  Pagan,  when  the  English  troops 
under  Sir  Archibald  Campbell  were  at  Yandabo, 
only  forty-five  miles  from  Ava,  the  king  gave 
in.  Arakan,  Tenasserim,  and  a part  of  Mar- 
taban, were  ceded  to  us.  Cachar,  Jyntea, 
and  Assam  were  given  up,  and  Munnipur  was 
declared  independent  and  under  British  pro- 
tection. The  terms  were  cheap,  for  the 
country  was  entirely  at  our  mercy.  The  ex- 
pedition had  been  begun  at  the  worst  time  of 
year,  and  Burmese  duplicity  delayed  our  troops 
several  times  in  most  feverish  jungles.  The 
consequence  was  that  the  losses  of  our  troops 
were  enormous.  During  the  two  years  of  the 
war  the  mortality  amounted  to  72J  per  cent,  of 
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the  men  engaged,  and  of  these  only  5 per  cent, 
were  killed  in  action.  This  has  never  been 
forgotten,  and  to  this  day  one  hears  of  the 
pestilential  swamps  and  the  dreadful  climate 
of  Burma.  As  a matter  of  fact,  it  is  as 
healthy,  if  not  more  healthy,  than  most  parts 
of  India. 

The  Burmese  had  got  a lesson,  but  they  did 
not  profit  much  by  it.  The  king  and  his 
governors  were  as  insolent  and  contemptuous 
as  ever.  Major  Burney  stayed  for  some  years 
as  Resident  at  Ava,  but  the  insults  which 
were  offered  became  so  constant  and  un- 
endurable, that  he  asked  and  obtained  permis- 
sion from  the  Indian  Government  to  withdraw, 
and  his  example  was  followed  by  several 
successors.  The  state  of  affairs  cannot  be 
better  described  than  in  Lord  Dalhousie’s 
words  : — 

“Of  all  the  Eastern  natives  with  which  the 
Government  of  India  has  had  to  do,  the  Burmese  are 
the  most  arrogant  and  over-bearing.  During  the 
years  since  the  (1826)  treaty  had  been  concluded, 
they  had  treated  it  with  disregard,  and  had  been 
allowed  to  disregard  it  with  impunity.  They  had 
been  permitted  to  ‘ worry  away  ’ our  envoys  by 
petty  annoyances,  and  dieir  insolence  had  even  been 
tolerated,  when  at  last  they  vexed  our  commercial 
agent  at  Rangoon  into  silent  departure  from  their 
port.  Inflated  by  such  indirect  successes  as  these, 
the  Burmese  had  assumed  again  the  tone  they  used 
before  the  war  of  1825.  On  more  than  one  occasion 
they  had  threatened  a recommencement  of  hostilities 
against  us,  and  always  at  the  most  untoward  time. 
Every  effort  was  made  to  obtain  reparation  by 
friendly  means.  The  reparation  was  no  more  than 
compensation  for  the  actual  loss  incurred,  but  every 
effort  was  in  vain.  Our  demands  were  evaded,  our 
officers  were  insulted.  The  warnings  which  w'e  gave 
were  treated  with  disregard,  and  the  period  of  grace 
which  we  allowed  was  employed  by  the  Burmese  in 
strengthening  their  fortifications  and  in  making  every 
preparation  for  resistance.” 

It  is  as  well  to  insist  on  this,  because  those 
good  people  who  always  maintain  that  the 
man  who  fights  is  in  the  wrong,  declare  that 
we  had  not  sufficient  grounds  for  the  second 
Burmese  War  of  1852.  It  began  suddenly, 
and  it  was  finished  drastically.  We  drove  the 
Burmese  troops  out  of  Martaban,  Rangoon, 
Bassein,  Pegu,  Toungoo,  and  Prome,  the 
townspeople  everywhere  receiving  us  as 
friends.  From  this  last  town  we  might  have 
advanced  by  steam  on  Ava,  as  General  Pren- 
dergast  did  last  month.  But  Lord  Dalhousie 
determined  to  rest  content  with  the  province 
of  Pegu,  in  compensation  for  the  past  and  for 


better  security  in  the  future.  No  treaty  was 
entered  into  with  the  king,  who  indeed  had 
been  deposed  by  his  own  subjects.  The 
country  was  simply  taken  possession  of,  and  a 
proclamation  to  that  effect  was  issued  and 
peace  declared  in  1853.  The  later  history  I 
need  not  trouble  you  with.  Burmese  insolence 
only  grew  with  our  forbearance  and  clemency. 
We  might  have  annexed  in  1826,  or  in  1852  ; 
we  have  done  so  in  1886.  There  w^as  no  other 
possible  end  to  the  question. 

The  country  wLich  hitherto  we  have  known 
as  British  Burma  has  now  been  doubled  in 
size  by  the  annexation  of  Burma  Proper,  an 
area  nearly  equal  to  that  of  the  United  King- 
dom. It  will  be  some  time  before  the 
boundaries  on  the  eastern  side  are  fixed ; that 
will  have  to  be  done  by  arrangement  with 
China,  with  whom  we  shall  no  doubt  have  to 
share  the  management  of  the  numerous  Shan 
and  Kachyen  hill-chieftains ; a delicate  matter, 
which  nothing  but  just,  and  at  the  same 
time  firm,  handling  will  carry  through  suc- 
cessfully. But  that  we  need  not  trouble 
ourselves  with  here.  It  will  be  enough  to 
say  that,  roughly  speaking,  our  new  province 
consists  simply  of  the  valley  of  the  Irrawaddy 
river,  walled  in  by  hilly  table-lands  and  moun- 
tain ranges  (varying  from  five  thousand  feet  on 
the  east  and  west  to  eighteen  thousand  or  more 
on  the  north)  on  every  side  except  the  south, 
where  nothing  but  a parallel  of  latitude  along 
which  masonry  pillars,  from  two  to  ten  miles 
distant  from  one  another,  and  often  hidden  in 
the  jungle,  marked  the  old  boundary  line.  The 
character  of  the  country  is  much  the  same  as 
that  of  Lower  Burma.  There  are  rich  alluvial 
plains,  intersected  by  barren  rolling  ground  of 
no  great  elevation  and  lines  of  hills,  spurs  from 
the  main  ranges  to  east  and  west,  joining  the 
watersheds  between  the  different  tributaries  of 
the  Irrawaddy.  There  is  very  much  more 
forest  and  very  much  less  cultivation  than  in 
our  sea-board  provinces,  the  natural  results  of 
misrule.  Roads  there  are  practically  none, 
the  tracks  which  represent  them  are  mere  lines 
where  the  jungle  has  been  cut  away.  When  a 
Burman  makes  a wheel  for  his  bullock  cart  he 
cuts  it  out  of  a solid  slab  of  wood,  leaves  it 
square,  or  with  imperfectly  blunted  corners, 
and  trusts  to  time  to  round  it  for  him.  Even 
good  roads  would  not  remain  long  so  under 
such  traffic.  No  census  of  the  country  has  ever 
been  taken,  and  the  number  of  our  new  subjects 
is  therefore  purely  conjectural,  but  it  probably 
does  not  exceed  two  millions,  if  indeed  it 
reaches  that  figure.  Our  great  want  in 
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Burma— greater  now  than  ever — is  population. 
About  half  the  area  of  our  three  lower  pro- 
vinces is  cultivable,  but  up  to  now,  only 
about  4,000  square  miles,  not  quite  an  eighth 
of  this,  are  under  cultivation.  In  1884,  Mr. 
Bernard  estimated  the  population  at  a little 
over  4,000,000,  an  increase  of  something  like 
40  per  cent,  in  12  years,  but  still  a total  far 
short  of  the  wants  of  the  provinces.  But  the 
acquisition  of  Upper  Burma,  though  it  will 
bring  down  the  population  per  square  mile, 
will  soon  lead  to  the  arrival  of  new  immigrants. 
With  a strong  and  good  government  in  the 
interior,  Chinamen  from  Yun-nan  and  Ssu- 
ech’uen,  and  Shans  from  the  border  hills  will 
flock  into  the  plains,  and  Shans,  like  China- 
men, are  born  farmers  and  gardeners.  The 
problem  is  now  solved.  Indian  immigration 
has  been  an  utter  failure.  The  Burmese  de- 
tested and  despised  the  ryots  brought  over, 
.and  the  poor  Madrassis  themselves  seemed 
incapable  of  doing  anything.  Now  that  the 
Chinamen  can  come  on  their  own  legs  instead 
of  having  to  make  the  long  sea-voyage  round 
by  Singapore,  and  the  Straits,  they  will  not 
delay  to  flock  into  the  fertile  lowlands  of 
Burma,  where  the  soil  only  requires  to  be 
scratched  to  bring  forth  abundant  crops.  Our 
lower  provinces,  as  well  as  the  new  one,  will 
profit  by  the  disappearance  of  the  buffer 
state. 

From  the  brief  glance  we  had  of  the  history 
•of  Burma,  especially  of  the  connections  we 
have  had  with  the  Burmese,  it  might  be  sup- 
-posed  that  they  are  an  entirely  objectionable 
race.  Nothing  could  be  more  unjust  with 
regard  to  the  people  at  large.  Their  rulers 
/have  been  bad  enough,  aud  indeed  a Burman 
in  authority,  even  under  our  control  in  the 
lower  provinces,  is  not  always  the  most 
amiable  of  personages.  To  mention  a Burmese 
policeman  to  an  Anglo-Burman,  or  even  to  a 
Burman  for  the  matter  of  that,  has  much  the 
.same  effect  as  squirting  hot  water  into  his 
ears.  He  becomes  voluble  and  abusive  on 
vthe  spot.  Conceit  is  the  greatest  fault  of  the 
Burman.  In  some  respects  it  is  not  alto- 
■gether  a bad  quality,  but  it  entirely  depends 
upon  your  point  of  view  with  regard  to  the 
person  who  exhibits  it.  The  Burmese  kings 
•exhibited  it  in  most  grandiose  fashion.  The 
jirst  Burmese  war  was  described  in  the  follow- 
ng  fashion  : — • 

‘‘The  white  strangers  from  the  west  fastened  a 
quarrel  upon  the  Lord  of  the  Golden  Palace.  They 
1 anded  at  Rangoon,  took  that  place  and  Prome  ; 
and  were  permitted  to  advance  as  far  asYandabo. 


for  the  king,  from  motives  of  piety  and  regard  to 
life,  made  no  effort  whatever  to  oppose  them.  The 
strangers  had  spent  vast  sums  of  money  on  the 
enterprise  ; and  by  the  time  they  reached  Yandabo 
their  resources  were  exhausted,  and  they  were  in 
great  distress.  They  petitioned  the  king,  who  in  his 
clemency  and  generosity  sent  them  large  sums  of 
money  to  pay  their  expenses  back,  and  ordered  them 
out  of  the  country.” 

The  strangers,  however,  have  stayed  ever 
since  in  the  provinces  of  Arakan  and  Tenas- 
serim,  and  they  were  rude  enough  to  call  the 
money  for  their  expenses  an  indemnity.  Shortly 
before  the  above  declaration  the  king  had 
sent  a note  to  Sir  Archibald  Campbell  re- 
presenting that  “ it  was  contrary  to  his  re- 
ligious principles  and  the  constitution  of  the 
Empire  to  make  any  cession  of  territory,  and 
he  was  bound  to  preserve  its  integrity.”  The 
king  was  referred  to  as  the  “ Emperor  of 
emperors  against  whose  imperial  majesty  if 
any  shall  be  so  foolish  as  to  imagine  anything, 
it  shall  be  happy  for  them  to  die  and  be  con- 
sumed ; the  lord  of  great  charity  and  help  of 
all  nations  ; the  lord  esteemed  for  happiness  ; 
the  lord  of  all  riches,  of  elephants  and  horses, 
and  all  good  blessings ; the  lord  of  high- 
built  palaces  of  gold ; the  great  and  most 
powerful  emperor  in  this  life,  the  soles  o^ 
whose  feet  are  gilt,  and  set  upon  the  heads  of 
all  people.” 

The  Burmese  Royal  Chronicle  of  Kings 
enumerates  587,000  and  some  odd  hundreds  of 
these  distinguished  personages.  Age  did  not 
“stale  their  infinite  variety,”  but  on  the  whole, 
it  is  a matter  of  congratulation  that  the  w'orld 
has  done  with  them.  The  founder  of  the 
dynasty  of  which  King  Theebaw  was  the  last 
representative,  was  a very  favourable  speci- 
men. Aloung  Payah  stood  5 ft.  iiin.,  a great 
height  for  a Burman,  and  was  of  a very 
athletic  build.  He  was  fighting  all  his  life, 
and  therefore  had  no  time  for  the  simple 
massacres  which  his  descendants  indulged  in. 
But  he  had  a right  royal  opinion  of  himself. 
A Captain  Baker,  the  commander  of  an  East 
Indiaman,  was  sent  by  the  Company  to  enter 
into  relations  with  him.  He'brought  the  king 
a present  of  a few  chests  of  gunpowder,  a 
couple  of  muskets,  a gilt  looking-glass,  some 
lavender  water,  and  some  red  earth  in  bags, 
and  offered  him  the  assistance  of  the  Company. 
The  Captain  evidently  looked  upon  Aloung 
Payah  as  little  better  than  a savage,  and  was 
somewhat  astonished  at  the  king’s  defiant 
laughter,  and  the  self-confidence  of  his 
reply : — 
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“ Have  I asked,  or  do  I want  any  assistance  to 
reduce  my  enemies  to  subjection  ? Let  none  conceive 
such  an  opinion ! Have  I not  in  three  years  time 
extended  my  conquests  three  months’ journey  in  every 
quarter  without  the  help  of  cannons  or  muskets. 
Nay,  I have  with  bludgeons  only  opposed  and 
defeated  these  Peguans  who  destroyed  the  capital  of 
this  kingdom,  and  took  the  prince  prisoner ; and  a 
month  hence  I intend  to  go  with  a great  force  to 
Dagohn  (Rangoon),  when  I will  advance  to  the  walls 
of  Pegu,  blockade  and  starve  them  out  of  it,  which 
is  the  last  town  I have  now  to  take  to  complete  my 
conquest,  and  then  I will  go  in  quest  of  Bournou 
(the  French  governor  of  Syriam,  whom  he  afterwards 
did  put  to  death).  Captain,  see  this  sword  ; it  is  now 
three  years  since  it  has  been  constantly  exercised  in 
chastising  my  enemies ; it  is  indeed  almost  blunt 
with  use  ; but  it  shall  be  continued  to  the  same  till 
they  are  utterly  dispersed.  Do  not  talk  of  assist- 
ance. I require  none.  The  Peguans  I can  wipe 
away  as  thus  (drawing  the  palm  of  one  hand  over  the 
other).  See  these  arms  and  this  thigh  (drawing  his 
loose  coat-sleeve  up  to  the  arm-pit,  and  lifting  his 
waist-cloth  so  as  to  display  a brawny  tattooed  leg)  ; 
amongst  a thousand  you  cannot  see  my  match.  I 
can  crush  a hundred  such  as  the  King  of  Pegu.” 

He  also  announced  that  he  intended  seeking 
the  French  out  in  Madras,  and  that  if  a nine- 
pounder  shot  were  to  hit  him,  it  could  do  him 
no  harm,  with  a good  deal  more  to  the  same 
effect.  But  he,  at  any  rate,  was  a great  com- 
mander. His  successors  had  all  his  arrogance 
without  his  abilities.  One  of  them  goes  by  the 
name  of  the  drunkard,  or  fisherman  king,  both 
pastimes,  fishing  as  well  as  drinking,  being 
abhorred  by  good  Buddhists.  Another  an- 
nounced that  he  was  the  fifth  Buddha  who  is  to 
appear  in  this  world-cycle.  The  monks  refused 
to  believe  it,  so  he  cut  the  heads  off  a few 
thousand  of  them,  and  commenced  building  the 
Mingohn  pagoda,  not  far  from  Mandalay 
which,  even  in  its  present  unfinished  state,  and 
split  as  it  is  from  top  to  bottom  by  an  earth- 
quake, is  the  largest  mass  of  brick  work  in  the 
world.  After  him  several  of  the  line  were 
subject  to  fits  of  insanity,  but  even  in  their 
madness  they  did  not  commit  such  atrocities 
as  when  they  thought  the  matter  calmly  out. 
Tharrawaddy  had  a celestial  spear  which  he 
always  kept  by  him,  and  occasionally  used  to 
spit  a courtier,  and  it  was  in  his  time  that  the 
idea  sprang  up  that  the  ordinary  amusement 
of  kings  of  Burma  was  to  sit  at  their  parlour 
window  and  shoot  their  subjects  as  they  passed 
by.  His  son  Moung  Lohn,the  “old  king”  as 
he  is  called  in  Burma,  King  Theebaw’s  father, 
was  much  the  best  king  the  country  ever  had. 
He  w’as  very'  pious,  did  miny  good  works,  and 


was  particularly  fond  of  his  title  “ Convener  of 
the  fifth  great  synod  ; ” but  even  in  his  time 
there  were  sudden  deaths,  even  of  his  own  sons. 
The  king  would  say  emphatically  “ I don't 
want  to  see  that  man  any  more,”  and  he  did 
not.  The  man  died  of  “ official  colic  ” within 
a few  hours. 

Of  King  Theebaw  very  little  need  be  said. 
He  was  a weak  creature,  entirely  under  the 
control  of  his  harridan  queen  and  her  mother. 
The  latter  was  described  the  other  day  as  “the 
ordinary  type  of  old  woman.”  Happily,  this  is 
a libel.  Ordinary  old  women,  even  in  Burma, 
do  not  have  their  step-sons  and  daughters 
and  their  coadjutor  or  sister-wives  killed  by 
the  half-dozen.  That  was  the  point  about 
King  Theebaw  that  his  subjects  did  not  like. 
They  did  not  mind  the  massacres,  they  were 
quite  proper  and  sanctioned  by  old  custom, 
but  that  he  should  have  only  one  wife  seemed 
to  them  undignified  and  weakly  in  the  ex- 
treme. By  the  actual  constitution  of  the 
country  he  ought  to  have  had  four— the  queens 
of  the  north,  south,  east,  and  west  palaces — 
and  as  many  more  “inferior”  wives  as  he 
cared  for.  The  pious  and  enlightened  monarch, 
his  father,  had  53  recognised  wives,  besides 
an  indefinite  number  of  handmaidens.  By  the 
wives  he  had  no  children — 48  sons  and  62 
daughters.  The  children  of  the  handmaidens 
were  not  counted,  partly  because  they  were 
not  worth  killing  in  the  event  of  a disputed 
succession.  Careful  statisticians  aver  that 
the  orthodox  old  gentleman  averaged  seven 
children  a year.  Against  this  record  Theebaw 
could  only  show  five  children  in  five  years, 
and  three  of  these  were  dead.  Such  an  un- 
kingly  state  of  things  seemed  to  the  Burmese 
people  in  the  highest  degree  indecorous. 

With  kings  of  the  character  we  have  seen, 
it  is  not  to  be  wondered  at  that  the  ministers 
and  officials  of  lower  rank  were  not  very 
estimable  people.  This  was  not  because  there 
was  no  system  of  administration.  On  the 
contrary,  the  governmental  institutions  were 
ancient,  well  developed,  and  elaborate  down 
to  the  minutest  details.  The  number,  rank, 
and  functions  of  the  ministers  were  strictly 
defined  by  precedent,  and  they  were  supposed 
to  be  appointed  for  special  abilities.  There  is 
no  hereditary  rank  out  of  the  royal  blood,  in 
Burma  any  more  than  there  is  in  China  or 
in  any  of  the  Indo-Chinese  countries.  Any 
one  might  become  a minister,  and,  indeed, 
instances  in  which  men  of  the  lowest  rank, 
and  even  Coolies,  have  risen  to  the  highes 
posts,  have  been  far  from  uncommon.  But  it 


1«4  JOURNAL  OF  THE  SOCIETY  OF  ARJS.  January  ag,  X886. 


was  much  easier  to  fall  than  to  rise,  and  as 
everyone’s  position  depended  upon  the  king, 
the  country  suffered  just  as  much  as  if  no 
constitution  existed  at  all.  Therefore  a Bur- 
mese minister  never  did  anything  but  take  the 
utmost  care  that  he  'was  neither  beheaded, 
tortured,  nor  dismissed.  All  that  he  ever 
accomplished  in  the  way  of  forming  a policy 
was  to  suggest  that  the  Lord  of  the  Golden 
Throne  might  like  such  and  such  a thing  done. 
But  even  so  much  as  that  was  only  ventured 
upon  by  extremely  conscientious  men,  or  by 
personal  favourites.  As  for  the  ordinary  run 
of  officials,  when  they  were  questioned  about 
their  departments,  they  gathered  or  guessed 
from  the  questions,  what  was  expected  to  be 
done,  and  then  declared  that  it  was  done,  and 
afterwards  proceeded  to  do  it. 

Everyone  was  prepared — and  was  very  often 
called  upon— to  do  eveiydhing,  to  advise  on 
matters  of  State,  politics,  finance,  or  revenue  ; 
to  try  a case,  civil  or  criminal ; direct  military 
or  naval  operations  (from  an  elephant  on  the 
river-bank),  or  superintend  the  building  of  a 
royal  pagoda.  The  assemblage  of  the  first 
class  of  ministers  was  Cabinet,  House  of  Legis- 
lature, and  Supreme  Court  of  Justice  rolled  in 
one,  and  there  was  no  appeal  from  it,  unless 
the  king  changed  his  mind. 

This  was  not  a very  satisfactory  way  of 
administering  the  country,  and  the  way  in 
which  the  officials  drew  their  pay  was  still  less 
so.  Each  officer  had  given  to  him  a province, 
district,  or  town  to  govern  for  the  king’s  and 
his  own  benefit.  From  this  appointment  he 
got  his  territorial  title  and  his  living.  He 
w'as  Myo-sah,  or  “town-eater,”  of  such  and 
such  a place.  Most  of  these  devourers  of 
the  people  were  non-resident,  and  had  to 
appoint  deputies,  and  these  deputies  also  drew 
their  salaries  by  fleecing  the  people.  The 
division  of  the  country  for  the  collection  of 
the  revenue  was  identical  with  that  for  ad- 
ministrative purposes,  and  the  several  duties 
were  carried  on  by  the  same  persons  with  the 
same  assistants.  The  one  man  was  civil  ad- 
ministrator, judge,  colonel  of  the  local  militia, 
and  revenue  collector  for  his  locality,  whether 
province,  circle,  or  simple  village.  The  fixed 
revenue  demanded  by  the  Myo-sah,  whether 
prince  of  the  blood  royal,  minister,  maid  of 
honour,  royal  spittoon  bearer,  coxswain  of  a 
despatch  boat,  or  lord  white  elephant,  was  re- 
mitted to  Mandalay  by  the  deputy-lieutenant 
of  the  province,  together  with  a certain  over- 
plus for  the  Myo-sah’s  secretary,  clerk,  and 
treasurer.  The  more  a man  cultivated,  the 


more  grievously  was  he  squeezed,  so  that  all 
enterprise  and  industry  was  long  ago  crushed 
out  of  the  life  of  the  Upper  Burman. 

It  is  not  at  all  wonderful,  therefore,  that  the 
natives  of  the  country  we  have  just  annexed 
were  somewhat  soured  in  their  disposition. 
Years  of  grinding  oppression  changed  courage 
into  something  like  ferocity,  and  open-hearted- 
ness into  gloom  and  suspicion.  Nevertheless, 
the  rapidity  with  which  one  of  King  Theebaw’s 
subjects  assimilated  his  ways  to  those  of  our 
seaboard  provinces  showed  that  nothing  was 
wanted  but  changed  conditions  of  life  to  make 
a light-hearted  creature  of  him.  It  was  not 
easy  for  him  to  cross  the  frontier,  for  all  the 
outlets  were  well  guarded,  and  the  relations  of 
any  man  who  was  known  to  have  settled  in  the 
lower  provinces  were  put  to  death  ; but  the 
number  that  steadily  every  year  came  to  estab- 
lish themselves  in  Pegu  was  quite  sufficient  to 
show  that  the  settlement  of  our  new  possession 
will  be  neither  a long,  nor  a troublesome 
matter.  The  arrival  of  our  troops  in  the 
country  was  marked  by  a most  favourable 
omen.  During  the  advance  there  was  an 
almost  continuous  rain,  a most  unusual  thing 
in  Upper  Burma  in  the  month  of  November, 
but  an  earnest  of  a fine  harv'est  in  the  month 
of  February.  The  Burmese  are  a very 
superstitious  race,  and  they  will  consider  this 
rainfall,  which  has  averted  what  seemed  the 
certainty  of  a famine  in  the  countr}%  as  a proof 
that  the  British  arms  are  supported  by  the 
powers  of  nature.  Such  an  indication  was, 
however,  hardly  wanted.  We  may  be  sure 
that  they  will  accept  our  rule  willingly,  and 
that  under  its  influence  they  will  grow'  pros- 
perous and  forget  the  pride  they  enjoyed  in 
having  a ruler  of  their  own  race,  how'ever  bad 
he  might  be. 

At  any  rate  the  Upper  Burmans  will  soon 
acquire  the  geniality  w'hich  is  a type  of  the 
race,  and  makes  our  older  British  Burmans  so 
popular.  They  are  favourites  equally  '^\'ith 
the  freshest  griffin  ten  days  landed  and  w'ith 
the  oldest  resident,  whose  liver  has  made  him 
testy  for  many  a year.  Their  very  faults  lean 
to  virtue’s  side.  They  are  most  marvellously 
and  inconceiveably  lazy.  Energetic  people 
declare  that  a Burman  is  good  at  nothing  but 
steering  a boat,  or  driving  a bullock  cart. 
But  too  great  laziness  is  certainly  no  more 
objectionable  than  too  systematic  plodding. 
The  Chinaman  w'ho  grubs  money  night  and 
day  is  not  a charming  spectacle.  In  Burma 
no  one  can  starve,  and  there  is  not  a beggar  to 
be  seen,  except  the  poor  lepers  on  the  pagoda 
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steps,  and  the  special  class  who  are  bound  to 
beggary  by  birth  and  religion,  and  who  are 
often  extremely  wealthy.  The  ordinary 
Burman  takes  a job  at  carpentry  work,  or 
in  the  harvest  field,  to  get  a little  money, 
and  then  he  does  nothing  till  he  has  got  rid 
of  it  all.  When  he  does  make  a large  sum  of 
money,  he  spends  by  far  the  greater  part  of  it 
on  some  pious  work,  and  rejoices  in  the  thought 
that  this  will  meet  with  its  reward  in  his  next 
existence.  If  he  never  gathers  together  enough 
to  build  any  great  public  work,  at  any  rate  he 
subscribes  what  he  can,  and  is  generous  in 
almsgiving  to  the  monks.  So  he  jogs  on 
through  a calm  and  contented  existence,  the 
most  cheerful  of  mortals,  troubled  by  no  cares, 
and  free  from  all  the  temptations  of  ambition. 
The  other  most  obvious  fault  the  Burman  has 
is  that  he  is  very  conceited.  His  religion 
and  his  physical  strength,  and  the  national 
literature,  all  tend  towards  bumptiousness, 
and  whenever  a Burman  can  assert  himself  he 
does.  He  has  the  most  profound  contempt 
for  the  natives  of  India,  and  will  not  endure 
being  treated  otherwise  than  as  an  equal,  or 
at  any  rate,  a non-dependent  by  Europeans. 
If  you  hit  him,  he  will  hit  you  back  again.  If 
you  abuse  him,  he  will  justify  himself  and  re- 
taliate. This  is  all  very  well  when  it  does  not 
go  too  far,  but  they  are  frequently  far  too  over- 
touchy,  and  resent  altogether  imaginary 
slights.  This,  coupled  with  their  extremely 
unbusiness-like  ways,  makes  them  of  very 
little  use  in  offices  or  houses  of  business,  and 
they  have,  therefore,  very  little  to  do  in  the 
Government  departments  or  in  mercantile 
houses,  where  the  methodical  Chinaman  or 
the  fawning  native  of  India  is  a hundred 
times  more  useful,  if  in  other  respects  not  so 
agreeable  to  his  chiefs.  Still  the  Burman’s 
sturdy  independence  is  a great  attraction  in 
the  East,  where  it  is,  in  other  races  with  whom 
we  have  come  in  contact,  so  markedly  absent. 

Some  one  with  a taste  for  comparisons  has 
called  the  Burmese  “ the  Irish  of  the  East.” 
In  their  love  of  fun  and  rollicking  they  cer- 
tainly resemble  “the  finest  peasantry  in  the 
world,”  and  they  are  quite  as  ready  to  break 
one  another’s  heads  for  the  mere  joke  of  the 
thing ; but  they  are  much  too  easy-going  to 
bother  themselves  with  demands  for  Home 
Rule,  or  the  organisation  of  land  or  any  other 
leagues.  A Burman  is  always  ready  to 
welcome  a joke,  and  seldom  is  unable  to 
cap  it,  while  nothing  is  so  remarkable  about 
the  natives  of  India  as  their  utter  incapacity 
to  recognise  wit,  or  to  appreciate  humour  that 


is  not  of  the  broadest.  The  great  similarities 
of  sound  in  a tonic  language  like  the  Burmese 
give  abundant  opportunity  for  play  on  words, 
and  they  are  therefore  very  free  in  the  use  of 
the  “basis  of  all  wit,”  and  every  dramatic 
piece  abounds  in  puns  and  plays  on  words. 

One  of  the  most  remarkable  traits  of  the 
people  is  the  complete  equality  of  all  classes. 
They  are  perfectly  republican  in  the  freedom 
with  which  all  ranks  mingle  together  and  talk 
with  one  another  without  any  marked  distinc- 
tion in  regard  to  difference  of  rank  or  wealth. 
One  cause  of  this,  no  doubt,  is,  that  there  are 
no  regular  working  men  ; another,  and  this  is 
the  chief  one,  is  the  character  of  the  religion. 
Buddhism  brings  all  men — all  Buddhists  at 
any  rate— down  to  the  same  level.  The  poor 
man  may  be  a king  of  spirits  in  the  next  life, 
the  high-placed  sinner  may  suffer  the  awful 
pains  of  hell.  There  is  no  difference  between 
man  and  man  but  that  which  is  established  by 
superiority  in  virtue.  In  this  they  remain  true 
to  the  most  startling  teaching  of  the  Great 
Master,  as  it  is  told  in  The  Light  of  Asia. 
The  Master  had  asked  for  milk  from  the 
shepherd’s  lota  : — 

“ Ah,  my  Lord, 

I cannot  give  thee,”  quoth  the  lad,  “thou  seest 
I am  a Sudra  and  my  touch  defiles  ! ” 

Then  the  World-honoured  spake  : “ Pity  and  need 
Make  all  flesh  kin.  There  is  no  caste  in  blood, 

AVhich  runneth  of  one  hue,  nor  caste  in  tears. 

Which  trickle  salt  with  all ; neither  comes  man 
To  birth  with  tilka-mark  stamped  on  the  brow. 

Nor  sacred  thread  on  neck.  Who  doth  right  deeds 
Is  twice-born,  and  who  doeth  ill  deeds  vile. 

Give  me  to  drink,  my  brother  ; when  I come 
Unto  my  quest  it  shall  be  good  for  thee.” 

Burmese  Buddhism  is  probably  the  purest 
form  of  that  faith  existing — the  nearest  to  the 
teachings  of  Prince  Siddartha,  the  Buddha 
Shin  Gautama,  as  he  is  called  in  Burma. 
Every  man  in  the  country  enters  the  monas- 
tery at  some  period  of  his  life ; enters  it  not 
merely  as  a scholar,  for  the  monasteries  are 
the  only  national  schools,  but  actually  as  a 
member  of  the  holy  order.  He  shaves  his 
head  and  wears  the  yellow  robe  for  a longer 
or  shorter  time ; for  a Lent,  perhaps,  that  is, 
about  four  months,  or  perhaps  only  for  a 
month,  or  a week,  or  even  only  for  a day ; but 
he  must  enter  it  with  all  the  formalities  of 
renouncing  the  world,  and  he  must  go  at  least 
once  round  the  village  with  the  begging-bowl 
hung  round  his  neck  with  the  regular  members 
of  the  monastery.  Without  this  he  has  not 
gone  through  “Buddhist  baptism;”  he  has 
not  attained  to  “ humanity,”  to  the  full  privi- 
leges of  a man  ; he  could  not  count  his  present 
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existence  as  other  than  an  animal’s  ; all  the 
evil  he  did  would  swell  the  sum  of  his  demerits, 
but  not  a single  good  action,  no  uttermost  act 
of  charity  or  devotion,  would  be  recorded  to 
his  advantage  in  his  next  transmigration.  Man 
has  less  innocence  than  the  animals,  and 
cannot,  like  them,  progress  by  merely  omitting 
to  sin.  On  entering  into  a monastery,  the  lad 
— for  almost  all  become  probationers  in  their 
teens — assumes  a new  name,  which,  on  the 
analogy  of  Christian,  may  be  called  his  Budd- 
hist name.  This  he  retains  as  long  as  he 
remains  in  the  holy  building  ; when  he  leaves 
Tie  resumes  his  worldly  name  again.  This 
entry  into  monastic  life  is,  therefore,  certainly 
•the  most  important  event  in  the  life  of  a Bur- 
man,  and  it  influences  the  life  of  the  whole 
people.  Except  in  the  big  towns  in  our  pro- 
winces,  the  great  mass  of  the  population  get 
their  education  in  the  monastic  schools,  before 
-and  after  their  induction.  Teaching  is  all  that 
the  brethren  of  the  order  do  for  the  people. 
They  have  no  spiritual  powers  whatever.  They 
simply  become  members  of  a holy  society  that 
they  may  obser\"e  the  precepts  of  the  Master 
more  perfectly,  and  all  they  do  in  return  for 
the  alms  lavished  on  them  by  the  pious  laity 
is  to  instruct  the  children  in  reading,  writing, 
and  the  rudiments  of  religion.  But  it  is  pre- 
cisely this  moderate  amount  of  teaching,  re- 
vealing, as  it  does,  all  the  stern  simplicity  of 
the  monastic  life,  that  keeps  Buddhism  so 
active  in  the  country,  and  resists  the  efforts  of 
Christian  missionaries  in  Burma.  The  tone  of 
the  monks  is  undoubtedly  good.  Any  infrac- 
tions of  the  law,  which  is  extraordinarily  com- 
plicated, are  very  severely  punished ; and  if  a 
pohn-gyee  (or  “great  glory”),  as  the  monks 
are  termed,  were  to  commit  any  flagrant 
•sin,  he  would  forthwith  be  turned  out  of  the 
monastery  to  the  mercy  of  the  people,  which 
would  not  be  very  conspicuously  prominent. 
Beyond  their  teaching,  the  monks  act  simply 
as  models  to  the  people.  Buddhism  is  a very 
pronounced  form  of  atheism,  notwithstanding 
the  similarity  of  many  of  its  precepts  to 
Christian  doctrine.  In  a religious  system 
which  acknowledges  no  supreme  Deity,  it  is 
impossible  for  any  one  to  intercede  with  a 
Creator  whose  existence  is  denied,  on  behalf  of 
a man  who  can  only  attain  to  a higher  state  by 
his  own  pious  life  and  earnest  self-denial.  The 
religious  are,  therefore,  only  higher  members 
of  a community  in  which  every  individual  is 
striving  at  a greater  degree  of  sanctity.  For 
this  reason  the  doors  of  the  monastery  are 
always  open  as  well  to  those  who  wish  to  enter 


as  to  those  who  wish  to  leave  it.  The  longest 
stayer  has  the  greatest  honour. 

In  return  for  their  self-denial  the  monks  are 
highly  honoured  by  the  people.  In  Upper 
Burmaallbowdownwhenthemendicant  passes, 
and  the  women  kneel  on  each  side  of  the  road. 
In  our  lower  provinces  such  outward  marks  of 
respect  are  not  usual  in  the  larger  towns,  but 
there  is  no  lack  of  veneration,  and  all  make  way 
for  him  when  he  walks  abroad.  The  oldest 
layman  assumes  the  title  of  disciple  to  the  last 
inducted  brother,  and  with  clasped  hands 
addresses  him  as  Payah,  the  highest  title  the 
language  affords.  The  monk’s  commonest 
actions,  walking,  eating,  sleeping,  are  referred 
to  in  honorific  language  different  from  that 
which  would  be  used  by  a layman,  or  even  of 
the  king,  performing  the  same  thing.  Finally 
the  Pohn-gyee’s  person  is  sacred  and  inviolable. 
Nothing  he  does  can  subject  him  to  the  civil 
law.  He  bears  the  title  of  Thageewin-Prince, 
as  the  heir  of  the  scion  of  Kapilavastu  and 
receiver  of  his  inheritance. 

Religion  pervades  Burma  in  a way  that  is 
seen  in  hardly  any  other  country,  perhaps  be- 
cause every  one  has,  at  some  time,  been  a 
monk.  No  Burman  will  take  animal  life,  even 
of  the  most  noxious  kind.  Stories  are  told  of 
mothers  who  have  allowed  snakes  or  scorpions, 
that  have  bitten  their  children,  to  escape  un- 
harmed. Our  man  in  the  moon  is,  by  the 
Burmese,  changed  into  a rabbit,  because 
Gautama,  when  he  was  on  earth  in  the  form 
of  that  animal,  made  a peculiar  sacrifice  to  a 
previous  Buddha.  All  creatures  on  earth 
were  bringing  presents,  the  lion  brought 
venison,  the  hawk  dainty  birds,  the  bee  honey. 
The  rabbit  thought — “What  can  1 offer?” 
Grass  is  no  use,  for  I cannot  bring  enough  to 
make  a couch.  Therefore  I will  offer  my  body 
to  be  eaten.”  For  this  sacrifice,  the  form  of 
the  rabbit  was  placed  in  the  moon.  The  tale 
naturally  recalls  that  in  “ The  Light  of  Asia,” 
where  the  Brahmin  resigns  his  life  that  the 
tiger  and  her  cubs  may  not  die  of  famine. 
The  “ duty  days,”  as  the  days  for  worship  are 
called — the  first  and  eighth  of  the  crescent 
moon,  the  full  moon,  and  the  eighth  of  the 
waning— -are  kept  a great  deal  better  than 
Sundays  in  most  Christian  countries.  On 
special  festivals  the  pagoda  platforms  are 
thronged  by  crowds  varying  according  to  the 
sanctity  of  the  place,  and  at  no  time  almost 
can  you  visit  any  pagoda  with  a repute  for 
sanctity  without  seeing  some  devout  people 
reciting  the  lauds  of  the  Buddha  before  the 
shrines.  The  number  of  pagodas  in  the  country’ 
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is  altogether  extraordinary.  There  is  no 
village  so  poor  but  that  it  has  its  neatly  kept 
shrine,  with  the  remains  of  others  mouldering 
away  round  about  it.  No  hill  is  so  steep  and 
rocky,  or  so  covered  with  jungle,  as  to  prevent 
the  glittering  gold  or  snow  white  spire  rising 
up  to  guard  the  place  from  ghouls  and  sprites, 
and  remind  the  surrounding  people  of  the 
Saviour  Lord,  the  teacher  of  Nirvana  and  the 
law.  The  banks  of  the  Irrawaddy  are  lined 
with  them  from  the  source  to  the  northern 
hills.  The  number  of  them  at  Pagan,  an 
ancient  capital,  renders  it  one  of  the  most  re- 
markable sacred  cities  in  the  world.  A Bur- 
mese proverb  says  there  are  9,999.  Whether 
that  is  true  or  not,  they  cover  an  area  of  nearly 
sixteen  square  miles,  and  are  of  every  order 
of  architecture  and  in  every  stage  of  decay, 
some  with  cloisters  and  chapels,  and  ante- 
chapels,  as  fine  as  many  a cathedral  and  built 
in  the  form  of  the  cross,  others  with  the  light 
grace  of  the  minaret,  others  again  rounded 
like  the  Hindoo  dome,  some  that  suggest  the 
bamboo-modelled  pagoda  of  China,  others  a 
mere  Border  “ peel,”  finally  the  ordinary  bell- 
shaped solid  mass,  characteristic  of  Burma 
itself ; some  gilt  and  white  plastered  as  fresh 
as  if  new  built,  others  mere  heaps  of  crumbling 
bricks.  The  most  picturesque  group  is,  how- 
ever, at  a point  on  the  river  a few  miles  below 
Mandalay.  The  Irrawaddy  here  makes  a grand 
sweep  to  the  westward.  On  the  left,  as  one 
ascends,  are  the  bare,  rocky  Sa-gaing  hills; 
on  the  right  the  well-foliaged  banks  at  Ava 
and  Amarapura,  rising  here  and  there  into 
knolls  and  little  hills  with  rocky  faces  to 
the  river  front.  All  three  towns,  Ava, 
Amarapura,  and  Sa-gaing,  if  now  they 
can  be  called  towns,  are  ancient  capitals. 
Hence  the  abundance  of  religious  buildings. 
On  the  Sa-gaing  hills,  stairways,  some  of  them 
over  a mile  long,  wind  up  the  steep  slopes  to 
the  pagodas  on  the  top,  steps  in  some  places 
hewn  out  of  the  rocky  hillsides,  in  others  laid 
with  square  blocks  of  alabaster.  The  shrines 
are  not  merely  on  the  hill  tops.  Down  on  the 
cramped  space  at  the  base  many  more,  con- 
spicuous among  them  the  huge  solid  cupola 
of  the  ” Pumpkin  Pagoda.”  On  every 
practicable  spot  of  the  ascent  there  are  more, 
some  mere  bell-shaped  masses  of  bricks,  sur- 
mounted by  the  invariable  “ umbrella  ” glitter- 
ing with  gold-leaf  and  musical  with  scores  of 
little  bells,  hung  from  the  concentric  circles, 
rising  one  above  the  other  in  lessening  size. 
Opposite  more  pagodas  rise  up  in  massive 
dignity  on  the  river  bank,  or  show  their  slender 


spires  further  back  against  the  green  boughs 
of  gigantic  trees.  The  sight,  with  the  back- 
ground of  the  huge  dark  Shan  hills  to  the 
eastward  is  striking  and  beautiful  in  the 
extreme. 

There  is  good  reason  for  this  multiplication 
of  fanes.  No  work  of  merit  is  so  richly  paid 
as  the  building  of  a pagoda.  The  pagoda 
founder  is  regarded  as  a saint  on  earth,  and 
when  he  dies  he  obtains  the  last  release,  for 
him  there  are  no  more  deaths.  The  man  who 
sets  up  a row  of  water-pots  on  a dusty  road 
does  well ; he  who  raises  a sacred  post,  who 
builds  a rest-house,  presents  an  image  or  a 
bell,  or  founds  a monastery,  gains  much  merit 
and  ensures  a happy  transincorporation  when 
he  passes  away ; but  the  Payah-tagah  is 
finally  freed  from  the  three  calamities,  his 
merits  outweigh  the  demerits  and  he  attains 
the  holy  rest.  It  may  be  remarked  that  it  is 
of  no  avail  to  repair  a previous  dedication, 
unless  it  be  one  of  the  great  world-shrines  at 
Rangoon,  Pegu,  Prome,  or  Mandalay.  In  the 
case  of  ordinary  pagodas  the  merit  of  the 
repair  goes  not  to  the  restorer  but  to  the 
founder.  Pagodas  are  built  over  relics  of  the 
Buddha,  or  models  of  them,  over  the  sacred 
eight  utensils  of  a mendicant  or  imitations  of 
these,  and  over  copies  of  the  sacred  books. 

I have  spoken  at  this  length  about  the  re- 
ligion of  the  Burmese,  because  their  religion 
enters  into  everything  they  do,  and  because  their 
religious  buildings  are  the  most  conspicuous 
things  in  the  country,  the  only  conspicuous 
buildings  indeed,  for  the  Burman’s  house  is  a 
very  insignificant  erection,  usually  of  bamboo 
and  mats,  sometimes  of  timber,  but  never  of 
anything  more  substantial.  But  notwithstand- 
ing their  devotion  to  Buddhism,  they  have  a 
great  many  superstitions  derived  from  the 
Shamanism  which  was  undoubtedly  the  faith 
of  their  forefathers  before  Buddhaghosha  came 
among  them  as  an  apostle.  These  heresies 
are  also  kept  alive  by  their  contact  with  the 
spirit-worshipping  hill  tribes  who  surround 
them. 

The  most  singular  of  these  beliefs  is  that 
which  affects  the  naming  of  the  Burmans. 
The  consonants  of  the  language  are  divided 
into  groups,  which  are  assigned  to  the  days  of 
the  week,  Sunday  having  all  the  vowels  to 
itself.  With  all  respectable  families  it  is  an 
invariable  rule  that  the  child’s  name  must 
begin  with  one  of  the  letters  belonging  to  the 
day  on  which  it  was  born.  For  example, 
Friday  has  T/i  and  H,  and  a child  of  that 
day  might  be  called  Moung  Thet,  Mr.  Life  ; 
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Moung  Hoh,  Mr.  Yonder;  Mah  Thin,  Miss 
or  Mrs.)  Learned;  Me  Thaw,  Mrs.  Noisy; 
or  Mee  Han,  Miss  Haughty.  Also — corres- 
ponding to  the  English  rhyme,  “ Monday's 
child  is  fair  of  face,”  and  so  on — they  have  a 
notion  that  according  to  the  day  of  the  week  (or 
rather  the  constellation  representing  that  day) 
on  which  a man  was  born,  so  will  his  character 
be.  Thus  a man  born  on  Friday  will  be  talka- 
tive ; on  Saturday,  quarrelsome ; on  Sunday, 
parsimonious  ; and  so  on.  Not  only  has  every 
day  its  special  character  and  its  fixed  letters, 
but  there  is  some  particular  animal  assigned 
to  symbolise  it,  and  red  or  yellow  wax  candles 
are  made  in  the  forms  of  these  animals  to  be 
offered  at  the  pagoda  by  the  pious.  Each 
worshipper  offers  a creature  candle  representing 
his  birthday,  or  that  of  any  particular  friend  or 
relation  whom  he  wishes  well.  In  this  way 
Friday  is  represented  by  a guinea-pig,  Satur- 
day by  a dragon,  Sunday  by  a Kalohn,  the 
fabulous  half-beast,  half-bird,  which  guards 
the  terrace  of  Mount  Meru,  Monday  by  a tiger, 
and  so  on.  This  superstitious  idea  has  con- 
siderable ramifications  ; for  example  a woman 
born  on  a Friday  ought  not  to  marry  a man 
born  on  a Monday.  One  or  other,  or  both 
of  them,  would  die  if  they  persisted  in  marrying 
one  another.  Similar  unhappy  conjunctions 
are  the  union  of  couples  born  on  Saturday  and 
Thursday,  or  Sunday  and  Wednesday.  Bur- 
mese young  ladies  know  all  these  “hostile 
days,”  as  they  are  called,  well  enough;  they 
are  set  forth  in  jingling  rhymes,  and  as  they 
know  the  day  a man  is  born  on  by  his  initial 
letter,  they  cut  short  the  supplications  of  a 
swain  who  would  rush  on  his  own  ruin.  On 
the  other  hand  there  is  an  elaborate  figure  to 
show  what  unions,  according  to  birthdays,  will 
be  lucky.  Sunday  and  Tuesday,  Thursday  and 
Friday,  and  Monday  and  Friday,  are  some  of 
these  benignant  combinations.  In  addition  to 
this  there  are  some  months  in  which  it  is  ex- 
ceedingly unwise  to  get  married.  Nevertheless, 
though  there  is  all  this  trouble  in  getting  a 
wife,  complications  undreamed  of  by  our  novel 
writers,  the  Burmese  manage  to  get  married 
very  early.  Some  of  them  also  get  married 
very  often,  but  these  are  only  rich  people,  and 
in  our  lower  provinces  public  opinion  is  against 
it,  though  the  law  is  not. 

Other  notions  about  luck  and  ill-luck  in 
connection  with  days  of  the  week  are  that 
Tuesday  and  Saturday  are  bad  days  to  do 
anything.  If  you  commence  an  extensive 
work  on  either  of  these  days,  you  will  soon 
die.  But  Thursday  is  a good  day  ; so  is 


Friday,  if  you  are  a student,  you  will  become 
an  authority  if  you  commence  your- reading  on 
that  day.  On  the  other  hand  the  Burmese 
believe,  as  our  sailors  do,  that  it  is  a bad  day 
to  begin  a voyage.  Saturday  is  a bad  day 
for  everything,  especially  for  fires.  Washing 
the  head  is  a very  serious  matter  in  Burma, 
where  both  men  and  women  have  very  long 
locks,  not  uncommonly,  in  the  women,  so  long 
as  to  trail  on  the  ground.  It  is,  therefore,  as 
well  for  them  to  know  that  it  is  unlucky  to 
wash  the  head  on  Monday,  Friday,  or  Satur- 
day. Beyond  this,  men  born  on  certain  days 
are  exposed  to  dangers  in  particular  months. 
Children  born  on  Wednesday  or  Friday  ought 
to  be  very  careful  what  they  do  in  the  months 
of  May,  September,  and  January.  The  best 
thing  is  for  them  to  do  nothing,  and  in  Burma 
they  act  on  the  precept  with  great  zeal.  So 
it  is  with  other  days  during  other  months.  On 
the  other  hand,  there  are  days  which  are  ex- 
ceedingly lucky  in  particular  months.  Thurs- 
day and  Saturday  are  the  best  days  in  January, 
and  Thursday  and  Tuesday  in  February.  I 
must,  however,  remind  you  that  these  days 
are  only  .lucky  for  those  who  were  born  on 
them,  and  not  for  everybody. 

Naturally,  where  there  are  so  many  snares 
awaiting  the  unwary,  there  are  hosts  of  pro- 
fessional wizards  and  fortune-tellers  to  keep 
people  who  can  afford  to  pay  for  it  from  getting 
into  trouble.  They  act  as  doctors  as  well  as 
wise  men,  and  deal  in  cabalistic  squares  and 
symbols  of  the  most  impressive  kind.  When 
a love-sick  maiden  wants  a love  philtre  to  win 
back  a truant  swain,  she  visits  the  Hmaw- 
sayah,  and  gets,  along  with  the  draught,  a 
long  string  of  mixed  sense  and  nonsense, 
which  she  has  to  repeat  before  a figure  repre- 
senting the  base,  deceiving  young  man.  When 
a man  wants  to  build  a house  he  consults  the 
doctor,  so  that  he  may  know  what  kind  of  wood 
to  use,  what  month  to  begin  it  in,  and  on  what 
day  in  that  month,  and  what  the  soil  should 
be  like.  The  doctors,  when  they  have  to  cure 
sick  people,  hark  back  on  the  birthday  again. 
There  are  two  sects  of  doctors,  the  druggists 
and  the  dietists.  The  latter  especially  affect  the 
birthday  nostrum.  They  will  not  let  a man 
born  on  a Sunday  eat  any  articles  of  food 
whose  name  begins  with  a vowel ; eggs  and 
cocoanuts,  for  example,  are  strictly  forbidden. 
Similarly,  a Monday’s  child  must  refrain  from 
seasoning  his  curry  with  ginger  or  garlic,  and 
must  avoid  any  edible  whose  Burmese  name 
begins  with  a y^,  a or  an  7igy  or  any  of  these 
letters  aspirated.  The  druggists  are  no  les 
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astonishing  in  their  specifics.  One  of  them 
exhibited  to  an  astounded  English  doctor  a 
green  powder  nostrum,  with  the  information 
that  it  contained  i6o  different  ingredients,  and 
was  infallible  in  its  results.  No  doubt  it  was. 
The  man  who  could  not  be  affected  by  one  of 
these  ingredients  could  hardly  have  been  worth 
curing. 

But  under  such  circumstances  the  Burmese 
hardly  appear  to  their  advantage.  It  is  on 
one  of  the  great  pagoda  feast  days  that  they 
are  seen  at  their  best.  Then  it  is  difficult  to 
say  which  sex  is  the  more  brightly  dressed  ; 
the  men  with  their  brilliant  turbans  and 
gorgeous  costly  silk  waistcloths,  not  unlike  a 
kilt  with  a long  end,  either  thrown  over  the 
shoulder  or  tucked  in  at  the  waist,  or  the 
women  with  their  gay  neckerchiefs,  snowy 
white  jackets  and  tamehns,  or  skirts,  of  endless 
pattern  and  striking  contrast  of  colour,  red  or 
white  flowers  wreathed  in  their  jet-black  hair, 
and  jewellery  in  extraordinary  profusion.  The 
sight  is  one  which  is  not  readily  forgotten, 
and  is  impossible  to  describe.  Wind- stirred 
tulip-beds,  or  a stirabout  of  rainbows,  or  a 
blind  man’s  idea  of  a chromatrope,  are  the 
only  suggestions  which  can  be  offered.  After 
devotion  at  the  pagoda,  there  is  the  meeting 
with  friends  from  remote  parts  of  the  country, 
the  picnicing  in  the  rest-houses,  and  the  re- 
ligious and  other  plays  at  night,  when  the  old 
people  gossip  and  listen  to  the  moral  declara- 
tions from  the  stage,  while  the  young  people 
do  as  much  flirting  as  can  be  managed  under 
the  circumstances. 

The  freedom  which  the  women  enjoy  in  Burma 
is  not  to  be  paralleled  an)’’where  in  the  East. 
All  the  money  and  possessions  which  a girl 
brings  with  her  on  marriage  are  kept  care- 
fully separate  for  the  benefit  of  her  children  or 
heirs,  and  she  carries  her  property  off  with 
her  if  she  is  divorced,  besides  anything  she 
may  have  added  to  it  in  the  interim  by 
her  own  trading  or  inheritance  Thus  a 
married  Burmese  woman  is  much  more 
independent  than  any  European,  even  in  the 
most  advanced  states.  The  Burmese  maiden 
disposes  of  her  affections  as  she  pleases, 
marries  the  lad  she  likes  best,  and  separates 
herself  from  him  afterwards  if  he  offends  her, 
by  the  simple  process  of  going  before  the 
village  elders  and  stating  her  case.  If  the 
complaint  is  just,  the  request  is  never  refused. 
The  women,  though  they  are  not  nearly  so 
well  educated  as  their  brothers,  are,  neverthe- 
less, wonderful  managers.  A farmer’s  wife 
will  carry  out  the  sale  of  the  whole  rice-crop 


to  the  agent  of  an  English  rice  firm,  and 
generally  strikes  a better  bargain  than  the 
farmer  would  himself.  If  the  village  constable 
is  away,  the  wife  will  get  the  policemen 
together,  stop  a fight,  arrest  the  offenders  and 
send  them  off  to  the  lockup  all  on  her  own 
responsibility.  The  wife  sits  by  no  matter 
what  business  is  being  transacted,  and  often 
puts  in  her  opinion  quite  as  a matter  of  course. 
In  fact  she  is  virtual  master  of  the  house,  and 
henpecked  husbands  are  not  by  any  means 
uncommon — in  fact  King  Theebaw  was  a 
notable  instance. 

Courting  in  Burma  is  carried  on  under  some- 
what singular  conditions.  The  lovers  never 
meet  alone.  Walks  in  lovers’  lanes  and 
rendezvous  d quatre  yetcx  would  be  looked 
upon  as  highly  improper,  no  matter  at  what 
hour  of  the  day.  There  is  a fixed  hour  for  the 
occupation— about  nine  o’clock  at  night,  which 
is  in  fact  commonly  referred  to  in  the  country 
as ‘‘lads  go  courting  time.”  Preparation  is 
duly  made  by  the  girl.  She  gets  herself  up 
for  conquest,  and  calls  in  some  friends  to 
support  her.  The  lover,  also  with  a friend  or 
two,  comes  round  at  the  courting  hour  and 
makes  his  presence  known  by  whistling,  an 
accomplishment  at  which  many  Burmans  are 
not  by  any  means  proficient.  To  avoid  useless 
labour  in  blowing  out  their  cheeks  in  futile 
attempts  to  get  to  the  sounding  point,  some  of 
them,  therefore,  bring  one-stringed  fiddles  with 
them,  and  saw  backwards  and  forwards  in  a 
somewhat  agonising  way.  This  he  has  to  do  till 
the  girl  signals  that  the  old  people  have  gone 
to  bed,  for  the  old  people  are  not  allowed 
to  be  present  in  the  room,  though  it  is  said 
that  the  mother  has  always  a crack  in  the 
wall  through  which  she  can  survey  operations, 
and  see  that  the  soiipirant  is  a suitable  per- 
sonage. When  the  flirt  of  a handkerchief 
has  announced  that  the  coast  is  clear,  the 
lover  ascends  with  his  supporters,  and  they 
sit  down  in  front  of  the  girls  and  smoke  and 
philander  as  much  as  they  can  under  such 
conditions.  Kissing  and  caressing  are  not 
permitted.  Such  proceedings  a Burmese  girl 
would  .consider  highly  indecorous,  no  matter 
how  many  people  were  looking  on.  If  the 
parents  do  not  object,  a very  few  meetings  of 
this  kind  are  enough,  and  the  pair  are  married 
off  with  the  most  ardent-lover-like  rapidity. 
The  marriage  is  a mere  civil  rite,  and  depends 
more  upon  the  publicity  of  the  thing  than  any- 
thing else,  and  separation  is  just  as  simple. 
It  is  not  an  easy  matter  to  blame  the  Burmese 
for  this.  The  system  puts  a speedy  end  to 
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unhappy  and  ill-assorted  unions  ; and,  as  a 
matter  of  fact,  divorces  are  not  common,  and 
the  parties  are  always  made  the  butt  of  the 
village  wits,  and  not  uncommonly  marry  one 
another  again  when  they  have  thought  it 
over. 

Of  the  sports  of  the  people  I have  not  the 
time  to  say  anything.  It  is  enough  to  say 
that  the  Burman  goes  wild  with  excitement 
over  boat-races,  and  foot-races,  and  pony- 
races,  that  he  wrestles  and  boxes  with  equal 
vigour,  and  that  he  rejoices  in  the  introduction 
of  English  football,  because,  as  he  says,  it 
is  “just  like  fighting.”  Unfortunately,  he 
gambles  almost  as  freely  as  the  Chinaman  on 
anything  on  which  money  can  be  staked. 
Nevertheless,  he  is  an  extremely  good  fellow, 
manly,  good-humoured,  and  kindly. 

It  is  commonly  asserted  that  the  Burmese  all 
smoke,  and  that  Burmese  babies  cry  for  a cigar 
instead  of  crying  for  the  moon.  This  is  not  so. 
Burmese  children  never  smoke  before  they  can 
walk,  but  as  soon  as  they  can  do  that  they  start 
with  cigars  that  might  do  as  walking  sticks  for 
them.  It  is  quite  common  to  see  a lot  of  little 
boys  and  girls  in  the  street  making  mud-pies 
and  puffing  clouds  with  equal  enthusiasm. 
Burmese  cigars  are  very  big,  nearly  an  inch  in 
thickness,  and  they  round  a young  lady’s 
mouth  a little  too  much,  perhaps.  But  they 
smoke  them  all  the  same,  and  the  usual 
present  a Burmese  belle  makes  to  the  favoured 
swain  is  a bundle  of  cigars  rolled  by  her  own 
fair  hands. 

There  can  be  no  doubt  that  the  people  are 
satisfied  with  our  rule.  They  grumble  at  the 
taxes  of  course,  but  everybody  does  that  every- 
where. Nevertheless,  it  seems  undeniable  that 
our  system  might  be  considerably  improved.  In 
Lower  Burma  we  have  based  our  land  revenue 
and  capitation  tax  on  the  old  national  system 
as  we  found  it  laid  down  in  the  codes  when  we 
annexed  the  country.  But  officers  trained  in 
India  have  modified  it  according  to  their  Indian 
experiences,  and  the  result  is,  perhaps,  not  very 
happy.  Thus  our  capitation  tax  is  levied  at 
rates  which  vary  in  different  districts  from  one 
to  five  rupees,  but  every  householder,  rich  or 
poor,  has  to  pay  the  same.  Our  land  revenue 
is  collected  on  all  cultivated  lands  at  rates 
varying,  according  to  circumstances,  from  less 
than  a rupee  to  five  rupees  an  acre.  In  Upper 
Burma  there  has  been  theoretically  no  land- 
tax  at  all.  The  land-tax  is,  no  doubt,  an 
admirable  form  of  raising  revenue,  but  the 
system  does  not  seem  to  suit  the  Burmese, 
and  one  result  has  been  a tendency  for  the 


proprietary  right  in  land  to  pass  into  the  hands 
of  money-lenders  and  capitalists,  a fact  which 
would  be  very  adverse  to  the  well-being  and 
happiness  of  the  people  generally.  The 
holdings  are  usually  very  small.  Along  the 
old  frontier  they  averaged  only  about  five 
acres  ; in  the  Rangoon  district  from  sixteen 
to  twenty  acres.  Larger  tenancies  are,  how- 
ever, entirely  against  the  genius  of  an  easy- 
going people  like  the  Burmese,  and  it  would 
be  a misfortune  if  our  system  improved  away 
the  humdrum  and  lazy,  but  good-natured  and 
well-affected,  old  farmer.  In  favour  of  the 
capitation  tax  hardly  anything  is  to  be  said. 
The  people  pay  it  dutifully  enough,  but  it  is 
unjust,  because  it  presses  equally  upon  rich 
and  poor,  on  the  young  man  just  starting  in 
trade  or  in  a farm,  and  on  the  wealthy  old 
trader  or  money-lender  who  lives  close  b}\ 
Money  is  so  easily  got  that  the  grievance  does 
not  become  serious;  but  if  it  could  be  remitted 
or  converted  into  some  tax  on  consumption, 
the  boon  would  be  very  considerable  to  the 
poorer  classes.  Under  our  present  inelastic 
system,  not  only  is  no  exemption  granted  to 
the  very  poor  on  account  of  their  poverty,  and 
no  additional  demand  made  on  the  rich  on 
account  of  their  wealth,  but  the  traders  get 
off  without  paying  their  proper  share.  The 
traders  are  much  more  wealthy  than  the  agri- 
culturists, yet  they  pay  little  but  the  capitation 
tax.  If  an  income-tax,  the  principle  of  which 
exists  in  the  national  Burmese  system,  though 
it  never  appeared  in  reality  except  as  oppres- 
sion, were  established,  the  general  result  w’ould 
be  much  fairer.  Particular  care  will  have  to 
be  taken  in  this  respect  in  our  new  province, 
for  not  only  are  the  people  there  most  abjectly 
poverty-stricken,  but  they  have  no  notion  of 
what  taxes  are  collected  for  unless  it  be  for 
the  special  benefit  of  the  rulers.  They  will 
have  to  be  educated.  Burma  is  progressing 
fast  enough  as  it  is.  The  abundance  of  rich 
land,  the  facility  with  which  rights  over  it  can 
be  acquired,  the  great  demand  for  rice  and  the 
ever-increasing  counter-demand  for  European 
manufactured  goods,  the  cessation  of  all 
irregular  and  unexpected  collections,  the  ab- 
solute security  enjoyed  by  all  under  the  British 
administration — ail  these  benefits  have  resulted 
in  trebling  the  population  of  the  lower  provinces 
since  we  took  charge  of  them ; in  the  more 
than  trebling  of  the  trade,  the  value  of  the 
sea-borne  merchandise  alone  having  doubled 
and  reached  thirteen  millions  sterling  during 
the  last  ten  years ; and  in  the  wonderful 
increase  of  revenue,  which  makes  Burma  the 
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most  valuable  of  all  the  provinces  under  the 
Indian  Government. 


DISCUSSION. 

The  Chairman  said  it  was  desirable  in  the  dis- 
cussion to  avoid  political  questions. 

Mr.  Chanto  jN  said,  being  a native  of  Burma, 
he  should  like  to  make  a few  remarks.  Of  course,  it 
was  now  not  a question  of  annexation  but  rather  of 
government.  Annexation  of  the  Burmese  Empire  had 
been  brought  about  through  the  foolishness  of  three 
kings  in  successive  generations,  but  he  thought  the 
form  of  government  to  be  desired  would  be  a more 
direct  government  from  England  than  through  India. 
The  inhabitants  of  Burma,  buoyed  up  with  the  hope  of 
being  released  from  tyranny  and  usurpation — because 
Theebaw  was  not  the  rightful  heir  to  the  Burmese 
throne,  having  elder  brothers,  and  the  massacres 
which  were  narrated  in  the  daily  papers  were  the 
result  of  his  efforts  to  secure  the  throne  for  himself, 
— willingly  surrendered  their  arms  to  the  English, 
and  so  there  was  very  little  fighting  at  first.  Now 
the  Dacoits — who  were  found  on  every  occasion 
when  there  was  disturbance  in  the  realm — had  more  or 
less  become  either  followers  or  leaders  of  insurrection, 
and  they  had  been  aided  by  the  former  Princes,  who 
would  continually  rise  out  of  nothing,  and  would 
melt  away  into  nothing.  He  wished  to  urge  that 
all  British  Burma,  being  larger  than  any  Presidency 
of  India,  should  be  committed  to  the  charge  of 
the  oldest  and  most  experienced  officers  of  the 
Indian  Government,  who  would  not  in  any  way  be 
tainted  with  power,  because  the  Burmese  had  been 
accustomed  more  or  less  to  tyranny  and  absolute 
government ; secondly,  that  there  might  be  access 
to  the  Sovereign  power  in  England  directly  from 
Burma,  and  that  this  might  be  effected  by  direct 
government  from  England  without  the  interference 
of  India  at  all.  The  Burmese  had  not  the  same 
customs,  manners,  and  institutions  as  India,  and  did 
not  wisli  to  be  allied  with  it.  Formerly  British 
Burma  was  very  small  comparatively,  and  being  close 
to  India,  might  be  governed  by  the  Governor* General, 
but  now,  as  it  was  larger  than  any  Presidency,  it 
might  be  made  into  more  of  a colony  than  a 
dependency.  He  believed  if  direct  government 
from  England  were  announced,  it  would  satisfy  the 
people  of  Upper  Burma,  and  lead  them  in  great 
measure  to  put  down  their  arms;  as  they  had  an 
aversion  for  the  Indians,  as  had  been  said.  With 
regard  to  the  manners  and  customs,  of  course  Mr. 
.Scott  was  a great  authoiity,  having  lived  amongst 
them  for  several  years,  but  he  being  an  Englishman 
would  naturally  take  a different  point  of  view  from  a 
native,  ^\'hen  King  Theebaw  came  to  the  throne 
about  1878,  it  was  said  in  the  Standard  that  he 
sent  ambassadors  through  Burma,  and  that  they 


were  stopped,  and  when  they  returned  to  Mandalay 
they  were  beheaded,  but  this  was  entirely  a fable. 
The  ambassador  who  led  the  suite  died  of  some 
fever,  which  was  very  usual  there,  and  not  through 
the  king’s  orders.  The  king  would  not  interfere  with 
his  Subjects  in  that  way,  and  the  massacres  they  heard 
f were  not  the  result  of  a wanton  love  of  slaughter, 
but  only  to  secure  his  throne.  At  present  they  heard 
of  insurrections  in  the  country,  and  it  was  doubtful 
when  they  would  be  put  a stop  to.  As  had  been  said, 
they  knew  nothing  of  the  population,  no  census 
having  ever  been  taken ; and  the  Burmese  knowing 
the  country  better  than  the  English  who  had  never 
been  there,  would  rise  from  here  and  there  and  attack 
the  English,  and  it  would  take  a long  time  before 
order  was  thoroughly  established  ; when  they  were 
once  quieted,  however,  the  Burmese  would  think 
there  had  been  no  change  of  government.  Through 
their  love  of  sport,  the  civil  population  were  quite 
capable  of  acting  as  soldiers.  He  thought  himself 
that  annexation  had  been  declared  too  soon,  that 
there  had  been  no  cause  to  justify  it.  It  was 
simply  a breach  of  international  law  to  annex  Upper 
Burma,  and  he  believed  in  the  new  Parliament  some- 
thing would  be  said  on  that  point,  that  the  Govern- 
ment had  no  right  to  embark  on  a war  of  that  kind 
without  the  consent  of  the  people,  or  the  Parlia- 
ment which  represented  the  people.  With  regard  to 
the  treatment  which  Englishmen  were  subjected  to, 
he  could  only  say  that  if  people  went  into  a foreign 
country  they  must  submit  to  the  laws  of  the 
country.  If  a foreigner  came  to  England,  he  did  not 
expect  to  be  ruled  by  the  laws  of  his  own 
country,  so  in  the  case  of  the  captain  who 
was  put  into  the  stocks,  if  a Burman  had  done 
the  same  thing  he  would  be  treated  in  the  same 
manner ; it  was  not  because  he  was  an  Englishman, 
but  because  he  had  violated  the  law  of  the  land.  He 
would  conclude  with  the  inteiesting  subject  of  the 
women  of  Burma.  Mr.  Scott  had  described  the 
women  very  favourably,  saying  that  they  had  a better 
position  than  in  any  country  in  the  East,  or  even  in 
the  more  advanced  nations  of  Europe,  and  of  course, 
he,  being  a Burman,  could  not  but  agree  with 
that.  The  women  did  play  an  important  part, 
for  even  King  Theebaw  himself  was  governed  by 
his  wife. 

Mr.  Martin  Wo©d  said  there  was  a remark 
at  the  close  of  the  paper  with  regard  to  surplus 
revenue  in  reference  to  which  he  should  like 
to  elicit  the  Chairman’s  opinion ; and  he  wished 
Mr.  Scott  had  included  in  his  paper  a few 
statistics  showing  the  revenue  and  expenditure  of 
Burma  as  compared  with  India  as  a whole.  It  was 
commonly  said  that  Burma  yielded  a considerable 
surplus  to  the  general  Indian  revenue,  and  it  would 
be  as  well  if  the  exact  amount  could  be  stated. 

Mr.  Scott  said  he  believed  a million  sterling  was 
the  surplus. 
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Mr.  Martin  W ood  said  he  knew  that  was  the 
popular  belief,  but  he  could  not  think  it  was  anything 
like  that  if  the  accounts  were  properly  taken,  and 
Burma  were  charged  with  a fair  share  of  the  military 
expenditure  of  India.  The  present  annexation  had  been 
carried  through  so  easily  in  the  first  instance,  and  the 
prospect  of  further  surplus  revenue  was  so  pleasantly 
referred  to,  that  everyone  was  satisfied  at  present ; but 
he  thought  the  Chairman  would  tell  them  that  there 
would  be  difficulties  to  overcome,  and  costs  to  be  in- 
curred, so  that  public  anticipations  should  be  a little 
moderated.  There  was  one  question,  not  quite  a 
political  one — that  of  the  administration.  The  last 
speaker  had  formulated  the  demand,  which  they  had 
been  familiar  with  from  Rangoon,  that  Burma  should 
be  under  the  Imperial  Government  rather  than  that  of 
India.  There  might  be  a good  deal  to  be  said  for  that ; 
but  at  the  same  time  there  was  probably  something  to 
be  said  on  the  other  side,  and  he  rather  thought  it  would 
be  worse  for  the  Burmese  to  be  under  the  Colonial 
Office  than  under  the  Indian  Government.  The  in- 
terests and  desires  of  the  Anglo-Indians  resident  in 
Burma  could  be  understood.  They  had,  no 
doubt,  felt  or  made  friction  between  their  mercantile 
interests  and  the  wholesome  restraints  which  the 
Indian  Government  had  always  carefully  maintained ; 
and  aU  these  things  should  be  duly  taken  into  account 
when  pressure  was  being  put  on  to  place  Burma 
under  the  direct  rule  of  the  Crown  instead  of  unde,, 
that  of  the  Indian  Government. 

Mr.  Hyde  Clarke  said  he  was  glad  Mr.  Wood 
had  referred  to  the  question  of  revenue,  because  one 
matter  which  affected  many  practical  men  was 
whether  this  new  acquisition  would  meet  its  ex- 
penses. This,  in  fact,  was  the  consideration  in 
respect  to  the  delay  in  determining  the  annexation. 
Naturally,  in  the  first  instance,  it  was  argued  that 
there  must  be  a considerable  outlay  in  meeting 
the  charges  of  such  a new  Government  under  the 
circumstances  which  had  been  described.  At  the 
same  time  the  prosperity  of  the  old  lower  provinces 
must  be  taken  into  account,  which  had  been  the 
means  of  yielding  so  much  to  the  Indian  revenue. 
It  would  naturally  be  expected  that  there  would  be 
an  increase  of  that  revenue  from  the  influence  of 
Upper  Burma  upon  it,  and  that  a growth  of  revenue 
and  surplus  was  to  be  looked  for  which  should  be  set 
off  against  any  possible  deficit  in  Upper  Burma, 
until  such  time  as  that  district  met  its  expenses  and 
proceeded  in  time  to  yield  its  own  surplus.  Looking 
at  these  considerations,  it  was  possible  to  regard  the 
annexation  without  financial  misgivings,  and  with 
favourable  expectations. 

Prof.  Rhys  Davids  thought  the  discussion  had 
rather  wandered  into  those  doubtful  regions  against 
which  the  Chairman  had  warned  them,  but  if  so,  it 
was  in  some  degree  due  to  the  character  of  the  paper, 
because  Mr.  Scott  had  overwhelmed  them  with  such 
a mass  of  information,  that  the  unfortunate  people 
who  had  not  been  to  Burma  had  naturally  felt  that 
there  was  nothing  else  to  add  except  their  own 


opinions  on  the  political  question.  If  he  might  be 
allowed  to  transgress  for  a few  moments  in  that  way, 
he  heartily  endorsed  the  view  put  forward  by  the 
first  speaker,  and  hoped  that  British  Burma  would 
be  made  into  a Crown  colony,  not  governed  from 
India,  but  direct  from  England.  As  one  who  had 
studied  a little  the  habits  and  religion  of  the  Burmese 
in  their  ancient  books,  he  was  somewhat  shocked  by 
one  or  two  statements  put  forward  by  Mr.  Scott. 
For  instance,  he  said  that  to  put  up  water  pots  on 
the  road  side,  or  to  build  public  rest  houses  for  the 
accommodation  of  the  travellers,  were  works  of  great 
merit  according  to  the  Buddhist  belief,  and  it  was 
also  a merit  to  build  a pagoda  ; but  if  anyone  repaired 
that  pagoda,  the  merits  of  the  work  would  be 
attributed  to  the  original  builder.  Now  that  seemed 
to  him  to  be  a very  unjust  decision,  and  he  should  be 
inclined  to  doubt  whether  the  Burmese  from  whom  Mr. 
Scott  derived  that  information  were  quite  correct  in 
their  casuistry.  He  should  think,  according  to  the  good 
old  Buddhist  law,  that  the  merit  would  be  awarded 
to  the  man  who  repaired  it.  Then  it  was  also  said 
that  if  a man  built  a pagoda  he  would  not  only  get  a 
better  chance  of  transmigration  in  the  next  life,  but 
would  immediately  obtain  the  holy  rest,  or  Niiv'ana. 
He  was  astonished  to  find  that  the  modern  Burmese 
had  gone  so  far  from  their  old  books,  according  to 
which  man  could  only  get  to  the  holy  rest  by  a 
change  in  his  inner  character,  which  no  doubt  might 
be  symbolised  by  the  outward  building  of  a pagoda, 
but  was  not  necessarily  accompanied  by  it.  These 
little  objections,  however,  only  referred  to  small 
details  ; and  he  could  only  say  that  he  had  listened 
with  immense  pleasure  to  so  good  a description  of 
the  habits  and  customs  of  the  Burmese.  He  only 
wished  there  were  more  men  who  would  deliver 
lectures  of  this  kind,  and  give  real  facts  with  regard 
to  the  practical  influence  on  daily  life  of  these  in- 
teresting and  ancient  religions. 

The  Chairman  said  before  touching  on  the 
paper  itself,  he  would  deal  with  the  statement  at 
the  end  of  it,  which  described  Burma  as  the  most 
valuable  of  all  the  provinces  under  the  Indian 
Government,  and  in  respect  to  which  he  had 
been  specially  asked  by  a previous  speaker  to  express 
his  opinion.  He  quite  agreed  with  Mr.  ISIartin 
Wood  that  there  was  a little  exaggeration,  though  no 
doubt  British  Burma  at  the  present  time  had  a con- 
siderable surplus  revenue.  Still  if  a complete  account 
were  made  out  from  the  first  occupation  down  to  the 
present  time,  including  the  cost  of  the  military 
operations,  and  the  maintenance  of  the  army  there,  with 
a share  of  the  expense  of  the  central  government,  and 
an  account  taken  of  all  the  years  during  which  Burma 
paid  nothing,  there  would  probably  be  but  a small 
balance  on  the  total  account.  Of  course  it  must  be  said 
of  British  Burma,  as  will  no  doubt  have  hereafter  to  be 
said  of  Upper  Burma,  that  for  the  first  years  it  paid 
very  little,  while  the  expenditure  was  very  great. 
That  was  the  case  in  British  Burma,  and  certainly 
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would  be  the  case  in  Upper  Burma.  He  quite  agreed 
with  one  of  the  previous  speakers  that  there  was  very 
likely  an  exaggerated  idea  of  the  immediate  financial 
results  of  the  annexation,  but  he  felt  quite  certain 
that  in  considering  the  question  the  Government 
had  been  in  no  way  influenced  by  a meie  considera- 
tion of  the  profit  to  be  derived  from  it.  The  sub- 
jection of  Burma  was  undertaken  on  purely  different 
principles,  and  really  because,  as  those  responsible 
for  it  maintained,  the  thing  was  absolutely  unavoid- 
able. Those  who  had  watched  the  course  of  events 
carefully  had  satisfied  themselves  that  at  pr  esent  no 
other  course  was  open  to  them.  There  were  a 
number  of  complicated  questions  which  he  could 
not  go  into,  of  a pressing  nature,  connected  with 
our  position  in  Indo-China  which,  to  his  mind,  made 
it  clear  that  no  other  course  was  open  than  to  annex 
it  to  the  Crown.  The  proclamation  was  very  carefully 
worded,  and  left  it  open  to  the  Government  to  take  any 
course  it  liked  in  respect  to  the  future.  He  hoped  the 
form  of  administration  would  be  to  employ  a large 
number  of  the  natives  of  the  country  in  the  Govern- 
ment, and  not  to  have  too  elaborate  a system  ; in  that 
way  it  might  be  made  to  pay  its  expenses  in  the  course 
of  time,  but  not  at  once.  He  would  also  warn  the 
public  against  a loo  exaggerated  notion  of  the  trade 
results  likely  to  immediately  follow  on  the  annexation 
of  the  country.  As  far  as  he  knew,  the  trade  of 
Burma  had  been  carried  on  and  had  developed  very 
largely,  although  under  great  difficulties,  and  he  did 
not  see  any  immediate  prospect  of  its  being  increased 
to  any  great  extent  in  consequence  of  the  opening  of 
Upper  Burma.  No  doubt  it  would  grow,  but  those  who 
expected  an  immediate  increase  forgot  how  very  far  the 
dense  populations  of  China  were  from  Burma.  It 
was  a long,  difficult,  and  almost  impracticable  road, 
from  Bhamo  to  the  populous  parts  of  China.  It  was 
all  very  well  to  say  China  was  only  33  miles  from  the 
Burmese  fionlier,  and  then  to  talk  about  opening  up 
trade  with  300,000,000  of  Chinese,  but  those  Chinese 
were  naturally  not  in  the  barren  mountains ; they  were 
on  the  rivers,  and  in  the  valleys,  which  were  already 
provided  with  trade  by  another  route  altogether,  which 
would  never  be  superseded  by  a long  difficult  land 
carriage.  At  the  same  time,  no  doubt,  under  good 
government,  and  working  hand  in  hand  with  the 
Chinese,  there  would  gradually  spring  upan increase  of 
trade  which  was  very  considerable  already.  But  he  did 
not  think  the  annexation  was  to  be  justified  by 
the  hope  of  profit,  or  by  a large  increase  of  trade ; 
he  was  convinced  it  was  to  be  justified  on  much 
higher  and  more  honourable  grounds.  With 
regard  to  the  question  of  direct  government  by  the 
Crown,  it  was  a subject  he  could  not  very  well 
discuss,  nor  did  he  quite  understand  on  what  ground 
it  had  ever  been  maintained  that  benefit  would  arise 
from  it.  He  could  only  say  with  regard  to  British 
Burma,  that  he  did  not  know  any  part  of  the  East,  or 
any  Crown  colony,  which  had  been  so  successfully 
administered,  where  so  much  progress  had  been 
made,  or  where  the  people  altogether,  as  far  as  he 


could  collect,  both  Europeans  and  natives,  appeared 
so  prosperous  and  so  generally  satisfied  with  the  state 
of  things  which  existed.  He  did  not  see  how  they  would 
be  better  off  as  a Crown  colony  than  they  were  now. 
The  idea,  of  course,  arose  in  connection  with  this  large 
surplus  revenue,  which  Avas  so  often  talked  of ; they 
had  just  heard  Burma  called  the  milch  cow  of  India, 
but  that  was  an  exaggeration.  Comparing  the  surplus 
revenue  of  Burma  with  that  of  Bengal  or  other  pro- 
vinces of  India,  itwasaveiy  small  matter.  Hehadbeen 
to  several  Crown  colonies,  and  he  did  not  see  anything 
in  which  Burmawould  benefit  by  being  made  a Crown 
colony.  To  come  to  the  lecturer,  Mr.  Scott,  he  thought 
they  were  all  very  much  indebted  to  him  for  the  infor- 
mation he  had  given  ; Burma  was  a very  large  subject, 
and  could  not  be  fully  dealt  with  within  the  limits  of  a 
paper,  but  he  hoped  Mr.  Scott  would  be  induced  to 
continue  those  published  sketches  of  Burmese  life 
by  means  of  which  he  first  came  before  the  public, 
and  which  had  been  so  favourably  received  ; these 
had  placed  the  Burmese  in  a very  pleasant  lights 
There  were  three  points  in  the  paper  which  struck 
him  as  specially  deserving  consideration,  the 
historical,  the  religious,  and  the  social.  It  was 
impossible  to  discuss  these  at  length,  but  with 
regard  to  the  historical  portion,  he  hoped  Burmese 
history  was  not  very  accurate,  and  that  some  of  the 
Burmese  kings  would  bear,  if  their  lives  were  fully 
known,  a more  favourable  view  than  Mr.  Scott 
had  been  able  to  take  of  them  from  the  materials  at 
his  disposal.  At  the  same  time,  of  course,  he  was 
speaking  of  barbarous  times,  and  no  doubt  in  those 
times  barbarous  things  were  done.  One  of  the 
facts  he  had  mentioned  showed  very  clearly  how 
the  Ignorance,  arrogance,  and  inflated  pride  of  the 
Burmese  had  brought  about  the  present  state  of 
things.  The  quotation  Mr.  Scott  had  made 
from  the  minute  of  Lord  Dalhousie,  Avritten  thirty 
years  ago,  shoAved  that  what  we  had  to  complain  of 
noAv  Avas  exactly  what  was  complained  of  then,  and 
that  the  Avarnings  then  given  by  Lord  Dalhousie  had 
not  had  any  practical  efl'ect  in  inducing  the  Burmese  to 
change  their  mode  of  dealing  Avith  foreign  powers. 
Again,  it  Avas  very  interesting,  as  bearing  on 
passing  events,  to  notice  Mr.  Scott’s  statement 
that  Alompra  four  times  repelled  the  inA^asion 
of  the  Chinese,  Avho  A'entured  to  press  him  for 
tiibute,  rather  than  submit  to  these  claims. 
He  must  say  he  did  not  find  any  case  in  support  of 
the  view  put  forward  on  behalf  of  the  Chinese  that 
they  had  any  right  to  the  suzerainity  of  Burma. 
The  only  agreement  that  he  could  find  on  the  sub- 
ject was  that  of  1 769,  made  between  the  Burmese 
and  the  Chinese  Generals  at  a time  when  Burma  had 
beaten  the  Chinese.  An  agreement  Avas  then  come  to 
that  for  the  future,  Avith  view  to  maintain  peace — 
to  maintain  the  golden  road  as  it  Avas  called — there 
should  be  every  ten  years  a mission  from  one  GoA'ern- 
ment  to  the  other  bearing  presents  and  friendly 
letters.  There  was  not  a word  Avhich  Avould  bear 
the  interpretation  of  tribute,  or  inferiority,  and 
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the  king  and  the  people  of  Burma  had  always 
stoutly  maintained  that  they  were  not  in  any  way 
tributary  to  the  Chinese.  It  was  now  put  for- 
ward by  English  writers,  on  behalf  of  the  Chinese, 
that  the  case  stood  on  letters  written  by  the  King  of 
Burma,  published  in  the  Pekin  Gazette,  in  which  he 
used  expressions  in  Chinese  admitting  himself  to  be  a 
tributary  of  China.  Now,  the  Burmese  did  hot  know 
Chinese,  and,  therefore,  could  not  have  w'rittenin  the 
Chinese  character,  so  that  the  particular  letters  must 
have  been  Chinese  translations.  They  knew  that 
the  Chinese  were  in  the  habit  of  treating  the  most 
ordinary  acts  of  courtesy  as  acts  of  homage  from  an 
inferior,  and  a Burmese  gentleman,  a few  days  ago, 
said  what  %vas  no  doubt  correct  — that  it  was 
quite  true  that  the  Chinese  represented  the 
presents  to  them  as  tribute,  but  that  the  Burmese 
records  would  show  that  they  had  also  repre- 
sented the  Chinese  presents  in  return  as  a tribute. 
That  was  the  way  of  Orientals,  and  there  was 
nothing  to  be  gained  by  referring  to  these  letters. 
The  whole  question  had  in  fact  acquired  an  undue 
importance,  for  no  one  could  doubt  that  it  was  to 
the  interests  of  China  and  England  that  we  should 
become  friendly  neighbours,  and  work  together,  and 
that  was  to  be  obtained  by  measures  entirely  uncon- 
nected with  any  reference  to  unreliable  history. 
There  should  be  no  difficulty  in  coming  to  some 
agreement  to  work  together  in  civilising  that  part 
of  the  country.  As  regards  the  religion  of  Burma, 
with  all  due  deference  to  the  criticism  of  Mr.  Rhys 
Davids,  which  was  probably  perfectly  correct  as  an 
abstract  interpretation  of  Buddhist  religious  work,  his 
own  impression  from,  he  admitted,  a not  very  long 
residence,  was  that  the  repairer  of  a pagoda  did  not  gain 
any  merit  from  it.  No  dcubt  there  might  be  something 
wrong  with  the  Burmese  interpretation  of  their  books, 
but  there  was,  he  thought,  no  doubt  of  the  fact,  and  it 
was  rather  difficult,  in  consequence  of  this,  to  get 
pagodas  repaired ; for  though  they  were  always  being 
built,  they  were  built  badly,  and  were  constantly  tumb- 
ling down,and  the  place  was  covered  with  ruins.  He 
thought  Mr.  Scott  had  correctly  described  the  Buddhist 
religion  as  far  as  it  was  to  be  learnt  by  a foreigner 
in  the  country.  It  had,  as  Mr.  Scott  had  said,  an 
extraordinary  influence  over  the  life  of  the  Burmese. 
They  were  most  earnest  and  devoted,  and  spent  a 
great  deal  of  money  and  time  in  their  ceremonies. 
He  recollected  Bishop  Milman,  when  he  visited 
Burma,  was  immensely  struck  with  the  earnestness 
on  pagoda  days  with  which  the  whole  community 
were  doing  what  he  described  as  “ praying  to  nobody 
to  become  nothing,”  which  was  a very  terse  and 
.accurate  description  of  the  Buddhist  religion,  as  ex- 
plained to  the  casual  traveller.  As  regards  their  social 
life,  although  the  Burmese  might  be  a little  idle 
and  careless,  they  were  very  genial  and  taking  in 
their  ways;  no  one  who  had  not  seen  them  in  their 
villages  and  sports  could  understand  how  happy  they 
are.  Going  there,  as  he  himself  did,  from  the 
stiff,  ceremonial,  and  solemn  life  of  India,  he  was 


delighted  with  the  easy,  social,  fun-lovirhg  life  of 
the  Burman.  The  effect  of  this  was  apparent  in 
the  much  better  feeling  and  the  great  amount 
of  harmony  which  existed  between  the  English  and 
Burmese  of  India — they  were  much  better  friends, 
and  had  more  in  common.  As  to  the  future  of 
Burma,  as  he  had  already  said,  too  much  might  be 
expected  of  it ; but  he  believed  in  the  course  of  time, 
as  the  Shans  moved  down  to  Upper  Burm.a,  they 
would  take  up  an  enormous  amount  of  waste  land, 
which  would  be  cultivated,  but  which  now  had  hardly 
any  population  worth  speaking  of,  though,  at 
the  same  time,  a great  deal  of  the  present  population 
would,  at  first,  move  down  into  British  Burma, 
making  Upper  Burma  itself  still  more  of  a desert ; but 
there  was  a great  deal  of  magnificent  land  there,  and  in 
the  States  around  there  were  people  who  were  anxious 
to  get  good  land  for  cultivation.  On  such  an  occasion, 
especially  when  there  were  so  many  Anglo-Burmese 
present,  it  would  not  be  out  of  place  to  express  their 
sense  of  the  great  loss  the  country  had  sustained, 
and  Burma  in  particular,  by  the  death  of  Sir  Arthur 
Phayre.  He  was  the  first  and  best  ruler  British 
Burma  ever  had.  He  took  charge  of  the  country  at 
a time  when  it  was  disorganised  after  the  annexation, 
and  had  to  work  with  a number  of  officers  who  had 
not,  most  of  them,  had  much  training  in  Jcivil  life 
He  devised  the  whole  system  of  administration  in 
Burma,  and  thirty  odd  years’  experience  had  suggested 
very  little  in  which  required  change.  It  was  an 
enormous  work,  and  one  for  which  he  deserved  the 
highest  credit.  He  was  admirably  served  by  the 
men  he  got  together.  He  trained  them,  and  influenced 
them,  so  that  they  became  a hard-working  zealous 
set  of  officers,  who  had  a sympathy  for  the  people 
beyond  anything  which  he  had  been  in  the  habit  of 
seeing  in  India.  After  many  years  service  he  left 
Burma,  beloved  by  all  classes  of  the  people,  by 
Europeans  and  natives,  rich  and  poor,  and  his  name 
was  venerated  there  as  much  now  as  when  he  left  the 
country.  They  must  all  join  in  wishing  that  they 
had  the  benefit  of  his  advice  and  counsel  in  the 
present  emergency. 

Mr.  Chantoon  remarked  that  when  a Buddhist 
built  a resting-place  for  travellers  on  the  way,  he  was 
supposed  to  do  a good  work.  That  was,  more  or 
less,  charity.  With  regard  to  building  a pagoda,  if 
it  was  his  intention  to  honour  Buddha  that  was  a 
merit ; but  if  he  built  a pagoda  for  his  own  glory  to 
be  known  in  after  years,  then  it  was  no  merit  what- 
ever, it  was  only  selfishness.  As  regards  the 
Buddhist  religion,  he  would  only  say  it  was  ad- 
mirably represented  in  England  by  Mr.  Rhys  Davids, 
who  had  collected  all  the  oldest  Pali  MSS.  to  be 
found  in  Cambodia,  Burma,  and  Ceylon,  and  he  was 
sure  that  Professor  Rhys  Davids  would  be  glad  to 
give  any  information  with  regard  to  Buddhism  to  any 
one  who  desired. 

The  Chairman  then  proposed  a vote  of  thanks 
to  Mr.  Scott,  which  was  carried  unanimously. 
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Tuesday,  January  26th,  1886 ; Hyde 

Clarke  in  the  chair. 

The  paper  read  was — 

THE  IMPORTANCE  OF  A NATIONAL 

SCHEME  OF  EMIGRATION  FOR  THE 

BEST  INTERESTS  OF  BRITISH  COM- 
MERCE. 

By  Arnold  White. 

There  is  no  subject  relating  to  the  well- 
being of  the  community  in  regard  to  which  it 
is  easier  to  generalise  than  the  question 
of  emigration.  At  first  sight  it  seems  as 
though  emigration,  and  enough  of  it,  were 
a panacea  for  the  greater  portion  of  the 
national  evil  caused  by  the  pressure  of  our 
population.  When,  however,  the  subject  is 
analysed  in  detail,  it  is  found  to  be  wedged 
round  with  a variety  of  political  and  economical 
difficulties,  which  must  be  grappled  with  by 
the  community  rather  than  by  the  Legislature. 

There  is  hardly  a limit  to  the  number  of 
avenues  from  which  the  subject  may  be 
approached.  Having  regard  to  the  constitu- 
tion and  aims  of  the  Society  of  Arts,  it  may  be 
well  to  state  that  the  line  of  thought  followed 
in  this  paper  will  proceed  on  a consideration 
of  the  manner  in  which  the  energies  devoted 
to  emigration  may  be  organised  for  the 
purpose  of  increasing  and  developing  the 
markets  and  the  manufactures  of  Greater 
Britain,  without,  on  the  one  hand,  making 
undue  claims  on  the  resources  of  the  State;  or, 
on  the  other,  leaving  the  question  as  it  now 
is,  in  the  hands  of  multitudinous  units,  working 
without  association  or  hope  of  success  on  more 
than  a limited  scale. 

It  is  an  axiom  among  those  who  are 
accustomed  to  apply  themselves  to  matters 
relating  to  the  well-being  of  their  fellow 
countr>’men,  that  the  truest  philanthropy  is  that 
in  which  the  capital  expended  is  returned.  The 
enterprises  of  the  late  Mr.  George  Peabody  and 
of  Sir  Sydney  Waterlow  are  but  examples  of  the 
truth  of  this  general  observation  ; and,  unless 
it  could  be  shown  that  money  expended,  either 
by  individuals  or  by  the  nation,  in  facilitating 
discriminate  emigration  is  either  directly  or 
indirectly  re-productive,  I should  not  have 
ventured  to  place  before  this  audience  the 
results  of  such  travel  and  investigation  as  I 
have  been  able  to  give  to  the  subject. 

The  attitude  adopted  towards  the  subject  of 
emigration  varies  according  to  the  situation 


and  interests  of  the  observers.  In  England 
the  question  has  been  regarded  almost  ex- 
clusively from  the  philanthropic  point  of  view. 
The  spectacle  of  congested  cities,  of  the 
thousands  of  unemployed,  and  the  always 
shameful,  because  unnecessary,  scenes  of 
hundreds  of  able-bodied  men  clamouring  at 
the  dock  gates  for  work  which  does  not  exist, 
has  directed  public  attention  to  the  feasibility 
of  removing  these  unfortunates  to  another  land, 
as  an  effective  method  of  extirpating  evils 
which  are  continually  under  process  of  genera- 
tion. 

One  result  of  these  philanthropic  intentions 
has  been  to  create  in  late  years,  in  the  Anglo- 
Saxon  colonies,  and  in  the  United  States — 
which  is  the  saucer  into  which  the  European 
cup  has  overflown  since  1820 — a feeling  of 
repugnance  and  dread  of  large  schemes  of 
immigration,  measurable  only  in  intensity  with 
the  sentiment  excited  in  Australia,  or  in  South 
Africa  in  past  times,  when  the  mother  country 
reversed  the  policy  of  the  pelican,  by  feeding 
her  colonies  not  with  the  best  of  her  blood 
but  with  the  rejected  elements  of  her  people. 
That  this  sense  of  wrong  at  the  idea  of  Britain 
shedding  her  paupers  on  other  lands  is  in 
existence,  and  is  growing,  there  can  be  no 
question.  We  are  met,  therefore,  with  the 
initial  fact  that,  whatever  may  be  the  destina- 
tion of  the  pauper  population  of  our  great 
cities,  our  colonies  not  only  will  not  encourage 
tts  transfer  to  their  own  shores,  but  will 
resist  by  every  means  in  their  power  any  well- 
meaning  but  misguided  attempts  in  that  direc- 
tion. 

The  recent  action  of  the  American  Govern- 
ment in  regard  to  the  introduction  of  pauper 
immigrants  is  well-kncwn.  At  Castle  Garden, 
the  landing  place  of  the  immigrants  to  New 
York,  an  investigation  is  made  by  officers  of 
the  Customs  Department  as  to  the  ability  of 
the  immigrants  to  pay  their  passages  to  the 
interior  of  the  country,  and  to  support  them- 
selves for  a reasonable  period  of  time.  The 
result  of  this  examination  has  been  still  further 
to  diminish  British  emigration  for  the  year 
1885,  the  falling  off  in  that  year  being 
38,915,  as  compared  with  1884.  It  is  im- 
possible not  to  sympathise  with  those  beyond 
sea,  who  decline  to  allow  the  Anglo-Saxon 
colonies  to  be  treated  as  receptacles  for  the 
failures  and  for  the  unfit  of  British  industrial 
life.  That  this  feeling  is  deeply  rooted  needs 
no  demonstration.  Of  its  justice  no  facts  can 
be  more  telling  than  the  analysis  of  a given 
number,  say,  of  the  London  unemployed  who 
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are  candidates  for  emigration.  During  the 
winter  of  1884-5,  I happened  to  be  brought 
closely  in  contact  with  about  6,000  of  unem- 
ployed raen  in  the  East-end,  and  I have  no 
hesitation  in  expressing  my  conviction  that 
not  more  than  4J  per  cent,  of  their  number 
were  eligible  for  a new  life  in  the  colonies.  A 
large  proportion  of  these  6,000  were  men  who 
had,  during  a comparatively  recent  period  of 
time,  come  to  London  in  search  of  work ; and 
it  is  remarkable  that  the  small  proportion  of 
those  who  were  adjudged  by  competent 
authorities  as  fit  for  emigration  had,  for  the 
most  part,  but  lately  left  the  country  districts. 

These  two  facts,  therefore,  of  colonial  re- 
pugnance to  receive  the  surplus  population  of 
British  cities,  and  the  unfitness  of  the  majority 
of  those  whose  presence  forms  a burden  and 
danger  to  our  social  life,  indicate  that  if  the 
question  of  emigration  is  to  be  regarded  as  a 
remedial  agent,  and  from  a national  point  of 
view,  the  remedy  must  be  applied  before  the 
individuals  to  be  emigrated  have  sunk  into  the 
semi-nomadic  conditions  of  casual  labour  in 
the  great  cities  ; before  habits  of  continuous 
application  have  been  lost,  and  before 
physique  and  morale  alike  are  injured  beyond 
hope  of  repair. 

It  cannot  be  denied  that  emigration  has 
failed  to  touch,  in  recent  years,  the  evils 
caused  by  the  prevailing  lack  of  employment, 
created  by  dwindling  value  and  fluctuating 
volume  of  trade — and  more  especially  by  the 
enormous  annual  increase  in  the  population  of 
Great  Britain.  Such  emigration  as  has  taken 
place  has  been  partly  indiscriminate.  During 
the  year  1884,  when  242,000  people  of  British 
origin  left  these  islands,  there  was  an  influx 
during  the  same  year,  from  all  sources,  of  not 
less  than  91,356.  Of  this  number  a large  pro- 
portion were  returned  emigrants  who  had 
failed  to  make  good  their  grip  on  the  place 
selected  for  their  attempt  to  obtain  a 
livelihood. 

Absence  of  authentic  information  as  to  the 
capabilities  of  the  districts  selected  for  settle- 
ment in  the  colonies  and  elsewhere  is  the  first 
and  principal  cause  of  these  unsuccessful  ven- 
tures. The  statements  of  agents  and  others, 
who  are  chiefly  concerned  in  procuring  the 
transport  of  a certain  tonnage  of  emigrants 
over  lines  of  railway  with  land  to  sell,  have 
also  led  to  the  destruction  of  many  hopes,  and 
the  permanent  ruin  of  many  lives. 

The  mere  possession  of  160  acres  of  land  in 
the  colonies,  without  the  essential  knowledge, 
strength,  or  capital,  is  no  greater  boon  than  the 


acquisition  of  the  now  historical  three  acres 
and  a cow  is  in  England  itself,  when  the 
possessor  has  neither  time,  ability,  nor  capital, 
to  develop  the  potential  advantages  of  the  land 

The  glut  of  artisans  in  England  represents 
a state  of  things  prevailing  nearly  all  over  the 
world,  and  the  transfer  of  carpenters’  and 
builders’  labourers  to  places  where  the  demand 
for  those  forms  of  industry  is  below  the  supply 
available  on  the  spot,  is  simply  a re-arrange- 
ment of  suffering,  and  is  attended  with  no 
corresponding  advantage. 

A second  cause  of  the  comparative  failure  of 
recent  emigration  to  cope  with  the  volume 
of  English  distress,  is  the  absence  of  ade- 
quate capital.  There  are  in  London,  at  this 
moment,  twenty-five  emigration  societies 
bravely  struggling  with  the  task  of  meeting 
the  necessity  of  the  case,  some  of  which  have 
done  and  are  doing  good  and  noble  work, 
however  limited  in  extent  that  work  may  be. 

It  is  not  surprising  that  capitalists  hold 
aloof  from  the  expenditure  of  large  sums  of 
money  where  the  competition  for  their  support 
is  so  keen,  the  results  of  the  work  accom- 
plished so  comparatively  insignificant,  and 
where  special  and  expert  knowledge  of  the 
subject  by  the  administration  is  by  no  means 
a matter  of  course. 

From  investigations  made  in  the  course  of 
last  year,  it  appears  that  the  twenty-five  socie- 
ties referred  to  succeeded  in  sending  away 
not  more  than  3,500  individuals  at  a cost  of 
;^i3,ooo.  When  it  is  remembered  that  not 
less  than  ;^4,ooo,ooo  are  annually  expended 
in  public  charities  in  the  metropolis  alone — 
which  sum  would  provide  £20  each  for  every 
one  of  the  200,000  human  beings  forming  the 
submerged  stratum  of  London  life— the  diver- 
sion of  a moderate  proportion  of  this  enormous 
sum  from  the  temporary  relief  of  the  necessitous 
to  the  permanent  assistance  of  the  able  and 
the  deserving,  by  means  of  emigration,  would 
be,  in  'all  senses,  a more  productive  use  of  the 
money. 

Considerable  efforts  were  made,  in  1885, 
under  good  auspices,  to  induce  the  representa- 
tives of  the  twenty-five  societies  to  form  a Bund 
or  Central  Council,  in  which  information  might 
be  focussed,  and  to  which  the  gifts  or  loans 
for  emigration  purposes  of  the  charitably  dis- 
posed might  be  entrusted.  These  efforts  were 
not  successful. 

Hitherto  information  in  regard  to  the  ab- 
sorbtive  capacities  of  the  different  colonies  has 
been  acquired  by  the  disunited  energies  of 
societies  or  individuals.  As  there  are  ten 
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Agents-Generals  in  London  more  or  less  in- 
terested in  emigration,  superfluous  work  is 
involved  both  to  them  and  to  their  correspond- 
ents and  visitors,  by  the  absence  of  a centre 
where  exact  information  can  be  concentrated 
and  dealt  out. 

An  inquiry,  however,  at  the  Agents-Generals’ 
offices  does  not  appear  to  exhaust  the  well  of 
truth  as  to  the  capacity  of  the  colonies  to 
receive  suitable  members  of  the  British  com- 
munity. Democracy  now  reigns  supreme  in 
the  Anglo-Saxon  colonies.  It  is  not  surprising, 
therefore,  that  the  protective  policy,  which  is 
all  but  universal,  extends  not  only  to  the  ex- 
clusion of  Chinese  labour,  but  to  all  measures 
likely  to  lead  to  the  reduction  of  wages. 

The  ambassadors  of  the  colonies  in  question 
are  debarred,  therefore,  from  taking  part  in 
any  movement  which  shall  prejudice  the  in- 
terests of  the  wage-earning  classes,  who  now 
form  the  bulk  of  colonial  constituencies.  That 
this  is  so,  is,  however,  no  reason  why  a serious 
and  continuous  effort  should  not  be  made  to 
ascertain  from  month  to  month  the  actual  con- 
dition of  agricultural  and  other  industry  in 
and  near  every  large  town  in  every  colony 
over  which  floats  the  British  flag.  I may,  per- 
haps, adduce  a practical  instance  of  the  im- 
portance and  interest  of  local  inquiry.  The 
courteous  and  able  Representative  of  the 
Cape  Colony  is  no  longer  in  a position  to 
promote  emigration  to  South  Africa,  as  the 
Cape  Parliament  have,  during  its  last  session, 
rescinded  the  emigration  vote.  Detailed  in- 
quiry in  the  Cape  Colony,  however,  reveals  the 
fact  that,  although  some  of  the  finest  wheat  in 
the  world  is  grown  in  South  Africa,  the  colony 
is  importing  food-stuffs  for  internal  consump- 
tion to  the  amount  of  ;^i, 020,000  a year,  and 
that,  consequently,  the  introduction  of  agri- 
cultural labour,  at  least  sufficient  to  produce 
food-stuffs  to  that  extent,  would  be  of  benefit 
the  Cape  Colony,,  whatever  the  result  might  be 
to  the  mother  country  or  to  the  emigrants 
themselves. 

Take,  again,  the  instance  of  New  South 
Wales.  The  following  is  an  extract  of  a letter 
which  appeared  in  the  Pall  Mall  Gazelle  of 
2ist  June,  1884  : — 

“New  South  Wales  Emigration.  — The 
demand  for  agricultural  labour  of  all  sorts  is  still 
largely  in  excess  of  supply.  The  amount  of  genuine 
distress  in  the  country  may  be  estimated  by  the  fact 
that  the  ‘ starving  unemployed  ’ have  refused  to 
accept  5s.  a day  on  temporary  Government  relief 
works.  The  country  is  simply  cr)  ing  out  for  men, 
and  it  is  pitiable  to  see  the  short-sighted  efforts  of 


those  who  are  honestly  attempting  to  dissuade 
English  workmen  from  throwing  in  their  lot  there.” 

This  is  how  Mr.  Froude,  in  his  new  book 
“Oceana,”  describes  Auckland,  New  Zea- 
land : — 

“ Eight  shillings  a day  are  the  usual  wages,  and 
no  able-bodied  man  who  wants  employment  is  ever 
at  a loss  to  find  it  at  that  rate  of  pay.  Beef  is  thought 
dear  at  sixpence  a pound,  bread  is  not  dearer  than  in 
England,  while  fruit  and  vegetables  are  as  much 
cheaper  as  they  are  superior  in  quality.  The  ‘ four 
eights  ’ is  an  accomplished  fact — eight  hours  to  work, 
eight  to  play,  eight  to  sleep,  and  eight  shillings  a 
day.” 

It  is  not  surprising  to  read  a little  further  on 
that  the  workmen  “ discourage  immigration  ” 
as  tending  to  lower  their  wages.  This  seems 
to  be  the  result  of  extensive  public  works, 
affording  unlimited  employment,  paid  for  b}^ 
enormous  loans  raised  at  cheap  rates  in 
England ; and  the  workmen,  being  in  the 
majority,  can  have  their  own  way  about  the 
immigration. 

It  may,  then,  be  fairly  assumed  that  a case 
is  made  out  for  independent  inquiry  on  the 
spot  as  to  the  condition  of  the  local  labour 
markets  in  the  colonies.  There  is  no  doubt  a 
continuous  stream  of  valuable  information 
pouring  into  the  letter-boxes  of  the  various 
emigration  societies,  and  of  individuals  in- 
terested in  the  work  of  emigration.  But  the 
first  step  in  a national  scheme  of  emigration 
would  be  to  combine  these  rivulets  of  know- 
ledge, and  to  filter  and  compare  them  in  order 
that  they  may  be  made  of  the  greatest  use  to 
the  community ; and,  furthermore,  they  re- 
quire to  be  supplemented  by  the  patriotic  sup- 
port of  residents  on  the  spot.  If  approached 
with  tact  and  address,  an  individual  or  com- 
mittee in  every  town  of  our  colonial  posses- 
sions will  probably  be  found  willing  to  support, 
by  trustworthy  and  impartial  monthly  reports, 
the  emigration  bureau  of  centralised  informa- 
tion, which  it  is  to  be  hoped  will  be  formed  by 
the  Government  without  loss  of  time. 

Before  such  a bureau  is  in  a position  to 
satisfy  the  demand  for  accurate  knowledge,  it 
would  be  necessary  for  one  or  two  competent 
individuals  to  visit  Australia  and  the  Cape, 
properly  accredited  by  the  Government,  for  the 
purpose  of  enlisting  the  aid  of  volunteer 
helpers  in  the  colonies,  not  only  for  the  supply 
of  trustworthy  information,  but  for  the  honour- 
able and  patriotic  purpose  of  advising  and 
assisting  those  who  leave  England  for  the  first 
time. 
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Much  has  been  said  and  written  of  late 
about  the  federation  of  Britain  with  her  colonies. 
There  is  no  way  in  which  the  true  federation  of 
the  Empire  can  be  more  practically  aided  than 
by  a union  with  our  kin  beyond  sea  for  the 
purpose  of  developing  their  land  and  assisting 
ours.  Work  such  as  this  lies  beyond  the 
province  of  a Government  department.  That 
the  task  is  one  capable  of  achievement,  the 
example  of  the  Cape  Colony  and  of  Canada — 
"to  which  I shall  allude  further  on — aifords 
grounds  for  hope. 

The  Right  Honourable  Sir  John  Macdonald, 
the  Prime  Minister  of  Canada,  has  lately  given 
me  permission  to  state,  that  in  the  event  of 
such  a bureau  being  formed,  the  Government 
of  the  Dominion  would  gladly  afford  all  the 
aid  in  its  power  through  the  Ministry  of  Agri- 
culture—which  is  the  department  in  charge  of 
Canadian  immigration. 

The  next  point  indispensable  for  the  success 
'of  a national  scheme  is  the  possession  of  funds. 
Bewildered  by  the  multiplicity  of  demands  for 
support,  the  English  public  has  held  aloof 
from  the  emigration  movement.  The  sub- 
scription of  p^i3,ooo  in  one  year  from  the  whole 
of  the  metropolis  does  not  suggest  the  idea 
of  conviction  being  rooted  in  the  public  mind 
that  the  advantages,  commercial  or  otherwise, 
of  promoting  wise  emigration  on  a large  scale, 
are  such  as  to  warrant  serious  efforts  for  the 
purpose.  In  the  year  1884-5,  were 

expended  in  London  on  92  Institutions  for 
General  Relief,  Food  Institutions,  Loan 
Charities,  and  Homes.  Investigation  into  the 
outcome  of  this  expenditure,  either  to  the 
individuals  relieved,  or  to  the  nation  at  large, 
is  disappointing  to  those  who  look  for  solid  and 
permanent  results. 

Having  regard,  then,  to  the  enormous  sums 
laid  out  for  transient  advantages  to  suffering 
individuals,  it  does  not  seem  Quixotic  to  expect 
that  an  appeal  to  the  nation  for  means  to 
-convert  those  who  now  are,  or  will  be,  a burden 
to  their  fellow  countrymen,  into  self-supporting 
communities  across  the  sea — consumers  of 
large  quantities  of  the  products  manufactured 
by  those  left  behind— would  fall  on  deaf  ears. 

The  facility  with  which  the  cry  for  Imperial 
funds  is  raised  is  fascinating  to  those  who  do 
not  reflect  that  any  such  addition  to  the  bur- 
dens of  the  State  paves  the  way  to  the 
assumption  of  tasks,  not  only  more  amenable 
to  private  enterprise,  but  which  are  in  fact  and 
essence  foreign  to  the  theory  of  constitutional 
government  itself. 

If,  however,  no  case  as  yet  has  been  made 


out  for  subventions  from  the  State  for  coloni- 
sation, undertaken  with  the  philanthropic 
object  of  relieving  pressure  at  home,  it  is  con- 
ceivable that  cases  have  arisen,  and  even 
exist,  where  State  colonisation  may  be  a cheap 
and  effective  alternative  to  a military  solution 
of  burning  questions.  The  old  system  of  mili- 
tary settlers  is  now  discontinued,  but  who  can 
doubt  that  but  for  the  settlements  in  South 
Africa  of  1820-1857,  ill-managed  as  they  were 
— so  far  as  the  management  attempted  in  the 
United  Kingdom  is  concerned — the  incessant 
and  costly  burdens  laid  on  the  mother  countr}'’ 
during  the  last  twenty  years  would  have  been 
even  heavier  still.  The  British  taxpayer  has 
spent  about  ;^i8,ooo,ooo  on  South  African  wars 
since  the  year  1870,  an  expenditure  caused  by 
the  neglect  of  Bacon’s  apothegm  : — 

“ It  is  the  sinfullest  thing  in  the  world  to  forsake 
or  destitute  a plantation  once  in  forwardness ; for, 
besides  the  dishonour,  it  is  the  guiltiness  of  blood  of 
many  commiserable  persons.” 

The  settlement  of  the  Eastern  Province  in 
1820,  at  the  charges  of  the  British  exchequer, 
has  again  and  again  saved  the  vulnerable  side 
of  the  Cape  Colony  from  being  “eaten  up” 
by  “man-slaying  machines”  from  the  east 
and  north-  This  being  so,  the  conclusion  is 
irresistible,  that  the  wise  expenditure  by 
England  during  the  last  thirty  years  of  a 
million  of  money  for  colonising  purposes, 
would  not  only  have  saved  the  outlay  of  the 
greater  part  of  the  vast  sum  wasted  in  wars, 
which  have  settled  nothing,  and  pleased  no 
one  but  the  contractors,  but  would  have  created 
a large  and  permanent  demand  for  British 
manufactures. 

The  recent  expedition  to  Bechuanaland,  in- 
volving an  expenditure  of  over  a million 
sterling,  has  left  a country  the  size  of  Spain 
to  fortuitous  development,  and  10  the  chances 
of  Boer  energies  and  leisure.  Beyond  the 
the  resources  of  private  enterprise,  the  coloni- 
sation of  Bechuanaland  by  Great  Britain,  at  a 
cost  of  ;^i25,ooo,  not  for  the  purpose  of  re- 
lieving home  distress,  nor  even  w'ith  the  object 
of  creating  a new  market  for  British  trade, 
but  to  stock  with  settlers  of  British  and  loyal 
Dutch  blood  a land  coveted  by  those  who 
regard  not  their  neighbours’  landmark,  in  the 
opinion  of  those  on  the  spot  most  competent 
to  judge,  would  secure  for  the  British  tax- 
payer an  assurance  of  peace  and  rest  from 
which,  under  present  circumstances,  he  is 
only  too  likely  again  to  be  disturbed.  And 
when  this  disturbance  does  arise,  it  should 
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be  remembered  that  the  sword  cannot  be  j 
effectively  drawn  i,ooo  miles  in  the  interior  of  j 
Africa  for  half  a quarter  of  a million  of  money. 
England  has  now  assumed  a responsibility  for 
Bechuanaland  which  belongs  to  her  whether 
she  recognises  or  evades  her  inalienable  en- 
gagements to  white  men  and  black.  The 
alternative  accordingly  is  offered  either  of 
making  a moderate  expenditure  for  a special 
purpose,  which  shall  be  as  final  in  its  way  as 
was  the  cost  of  the  colony  of  1820,  or  of 
incurring  liabilities  which  accumulate  at  com- 
pound interest  while  England  sleeps. 

Such  an  expenditure  in  Bechuanaland 
gratuitously  made  to  the  settlers  chosen, 
would,  in  the  course  of  time,  pay  itself.  There 
was  a married  couple  named  Cawood  who 
went,  in  1820,  to  the  Cape  Colony,  in  the  ship 
John,  in  Hazelhurst’s  party.  There  are  now 
500  descendants  of  the  original  Cawoods,  in 
the  Cape  Colony,  consuming  to  the  amount  of 

1, 500  to  ^1,600  a year  of  British  products. 
The  annual  profit  to  the  mother  country  on 
the  consumption  of  the  Cawoods  exceeds  the 
original  cost  of  their  settlement  to  the  British 
Government.  While  it  cannot  be  expected 
that  every  couple  will  be  as  profitable  or  as 
prolific  as  the  Cawoods,  their  debt  to  the 
Government  of  the  day  has  been  more  than 
discharged  by  the  stability  they  have  con- 
tributed to  the  colony,  by  the  work  they  have 
created  for  artisans  and  spinners  in  the  old 
country,  and  by  the  indirect  advantages  of 
every  kind,  arising  from  their  having  taken 
root  in  South  Africa.  An  old  writer  has  said 
“ that  the  planting  of  countries  is  like  planting 
of  woods,  for  you  must  take  account  to  lose 
almost  twenty  years’  profit,  and  expect  your 
profit  in  the  end.” 

The  financial  aid  of  the  State  should  accord-  | 
ingly  be  sought  only  in  such  exceptional  cases 
as  those  now  presented  by  the  Bechuanaland  or 
Zululand  problems,  and  then  only  as  affording 
the  cheapest  and  most  effective  means  of 
meeting  inalienable  responsibilities  incurred 
toward  the  country  requiring  settlement,  and 
not  in  any  sense  from  philanthropic  motives, 
which,  however  laudable  in  the  individual, 
have  no  place  in  the  machinery  of  Govern- 
ment. 

Such  problems  present  the  dilemma  of 
cannon  or  colonisation  ; and  as  the  cannon 
solution  is  more  costly,  less  permanent,  and  is 
productive  of  ill-feeling  all  round,  the  other 
horn  of  the  dilemma  appears  on  the  whole 
preferable.  Before  quitting  the  subject  of 
colonisation  in  connection  with  South  ATica, 


j a word  or  two  on  a recent  scheme  for  renewing 
j emigration  to  that  quarter  may  not  be  without 
interest.  The  original  idea  was  that  Bechuana- 
land should  form  the  site  of  the  proposed 
colonising  operations,  but  the  distance  from 
the  sea,  the  fact  that  the  land  generally  is 
adapted  rather  for  pastoral  than  agricultural 
pursuits,  and  the  consequent  need  for  capital 
by  the  pastoral  settlers,  rendered  it  advisable 
to  look  elsewhere,  in  the  first  instance,  for 
suitable  land.  Bechuanaland  presents,  how- 
ever, peculiar  advantages  to  the  small  capitalist 
of  vigorous  habits.  Situated  on  a high 
plateau,  the  climate  is  enchanting  in  its 
freshness  and  beauty  ; and  the  great  attrac- 
tions Bechuanaland  offers  to  the  enterprising 
inhabitants  of  the  Transvaal  indicates  un- 
mistakeably  that  it  is  equally  adapted  for 
loyal  English  and  Dutch  settlers  possessed  of 
some  means.  Sir  Charles  Warren’s  expedition 
has  opened  the  door  to  those  younger  sons  to 
whom  the  cost  of  an  American  ranche  is  pro- 
hibitive, and  who  are  unable  to  obtain  appoint- 
ments in  the  national  services.  Cold  as  the 
nights  are  in  winter,  the  hardship  of  life  is  not 
comparable  with  that  of  Canada,  or  even 
pioneering  in  the  tropical  cultivation  of  tea  or 
coffee.  Bechuanaland  is  Jar  excellence  the 
cattle  farm  of  the  Cape  Colony,  and  if 
governed  with  firmness,  administered  with 
continuity  of  purpose,  and  colonised  by 
England,  it  must  grow  in  importance  from 
year  to  year. 

It  was  in  Kaffraria,  on  the  eastern  border  of 
the  Cape  Colony,  that  the  conditions  required 
for  a small  agricultural  colony  were  found. 
Soil  and  climate  are  all  that  can  be  expected. 
But  quite  as  important  as  these  essentials  was 
the  presence  of  gentlemen  sufficiently  ex- 
I perienced  to  know,  and  patriotic  enough  to 
impart  the  steps  needful  to  success  for  a body 
of  men  and  women  desiring  to  take  root  in  a 
new  country.  To  Mr,  H.  H.  Baker,  Mr.  J.  J. 
Irvine,  and  to  Mr.  Geo.  Whitaker,  of  King 
William’s  Town,  who  have  consented  to  act  as 
the  trustees  in  South  Africa  of  the  colony  in 
question,  will  be  due  the  entire  credit  of  the 
success  of  the  scheme.  The  lady  whose  one 
restriction  on  freedom  of  action  has  been  that 
her  name  shall  not  be  allowed  to  transpire, 
has  provided  funds  for  an  experiment  on  a fully 
adequate  scale.  The  cost  of  this  experiment, 
and  the  trouble  that  has  been  expended  on 
thinking  out  all  the  details,  and  the  skilled 
administration  on  the  spot,  are  such  as  to 
leave  nothing  to  chance.  The  first  settlers  will 
be  young  married  couples,  abstainers,  and 
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mostly  of  the  agricultural  class.  It  may  not, 
possibly,  hereafter  be  feasible  to  maintain  so 
high  a standard,  but  as  the  success  of  the 
first  settlement  is  fraught  with  large  possi- 
bilities, both  to  English  and  South  African 
interests,  it  is  considered  well  that  the  first 
comers  should  be  of  the  nature  of  a co7'Js 
d' elite.  Land  is  being  bought  and  irrigated, 
tools,  stock,  and  implements  will  be  found, 
rations  will  be  supplied,  and  skilled  agricul- 
tural advice  afforded  on  the  spot.  It  is  believed 
that  there  will  be  no  difficulty  in  the  settlers 
commencing  repayment  of  the  capital  sum  ex- 
pended on  their  behalf,  after  the  first  year, 
and  the  increase  in  the  value  of  the  property 
will  by  that  time  be  apparent  to  all.  The 
money  thus  returned  will  be  used  for  a similar 
purpose. 

The  interest  with  which  this  experiment  is 
being  watched  by  the  South  African  public  is 
indicated  by  the  following  extract  of  a letter 
from  an  influential  colonist  resident  in  the 
Cape  : — 

“If  your  scheme  should  be  carried  out,  I should 
have  pleasure  in  making  an  appeal  for  the  assistance 
of  the  colonists  to  help  the  emigrants.  I should  be 
glad  to  form  one  of  the  number  here  in  making  a 
collection  of  stock  for  the  new  comers.  The  mother 
countiy  has  never  failed  to  come  to  our  assistance 
when  required,  and  I do  think  that  the  least  we  can 
do  is  to  show  our  appreciation  of  her  assistance  by 
relieving  her  of  some  of  her  surplus  population, 
which  would  also  be  of  great  benefit  to  the  colony, 
commercially  as  weU  as  politically.” 

The  Cape  Government  have  agreed  to  make 
a great  reduction  in  the  cost  of  conveyance  of 
emigrants  and  stores  over  the  Cape  Govern- 
ment railways,  and  a prominent  firm  of 
engineers  in  Port  Elizabeth — Messrs.  Howard, 
Farrar  and  Co. — have  offered  to  contribute 
some  valuable  pumping  machinery.  Educa- 
tion will  be  provided  for,  and  in  the  event  of 
misconduct  or  death  leading  to  the  vacation 
-of  an  allotment,  compensation  for  unexhausted 
improvements  will  be  allowed.  Owing  to  the 
exceptionally  favourable  period  at  which  the 
land  and  material  is  being  bought,  it  is  be- 
lieved, by  those  best  able  to  judge,  that  under 
no  circumstances  will  there  be  any  shrinkage 
of  capital. 

The  destination  of  emigrants  is  of  the  highest 
importance  to  the  best  interests  of  British 
commerce.  In  1884,  155,280  people  of  British 
origin  left  for  the  United  States,  and  when 
there,  consumed,  Jer  cajita,  an  average  of 
I os.  worth  of  British  manufactures,  making  an 
annual  consumption  of  p^7/,640  of  British 


goods.  The  same  year,  44,255  left  for  Aus- 
tralia and  New  Zealand,  where,  according  to 
the  average  scale  of  consumption  ruling  in 
Australia,  they  became  at  once  annual  cus- 
tomers for  British  goods  to  the  amount  of 
;^352,ooo  per  annum.  In  other  words,  two 
Australian  immigrants,  as  customers  to  Great 
Britain,  are  equal  to  thirty-three  subjects  of 
the  United  States.  An  emigrant  to  South 
Africa  is,  commercially,  six  times  more  valu- 
able than  an  emigrant  to  the  States.  That 
trade  follows  the  flag  is  often  said,  but  the 
force  and  extent  to  which  the  British  flag  is 
pursued  by  British  trade  is  not  so  clearly  a 
matter  of  common  knowledge. 

If  the  facts  stated  are  sufficient  to  induce 
patriotic  citizens  to  provide  adequate  funds 
for  a considerable  increase  to  discriminate 
emigration,  it  is  clear  that  there  must  be 
some  national  body  or  council  unconnected, 
as  a whole,  with  any  special  interest,  faith,  or 
society.  A national  emigration  council  should 
by  no  means  engage  in  the  details  of  sending 
emigrants  away.  To  do  so  would  involve  the 
creation  of  yet  another  competitor  in  the  crowd 
of  claimants  for  public  mone3^  The  function 
of  the  council  should  be  to  receive  funds  from 
the  public  and  distribute  them  impartially  to 
societies  and  individuals  who  have  proved 
themselves  competent  and  economical  in  the 
transaction  of  previous  emigration  business. 
Representatives  of  the  principal  societies 
would  naturally  form  an  important  part  of  the 
council,  and  the  first  step  towards  federation 
for  executive  purposes  would  thus  be  taken. 
All  the  existing  associations  are  hampered  for 
want  of  funds,  and  any  legitimate  means  which 
would  increase  revenue  without  involving  inter- 
ference, could  not  but  be  regarded  with  favour 
by  them.  The  national  council  being,  through 
the  bureau  of  information,  in  full  possession 
of  the  views  and  various  needs  of  the  colonies, 
would  either  stimulate  or  check  the  outflow  of 
labour  as  circumstances  may  demand,  and 
reduce  to  a minimum  the  scandal  and  suffer- 
ing caused  by  ignorance  on  the  part  of  the 
emigrant  himself. 

The  other  objects  of  the  council  would  be  as 
follows  ; — 

1.  To  place  itself  in  constant  communication 
with  the  Colonial-office  in  London,  with  the 
Agents-general,  and  with  agents  appointed  for 
the  purpose  in  the  colonies. 

2.  To  obtain  assistance  from  persons  or 
societies  in  the  colonies,  who  will  undertake 
to  receive  and  place  emigrants  and  their 
families. 
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3.  And  generally  to  ascertain  from  time  to 
time,  the  limits  within  which  emigration  from 

he  United  Kingdom  can  be  conducted. 

4.  Having  thus  ascertained  the  possible 
“openings”  for  emigrants,  to  place  such 
openings  at  the  disposal  of  the  various  exist- 
ing local  agencies. 

5.  To  receive  funds,  and  to  distribute  them 
among  local  agencies. 

6.  The  council  should  not  attempt  to  make 
centralisation  take  the  place  of  the  personal 
care  and  minute  attention  to  details  which 
smaller  local  associations  alone  can  give,  but 
leave  them  to  adopt  their  own  system  of  work, 
subject  to  such  conditions  as  the  council  may 
from  time  to  time  think  desirable. 

7.  The  council  itself  not  to  undertake  any 
emigration,  but  if  it  appears  that  the  demand 
for  emigrants  at  any  time  seems  likely  to  be 
in  excess  of  tne  supply,  to  organise  new  local 
committees  to  do  the  work. 

It  is  to  be  hoped  that  this  may  be  of  assist- 
ance in  the  way  of  directing  a portion  of  the 
flow  of  population  from  the  country  districts 
direct  to  the  colonies,  rather  than  to  London 
or  other  large  towns. 

The  existence  of  a national  council  would 
also  be  of  use  in  the  following  ways  : — 

a.  As  the  channel  of  communication  with 
the  Imperial  Government. 

b.  As  the  channel  of  communication  with 
the  Colonial  Governments,  and  in  particular  to 
apply  to  them  for  (i)  free  or  assisted  passages; 
(2)  reduced  rail  fares;  (3)  immigration  agency 
in  the  colonies,  including  further  efforts  to 
obtain  openings  for  emigrants,  and  facilities 
on  their  landing. 

And  generally,  the  existence  of  such  a 
council  would  be  likely  to  inspire  confidence 
in  the  charitable  public,  and  thus  to  increase 
the  subscriptions  available  for  emigration. 

Although  England  is  the  only  country  in 
Europe  to  which  a national  scheme  of  emigra- 
tion is  either  feasible  or  profitable,  there  are 
some  points  in  the  practice  of  other  emigrating 
nations  which  are  not  without  interest  in  the 
study  of  this  question. 

Germany. 

The  influence  of  certain  land  systems  in 
affecting  emigration  is  shown  by  the  province 
of  Mecklenburg-Strelitz.  The  area  is  1,130 
English  square  miles,  and  the  whole  owner- 
ship of  the  territory  is  divided  between  the 
Grand  Duke,  feudal  proprietors,  and  the 
corporations  of  certain  towns,  in  the  following 
manner — 527  square  miles  to  the  Grand  Duke, 


353  to  the  nobles,  and  117  to  the  town  corpora- 
tions. The  population,  although  only  100  to 
the  square  mile,  is  less  in  Mecklenburg-Strelitz 
than  any  other  State  of  the  German  Empire  ; 
the  average  density  of  the  population  in  which 
is  213  to  the  square  mile.  Owing  to  the 
manner  in  which  the  land  is  held,  the  emigra- 
tion from  Mecklenburg  is  proportionately  to 
the  population  three  times  as  great  as  is  the 
case  in  Saxony,  which  is  the  State  most 
densely  populated  in  the  Empire. 

Emigration  from  Germany  is  discouraged, 
and  when,  as  is  the  case  in  some  parts  of 
Mecklenburg,  districts  are  depopulated,  the 
discouragement  by  the  Government  is  dis- 
played by  the  adoption  of  strong  measures. 
The  principal  causes  of  emigration  from 
Germany  are,  undoubtedly,  the  fear  of  war, 
the  hatred  of  military  service,  the  crowded 
condition  of  every  department  of  industry,  the 
immense  competition  for  employment  caused 
by  the  160,000  soldiers  who  are  yearly  thrown 
on  the  world,  and  for  whose  sake,  it  is  said  on 
good  authority.  Prince  Bismark  acquired  for 
the  State  the  control  of  the  railways,  for  the 
purpose  of  finding  employment  for  a portion  of 
the  lower  ranks  of  the  German  army. 

The  comparative  success  of  German  emi- 
grants, as  compared  with  those  of  our  own 
country,  may  be  attributed  to  the  facts — 
firstly,  that  the  standard  of  comfort  in  Germany 
is  lower  than  that  ruling  in  England ; and, 
secondly,  that  as  a family  seldom  or  never 
emigrates  without  some  small  provision  in  the 
way  of  capital,  the  sufferings  arising  from 
pauper  emigration  are  practically  obviated. 
The  German  Government,  like  the  English, 
take  especial  pains  to  ensure  the  comfort  and 
well-being  of  the  emigrants  on  board  ship. 

But  the  policy  of  protection,  which  in 
Germany  is  as  comprehensive  and  far  reaching 
as  the  military  system  itself,  is  developing  year 
by  year.  One  of  these  developments  is  a 
provision  which  will  shortly  come  into  force, 
by  which  the  steamers  conveying  German 
emigrants  must  be  fitted  in  such  a way  as  will 
conflict  with  the  regulations  laid  down  by  the 
English  Board  of  Trade,  and  which  will  con- 
sequently prevent  the  conveyance  of  German 
and  English  emigrants  by  the  same  vessel. 

Emigration  agents,  at  Hamburg  and 
Bremen,  have  to  deposit  18,000  marks  in  the 
hands  of  the  Government,  which  are  liable 
to  forfeiture,  if  by  false  and  misleading  repre- 
sentations they  consign  settlers  to  unhealthy 
parts  of  the  world  where  success  is  im- 
possible. 
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\Vhile  the  German  Government  discourages 
emigration  as  a whole,  they  are  doing  all 
they  can  to  promote  the  settlement  of  their 
own  recently  acquired  colonies. 

New  regulations  of  a restrictive  nature  will 
shortly  be  issued  by  Germany,  and  this  being 
known  stimulates  emigration,  for  many  towns 
of  Germany  are  under  martial  law.  Unmarried 
men  can  be  ejected  at  twelve  hours’  notice, 
and  married  men  at  twenty-four  hours’  notice  ; 
a dangerous  precedent  for  Germany,  when  it  is 
remembered  that  there  are  now  23,000  immi- 
grant Germans  in  London  alone.  The  nations 
of  Europe  cannot  fail  to  remember  the  action 
of  Germany  with  reference  to  the  Jews  and 
Poles,  on  their  eastern  border,  should  occa- 
sion arise.  It  is  not  too  much  to  say  that 
half  the  emigrants  from  German  ports  are  of 
the  Jewish  faith.  They  have  a hereditary  dis- 
like to  military  service,  and  are  more  prone  to 
apply  themselves  to  commercial  pursuits  than 
to  bear  arms,  though  recent  events  in  Bulgaria 
supply  instances  of  an  opposite  nature. 

The  greatest  depression  in  Germany'  is 
follo’wed,  as  elsewhere,  by  the  greatest 
emigration,  and  it  is  interesting  to  observe 
that  the  tax  on  corn  already  presses  heavily 
on  the  lower  classes. 

The  average  actual  number  of  young  men 
drawn  from  the  ordinary  conditions  of  service 
in  the  army  is  160,000,  besides  5,000  who 
enter  as  volunteers  for  one  year,  and  5,000  for 
the  marine. 

The  total  population  of  the  Empire  of 
Germany  in  1882  was  45,213,000;  and  3,000,000 
Germans  have  emigrated  to  the  United  States 
since  1820. 

There  is  hardly  any  emigration  either  to 
British  North  America  or  to  Australia ; in 
1881,  for  example,  while  206,000  Germans 
went  to  the  United  States,  only  286  went  to 
British  North  America,  and  745  to  Australia. 

The  loss  by  emigration  from  Germany  is 
estimated  at  not  less  than  ;^30,ooo,ooo,  as  the 
emigrants,  when  settled  in  their  new  country, 
are  purchasers  of  German  manufactures  and 
produce  to  a very  trifling  extent ; it  need  hardly 
be  pointed  out  that  this  is  not  the  case  when 
Englishmen  go  to  English  colonies. 

The  military  system  is  the  means  by  which 
the  German  Government  retain  a hold  on  in- 
dividuals and  prevent  able-bodied  from  quitting 
the  fatherland. 

The  Chancellor  justifies  his  action  in  regard 
to  the  forthcoming  restrictions  and  changes 
in  the  arrangements  for  shipping  interests, 
by  the  plea  that,  as  there  must  be  a certain 


amount  of  emigration,  it  is  well  to  keep  it  in 
German  hands — that  is  in  German  ships. 

Much  trouble  is  caused  to  the  German 
Home  Secretary,  as  well  as  to  the  Imperial 
Commissioner  for  emigration  matters,  stationed 
at  Hamburg  (which  gentleman  is  directly  under 
the  control  of  above  Minister).  The  opinion  of 
leading  circles  appears  to  be  that  it  will  be 
best  to  avoid  an  encouragement  of  whatever 
character  as  regards  emigration,  and  con- 
sequently it  has  diminished  within  the  last  few 
years.  The  number  of  young  Germans  attempt- 
ing to  escape  military  duty  is  comparatively 
limited;  statistics  show  the  correctness  of  this 
statement. 

In  1884,  the  emigrants  carried  with  them 
about  20,000  children  (under  10  years), 
who  of  course  went  with  their  parents, 
this  proves  that  the  majority  of  the  45,600 
male  emigrants  (above  10  years)  must  have 
been  married  men,  who  had  served  their  time 
in  the  army.  The  emigration  of  young  men 
between  the  ages  from  17  to  25  is  strictly 
forbidden  by  German  law,  all  vessels  leaving 
Hamburg  are  watched  by  the  police  on  this 
account. 

There  exists  no  Imperial  Act  regulating 
emigration  matters,  but  almost  all  States  have 
their  local  statutes,  by  which  the  transactions 
of  emigration  agents  are  superposed  most  care- 
fully. 

The  following  is  an  extract  from  the  Boj'scn 
Halle  of  December  2,  1885  : — 

“ The  local  magistrate  for  the  district  of  Aurich 
has  informed  all  emigration  agents  mthin  his  dis- 
trict that  such  agents  who  distribute  circulars  inviting 
persons  to  emigrate,  without  ha\ing  pre\nously  been 
requested  to  do  so  by  persons  wishing  to  emigrate, 
shall  be  deemed  guilty  of  an  illegal  action,  and  if 
acting  contrary  to  above  instructions,  shall  lose  their 
licenses.  At  the  same  time  the  agents  are  strictly 
ordered  to  abstain  from  taking  part  in  any  foreign 
colonisation  scheme,  and  not  to  enter  into  any  trans- 
action for  the  purpose  of  obtaining  emigrants  for 
foreign  countries.” 

The  Imperial  German  Government  has  ap- 
pointed an  Imperial  Commissioner,  who  has 
to  supervdse  emigration  from  Germany,  and 
who  is  stationed  at  Hamburg  ; this  official  has 
to  make  an  annual  report  about  emigration 
matters,  which  is  to  be  laid  before  Parliament. 

The  normal  increase  to  the  population  being 
about  one  per  cent.,  the  proportion  of  emigra- 
tion is  about  one-third  of  the  normal  increase 
of  the  population. 

It  is  impossible  to  leave  this  subject  without 
remarking  the  great  moral  and  physical  good 
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that  has  resulted  from  compulsory  military 
service  throughout  Germany.  The  emigrants 
present  signal  examples  of  temperance,  thrift, 
and  energy. 

The  following  letter  from  a gentleman  high 
in  the  diplomatic  service  gives  some  interest- 
ing particulars  as  to  German  emigration  : — 

“ From  1S76-80  the  number  of  emigrants  averaged 
33,971  in  each  year,  of  which  8,465  went  indirect,  i.e., 
from  Hamburg  to  their  destination  through  an  inter- 
mediate port.  In  1882,  there  were  113,221,  of  which 
31,128  were  indirect ; 1883  — 89,465,  of  which  13,265 
were  indirect,  and  in  18S4 — 91,603,  of  which  16,339 
were  indirect.  The  places  to  which  these  emigrants 
went  were  the  United  States,  British  North  America, 
^Mexico,  Central  America  and  West  Indies,  Brazil 
and  the  River  Plate  Republics,  and  other  South 
American  States,  Africa,  Asia,  and  Australia.  In 
1879,  the  number  was  24,864,  and  in  1884 — 91,603. 
The  two  heaviest  years  were  i88r-2,  the  numbers 
being  123,000  and  113,200  respectively.  The 
emigrants  are  from  all  classes,  the  labouring  class 
furnishing  the  largest  contribution,  and  those  without 
occupation  coming  next.  The  provinces  of  Pom- 
merania,  Prussia  (East  and  West)  and  Schleswig- 
Holstein  would  appear  to  be  the  largest  contributors. 
In  1884,  of  the  total  number  of  75,264  direct 
emigrants,  71,843  went  to  the  United  States;  1,738 
to  Brazil,  See.,  769  to  Australia,  604  to  other  South 
American  States,  and  107  to  Asia.  Of  persons  over 
10  years,  in  1884,  there  were  45,638  male  and  24,790 
female,  and  from  i to  10  )'ears  there  were  some 
20,000.  Of  these,  33,059  were  single  men,  8,901 
single  females,  and  14,206  families.  The  raison 
d'etre  for  emigrating  is  difficult  to  say.  The  German 
authorities  strenuously  deny  that  the  military  system 
has  any  influence  in  promoting  the  desire,  and  quote 
in  proof  of  this  that  the  greater  number  of  those 
going  out  of  the  country  are  time  served  men,  but 
assert  that  the  real  raison  d'etre  is  to  better  them- 
selves, and  urge  in  proof  of  this,  that  large  numbers 
of  the  labouring  class,  who,  not  being  able  to  attain 
to  the  luxury’  of  a cottage  and  plot  of  land  here,  say, 
‘We  will  emigrate.’  Yet  the  figures  quoted  show  a 
very  large  number  of  single  men  ; of  course,  there 
are  no  means  of  verifying  how  many  of  these  are 
time-served  men.  I have  not  the  smallest  hesitation 
in  believing  that  the  idea  of  rising  in  the  social  scale, 
and  the  magnificent  will-o’-the-wisp  idea  of  be- 
coming a peasant  proprietor,  are  two  powerful 
motives  in  inducing  them  to  emigrate,  but  without 
facts  and  figures,  I cannot  assert  that  military 
pressure — whatever  I may  believe — exercises  any  in- 
fluence. I have  known  individual  cases.” 

Norway. 

There  is  a large  relative  emigration  from 
Norway,  which  is  mainly  directed  to  the  United 
States,  to  a very  small  degree  to  Canada, 


while  none  at  all  reaches  the  other  English 
colonies.  The  principal  cause  is  the  want  of 
agricultural  employment,  and  the  emigrants 
are  therefore  almost  exclusively  peasants  and 
servant  girls.  Many  of  them  are  peasant  pro- 
prietors, and  realise  the  value  of  their  small 
properties  before  leaving  Norway,  and  do  not, 
as  is  the  case  with  a similar  class  in  England, 
drift  into  the  large  towns.  The  population 
increases  with  considerable  rapidity,  but  in 
Norway  alone,  among  European  countries,  is 
the  whole  social  question  solved  by  emigration. 
There  being  no  large  towns,  there  is  none  of 
that  magnetic  attraction  of  a great  mass  which 
presents  so  difficult  a problem  in  our  own 
country.  On  the  other  hand,  the  standard  of 
comfort  throughout  the  country  i-s  lower  than 
that  prevailing  in  England,  and  there  is,  com- 
paratively, no  social  or  political  discontent 
among  the  working  classes. 

There  appears  to  be  a general  and  intelli- 
gent understanding  that  the  law  of  natural 
increase  must  be  met  by  swarming  to  other 
hives,  and  not  by  political  agitation  for  a re- 
adjustment of  property.  There  is  no  discon- 
tent with  the  land  system  as  it  is,  nor  with  the 
obligation  to  military  service.  Such  pressure 
as  does  exist  is  that  of  want,  and  the  minds  of 
the  people  are  not  obscured  by  Socialistic 
teachings  which  inflame  the  residuum  in  coun- 
tries of  greater  wealth. 

The  healthy  character  of  Norwegian  emigra- 
tion is  shown  by  the  success  attending  the 
efforts  of  those  who  leave  their  country ; 
secondar}^  emigration  being  caused  by  those 
who,  having  succeeded  in  America,  transmit 
funds  to  Norwa}q  to  enable  their  friends  to 
join  them  in  their  new  home  ; there  is  little  or 
no  pauper  emigration,  most  of  the  people 
taking  a little  money  with  them.  Their 
standard  of  comfort  at  home  being  low,  they 
are  not  disappointed  with  the  inevitable  hard- 
ships and  privations  attending  pioneer  effort 
in  a settlement  ; it  may  be  added  that  there 
are  few  or  no  unemployed  artisans. 


Emigration  from  Norway  during  the. 
Years,  1880-4. 


To  America. 

To  other  places. 

Population 
of  Norway. 

1880 

..  20,212 

..  597 

1,910,000 

1881 

..  25,976 

20 

1,915,000 

1882 

. . 28,804 

..  16 

1,913,000 

1883 

..  22,167 

31 

1,914,000 

1884 

••  14*776 

..  13 

1,923,000 

The  increase  of  population  for  the  years 
1881-4  about  96,000,  and  the  actual 

emigration  for  the  same  period,  91,803. 
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All  emigration  is  under  police  control ; 
each  emigration  and  steam-ship  agent  gives 
securities  for  20,000  korne,  as  a guarantee  for 
good  treatment  on  board  ship ; this  deposit 
has  occasionally  been  forfeited  for  misrepre- 
sentation, and  from  various  causes,  but  it 
forms  a substantial  guarantee  of  the  bond 
Jides  of  the  emigration  agent,  and  for  decency 
and  good  treatment  on  board  ship.  Before 
leaving,  every  emigrant  has  to  appear  before 
the  police,  in  order  to  prove  that  he  has  satis- 
fied the  obligation  of  military  service ; the 
police  also  take  an  account  of  how  much 
money  the  emigrant  takes  out  of  the  country, 
and  it  may  be  well  here  to  add,  that  the  defi- 
nition of  emigrant  in  Norway  is  “ a person  who 
leaves  his  country  to  better  himself,  and  who 
travels  at  a reduced  rate,  under  regulations 
enacted  and  maintained  by  the  police.” 

There  are  no  private  societies,  nor  any  pri- 
vate enterprise,  to  promote  emigration,  the 
feeling  of  the  people  being  so  strongly  in  its 
favour.  The  attitude  of  the  Government  is 
somewhat  hostile,  and  on  a recent  occasion 
the  circulars  of  emigration  agents  have  been 
stopped  in  the  post. 

The  effort  of  Norwegian  statesmen  is 
directed  towards  the  reduction  of  taxation, 
and  thus  to  render  emigration  unnecessary. 
There  is  a graduated  taxation  on  bachelors 
and  married  men ; they  are  divided  into  four 
classes,  and  assessed  for  taxation  in  inverse 
proportion  to  the  number  of  their  families. 

The  Gothenburg  system  is  now  being  tried 
in  many  small  towns,  and  it  is  so  great  a 
success,  that  it  came  into  force  in  Christiana 
in  January,  1866. 

The  sobriety  thus  introduced  into  the  habits 
of  the  Norwegians,  which  it  is  not  too  much  to 
say  has  been  induced  by  wise  legislation,  has 
seriously  and  favourably  affected  the  character 
and  qualifications  of  the  emigrants. 

Hungary. 

The  Hungarian  Government  deters  emigra- 
tion, by  inducing  migration  to,  and  colonisation 
of.  State  lands,  on  which  free  schools  and 
churches  are  given  gratis  ; the  payment  for 
land  is  spread  over  fifteen  years,  and  immunity 
from  taxation  granted  for  a similar  period. 

There  is  little  or  no  distress  among  Hun- 
garian peasantry,  but  there  is  considerable 
ignorance,  and  the  consequence  is  that  they 
have  been  misled  by  the  statements  of  the 
beauty  of  America,  and  the  facilities  offered 
there  for  luxurious  existence  without  the  need 


of  work.  The  increase  in  population  is  very 
small.  Hungary  is  an  agricultural  country, 
and  her  interest,  therefore,  is  in  free  tijude. 

The  greater  number  of  emigrants  consists  cf 
indebted  smaller  country  farmers,  ruined  by  bad 
harvests  and  heavy  State  and  communal  taxes  ; 
the  others  are  Jews,  poor  labourers,  and  a few 
town  people,  especially  female  servants.  The 
causes  of  emigration  in  many  cases  are  want 
of  work,  and  in  some  parishes  over  population. 
Provisions  against  emigration  are  laid  down  in 
law.  Article  38  of  the  year  1881.  The  title 
of  this  law  is  “Of  the  Emigrational  Agencies.” 
There  is  no  way  of  directly  prohibiting  the 
emigration  of  citizens,  but  in  the  case  when 
the  emigrant  has  not  yet  fulfilled  his  obliga- 
tion for  military  service  — the  Government 
finding  that  the  greater  number  of  emigrants 
do  not  leave  their  native,  country  spontaneously, 
but  are  induced  there  by  agents  who  buy  up 
cheaply  the  little  property  of  such  emigrants, 
and  only  try  to  induce  the  largest  possible 
number  to  emigrate,  getting  their  commission 
on  the  number;  on  account  of  these  reasons 
the  legislature  has  devised  measures  against 
the  agencies  providing  : — 

“ That  no  one  is  allowed  to  enter  into  contract 
relating  to  emigration  with  people  who  want  to 
emigrate,  but  those  who  are  furnished  by  the 
Minister  of  the  Interior  with  a license  for  agency. 

“ Anybody  acting  as  agent  without  license  can 
for  each  act  be  punished  with  a fine  not  exceeding 
300  florins,  and  with  imprisonment  for  a period  not 
exceeding  two  months.” 

Agents  are  not  allowed  to  have  any  busi- 
ness intercourse  with  foreign  agents  or 
agencies  without  the  license  of  the  Minster 
of  the  Interior. 

Agents  are  under  the  control  of  the  authori- 
ties, and  have  to  give  notice  of  each  case  of 
emigration  which  has  been  negociated  by 
them. 

The  contracting  party  can  at  any  time  with- 
draw his  obligation,  he  only  being  bound  to 
refund  to  the  agent  the  out-of-pocket  expenses 
incurred  in  drawing  up  the  contract,  as  well 
as  any  sums  advanced,  and  the  eventual  travel- 
ling expenses  laid  out  for  the  party. 

The  agent  can  only  be  furnished  with  a 
license  if  he  be  a Hungarian  subject.  The 
Minister  of  the  Interior  can  refuse  to  grant 
the  license,  even  if  the  person  requesting  the 
right  of  agency  answers  to  all  requirements  of 
the  law,  and  he  is  also  authorised  to  retract 
the  license  at  any  time.  The  licenses  expire 
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in  one  year,  and  must  be  renewed  after  the 
expiration  of  that  period. 

If  evidence  is  furnished  against  an  agent 
having  commited  fraud  or  deceit,  or  that  he 
has  meditated  the  emigration  of  such  persons 
as  have  not  yet  fulfilled  their  military  service, 
or  of  persons  under  age  without  the  agree- 
ment of  their  parents  or  guardians,  the  whole 
of  the  caution  money  of  the  agent  becomes  at 
once  forfeited. 

Population  Census,  December  31ST,  1880. 


Male 7,799,276 

Female  7»939d92 

Total  15,738,468 

i8Sr.  Births  ..  604,262  ....  Deaths  ..  492,727 
1S82.  „ ..  708,011  ....  „ ..  571,854 


It  is  needless  to  give  the  results  of  inquiry 
in  other  European  countries,  as  Germany,  Nor- 
way, and  Hungary  each  throw  some  light  on 
the  emigration  question,  and  afford  in  certain 
particulars  examples  to  imitate.  While  France 
is  a warning  to  deter  in  everything  that  relates 
to  colonisation,  the  standard  work  of  M. 
Leroy  Beaulieu,  “ De  la  Colonisation  chez  les 
peoples  modernes  ” is  an  exhaustive  and 
philosophic  treatise  on  the  causes  of  success 
and  failure  in  the  art  of  colonisation. 

The  practice  of  England  herself  is  not  with- 
out interest.  While  the  State  concerns  itself 
with  parental  regard  in  seeing  that  '"the 
statutory  size  of  the  emigrant’s  bed,  as  pro- 
vided in  the  Passengers’  Act,  is  carefully 
adhered  to,  it  ignores  the  depredations  of  un- 
principled people  who,  by  dexterous  evasion  of 
the  law,  ruin  the  lives  and  destroy  the  hopes 
of  thousands  yearly.  While  the  State  is  care- 
ful to  ensure  comfort  and  even  luxury  to  the 
poor  emigrant  during  his  passage,  she  has 
hitherto  neglected  the  more  important  question 
of  advising  as  to  his  destination,  and  of  care 
as  to  the  bona-Jides  of  the  influences  that 
have  led  him  to  quit  his  country. 

If  England  cares  little  as  to  why  the  poor 
emigrant  leaves  the  country^  and  is  at  no 
pains  to  equip  him  with  the  latest  and  best 
information,  or  to  direct  his  courage  and  his 
energies  into  the  best  available  channels,  she 
is  punctilious  in  assuring  him  provision  of 
three  tons  of  cubic  space  during  his  passage, 
and  in  seeing  that  the  dietary  scale  provided 
by  law  is  carried  out. 

The  Passengers’  Act  of  1863  is  now  obsolete 
and  needs  revision.  Under  the  shelterof  its  pro- 
visions astute  and  unprincipled  men  practise  on 
the  credulity  of  the  poor,  and  actually  convert 


provisions  designed  to  protect  the  duly  licensed 
passenger  broker  and  his  clients  into  the 
means  of  evading  the  law,  and  misleading,  in 
the  light  of  day,  hundreds  and  thousands  of 
ignorant  and  innocent  victims.  A few  simple 
alterations  would  secure  a marked  improve- 
ment. Cases  have  occurred  at  the  Mansion 
House  police-court  within  a recent  period, 
where  complainants  have  sought  advice  from 
the  magistrates  as  to  means  of  obtaining 
redress  fo:  misstatements  with  reference  to 
passages.  As  this  law  at  present  stands,  the 
Board  of  Trade  and  the  emigration  officers 
acting  under  them,  are  powerless  to  assist  the 
emigrants. 

This  difficulty  arises  from  the  4th,  66th  and 
71st  sections  of  the  Passengers’  Act  of  1855. 
From  the  4th  section  it  will  be  seen  that  the 
Act  never  contemplated  embarkation  else- 
where than  in  the  United  Kingdom  ; and 
from  the  66th  and  71st  sections  it  will  be  seen 
that  the  words  “from  the  United  Kingdom” 
raises  a difficulty  which  cannot  be  got  over. 

Any  future  amendment  of  the  Passengers’ 
Act  should  follow  the  lines  of  the  Netherland 
law  on  emigration,  which,  in  Article  7,  sets 
forth — 

“ Any  person  undertaking  either  on  his  own 
account  or  as  agent,  to  convey  Dutch  or  foreign 
emigrants  from  the  Netherlands,  or  a place  out  of 
Europe,  shall,  notwithstanding  whether  the  em- 
barkation takes  place  in  a Netherland  or  a foreign 
port,  previously  provide  real  or  personal  bail,  as  a 
guarantee  for  the  fulfilment  of  the  conditions,”  &c. 

Article  23  provides  also  that  persons  re- 
ferred to  in  the  first  part  of  Article  7 should 
give  security,  &c. 

Article  22  also  prohibits  persons  who  are 
qualified  according  to  the  Act,  from  adver- 
tising in  newspapers,  posting  up  bills,  hang- 
ing out  boards,  <S:c.,  or  taking  any  means 
whatever  for  making  it  known  that  they  are 
emigrant  agents  ; and  giving  the  police  autho- 
rity to  deal  with  such  cases,  is  a wise  pre- 
caution, and  would  put  a stop  to  an  immense 
amount  of  imposition  being  practised  on 
emigrants. 

Already  our  own  colonial  dependencies 
do  more  than  half  as  much  business  with 
us  in  a year  as  all  the  rest  of  the  world 
put  together.  In  fourteen  years  the  im- 
ports of  British  goods  by  our  four  largest 
colonies  have  nearly  doubled,  and  if  the 
same  rate  of  progress  be  maintained,  in 
twenty-one  years  the  internal  trade  of  the 
empire  will  be  worth  as  much  as  the  trade  of 
the  United  Kingdom  with  the  rest  of  the  world. 
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Looking  at  the  falling  off  in  other  directions, 
it  would  seem  as  though  the  colonies  are  the 
only  quarters  to  which  we  can  look  with 
assurance  for  continued  increase,  and  there  is 
nothing  so  certain  to  stimulate  that  trade  as  a 
new  and  vigorous  effort  to  create  our  own 
custom.  In  fact,  the  question  is  no  longer 
whether  we  shall  do  it,  but  how  is  it  to  be  done  ? 
and  the  line  of  least  resistance  to  the  desired 
end  will  assuredly  be  found  in  a new  and 
cordial  determination  to  understand  the  needs 
and  to  gratify  the  legitimate  desires  of  our 
fellow  subjects  across  the  sea.  Federation 
may  be  formulated  by  the  politicians,  but  the 
essence  and  reality  of  federation  must  exist  in 
the  hearts  of  the  people,  or  the  word  is  but  a 
tinkling  cymbal  and  sounding  brass. 

It  is  needless  precisely  to  estimate  the 
money  gain  to  Great  Britain  by  the  creation  of 
a national  scheme  of  emigration.  Combined 
and  fuller  information  collected  in  part,  and 
distributed  wholly  by  the  State  : the  creation 
ofaNational  Emigration  Council  ; theprovision 
of  funds  by  the  community ; the  adoption 
by  the  State  of  colonising  schemes  as 
alternatives  to  military  measures ; the  guidance 
of  British  emigrants  to  British  colonies,  and 
the  revision  of  the  Passengers’  Act  of  1855,  in 
accordance  with  the  intentions  of  its  framers, 
are  measures  which  will  increase  our  trade, 
knit  our  colonies  more  closely  to  the  mother 
country,  arrest  the  increase  of  the  dangerous 
classes,  by  reducing  the  supply  of  competitors 
for  unskilled  work  in  the  large  towns,  and 
thus  contribute  to  the  solution  of  the  terrible 
social  question  which,  looked  at  in  the  mass, 
is  the  dismay  of  statesmen  and  the  despair 
of  philanthropists. 


DISCUSSION. 

Hon.  Sir  Chas.  Tupper,  K.C.M.G.,  C.B.  (High 
Commissioner  for  Canada),  after  expressing  the 
pleasure  it  had  given  him  to  listen  to  the  able  paper, 
said  he  had  not  quite  gathered  the  view  which  the 
author  desired  to  place  before  them.  He  was  at  a 
loss  to  know  whether  or  not  Mr.  White  objected 
to  State-aided  emigration,  as  he  seemed  to  take 
exception  to  the  manner  in  which  the  subject  of 
emigration  was  dealt  with  at  present,  and  to  question 
the  ability  of  the  various  societies  and  agencies  that 
were  engaged  in  dealing  with  the  subject  to  handle 
the  question  in  an  effective  way.  hir.  White  proposed 
a federation  of  the  various  societies,  but,  unfor- 
tunately, he  had  told  them  that  that  had  been  tried, 
and  a tentative  method  had  been  adopted,  by  inviting 
the  various  societies  to  come  together,  under  the 


distinguished  auspices  of  the  Marquis  of  Lome,  but 
who  nevertheless  had  failed  in  arriving  at  any  common 
understanding.  Therefore,  he  was  at  a loss  to  know 
how  he  national  council  was  to  be  formed.  How  was 
it  to  be  created  ? If  the  existing  associations  and 
societies  now  engaged  in  dealing  with  the  question 
of  emigration  were  not  desirous  of  being  federated, 
and  having  their  associations  united  under  a common 
head,  the  national  council  would  only  add  another  to 
the  various  societies,  which,  according  to  Mr.  White, 
did  not  seem  to  be  performing  the  work  as 
efficiently  as  might  be  done.  He  believed  that 
England  owed  a great  deal  to  the  existing  emigra- 
tion agencies,  for  the  work  performed  by  them  had 
confeiTed  a great  boon,  not  only  upon  England,  but 
upon  the  colonies,  and  this  benefit  the  people  of 
Canada  were  ready  to  acknowledge.  Under  these 
circumstances,  he  was  not  disposed  to  under-rate 
the  exertions  which  had  been  made,  though  he 
quite  agreed  with  the  main  principle  that  they  had 
not  proved  to  be  adequate  to  the  emergency.  The 
question  of  emigration  was  of  vital  consequence,  not 
only  to  the  people  of  England,  but  to  the  British 
colonies;  vital,  as  a means  of  relieving  the  conges- 
tion of  over-population,  and  as  forming  great  British 
colonies  in  Australia  and  other  places,  besides  im- 
mensely increasing  the  trade  of  the  country.  He 
should  hail  with  delight  the  adoption  of  any  scheme 
which  would  tend  to  connect  into  a system  the 
societies  concerning  themselves  with  emigration  more 
completely  than  had  been  done,  and  to  carry 
forward  their  work  more  effectually.  He  did 
not  quite  concur  in  the  criticism  which  had 
been  offered  with  regard  to  the  want  of  infor.nation 
furnished  to  intending  emigrants  by  the  existing 
agencies,  believing  that  London  had  the  advantage 
of  having  within  daily  reach  the  very  best  sources  of 
information  that  it  was  possible  to  have  with  regard 
to  the  British  colonies  and  emigration.  Knowing, 
as  he  did,  the  care  that  all  his  colleagues  representing 
the  other  great  colonies  in  this  country  felt  they  were 
bound  to  take  and  exercise  in  the  dissemination  of  sound 
and  correct  information,  he  thought  there  was  little 
left  to  be  done  in  this  respect.  There  was  not  an 
Agent-General  in  London  who  did  not  know  that  he 
would  be  inflicting  the  greatest  injury  he  could  upon 
his  own  country,  and  discrediting  the  great  work  of 
emigration,  if  he  were  to  permit,  so  far  as  it  was  in 
his  power  to  restrain  it,  the  emigration  of  incompetent 
persons.  So  far  from  benefiting  the  colonies  by  in- 
ducing persons  to  emigrate  who  were  not  calculated  to 
succeed,  they  would  be  doing  them  the  greatest  injury, 
and  would  be  told  of  it  at  an  early  day.  There  was  not 
only  the  desire  to  give,  but  full  provision  for  doing  so ; 
the  most  reliable  information  was  always  available  to 
intending  emigrants  at  the  offices  of  the  Agents- 
General.  No  doubt  there  were  were  persons  connected 
with  the  shipping  agencies  who  were  anxious  to  swell 
the  numbers,  upon  whom  perhaps  they  would  receive 
a commission  if  they  induced  them  to  go  abroad,  but 
this  influence  was  very  small,  and  ought  not  to  have 
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much  weight  considering  the  sound  and  reliable  in- 
formation which  had  been  placed  within  reach  of  all 
in  London  by  the  different  colonies.  Enormous  as 
were  the  charities  on  behalf  of  emigration,  he  felt 
that  the  resources  at  command  were  not  sufficient — 
it  might  be  for  want  of  systematisation — and  the  sub- 
ject was  one  well  calculated  to  demand,  and  to  be  en- 
titled to,  the  cordial  CO  operation  of  the  State.  Public 
money  could  be  applied  to  no  purpose  more  beneficial 
to  England  and  to  the  outlying  portions  of  the 
Empire  than  that  of  grappling  with  the  great  question 
of  emigration.  Indiscriminate  emigration  would  be 
no  advantage  to  England,  and  it  would  be  a curse  to 
the  country  to  which  the  emigrants  were  sent ; but 
appropriating  public  money  to  aid  helpless  (not  idle  or 
dissolute)  industrious  men  to  emigrate  was  not  only 
justifiable,  but  was  demanded  in  the  best  interests  of 
the  Empire  itself.  He  trusted  the  time  was  not  very 
far  distant  when  a wisely-adjusted  scheme  would  be 
devised,  by  which  the  State  would  do  its  duty  in  this 
matter,  in  conjunction  with  the  philanthropic  efforts 
of  those  who  had  already  done  so  much,  and  under 
the  super\-ision  of  the  representatives  of  the  colonies 
in  London. 

Hon.  Sir  Saul  Samuel,  K.C.M.G.  (Agent- 
General  for  Xew  South  Wales)  said,  after  the  very 
exhaustive  paper  to  which  they  had  listened,  there 
was  very  little  left  for  him  to  say,  but  there 
were  just  one  or  two  points  touched  upon  about 
which  he  might  submit  a fiew  words.  He  would 
not  discuss  the  scheme  for  the  formation  of  a 
council,  believing  that,  independently  of  such  a 
council  as  had  been  suggested,  much  might  be  done 
to  promote  emigration  to  the  colonies.  He  could 
not  too  often  repeat  that  the  greatest  care  should  be 
taken,  in  promoting  any  scheme  of  emigration,  that 
suitable  persons  only  were  sent  to  the  colonies.  No 
doubt  England  was  suffering  from  great  distress,  but 
care  should  be  taken  that  that  distress  was  not  trans- 
ferred from  her  shores  to  the  colonies.  The  colonies 
offered  a fine  field  for  emigration  ; and  within  the 
last  two  or  three  days  he  had  received  a letter  from 
a man,  who  emigrated  to  Australia  a few  years  since, 
stating  that  he  was  earning  in  Sydney  £i  5s.  a- week, 
as  compared  with  5s.  which  he  earned  in  England, 
and  forwarding  money  for  five  of  his  relatives  to 
come  out.  That  was  a striking  instance  that  if 
suitable  persons  were  sent  out  they  would  find  em- 
ployment, and  thus  become  consumers  of  the  produce 
of  England.  A short  time  ago,  a ship  arrived  in 
Sydney  with  600  emigrants  all  of  whom  found  ready 
employment,  and  220  girls  who  were  sent  out  found 
places  waiting  for  them  on  arrival.  There  was 
ample  employment  for  suitable  persons,  and,  as  the 
colonists  were  the  best  customers  of  Great  Britain, 
it  followed  that  the  more  persons  sent  out  the 
greater  would  be  the  quantity  of  produce  sent 
from  this  side.  In  Australia,  people  on  the 
average  consumed  /8  per  head  of  British  manu- 
factures, whereas  in  the  United  States  they  only  con- 


sumed los.  per  head.  With  regard  to  the  dissemina- 
tion of  information,  he  might  say  that  his  colony  had 
emigration  agents  in  every  portion  of  the  United 
Kingdom,  and  a large  amount  of  literature  on  the 
subject  was  distributed.  At  present  he  had  hundreds 
of  applications  from  persons  desiring  to  emigrate, 
and  large  sums  of  money  had  been  remitted  to  him 
from  people  in  the  colony  to  send  out  their  friends. 
The  fa  ct  that  this  money  was  forthcoming  was  evidence 
of  great  prosperity.  The  other  side  of  the  picture 
was  that  a number  of  useless  people  were  sent  out 
who  would  not  go  out  of  the  towns  after  getting 
to  the  colonies,  and  who,  not  being  fitted  for  colonial 
life,  did  not  get  on.  These  men  returned  to  England 
and  spread  the  report  that  it  was  useless  to  emigrate, 
as  there  was  no  work  to  be  obtained  ; although  this 
was  totally  untrue.  The  question  of  emigration  was  a 
very  large  one,  and  might  be  discussed  for  hours, 
and  various  opinions  were  held  upon  it ; but  he 
must  say  was  that  if  any  one  required  information 
w’ith  regard  to  the  colonies,  they  had  only  to  apply 
to  the  Agents- General,  who  were  at  all  times  most 
happy  to  afford  it. 

Hon.  SirCHAS.  Mills,  K.C.M.G.  (Agent-General 
for  Cape  of  Good  Hope),  regretted  that,  as  he  had 
come  into  the  room  late,  he  had  not  had  an  oppor- 
tunity of  hearing  Mr.  White’s  paper,  but  he  felt 
sure  that  anything  that  gentleman  had  said  upon 
a subject  which  he  was  so  well  able  to  deal  with 
was  worthy  of  the  greatest  possible  attention.  A 
great  deal  might  be  said  upon  the  subject  of  emi- 
gration, though  he  was  not  prepared  to  enter  into  the 
sentiment  of  it.  Taking  a practical  view  of  the  sub- 
ject, he  might,  however,  say  that  one  point  was  usually 
lost  sight  of  by  people  in  England,  and  that  was  the 
need  for  looking  after  emigrants  upon  their  arrival 
iu  the  colonies.  In  the  Cape  of  Good  Hope  there 
was  very  little  ground  available  for  colonisation,  but 
what  there  was  could  be  purchased  at  a low  figure, 
and  as  the  climate  was  remarkably  fine,  any  one  who 
started  with  a little  capital  would  assuredly  prosper, 
provided  he  was  sober  and  industrious.  He  had  not 
yet  received  any  instructions  from  his  Government 
upon  the  emigration  movement,  but  as  a resolution 
had  been  passed  that  day  at  .a  meeting  which  he  had 
attended,  to  the  effect  that  an  appeal  should  be  made 
to  the  Colonial  Government  upon  the  subject,  he  had 
no  doubt  he  should  shortly  receive  instructions ; and 
if  any  assistance  was  wanted  by  intending  emigrants 
to  the  Cape,  he  should  be  most  happy  to  give  to  the 
best  of  his  ability  such  as  it  was  in  his  power  to  afford. 

Mr.  Walter  Peace  agreed  with  Sir  Charles 
Tupper  that  the  question  of  emigration  was  one  of  vast 
importance  to  the  British  nation.  He  could  not  quite 
join  with  Mr.  White  in  his  recommendation  that  the 
National  Emigration  Council’s  duty  should  only 
be  to  collect  informationtobe  filtered  through  other 
societies. 

Mr.  Arnold  White  explained  that  such  was  not 
his  recommendation. 
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Mr.  Walter  Peace  said  he  understood  that  was 
what  Mr.  White  meant  by  the  following  passage  : — 

“ A national  emigration  council  should  by  no  means 
engage  in  the  details  of  sending  emigrants  away.  To 
do  so  would  involve  the  creation  of  yet  another  com- 
petitor in  the  crowd  of  claimants  for  public  money. 
The  function  of  the  council  should  be  to  receive  funds 
from  the  public  and  distribute  them  impartially  to 
societies  and  individuals  who  have  proved  themselves 
competent  and  economical  in  the  transaction  of  pre- 
vious emigration  business.”  The  fundamental  idea 
was  that  this  national  council  should  not  be  a 
department  of  the  State.  He  was  sure  that  no  one 
had  thought  more  deeply  upon  this  subject  than 
himself ; it  had  been  to  him  like  meat  and 
drink  for  some  years  past,  and  there  was  a 
fascination  in  the  subject  as  dealing  with  the 
present  and  future  prospects  of  one’s  fellow- 
creatures.  It  was  in  that  spirit  that  every  Agent- 
General  conducted  his  operations,  and  it  was  for  that 
reason  that  confidence  might  be  placed  in  their  repre- 
sentations. He  believed  the  day  would  speedily 
come  when  the  British  Government  would  admit  the 
necessity  of  a national  scheme  of  emigration  as 
being  the  best  means  for  promoting  British  commerce, 
and  would  devote  funds  towards  carrying  out  the 
scheme.  Hitherto,  emigration  had  been  conducted 
at  the  expense  of  the  Colonial  Governments,  but  the 
time  had  now  arrived  when  it  was  equally  necessary 
for  the  Government  of  Great  Britain  to  spend  money 
in  helping  men  to  the  shores  of  the  colonies,  and  he 
hoped  pressure  would  be  continually  brought  to  bear 
upon  the  Government,  so  that  the  scheme  might  be 
placed  within  the  region  of  practical  politics,  and 
successfully  carried  out. 

Hon.  Major  Erskine  (late  Colonial  Secretary  for 
Natal)  said  that  having  been  connected  for  many 
years  with  the  colony  of  Natal,  he  should  have  been 
glad  to  offer  a few  observations,  but  as  the  subject 
required  to  be  thought  over,  he  did  not  like  to 
commit  himself  without  consideration.  He  was 
deeply  grateful  to  Mr.  White  for  the  observations 
which  he  had  made,  and  having  listened  to  the 
observations  of  previous  speakers,  he  had  received 
much  instruction  from  them.  There  was  no  more 
difficult  question  than  that  of  emigration  to  Natal, 
owing  to  the  competition  in  the  labour  market.  It 
was  useless  for  any  person  to  go  to  Natal  with  the 
idea  of  merely  becoming  a labourer.  In  order  to 
succeed  in  that  colony,  a man  must  have  a certain 
amount  of  capital  as  well  as  fitness.  He  was  con- 
vinced that  gold  mining  in  South  Africa  was  going 
to  be  a great  success,  and  that  as  the  coal  bearing 
strata  in  that  country  extended  1,500  miles  right  up 
to  the  Zambesi,  there  was  a great  future  for  Natal, 
as  food  would  have  to  be  provided  there  in  order  to 
supply  the  gold  miners.  It  was  a mere  question  of 
time  with  Natal  as  to  its  thriving. 

The  Hon.  James  F.  Garrick,  C.M.G.,  Q.C. 
(Agent-General  for  Queensland),  thanked  the  author 


of  the  paper  for  having  pointed  clearly  to  the  sort 
of  persons  who  were  the  most  desirable  colonists, 
viz.,  those  who  were  able  and  willing  to  work.  It 
was  perfectly  useless  for  persons  to  go  to  the 
colonies  who  were  either  infirm  or  idle,  because 
they  would  do  no  better  upon  the  other  side  of 
the  globe  than  they  had  done  upon  this.  It  was 
simply  to  transfer  a malady  from  one  place  to  another, 
and  the  malady  would  become  more  acute  in  the 
colony  than  it  had  been  found  in  this  country.  He 
thought  Mr.  White  had  left  something  out  of  the 
scheme  without  which  it  would  be  quite  incomplete, 
namely,  a system  of  State  emigration.  No  money 
could  have  been  better  spent  than  in  colonising  the 
the  possessions  of  England,  and  the  reader  of  the 
paper  had  himself  pointed  to  an  instance  in  South 
Africa  where,  if  a few  thousand  pounds  had  been 
spent  in  colonising  purposes,  it  would  have  this  day 
day  saved  the  expenditure  of  some  millions  for  war- 
like purposes.  Looking  at  the  title  of  the  paper, 
he  was  prepared  to  think  that  the  word  “ national  ” 
implied  not  only  a system  of  emigration  sup- 
ported by  the  colonies,  but  by  the  British  Govern- 
ment. He  should  fail  in  his  duty  as  the  repre- 
sentative of  Queensland  if  he  did  not  refer  to  the 
efforts  whieh  had  been  made  by  that  colony  for  taking 
people  from  England,  and  placing  them  in  Queens- 
land. The  colony  had  spent,  from  the  pockets  of  its 
tax-payers,  on  emigration  purposes,  ^,^2, 600,000. 
Within  the  last  five  years  they  had  spent  1,300, 000 
in  sending  people  there,  and  they  were  now  spending 
^250,000  every  year,  for  the  purpose  of  sending  out 
emigrants.  During  the  last  five  years,  67,000 
people  had  been  sent  out.  When  it  was  recollected 
that  the  colony  commenced  with  25,000  people,  it 
must  be  acknowledged  that  they  had  seen  the  benefits 
of  emigration,  for,  in  the  year  1883,  nearly  40,000 
people  were  taken  out.  No  doubt  the  chief  matter 
to  be  considered  was,  that  the  right  class  of 
people  were  selected,  and  he  could  support  in 
the  strongest  terms  what  had  been  said  upon 
that  subject  by  Mr.  White.  It  was  there  the 
danger  came  in  of  the  societies  to  which  reference 
had  been  made ; the}’’  had  not  control  and  grip 
enough  of  the  whole  thing  in  order  to  send  out  the 
right  sort  of  people.  It  had  taken  his  colony  nearly 
twenty  years  to  get  that  grip,  and  they  did  not  now 
intend  to  hand  over  that  grip  to  the  charge  of  some- 
one else.  Mr.  White  had  said  that  the  means  of 
information  at  the  command  of  intending  emigrants 
was  imperfect ; but  all  he  could  say  upon  this  point 
was  that  there  was  scarcely  a town  or  village  in  the 
three  kingdoms  where  Queensland  had  not  an  agent, 
and  also  lecturers  who  were  most  anxious  to  give 
reliable  information.  The  value  of  sending  out 
proper  persons  was  not  only  to  be  found  in  the  fact 
that  the  over-pressure  in  England  was  relieved,  but 
that  customers  were  obtained  for  English  produce, 
who  took  at  least  twelve  times  as  much  of  British 
productions  as  any  foreigner.  As  reference  had  been 
made  to  the  large  loans  to  the  colonies,  it  should 
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not  be  forgotten  that  these  loans  went  a great  way 
in  giving  employment  to  people  on  both  sides. 

Mr.  F.  Yoi'NG  (Secretary'  of  the  Colonial  Institute) 
wished,  in  common  with  the  other  speakers,  to  thank 
Mr.  White  for  the  valuable  contribution  which  he 
had  made  to  this  great  and  important  question.  The 
subject  was  one  which  must  be  faced  as  a national 
question.  iMany  years  ago,  in  that  room  he  had  the 
privilege  and  honour  of  speaking  upon  the  subject, 
and  after  many  years  experience  he  could  only  reiterate 
the  sentiments  he  had  then  expressed,  viz.,  that 
the  question  must  be  taken  up  by  the  Government  as 
a national  one,  as  it  was  too  great  a subject  to  left  to 
private  enterprise.  It  was  necessary  in  framing  a 
national  scheme  of  emigration,  or  colonisation  as  he 
preferred  to  call  it,  that  it  must  be  placed  in  the  hands 
of  those  who  were  competent  to  carry  out  such  a 
scheme  in  the  most  successful  manner.  One  of  the  great 
obstacles  to  undertaking  it  on  this  side  of  the  w'ater 
was  the  natural  jealousy  which  the  colonists  might 
feel  that  it  was  the  wash  on  this  side  to  send  out  at 
any  price  the  surplus  population,  wdiich  it  w'as  not 
desirable  to  detain  here.  He  was  one  of  those  who 
considered  that  England  could  afford  to  send  away  a 
large  number  of  the  surplus  population  without 
sending  the  dregs.  As  had  been  already  said,  people 
on  this  side  ought  not  to  think  their  duty  complete 
with  the  mere  shipment  of  the  emigrants,  but  should 
look  after  them  upon  their  arrival,  until  they  were 
put  in  the  way  of  becoming  successful.  The  time 
had  now'  arrived  for  the  British  Government  to  do 
its  duty  in  helping  the  colonies  upon  this  matter, 
and  he  hoped  that  no  further  time  would  be  lost. 

The  Chairman,  in  closing  the  discussion,  said 
the  matter  had  been  taken  up  chiefly  as  one  of 
assisted  emigration  without  reference  to  the  great 
amount  of  emigration  which  had  taken  place 
through  private  enterprise.  The  Agents  - General 
could  only  give  their  valuable  advice  and  assistance, 
as  they  did,  but  they  were  not  responsible  for 
the  impulses  which  induced  persons  to  go  out 
to  the  colonies.  Many  emigrants  turned  out 
well,  while  others  turned  out  loafers,  and  caused 
a great  deal  of  trouble  in  the  colonies,  as  w’ell  as 
in  the  United  States.  He  happened  to  know, 
through  the  St.  George’s  Society  here,  in  connexion 
w’ith  the  North  American  Union  of  the  St.  George’s 
Societies  of  Canada  and  the  United  States,  that  it 
was  thought  by  them  there  was  an  organised  scheme 
for  sending  out  paupers,  but,  as  Avas  Avell  known 
here,  the  number  of  paupers  sent  out  was  extremely 
small.  One  of  the  first  things  done  by  the 
societies  there,  in  the  great  cities  of  Canada  and 
the  Union,  upon  the  arrival  of  emigrants,  w'as  to 
give  valuable  advice  and  assistance  on  the  spot. 
He  AA’as  surprised  that  while  this  had  been  found  so 
successful  in  Canada,  there  AA'as  no  such  society  in 
Australia,  or  even  in  South  Africa.  There  Avas  a 
St.  Andrew’s  Society  in  some  places,  but  not  a St. 


George’s  Society.  There  was  one  point  which  had 
not  yet  been  touched  upon,  namely,  that  in  directing 
a national  system  of  emigration,  in  which  the  State 
should  take  its  part,  the  question  of  reproductive 
emigration  should  be  considered.  This  he  had  ad- 
vocated many  years  ago.  Such  considerable  amounts 
were  sent  by  the  Irish  from  the  United  States  as  to 
have  been  a subject  of  complaint  in  the  American 
press.  Large  sums  Avere  remitted  annually  to  the 
Agent- Generals  by  persons  in  the  colonies  for  the 
purpose  of  sending  out  their  relatu'es,  and  all  this 
proved  that  there  w'as  a reproductive  element  avail- 
able. He  had  never  been  able  to  see  why,  if  the 
colony  of  Queensland  made  an  advance  to  a man  for 
his  passage  and  outfit,  this  money  should  not  be  re- 
turned Avhen  the  emigrant  became  successful,  and 
he  hoped  that  Avhen  there  Avas  a federation  of  the 
Australian  colonies,  the  subject  Avould  be  considered, 
and  means  taken  for  a general  law  in  all  the  colonies 
for  recovery  of  advances  to  emigrants,  and  for  remedy 
for  ill-treatment  of  emigrants  on  board  ship.  The 
assisted  emigrant  Avas  not  on  the  footing  of  the  man 
who  went  out  at  his  own  expense,  exeept  in  getting 
the  same  advantages.  Very  often  a man  had  pledged 
himself  to  pay  for  his  passage  and  outfit ; he  removed 
to  another  colony,  and  there  Avas  then  no  means 
of  reeovering  the  money  lent.  It  Avould  be  possible 
for  the  colonists  to  assist  in  that  and  other  Avays. 
It  Avas  not  necessary  that  there  should  be  any  very 
large  payments  from  the  national  exchequer ; on  the 
contrary,  any  sums  provided  should  be  simply  in  the 
nature  of  temporary  advances,  raised  in  the  market 
on  exchequer  bills,  and  recoverable.  Why  should 
persons  go  to  Canada,  South  Africa,  and 
other  places,  to  reap  great  advantages  at  the 
public  expense,  and  give  no  personal  return 
It  was  true,  as  had  been  said  by  other 
speakers,  that  there  Avas  a large  indirect  return  by 
the  eonsumption  of  manufactures,  but  this  Avas  not 
all  that  Avas  required.  If  the  colonies  were  to  co- 
operate in  any  Imperial  system,  they  Avould  get  a 
great  advantage  in  emigration  over  the  United 
States.  They  Avere  mueh  in  the  habit  of  com- 
plaining of  emigration  to  the  United  States,  and  it 
was  but  natural  that  many  people  should  go  to  that 
region,  Avhich  held  so  large  a majority  of  the  hundred 
millions  of  English-speaking  people,  but  it  was  desir- 
able to  induce  Englishmen  to  emigrate  to  the  colonies 
rather  than  to  the  United  States.  It  Avas  reckoned 
that  the  cost  of  sending  out  a soldier  to  India  was 
;^ioo — and  this  person  could  not  be  looked  upon  as  a 
productiv’e  consumer  On  the  other  hand,  a man  sent 
to  the  colony  at  the  expense  of  £10  would,  during 
the  whole  course  of  his  life,  become  a consumer  to  the 
extent  of  ;!^I0  every  year,  and  so  would  his  children. 
The  more  the  subject  was  discussed,  the  more  it 
would  be  seen  that  there  was  no  real  difficulty,  and  that 
there  Avere  very  great  benefits  to  be  at  once  derived. 
With  regard  to  one  statement  by  Mr.  White  as 
to  emigration  from  Germany  being  quickened  on 
account  of  the  dislike  of  Jews  to  military  services,  it 


210 


JOURNAL  OF  THE  SOCIETY  OB  ARTS. 


[January  19,  1886. 


must  not  be  forgotten  that  the  Jews  had  taken  their 
part  in  the  late  wars  as  well  as  any  other  class,  many 
members  of  that  faith  having  left  London  for  the 
purpose  of  performing  mditaiy  duty  during  the  recent 
conflict,  and  in  France  the  same  thing  had  taken 
place.  In  conclusion,  he  proposed  a hearty  vote  of 
thanks  to  Mr.  White. 

Mr.  Arnold  White,  in  acknowledging  the 
vote,  said  that  reference  had  been  made  to  the 
desirability  of  State  aid,  and  he  agreed  with  the 
remarks  upon  this  subject,  but  it  must  not  be 
forgotten  that  England  with  a 100,000,000  Budget 
this  year,  and  the  same  next  year,  was  about 
as  much  likely  to  contribute  to  State  emigration  as  it 
was  to  State  confectionery.  Therefore  he  thought 
gentlemen  should  address  themselves  to  what  was 
practicable,  rather  than  to  what  was  desirable.  Re- 
flection had  been  made  upon  the  failure  of  the  Federa- 
tion Society  last  year,  but  that  surely  was  one  reason 
for  again  taking  up  the  question.  With  regard  to  the 
dissemination  of  information  by  Agents-General,  it 
must  not  be  forgotten  that  there  were  only  ten 
Agents  General  in  England,  and  as  it  was  impossible 
for  poor  men  in  country  places  to  communicate  with 
them,  it  was  desirable  that  some  means  should  be 
devised  for  focussing  the  means  of  information.  As 
some  of  the  parts  of  the  scheme  proposed  in  the  paper 
had  not  been  touched  upon  in  the  discussion,  he  pre- 
sumed that  the  different  speakers  so  far  agreed  with 
what  had  been  proposed.  Mr.  Garrick  referred  to  a 
national  and  Imperial  scheme  of  emigration,  but  it 
should  not  be  forgotten  that  the  Agents-General  were 
ambassadors  of  the  wage  earners  in  the  colonies,  and 
the  question  of  interest  was  as  great  for  the  exclusion 
of  English  workmen  as  of  the  Chinese,  so  that  the 
scheme  suggested,  although  very  charming,  was 
not  likely  to  be  fulfilled.  He  agreed  with  the  sugges- 
tion thrown  out  by  the  Chairman  that  means  should  be 
devised  for  the  return  of  funds  advanced  to  emigrants, 
and  he  believed  that  plenty  of  money  would  be  pro- 
vided for  all  purposes  if  people  could  be  assured  that 
the  money  would  not  be  spent  on  unnecessary 
machinery. 

The  following  communication  has  been  received 
from  Mr.  Stephen  Bourne  : — 

“ He  would  have  been  glad  had  there  been  time  to 
have  said  a few  words  on  the  home  side  of  the 
question.  It  would  be  in  the  recollection  of  some 
now  in  the  room  that,  several  years  ago,  both 
at  the  Colonial  Institute  and  elsewhere,  he  had 
strongly  advocated  “ extended  colonisation  to  be  a 
necessity  for  the  mother  country.”  He  had,  at  the 
.same  time,  expressed  his  opinion  that  this  necessity 
would  not  be  fully  met  without  the  aid  of  State- 
supported  emigration.  On  the  side  of  the  colonists,  it 
must  not  be  considered  that  there  was  an  act  of  charity 
towards  the  mother  country  in  relieving  her  con- 
gestion, but  as  the  reception  of  so  much  capital,  in 
the  shape  of  muscle,  bone,  and  brain,  to  be  employed 
for  their  mutual  benefit.  Some  years  since  it  was 


estimated  by  Dr.  Farr  that  the  breeding  and  training 
of  each  emigrant  must  cost  the  country  It 

could  not  now  be  put  at  a lower  figure  than  ^^25 
per  head.  For  the  investment  of  this  capital  in 
her  daughter’s  fields,  the  mother  must  look  for  some 
return ; and  this  should  be  found  in  the  markets  she 
created  for  her  wares.  Of  course  those  who  chose  to 
emigrate  entirely  at  their  own  expense  would  be  free 
to  select  whatever  land  they  preferred  for  new 
homes  ; but  neither  State  nor  philanthropic  funds 
could  be  bestowed  on  emigration  to  foreign  lands 
without  robbing  the  mother  country  of  the  return 
she  had  a right  to  expect.  More  than  this,  it  would 
be  necessary  to  see  that  in  these  new  spheres  of 
labour  the  emigrants  would  not  be  rivals  or  com- 
petitors of  the  manufacturing  interests  at  home. 
Their  proper  position  was  to  develop  the  natural 
productions  of  the  lands  in  which  they  settled,  and 
to  leave  alone  any  other  industries  until  they  were  at 
least  able  to  prosecute  them  without  the  aid  of 
protective  duties,  on  imports  from  home.  The 
destination  of  such  migrants,  therefore,  should 
neither  be  to  foreign  countries  at  all,  nor  to  any 
portions  of  the  Empire  which  did  not  accord  to  us 
at  home  perfect  freedom  of  trade.  Their  aim  should 
be  to  arrest  the  movements  from  country  to  town  on 
either  side — to  promote  that  from  country  here  to 
country  there.  It  was  important  too,  as  advised  by 
Mr.  White,  that  those  who  went  out  should  be 
abstainers.  !Mr.  Bourne  would  not  discuss  or  criti- 
cise the  national  council  which  Mr.  WTiite  pro- 
posed, because  he  did  not  see  that  our  statesmen 
were  yet  alive  to  the  paramount  necessity  of,  in  some 
way  or  other,  providing  for  the  emergencies  which 
arose  from  the  joint  action  of  increasing  population 
at  home  and  decaying  markets  abroad  for  our  manu- 
factures. The  ever-growing  preponderance  of  im- 
ports over  exports  was  teaching  lessons  which 
were  being  only  slowly  learnt,  and  he  feared  this 
1 would  have  to  proceed  to  a yet  greater  extent  before 
the  nation  awoke  to  its  peril.  In  the  meantime  cir- 
cumstances might  alter  the  form  of  organised  effort 
to  promote  the  great  object  both  lecturer  and  speakers 
wished  to  advance.  That  object  was,  in  fact,  enlarging 
the  area  of  the  United  Kingdom,  which  our  minds 
were  fully  set  upon  accomplishing.  The  methods 
which  it  was  best  to  set  in  motion  would  have  to  be 
settled  according  as  the  exigencies  of  the  period  might 
suggest  or  render  advisable.  Mr.  White  now  un- 
wittingly exaggerated  the  growth  in  our  trade  with 
the  colonies  from  not  being  aware  that  in  the  accounts 
for  the  earlier  of  the  two  yeais  he  had  brought  into 
comparison,  a large  quantity  of  goods  which  under- 
went transhipment,  as,  for  instance,  at  Suez  and 
Portland — on  their  way  to  India  and  Canada — were 
credited  to  the  country  of  first  arrival  instead  of  to 
that  of  ultimate  destination.  All  such  papers  and 
discussions  as  they  had  that  night  were  powerful 
aids  to  progress,  and  he  felt  that  thanks  were  due  to 
Mr.  Arnold  White  for  the  successful  way  in  which  he 
had  brought  the  subject  forward.” 
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EIGHTH  ORDINARY  MEEIING. 

Wednesday,  Jan.  27th,  1886;  Sir  Frederick 
Bramwell,  F.R.S.,  Pres. Inst. C.E.,  Vice- 
President  of  the  Society,  in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society  : — 

Blagden,  William  George,  i,  Fenchurch-avenue, 

E.C. 

Blair,  John,  Elmslie,  Kilmarnock. 

Hudson,  John  G.,  18,  Aytoun-road,  Glasgow. 
Morice,  Beaumont,  LL.B.,  2,  Garden-couit,  Temple, 
E.C.,  and  Trefilys,  Erith,  Kent. 

Pogson,  William  Norman,  Nungumbauhum,  Madras. 
Robinson,  Walter,  Forehill,  Ely. 

Short,  John  Young,  49,  West  Sunniside,  Sunder- 
land. 

Smith,  Fred  Snow,  Yeadon,  near  Leeds. 

Trubshaw,  Charles,  Midland  Railway  Company, 
Derby. 

The  following  candidates  were  balloted  for 
and  duly  elected  members  of  the  Society^ : — 

Aldwinckle,  Thomas  William,  2,  East  India -avenue, 
Leadenhall-street,  E.C. 

Atkins,  Alfred,  Wanganui,  New  Zealand. 

Beadel,  William  James,  M.P.,  Springfield  Lyons, 
Chelmsford,  Essex,  and  97,  Gresham-street,  E.C. 
Bedford,  Alfred,  Waltham-buildings,  Holborn-circus, 
E.C. 

Brindle,  Thomas,  North-bank,  Tunbridge  Wells. 
Criswick,  George  Stickland,  F.R.A.S.,  Royal 
Observ’atory,  Greenwich,  S.E. 

Grahame,  Harry,  Wanganui,  New  Zealand. 

Kennedy,  Thomas,  ir.  Old  Jewry-chambers,  E.C., 
and  61,  Warwick-road,  Earl's  court,  S.W. 
Kirkwood,  W.  G.,  Stowford,  Mowbray-road,  Upper 
Norwood,  S.E. 

Lee,  Herbert  Cabry,  9,  Park-crescent,  Portland- 
place,  W.,  The  Brewery,  Hill-street,  Peckham, 
S.E. 

Lyle,  Charles,  37,  Mincing-lane,  E.C. 

Medley,  Dudley  Julius,  B.A.,  Keble  College, 
Oxford. 

-Uilnes,  William  Stert,  Woodstock,  Grove-park,  Lee, 

S.E. 

ilumford,  William  Thomas,  36,  Oswald-street, 
Glasgow. 

Pain,  William,  8,  Adelphi-terrace,  W.C. 

Porter,  Nicholas  Ellis,  2,  Belgrave-terrace,  Lee, 
S.E.,  and  loi,  Leadenhall-street,  E.C. 

Pownall,  Robert,  Wanganui,  New  Zealand. 
Richards,  James,  9,  The  Chase,  Clapham-common, 
S.W. 

Rosenheim,  Herman,  Highfield-house,  Fitzjohn- 
avenue,  N.W. 

Turle,  Edward,  Wimbledon  School,  Wimbledon. 
Yglesias,  Miguel,  2,  Tokenhouse-buildings,  E.C. 

The  paper  read  was— 


MACHINERY  IN  MINES. 

By  Henry  Davey,  M.Inst.C.E. 

Mines  were  the  cradle  of  the  steam-engine, 
and  the  drainage  of  mines  the  necessity  which 
gave  birth  to  the  invention.  The  Marquis  of 
Worcester,  in  1660,  in  his  “ Century  of  Inven- 
tions,” speaking  of  his  engine,  of  which  there 
remains  no  clear  or  authentic  description, 
says  : — “ And  I may  boldly  call  it  the  most 
stupendous  work  in  the  whole  world,  not  only 
with  little  charge  to  drain  all  sorts  of  mines, 
&c.”  In  the  records  of  the  Royal  Society  of 
1699,  it  is  recorded  that  Mr.  Thomas  Savery  en- 
tertained the  Society  with  showing  his  “engine 
to  raise  water  by  the  force  of  fire.”  Savery 
published  a description  of  his  engine,  and 
called  it  the  “Miner’s  Friend.”  Savery’s  first 
engine  was  erected  at  Wheal  Vor,  in  Cornwall. 
In  1705,  Newcomen,  seeing  that  the  miner’s 
wants  were  not  yet  fully  satisfied,  succeeded 
in  advancing  a step  further.  Newcomen’s 
engine  was  studied  by  Watt,  whose  great 
genius  led  him  to  the  invention  of  the  separate 
condenser,  the  greatest  single  advance  in  the 
history  of  the  steam-engine. 

It  will  be  interesting,  before  we  describe 
the  more  modern  improvements  in  pumping 
engines  for  mines — improvements  more  in 
matter  of  detail  than  in  general  principles — 
to  briefly  describe  the  early  development  of 
the  engine.  It  will  help  us  to  fix  the  mind 
on  the  salient  points  of  the  subject. 

Savery’s  engine  consisted  of  two  vessels 
connected  to  a boiler  by  pipes  and  cocks,  so 
arranged  that  by  opening  and  closing  the 
cocks  in  regular  order,  and  at  intervals,  the 
vessels  were  first  filled  with  steam,  and  then 
with  water,  the  water  rising  into  the  vessel  by 
atmospheric  pressure  as  the  steam  became 
condensed.  The  pulsometer  of  the  present 
day  is  a Savery  engine  made  automatic  in  its 
action. 

Newcomen  employed  the  atmospheric  pres- 
sure to  raise  the  water  by  means  of  a steam 
cylinder  and  piston,  made  to  actuate  a pump 
by  means  of  a beam,  by  first  admitting  steam 
into  the  cylinder  to  raise  the  piston,  and 
I then  injecting  water  into  the  cylinder  to  con- 
dense the  steam,  thereby  causing  a vacuum 
under  the  piston,  which  descended  by  atmo- 
spheric pressure,  and  in  doing  so  lifted  the 
water  in  the  pump.  Watt  used  Newcomen’s 
cylinder  and  piston,  but  condensed  the  steam 
in  a separate  vessel,  and  instituted  expansive 
working,  leaving  for  his  followers  the  further 
development  of  those  principles. 
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During  Watt’s  time  expansive  working  was 
not  carried  to  a large  extent.  His  engine 
worked  bucket  pumps,  a condition  not  ad- 
mitting of  a high  degree  of  expansion.  It 
was  not  till  the  introduction  of  the  plunger 
pump  into  the  Cornish  mines  that  the  Watt 
engine  was  capable  of  working  with  consider- 
able expansion.  It  was  the  substitution  of  the 
plunger  for  the  bucket  pump  that  constituted 
the  change  from  the  Watt  to  the  Cornish 
engine,  and  was  the  chief  cause  in  raising  the 
duty  from  20  to  60,  and  in  some  cases  to 
80  or  go  millions  of  pounds  raised  one  foot 
high  by  the  consumption  of  one  cwt.  of  coal. 
Watt  left  Cornwall  in  1800.  The  duty  of  his 
best  engine  was  then  20  millions. 

In  the  Watt  engine,  the  water  in  the  pump 
was  lifted  by  the  direct  action  of  the  steam  on 
the  piston  of  the  engine,  the  return  stroke 
being  performed  by  the  weight  of  the  pump 
rods.  This  condition  of  things  did  not  admit 
of  a great  range  of  expansion.  In  expansive 
working,  the  pressure  on  the  piston  towards 
the  end  of  the  stroke  is  less  than  the  resist- 
ance of  the  pump.  It  is,  therefore,  necessary 
that  a considerable  mass  should  be  attached 
to  the  piston  to  absorb  energy  by  its  inertia  at 
the  beginning  of  the  stroke,  and  to  give  out 
that  energy  by  momentum  towards  the  end  of 
the  stroke.  That  function  is  performed  in  the 
rotative  engine  by  the  fly-wheel,  and  in  the 
reciprocating  engine  by  the  piston  and  its 
attachments.  The  attachments  of  the  piston 
of  the  Watt  engine  were  comparatively  of 
little  weight,  but  when  the  change  was  made 
from  the  bucket  to  the  plunger  pump,  it  became 
necessary  to  employ  very  heavy  pump  rods, 
because  the  action  of  the  pump  was  reversed, 
and  the  weight  of  the  pump  rods  was  then 
used  to  overcome  the  resistance  of  the  pump, 
instead  of,  as  in  the  former  case,  the  passive 
resistance  of  the  engine  on  the  idle  stroke. 
The  plunger  pump  was  introduced  purely  as 
an  improvement  in  the  pump  work,  but  after 
it  was  introduced,  it  was  found  that  Watt’s 
engines  could  be  worked  more  expansively, 
and  their  efficiency  raised  in  consequence. 
Many  Cornish  engines  have  as  much  as  200 
tons  of  pump  rods  attached  to  them.  With 
such  a reciprocating  mass,  a high  degree  of 
expansion  is  practicable  and  easy.  There  are 
hundreds  of  so-called  Cornish  engines  put  up 
without  any  attempt  to  work  them  expansively, 
but  such  engines  are  not  Cornish  engines ; 
they  are  Boulton  and  Watt  engines  of  the 
earliest  and  crudest  form.  The  reputation 
of  the  Cornish  engine  rests  on  its  proper 


application,  a fact  which  is  often  over- 
looked. 

In  “Lean’s  Historical  Statement  of  the 
Steam-engines  in  Cornwall,’’  published  in  1838, 
Mr.  Lean  says  : — 

“About  the  year  1801  the  author’s  father,  Captain 
Joel  Lean,  who  besides  being  an  experienced  and 
intelligent  miner  xvas  a good  practical  engineer,  was 
appointed  principal  manager  of  Crenver  and  OatfielJ, 
in  the  parish  of  Crowan,  one  of  the  best  and  most 
extensive  mines  then  at  work  in  the  county.  He 
found  the  engines  and  pit  work  in  a very  bad  con- 
dition. The  mines  were  about  170  fathoms  deep 
from  the  surface,  and  140  fathoms  b.low  the  adit,  and 
the  water  was  drained  bythree  steam-engines,  namely, 
a 63  m.  cylinder- double  on  Bull’s  mode  of  construc- 
tion, having  the  cylinder  over  the  shafl,  and  a piston 
rod  working  through  its  bottom  ; and  a 60  in.  an  1 
36  in.  cylinder- single  cylinder  engines  on  Boulton 
and  Watt’s  plan.  The  consumption  of  coals  by  these 
two  engines  was  enormous,  and  the  average  du^y 
under  ten  millions.  Bull’s  engine,  63  in.  double, 
consumed  fourteen  cauldrons  of  coal  in  one  day.  The 
pit  work  too,  which  consisted  of  leathern  buckets, 
with  two  or  three  pistons,  such  as  were  at  that  time 
in  general  use  for  plungers,  was  in  a veiy  bad  state, 
and  it  may  be  safely  asserted  that  the  engines  were 
idle  at  least  one-third  of  the  time,  repairing  the  pit 
work  and  changing  the  buckets.” 

After  he  had  assumed  the  management. 
Captain  Lean’s  attention  w’as  immediately 
directed  to  the  pit  work,  and  here  he  first 
introduced  what  is  now  so  generally  used,  and 
with  so  great  advantage,  the  plunger  pole, 
instead  of  the  common  buckets  and  piston, 
wherever  he  found  it  practicable. 

It  is  a curious  fact,  that  although  the  plunger 
pump  has  been  almost  universal  in  Cornwall 
for  the  last  fifty  years,  it  has,  until  lately,  been 
little  adopted  in  collieries.  It  is  usually  em- 
ployed to  force  the  water  40  fathoms  only, 
so  that  in  a shaft  200  fathoms  deep  there 
would  be  five  pumps,  lifting  the  water  from  the 
bottom  in  stages,  from  one  to  the  other.  The 
lowest  pump  is  usually  a bucket  pump,  for 
convenience  of  sinking.  Stage  pumping  is 
often  convenient  where  feeders  of  w’ater  occur 
in  the  shaft  at  different  levels,  because,  as  a 
question  of  power,  it  is  more  economical  to 
pump  the  water  from  where  it  is  found,  instead 
of  letting  it  run  to  the  bottom  of  the  mire,  and 
pumping  it  from  there  ; but  stage  pumping  is 
generally  very  troublesome,  and  requires  very 
careful  supervision.  It  becomes  necessary  to 
have  a pipe  from  one  pump  to  the  next  pump 
below  it,  so  that  the  w^ater  may  be  run  down 
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to  keep  all  the  pumps  equally  charged  under 
the  varying  conditions  of  wear  and  tear. 
Trained  men  are  kept  for  this  and  the  other 
work  connected  with  the  pumps.  In  Cornwall 
they  are  called  pitmen,  and  in  the  north  of 
England  pump  doctors. 

The  plunger  pump  has,  of  late  years,  been 
so  improved  in  form,  that  it  may  be  safely 
employed  to  pump  water  even  as  high  as  200 
fathoms  in  one  direct  lift,  so  that,  as  far  as 
the  pumps  are  concerned,  the  necessity  does 
not  remain  for  stage  pumping.  The  old  form 
of  plunger  pump  was  not  suitable  for  pumping 
to  a great  height  in  one  lift.  It  was  weak  in 
form,  and  inconvenient  of  access  to  the  valves, 
and  involved  risk  of  life  to  the  pitmen, 
because  all  the  operations  of  changing  valves 
and  repairs  to  the  pump  had  to  be  done  in  the 
shaft.  The  modern  and  most  approved  method 
of  draining  mines  economically,  without  risk 


of  flooding,  is  to  have  two  pumping  engines, 
each  capable  of  draining  the  mine,  and  pro- 
vided with  plunger  pumps. 

In  the  Cornish  engine  the  practical  limit  cf 
expansive  working  is  soon  reached.  Not  so  in 
the  compound  engine ; and  as  the  compound 
engine  is  double-acting,  and  the  Cornish 
engine  necessarily  single-acting  (when  worked 
expansively),  the  compound  has  distinct  ad- 
vantages, both  as  regards  power  and  economy. 
Of  late  years  the  compound  engine  has  met 
with  a large  application  in  mines.  Here  the 
author  would  observe  that  the  double-acting 
non-rotative  beam  engine  is  not  a Cornish 
engine,  though  often  so  called. 

As  a recent  example  of  heavy  pumping  per- 
formed by  a compound  engine,  with  the  im- 
proved plunger  pumps  before  described,  the 
author  selects  one  of  the  engines  recently 
erected  by  the  South  Staffordshire  Mines 


Fig.  I. 


Horizontal  Engine  and  Double  Ram  Pumps. 


Drainage  Commissioners.  This  engine  will 
raise  4,000,000  gallons  per  day  from  a depth  of 
600  feet.  That  is  to  say,  it  would  fill  this  room 
with  water,  and  lift  it  one  and  a half  times  the 
height  of  the  cross  of  St.  Paul’s,  every  hour. 
It  has  cylinders  52  in.  and  90  in.  diameter, 
by  10  ft.  stroke,  and  works  27-in.  diameter 
plunger  pumps,  10  ft.  stroke,  equal  in  power 
to  a i20-in.  Cornish  engine. 

It  is  not  unusual  to  find  in  collieries  as  much 
as  six  tons  of  water  to  one  ton  of  coal — that  is 
to  say,  there  are  collieries  raising  say  6,000 
tons  of  coal  per  week  and  36,000  tons  of  water 
in  the  same  time. 

Underground  Pumping  Engines. 

The  conditions  of  mining  vary  so  much  that 


it  is  impossible  to  frame  any  general  rules  as 
to  the  type  of  machine  which  is  best  suited  to 
any  particular  mining  operation.  The  old  form 
of  pumps,  worked  from  spear  rods,  as  we  have 
before  seen,  gave  considerable  - trouble,  and 
involved  costly  maintenance ; considerations 
which  favoured  the  introduction  of  underground 
pumping  engines. 

In  underground  pumping  engines,  the 
engine  and  pump  are  combined  in  one  self- 
contained  machine,  employed  to  force  the 
water  from  the  position  in  which  it  is  placed  in 
the  workings,  direct  to  the  surface  through  a 
single  pipe.  Sometimes  the  boilers  for  working 
the  engine  have  been  placed  in  the  workings 
near  the  engine,  but  generally  steam  has  been 
taken  down  through  a pipe  from  boilers 


214 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


[J jHuary  25,  i3i5. 


situated  on  the  surface.  It  is  seldom  that 
very  heavy  pumping  is  performed  on  this  plan. 
In  many  situations  it  is  convenient  and 
desirable,  but  in  an  economical  point  of  view 
there  is  a serious  loss  by  condensation  in  con- 


veying steam  down  the  pit.  Wherever  this 
plan  is  employed,  care  should  be  taken  to  dry 
the  steam  as  much  as  possible  before  it  enters 
the  cylinders  of  the  engine. 

The  author  would  here  emphasise  the  fact 


that  there  is  no  greater  impediment  to  steam- 
engine  economy  than  the  presence  of  water  in 
the  steam,  or  what  is  practically  called  “ wet 
steam,”  either  arising  from  priming  of  the 
boilers  or  from  subsequent  condensation  in  the 
steam  pipes. 


Steam  is  often  conveyed  down  the  mine  for 
the  purpose  of  working,  not  only  the  pumping 
machiner}^  but  also  the  hauling  engines  ; but 
since  the  introduction  of  compressed  air 
machinery  the  practice  is  not  so  usual. 

About  ten  years  ago  the  author  erected,  at 
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the  Clay  Cross  Collieries,  a pair  of  under- 
ground engines  to  force  water  1,000  ft.  in  one 
direct  lift,  and  experiments  were  then  made  to 
determine  the  loss  by  condensation  in  taking 
steam  down  the  pit. 

Result  of  Experiment  to  ascertain  the  Loss 

CAUSED  BY  TAKING  StEAM  DOWN  A COAL  PiT. 


Diameter  of  pipes 7^  in. 

Vertical  height  of  do.  in  pit 9^5  ft* 

Horizontal  length  on  the  surface. . . , 185  ,, 

Total  length  1,100  ,, 

Length  of  pipes  with  non-conduct- 
ing cement  1,015  ,, 

Length  of  pipes  unclothed  85  ,, 


Pressure  of  steam  at  surface  . . 45  lbs.  per  sq.  in. 
Pressure  of  steam  at  pit 
bottom  when  engines  were 
standing  

The  engines  consisted  of  a pair  of  single- 
cylinder direct-acting  engines : — 


Diameter  of  cylinders  20  in. 

Length  of  stroke  36  ,, 


Speed  of  engines . . 10  double  strokes  per  minute. 

"Water  from  condensation 
in  the  pipes  

"Water  from  condensation 
when  the  engines  were  [8  ,,  ,, 

standing ’ 

The  steam  pipes  stood  on  a strong  piece  of 
timber  at  the  pit  bottom,  and  were  kept  in  a 
vertical  position  by  stays  fixed  27  ft.  apart, 
vertically.  An  expansion  joint  was  provided 
near  the  top,  and  the  expansion  of  the  pipes 
was  found  to  be  18  in.,  or  2 in.  for  every  100  ft. 
in  length. 

Transmission  of  Power. 

The  underground  workings  of  mines  extend 
to  great  distances,  and  cover  large  areas. 
The  roads  are  often  miles  in  extent,  necessi- 
tating a very  large  application  of  power. 
Manual  power  (except  in  the  actual  excavating 
of  the  minerals)  was  first  supplemented  by 
horses,  and  is  now  almost  entirely  superseded 
by  machinery.  The  miner  has  been  assisted  by 
the  engineer,  and  his  labour  rendered  less 
irksome  and  less  dangerous. 

Compressed  air  forms  a very  convenient 
medium  for  actuating  underground  machinery, 
and  is  extensively  used  for  working  hauling 
engines.  Mechanically  speaking,  it  is  not 
economical ; but  as  long  as  it  is  commercially 
profitable,  there  is  a great  incentive  to  the 
engineer  to  increase,  if  possible,  the  efficiency 
of  its  application.  The  general  practical 


efficiency  is  from  25  to  33  per  cent,  of  the 
power  applied. 

The  following  results  of  experiments  made 
with  a pair  of  air  compressors  working  under- 
ground hauling-engines,  are  of  interest,  and 
highly  instructive,  and  fully  demonstrate  the 
increasing  loss  of  efficiency  with  the  increas- 
ing pressure  to  which  the  air  is  compressed:  — 

When  the  air  was  compressed  to  54  lbs.  per 
square  inch,  the  total  efficiency  amounted  to 
only  14*27  per  cent.,  but  when  the  pressure  of 
compression  was  reduced  to  40  lbs.  per  square 
inch,  the  total  efficiency  rose  to  24*42  per  cent. 

The  experiments  were  conducted  under  pre- 
cisely similar  conditions,  but  the  low  efficiency 
in  both  cases  is  accounted  for  by  the  fact  that 
the  hauling  engine  did  not  use  the  air  expan- 
sively. 

The  utilised  power  in  the  steam-engine,  as 
ascertained  from  the  steam  and  air  indicator 
diagrams,  was  87*25  percent,  in  the  first  case, 
and  85*62  per  cent,  in  the  second.  As  all 
other  things  were  equal,  the  lower  efficiency 
resulted  from  the  increased  heat  formed  by 
the  higher  compression. 

The  loss  of  power  arose  from  the  cooling  of 
the  air  after  compression,  before  reaching  the 
hauling  engines,  and  the  want  of  expansion 
of  air  in  the  hauling  cylinders.  It  has  often 
been  pointed  out  that  the  loss  from  cooling 
might  be  partially  restored  by  heating  the  air 
before  it  enters  the  hauling  cylinders,  but  the 
author  has  not  met  with  a practical  application 
of  the  idea. 

Hydraulic  power  has  been  used  to  a con- 
siderable extent  for  the  transmission  of  power 
in  mines,  especially  for  raising  water  from  the 
lower  workings  to  the  pumps  of  the  main 
pumping  engine,  and  in  some  cases  actually 
pumping  the  main  water  feeders  of  the  mine. 
It  has  also  been  used  for  working  hauling 
engines. 

An  interesting  example  of  such  an  applica- 
tion has  been  recently  instituted  at  Marseilles, 
in  a colliery  belonging  to  the  Societe  Anonyme 
de  Charbonnages  des  Bouches-du-Rhone.  M. 
Biver,  the  engineer  of  the  mine,  has  since  the 
completion  of  the  installation  carried  out  care- 
ful experiments,  the  results  of  which  he  has 
published  in  “ Le  Genie  Civil,”  and  from  it 
author  has  extracted  the  following  facts  : — • 

The  installation  is  specially  interesting,  as 
it  was  designed  to  meet  special  difficulties. 
The  portion  of  the  workings  to  be  drained  was 
subject  to  periodical  inundations.  It  was 
therefore  out  of  the  question  to  think  of  em- 
ploying underground  steam-engines.  It  was 


I 12  cubic  feet  per  hour. 
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also  impossible  to  employ  pumps  in  the 
shaft,  already  fully  occupied  with  pump  rods 
and  winding  cages. 


M.  Biver  requested  the  author’s  firm  to  pre- 
pare a scheme  to  meet  the  special  difficulties 
of  the  ca<5e.  The  scheme  proposed  by  the 


Fig.  3. 


author  was  that  of  hydraulic  transmission  from 
the  surface. 

In  a gallery  which  is  subject  to  inundations 


are  placed  two  hydraulic  pumping  engines, 
delivering  the  water  which  they  pump  into  the 
drainage  gallery  of  the  mine  some  distance 
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below  the  surface.  At  the  surface  of  the  mine 
is  placed  a compound  condensing  pumping 
engine,  actuating  two  double-acting  pumps, 
from  which  water  is  conveyed  at  a pressure  of 
42  atmospheres  direct  to  the  hydraulic  pumps. 
The  water  supplying  the  hydraulic  pumps  is 
not  discharged  into  the  mine,  but  returns  again 


through  a second  pipe  to  the  pumping  engine 
(or  heart  of  the  system)  on  the  surface  ; so  that 
the  water  which  actuates  the  hydraulic  engines 
simply  circulates  through  the  system  by  means 
of  a supply  and  return  pipe,  just  as  blood  in  the 
veins  of  a human  being  returns  to  the  heart  to 
be  pumped,  over  and  over  again. 


Fig.  5. 


Compound  Condensing  Pumping  Engine. — Longitudinal  Section. 


Fig.  6. 


Compound  Condensing  Pumping  Engine. — Plan. 


It  is  evident  that  there  is  a back  pressure  on 
the  hydraulic  engines,  due  to  the  vertical  head 
of  water  in  the  return  pipe.  The  effective 
pressure  is  the  pressure  produced  by  the 
pumping  engine  on  the  surface. 

In  Sir  William  Armstrong’s  system  of  hy- 
draulic transmission,  the_  pumping  engine 


delivers  its  water  into  an  accumulator,  from 
which  power  is  distributed.  The  accumulator 
is  here  introduced  to  store  the  power  of  the 
prime  mover,  and  to  meet  the  interrupted 
demand  for  power  caused  by  the  intermittent 
use  of  the  hydraulic  machinery. 

In  the  case  under  notice  the  use  of  the  hy- 
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Fig.  7. 


Accumulator. 
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draulic  pumps  is  constant ; there  was,  there- 
fore, no  object  in  storing  power.  The  main 
desideratum  was  to  cause  the  hydraulic  pumps 
to  respond  directly  to  the  motion  of  the  engine 
on  the  surface,  so  that  the  speed  of  the  engine 
on  the  surface  should  give  the  speed  at  which 
the  hydraulic  engines  were  working  under- 
ground. It  will  easily  be  seen  that  if  the 
pumping  engine  on  the  surface  delivered  a 
constant  stream,  and  the  hydraulic  engines 
below  used  a constant  stream,  there  would  be 
no  necessity  for  anything  between  the  two 
engines  than  a closed  pipe ; but  both  engines 
have  a reciprocating  action,  and,  there- 
fore, produce  an  intermittent  stream  in  the 
pipe.  To  correct  this  intermittent  action, 
and  to  preser\'e  a constant  pressure,  and 
to  maintain  the  engines  working  in  unison, 
the  author  devised  the  steam  regulator. 
The  regulator  simply  consists  of  a plunger 
in  direct  communication  with  a pipe  con- 
nected to  a steam  piston,  on  the  face 
of  which  is  maintained  a constant  steam 
pressure.  The  pressure  of  the  steam  on  the 
piston,  multiplied  into  its  area,  being  equal  to 
the  re-acting  pressure  on  the  plunger  multiplied 
into  this  area,  there  is,  therefore,  a balance  of 
forces.  Any  rise  in  pressure  in  the  supply 
pipe,  arising  from  intermittent  action  of  either 
of  the  engines,  causes  the  plunger  to  move 
downwards,  and  therefore  increase  the  capacity 
of  the  pipe,  and  vice  versa,  whenever  reduction 
of  pressure  occurs.  The  movement,  then,  of 
the  steam  regulator,  is  to  preserve  a constant 
pressure  by  vaiydng  the  capacity  of  the  pipe. 
It  also  serves  the  double  purpose  of  a governor 
on  the  steam-engine.  The  throttle  valve  of  the 
steam-engine  is  connected  directly  to  the 
piston  of  the  steam  regulator.  A little  thought 
will  enable  one  to  see  that  a dead  weight  on 
the  plunger,  instead  of  steam  pressure,  would 
not  have  the  same  effect.  The  inertia  of  the 
weight  would  cause  heavy  shocks  in  the 
pipes.  The  weight  of  steam  is  so  much 
ess  than  its  pressure  that  its  inertia  may  be 
neglected. 

It  would  occupy  too  much  time  to  go 
further  into  mechanical  details ; the  author 
simply  gives  the  results  of  actual  working, 
according  to  the  tests  which  have  been  made. 
M.  Biver  has  carefully  taken  indicator  diagrams 
from  the  steam-engines,  the  pumps,  and  the 
hydraulic  engines,  and  has  measured  the 
quantity  of  water  pumped.  The  following  are 
the  results  of  his  observations  : — 

Pressure  in  supply  pipe  at  the  prime  mover. . 42  am. 

»»  M M hydraulic  pump  57  „ 


Pressure  in  return  pipe  ,,  ,,  ,,  15  am 

No.  of  revolutions  of  prime  mover 22 

No.  of  double  strokes  of  hydraulic  pumps  5-12 

The  total  efficiency  of  the  whole  system 
reaches  54*2  per  cent.,  and  the  consumption 
of  steam  amounts  to  1376  kilogrammes  per 
horse-power  in  water  pumped.  The  author 
predicted  a consumption  of  13*60  kilogrammes. 
The  total  horse-power  exerted  by  the  steam- 
engine  was  229*2  horse-power,  and  the  work 
actually  done  by  the  hydraulic  engines  124*2 
horse-power.  The  total  cost  of  the  whole 
installation,  including  buildings,  excavations, 
and  all  other  matters,  amounts  to  215,771 
francs.  It  is  intended  to  increase  the  speed 
of  the  prime  mover,  and  thereby  obtain 
additional  power  for  working  pumps  in  the 
dip  workings,  and  also  for  working  a pair  of 
hauling  engines. 

Ventilating  Machinery. 

In  metalliferous  mines  there  are  generally 
several  shafts  ; the  shaft  in  which  the  pumps 
are  fixed  is  usually  called  the  engine  shaft 
Where  there  are  two  or  more  shafts  communi- 
cating with  the  workings,  it  is  a curious  fact 
that  a very  considerable  amount  of  natural 
ventilation  takes  place  without  any  machinery 
or  appliances  whatever.  If  we  take  a lamp 
chimney  and  put  in  it  a vertical  division  ex- 
tending some  distance  down  from  the  top, 
dividing  the  cross  section  of  the  chimney  into 
two  parts,  we  shall  find  that  instead  of  having, 
as  before,  an  upward  current  occupying  the 
whole  of  the  chimney,  we  shall  get  an  upward 
current  on  one  side  of  the  division,  and  a 
downward  current  on  the  other.  This  action 
obtains  in  mines.  If  the  shafts  are  the  same 
depth,  and  come  to  the  surface  at  the  same 
altitude,  it  is  difficult  to  say  which  will  have 
the  upward  current.  That  will  generally  de- 
pend on  an  accidental  circumstance.  It  is 
easy  to  see  the  reason  of  the  current  when  we 
consider  that  the  bottom  of  the  mine  is  warmer 
than  the  top,  so  that  when  a current  is  set  up 
in  one  shaft,  th^t  shaft  becomes  occupied  by  a 
rarified  column  of  air,  whilst  the  other  is 
filled  with  cold  air  of  the  normal  density.  The 
cold  column  being  heavier  than  the  warm 
column,  a current  is  at  once  set  up,  the  cold 
air  entering  the  mine  through  one  shaft,  and 
the  warm  air  leaving  it  through  the  other. 

We  have  here  a very  simple  apparatus  to 
illustrate  the  phenomena. 

Metalliferous  mines  seldom  require  artificial 
ventilation,  but  the  case  is  different  with 
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collieries.  The  method  employed  in  collieries, 
till  within  the  last  few  years,  was  generally 
a furnace  placed  at  the  bottom  of  an  upcast 
shaft.  That  system  was  very  wasteful  as  far 
as  the  consumption  of  coal  was  concerned,  and 
also  had  other  serious  practical  objections. 
Collieries  are  now  generally  ventilated  by 
means  of  fans  put  in  communication  with  the 
up-cast  shafts,  and  means  are  employed  to 
utilise  the  shaft  for  other  purposes,  sometimes 
for  pumping,  and  sometimes  for  both  pumping 
and  winding.  It  is  easily  seen  that  it  is  neces- 
sary, in  order  that  the  fan  may  perform  its 
functions,  that  the  top  of  the  shaft  should  be 
closed.  When  the  shaft  is  used  for  pumping 
purposes  alone,  that  is  easily  done  by  covering 
the  shaft  and  working  the  pump  rods  through 
holes  in  the  covering.  When  used  for  winding, 
an  ingenious  arrangement  of  trap  doors  is  pro- 
vided, so  that  as  the  winding  cage  comes  to 
the  surface  it  pushes  open  the  doors,  and  closes 
them  again  on  its  descent. 

The  general  application  of  ventilating  fans 
is  indicated  on  one  of  the  wall  drawings.  Its 
efficiency,  compared  with  furnace  ventilation, 
is  very  great.  The  general  total  efficiency  of 
mechanical  ventilation,  by  means  of  fans,  is 
from  40  to  50  per  cent,  of  the  power  applied, 
and  the  consumption  of  coal  per  horse-power 
of  effective  work  done  should  not  exceed  8 lbs. 
The  consumption  of  coal  for  an  equivalent 
work  with  the  old  furnace  amounted  to  from 
30  lbs.  to  60  lbs. 

As  an  example  of  mechanical  ventilation, 
I may  instance  a Guibal  fan,  46  ft.  in  dia- 
meter, and  14  ft.  10  in.  wide,  which  extracts 
from  the  mine  246,000  cubic  feet  of  air  per 
minute. 

In  the  Guibal  fan  the  high  velocity  of  the 
periphery  of  the  blades  is  obtained  with  a 
slow  rate  of  rotation  by  making  it  of  large 
diameter,  but  smaller  fans  are  made  to  give  a 
large  displacement  by  increased  rapidity  of 
rotation. 

A Scheie  fan,  9 ft.  6 in.  in  diameter  and 
3 ft.  2 in.  wide,  gives  a displacement  of  106,000 
cubic  feet  of  air  per  minute. 

This  part  of  the  subject  probably  possesses 
more  human  interest  than  any  other,  because 
good  ventilation  tends  to  prevent  the  accumu- 
lation of  gas,  the  accidental  explosion  of  which 
has  so  often  shocked  the  public  mind  by  sud- 
denly sending  so  many  of  our  brave  miners  to 
a premature  grave.  And  here  I would 
remark  on  the  great  attention  which  has 
been  devoted  to  the  subject  of  ventilation  by 
colliery  managers  and  others,  and  the  per- 


fection to  which  mechanical  ventilation  has 
been  brought. 

It  is  sad  to  know  that,  notwithstanding  the 
science  which  has  been  brought  to  bear  on  the 
subject,  gas  does  with  subtlety  sometimes 
collect  in  dangerous  quantities.  During  the 
time  of  high  barometric  pressure  it  collects  in 
waste  places,  and  becomes  suddenly  liberated 
on  the  sudden  fall  of  the  barometer.  Hence 
the  reason  for  the  colliery  warnings  which  are 
frequently  given  in  the  papers  when  a sudden 
fall  of  the  barometer  is  anticipated. 

Mining  has  always  been  a more  or  less 
dangerous  occupation  ; but  we  may  safely  say 
that  great  skill  and  labour  have  been  success- 
fully brought  to  bear  on  the  subject,  and  that 
the  danger  is  immensely  lessened  even  when 
comparing  it  with  what  it  was  only  a few  years 
ago. 

Winding  and  Hauling. 

In  the  metalliferous  mines  the  raising  of  the 
minerals  is  generally  performed  in  a shaft  or 
shafts  specially  devoted  to  that  purpose.  In 
collieries  and  other  mines  one  shaft  is  often 
made  to  serve  the  combined  purpose  of  wind- 
ing, and  pumping,  and  ventilating,  by  dividing 
it  into  sections  with  what  is  called  brattice,  or 
in  other  words,  wooden  partitions ; but  the 
general  modern  practice  is  to  have  two  shafts, 
one  forming  the  up-cast  for  the  air,  and  the 
other  the  down-cast.  Winding  is  frequently 
performed  in  both  shafts. 

The  general  principle  of  winding  is  now 
what  it  was  in  the  year  I/03,  except  that 
horse-power  was  then  used  and  now  steam. 

A winding  engine  essentially  consists  of  a 
drum,  on  which  is  coiled  a rope.  The  two 
ends  of  the  rope  passing  over  pulleys  sup- 
ported on  a head-gear  over  the  shaft.  To  the 
ends  of  the  rope  are  attached  cages,  in  such  a 
manner  that  when  the  drum  is  turned  around, 
one  cage  ascends  while  the  other  descends. 

When  steam  power  was  first  introduced  for 
winding,  the  engine  ran  at  a higher  speed  than 
the  drum,  and  was  connected  to  it  by  gearing. 
The  speed  of  winding  was  slow,  and  where  the 
shafts  were  not  very  deep  the  problem  presented 
no  special  difficulties.  The  competition  which 
has  sprung  up  in  mining,  as  in  all  other  things, 
forced  upon  mine  owners  the  necessity  of 
economy.  In  establishments  such  as  mines  the 
general  charges  are  necessarily  so  great,  that 
economy  is  best  effected  by  increasing  the  out- 
put. The  old  geared  engine  was  dispensed 
with  (except  in  metalliferous  mines,  where  the 
speed  of  winding  is  a matter  of  small  conse- 
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quence),  and  the  direct-acting  winding  engine 
substituted.  The  speed  of  winding  was  thereby 
immensely  increased,  not  without  certain 
mechanical  difficulties.  The  weight  of  coal 
raised  at  a time  was  increased,  necessitating 
the  use  of  heavy  wire  ropes.  When  the  cage 
was  at  the  bottom  of  the  shaft,  the  length  of 
the  rope  in  the  shaft  added  greatly  to  the 
weight  on  the  engine,  so  that  the  engine  in 
starting  had  not  only  to  overcome  the  weight 
of  the  coal,  but  also  the  weight  of  the  rope. 
As  the  cage  ascended,  the  weight  of  the  rope 
decreased,  while  the  weight  of  the  rope  attached 
to  the  descending  cage  increased  until  the 
cages  met  in  the  middle  of  the  shaft,  when 
the  two  ropes  balanced  each  other.  One 
of  the  earliest  contrivances  to  overcome 
this  difficulty  consisted  of  a counter-balance 
by  means  of  heavy  chains  attached  to 
the  opposite  side  of  the  drum.  When  the 
cage  was  at  the  bottom  of  the  pit  the 
chains  were  in  their  highest  position,  but  as 
the  cage  ascended  the  chains  descended  into 
a shallow  pit,  resting  themselves  at  the  bottom. 
As  the  cage  approached  the  top  of  the  pit  the 
chains  were  lifted  again  by  coiling  in  the 
opposite  direction  on  the  drum.  A counter- 
balance running  on  wheels  on  an  inclined 
plane  \vis  sometimes  used  to  produce  the 
same  result.  A modern  system  of  counter- 
balancing is  that  recently  introduced  by  a 
German  engineer,  Herr  Koepe,  and  consists 
of  a tail  rope  hanging  from  the  bottom  of  the 
cages  in  a loop,  extending  to  the  bottom  of  the 
shaft,  and  there  passing  over  a pulley.  This 
arrangement  virtually  forms  the  winding  rope 
into  an  endless  band,  the  loop  of  which  ex- 
tends over  a pulley  at  the  bottom  of  the  shaft. 
There  is  always  the  same  weight  of  rope  in 
the  shaft  and  the  counter-balance  is  perfect. 
With  this  system  Herr  Kcepe  considers  that 
it  is  not  necessary  to  coil  the  rope  several 
times  around  the  drum,  but  all  that  is  neces- 
sary is  to  pass  a loop  of  the  rope  over  a sheave 
or  pulley  on  the  engine  shaft,  just  like  an 
ordinary  driving  belt.  The  friction  between 
the  rope  and  the  pulley  is  sufficient  to  prevent 
slip,  and  to  preserve  the  relative  position  of 
drum  and  cage.  Winding  is  performed  at  very 
great  speeds  ; it  is  therefore  necessary  that 
the  engine-driver  should  have  the  reversing 
handle  of  the  engine  in  his  hand,  with  com- 
plete control  over  the  engine  movements. 
This  condition  of  things  renders  expansive 
working  not  an  easy  matter,  and  it  is  only 
within  the  last  few  years  that  it  has  been  suc- 
cessfully introduced.  The  early  expansion 


gears  were  too  complicated.  The  simplest 
gear  is  one  which  the  author  first  saw  in  a 
colliery  in  Westphalia.  German  engineers 
have  devoted  considerable  attention  to  this 
subject.  The  gear  essentially  consists  of  a 
sleeve,  which  is  moved  longitudinally  on  the 
gear  shaft  of  the  engine  by  means  of  the 
reversing  lever.  On  the  sleeve  are  shaped 
cam  surfaces  for  giving  motion  to  the  valves. 
The  expansion  cam  will  be  understood  if  you 
imagine  the  old  stepped  cam,  formerly  used  in 
marine  engines,  with  the  steps  so  numerous 
that  they  form  a continuous  curve.  The 
longitudinal  motion  of  this  sleeve  is  under 
the  direct  control  of  the  engine-man,  by 
means  of  the  reversing  lever. 

As  examples  of  modern  winding  I would 
give  the  following  : — 

A pair  of  36-inch  by  6-feet  stroke  winding 
engines  wind  from  a depth  of  1,300  feet  about 
1,100  tons  in  eight  hours.  Time  occupied  by  the 
cage  in  coming  up  the  1,300  feet,  35  to  37 
seconds.  Total  time  occupied,  including 
changing  the  trucks  from  double-decked 
cages,  58  to  60  seconds.  In  a pit  1,800  feet 
deep,  1,800  tons  of  coal  have  been  raised, 
and  1,200  men  and  boys  raised  and  lowered 
by  one  engine  in  one  day. 

In  increasing  the  speed  of  winding,  colliery 
engineers  have  not  neglected  considerations 
of  safety,  and  winding  cages  are  now  provided 
with  safety  hooks  ; so  that,  should  the  engine- 
man  accidentally  overwind,  the  cage  remains 
suspended  in  the  headgear,  instead  of  falling, 
as  it  would  do  without  some  such  appliance, 
to  the  bottom  of  the  shaft.  Cages  are  also 
provided  with  safety  appliances  for  causing 
them  to  be  suspended  in  the  guides,  in  the 
event  of  a rope  breaking;  but  these  are  not 
very  generally  used.  There  is  no  reason  why 
winding-ropes  should  break  if  properly  in- 
spected, and  every  care  is  now  taken  in  that 
respect.  Powerful  steam  brakes  are  applied 
to  winding  engines,  so  that,  in  case  of  accident, 
the  engine-man  can  suddenly  bring  his  engine 
to  rest.  In  Germany  it  is  the  practice  to 
employ  mechanism  attached  to  the  engine, 
which  shall  cause  the  steam-brake  to  be  auto- 
matically applied  should  overwinding  occur. 

If  time  would  permit,  I could  go  into  other 
matters  of  detail  in  connexion  with  the  subject, 
showing  what  a large  amount  of  attention  it 
has  received  from  mining  engineers. 

To  recapitulate,  the  chief  difficulty  in  the 
w'ay  of  steam  economy  in  mines  was  that  of 
using  steam  expansively — a difficulty  arising 
from  the  varying  nature  of  the  work  to  be  per- 
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formed,  and  the  necessity  of  simplicity  of 
mechanism.  Science  has  overcome  that  diffi- 
culty. Engines  are  now  worked  with  consider- 
able expansion  in  all  departments  of  mining. 

The  output  of  mines  has  been  greatly  in- 
creased, and  the  standing  charges  reduced  in 
consequence— considerations  all  the  more  im- 
portant now  that  foreign  competition  is  so 
keen.  Germany,  looking  after  her  own  in- 
terest, carries  by  her  State  railways  coal  to 
Hamburg  from  Westphalia  at  reduced  rates, 
to  enable  Westphalia  to  compete  with  English 
markets. 

The  safety  of  the  miner  has  been  much 
raised  by  the  applications  of  modern 
science  ; and  whilst  the  mining  engineer  has 
economised  the  working  of  mines,  he  has,  at 
the  same  time,  rendered  the  occupation  of  the 
miner  a safer,  an  easier,  and  a more  profitable 
one. 


DISCUSSION. 

The  Chairman  said  the  paper  contained  a most 
iateresting  and  wonderfully  complete  review  of  the 
machinery  required  in  mining,  omitting,  of  course, 
that  used  for  dressing  ores  in  connection  with  metal- 
liferous mines.  Among  the  many  different  machines 
which  the  author  had  described  was  a set  of  pump- 
ing machinery  in  a mine  in  France,  where,  owing 
to  the  shaft  being  already  encumbered  with  the 
ordinary  pumping  and  winding  apparatus,  it  became 
practically  impossible  to  introduce  further  pumping 
power  into  it,  and  the  problem  was,  how  the  in- 
creased quantity  of  water  could  be  raised.  It 
appeared  that  in  this  mine  there  were  periodical 
floodings,  so  that  it  was  impossible  to  have  a steam- 
engine  at  the  bottom  of  the  shaft,  worked  with  steam 
from  the  surface,  as  was  sometimes  done  ; still 
less  was  it  possible  to  have  a steam-engine  and 
boiler  in  that  position,  as  in  either  case  the 
engine  might  become  submerged,  and  thus  rendered 
incapable  of  working.  Under  these  circum- 
stances, the  author  had  used  the  method  of  trans- 
mitting pov/er  from  a distance,  employed  by  Sir 
William  Armstrong  and  others,  viz.,  water  under 
pressure.  This  was  an  exceedingly  useful  and  con- 
venient mode  of  transmitting  power,  and  possessed 
the  advantage,  that  by  increasing  the  pressure  the 
size  of  the  main  and  the  mass  of  water  in  motion 
might  be  diminished.  In  this  case  the  author  em- 
ployed pumps  on  the  surface  to  send  a con- 
tinuous stream  of  water  to  work  pumping-engines 
below,  but  in  other  cases  similar  work  had  been 
carried  out  by  means  of  water-spears,  or  recipro- 
cating rods  of  water,  operated  by  plungers  on  the 
surface,  working  pumps  below.  Probably  the  con 
tinuous  system  was,  on  the  whole,  superior.  He  (the 
chairman)  had  had  the  advantage  of  seeing  a French 
technical  publication,  in  which  there  was  a full  descrip- 


tion of  these  machines.  The  results  given  were  quite 
as  favourable  as  had  been  stated  by  Mr.  Davey,  and 
he  believed  they  arose  in  great  measure  from  the  very 
ingenious  method  employed  for  the  admission  and 
discharge  of  the  water.  It  might  seem  very 
remarkable  that  in  one  case  mentioned,  where 
steam  was  carried  do-wm  a shaft  915  ft., 

although  there  was  some  loss  by  condensa- 

tion, the  pressure  was  i lb.  gi'eater  at  the  bottom 
than  at  the  surface,  but  it  was  easily  explained. 
For  instance,  if  there  were  a shaft  800  ft.  deep, 
the  pressure  of  the  air  at  the  bottom  would 

exceed  that  at  the  top  by  an  amount  equal 

to  a head  of  i ft.  of  water ; but  if  there  were 
in  this  shaft  a tube  containing  air  at  double  the 
density  of  the  atmosphere,  then  the  pressure  of  that 
air  would  at  the  bottom  of  the  shaft  be  as  much 
greater  than  the  pressure  at  the  top  as  would  equal 
ahead  of  2 ft.  of  water;  if  now  pressure  gauges 
were  put  into  the  tube  at  the  top  and  at  the 
bottom,  the  bottom  gauge  would  show  an  excess 
pressure  over  the  top  of  2 ft.  head  of  water. 
He  had  been  calculating  the  weight  of  the  steam 
to  which  the  author  had  referred  ; this  appeared  to 
be  about  double  the  density  of  the  atmosphere,  and 
if  it  were  dry  steam  he  did  not  think  it  would  show 
much  more  than  half  a pound  increase  of  pressure  at 
the  bottom ; but  the  steam  being  surcharged  with 
moisture  from  condensation  would  probably  make 
up  the  difference  and  raise  the  pressure  to  the  i lb. 
extra.  The  author,  in  alluding  to  the  different  modes 
of  transmitting  power  for  working  underground  ma- 
chinery, had  omitted  to  mention  one  which  was 
devised  by  Mr.  Hague,  to  whom  both  he  and  Mr. 
Crampton  (whom  he  saw  present)  were  apprentices 
some  fifty  years  ago.  At  that  early  date  he  devised 
a very  ingenious  mode  of  transmitting  power  by 
exhaust  air,  which  was  used  to  a considerable  extent 
in  mines.  At  the  time  when  the  St.  Katherine 
Docks  were  made,  he  had  the  offer  of  working 
all  the  cranes  in  this  manner  from  a central  engine , 
but  not  being  quite  as  business-like  as  he  was  in- 
genious, he  did  not  get  the  apparatus  finished  in 
time,  though  he  (the  Chairman)  remembered  very 
well  the  model  which  was  made,  just  six  months  too 
late.  Otherwise  the  whole  of  the  cranage  of  those 
docks  would  have  been  worked,  fifty  years  ago,  from 
a central  station,  by  exhaust  air,  much  as  Sir 
William  Armstrong  now  did  similar  work  by  water 
pressure.  The  method,  however,  was  extensively 
applied,  among  other  instances,  to  the  working  of 
machinery  in  gunpowder  factories,  where  it  was 
then  thought  dangerous  to  use  steam.  It  was  also 
used  for  cranes,  for  hoists,  for  underground  wind- 
ing in  collieries ; and  in  connection  with  it  there 
was  also  an  ingenious  method  of  lifting  water,  of 
which  he  would  draw  a rough  sketch  on  the  board. 
Assuming  that  coal  was  being  worked  to  the 
“ deep  ” and  that  it  was  desired  to  raise  water  up  an 
incline  then  at  about  20  feet  from  the  bottom,  an 
iron  tank  holding  about  250  gallons,  was  placed,  and 
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a similar  one  at  ever)'  20  feet  up  to  the  surface. 
Running  down  past  these  tanks  was  an  exhaust 
main,  the  vacuous  condition  of  which  was  maintained 
by  a pump  at  the  surface  ; the  tanks  were  also  con- 
nected together  by  tubes,  and  the  lower  one.  No.  i, 
with  the  water  in  the  sump  ; so  that  the  water  was 
sucked  from  the  sump  into  tank  No.  i,  then  from 
that  into  No.  2,  and  so  on  into  the  top,  where  it  ran 
out.  Assuming  the  apparatus  to  be  in  regular 
work,  the  condition  would  be  as  follows  Every 
alternate  tank,  say  the  odd  numbers  i,  3,  and  so  on 
were  put  in  connection  with  the  e.xhaust,  and  the 
even  numbers  2,  4,  &c.,  w’ith  the  atmosphere. 

Then  tank  No.  i sucked  up  water  from  the 

sump,  and  box  No.  3,  from  box  No.  2.  In 

process  of  time  Nos.  i and  3,  &c.,  became  full, 
and  2 and  4 became  empty  ; when  they  were  empty 
the  float  fell  and  turned  over  by  means  of  tumbling 
weights,  three-way  cocks,  and  made  connection 
between  2 and  4,  &c.,  the  exhaust  pipe,  at 

the  same  time  shutting  off  the  air  ; while  i and  3, 
w'hich  had  become  full  by  means  of  similar 
floats,  reversed  the  cocks  on  them,  making  con- 
nection between  them  and  the  atmosphere,  so  that 
2 and  4 now  drew  from  i and  3 ; and  so  the  process 
w’ent  on  for  any  length  of  time.  This  was  an  ex- 
tremely ingenious  mode  of  raising  water  wholly 
irrespective  of  a vertical  shaft,  and  required  no 
mo^•ing  parts  or  rods  of  any  kind,  and  he  thought 
it  only  right  to  mention  these  inventions  of 
his  old  master,  who  also  devised  a plan  for  the 
purification  of  sugar  by  atmospheric  pressure. 
Mr.  Davey  had  referred  to  the  tail  rope  of 
winding  engines  as  a new  invention,  somewhat  to 
his  surprise,  for  he  was  under  the  impression  that 
it  was  a very’  old  one.  A few  weeks  ago,  in 
Wales,  he  saw  a similar  thing  in  the  shaft  of 
some  slate  quarries,  where  such  a plan  was  essential 
because  the  shaft  was  worked  by  a water  balance, 
consisting  of  two  cisterns  which  over  - balanced 
alternately  w’hen  full,  and  brought  up  the  skip ; 
such  an  apparatus  did  not  admit  of  much  variation 
in  the  weight  from  top  to  the  bottom.  This  was 
kept  in  perfect  balance  by  means  of  a tail  chain, 
and  appeared  to  have  been  some  years  in  use. 
The  mode  of  allowing  for  the  varying  w'eight 
by  means  of  winding  a flat  rope  on  itself,  in  the 
manner  of  a fusee,  had  been  alluded  to  by  the 
author ; but  an  actual  fusee  had  also  been  used 
with  a round  rope,  the  drum  being  made  to  taper  at 
each  end,  the  rope  being  kept  in  its  place  by  grooves. 
A similar  contrivance  to  that  which  the  author  had 
showm,  as  being  used  in  Belgium,  had  also  been  em- 
ployed with  a round  rope,  made  to  coil  on  itself,  a 
pair  of  flanges  keeping  the  rope  in  its  place. 
There  was  one  other  matter  in  connection  with 
steel  pit  ropes  to  which  he  might  also  refer.  As 
usually  made,  the  outer  strands  ran  in  the 
direction  of  the  axis  of  the  rope,  and  the  conse- 
quence was  that  w’hen  the  rope  had  to  bend,  those 
strands  had  in  some  way  to  accommodate  them- 


selves to  the  difference  between  the  interior  and 
exterior  circumference  of  a circle,  a great  strain  was 
thrown  upon  them,  and  after  a time  they  gave  way 
and  the  rope  w'as  condemned.  By  a very  simple 
change,  which  certainly  did  not  improve  the  appear- 
ance to  those  accustomed  to  the  ordinary  form,  this 
difficulty  was  got  over.  This  was  done  by  putting  the 
parallel  wires  inside,  and  those  which  ran  transversely 
being  brought  outside,  the  rope  would  then  bend 
much  more  easily,  because  the  straight  wires  were  near 
the  interior  axis,  and  such  ropes  had  been  found  to 
work  for  months  without  starting  a strand.  With 
regard  to  ventilating  fans,  he  might  mention  that  a 
week  ago,  being  present  at  the  opening  of  the  Mersey 
Tunnel,  he  had  the  opportunity,  in  the  company  of 
Mr.  Fox,  the  engineer,  of  inspecting  the  ventilating 
fans  which  were  used  there.  There  were  two  Guibal 
fans  each  of  40  ft.  diameter,  and  one  of 30  ft.,  so  that 
ample  provision  seemed  to  have  been  made  for  keep- 
ing the  tunnel  ventilated.  These  fans  w'ere  sometimes 
unpleasant  neighbours,  on  account  of  the  beating 
noise  w’hich  they  made,  but  by  forming  the  outlet 
gradual  this  had  been  got  rid  of,  and  they  now 
worked  very  quietly.  The  diagram  of  the  Schiele 
fan  on  the  wall  did  not  represen.t  the  curv'ed  plates 
which  were  now  used  when  the  air  was  taken  in  at 
the  two  sides  to  prevent  eddies,  and  which  were 
very  necessary  to  make  the  fan  as  efficient  as  possible^ 

Mr.  Baldwin  Latham  said  the  transmission  of 
power  was  a matter  which  was  applicable  not  only  to 
mining,  but  to  many  other  purposes.  He  was  glad 
Mr.  Davey  had  stated  the  probable  duty  which  might 
be  obtained  in  this  way  by  means  of  air  and  also  by 
water.  In  many  towns  air  had  been  largely  used 
in  connection  with  drainage  purposes,  but  it 
was  clearly  one  of  the  most  extravagant  modes 
of  transmitting  power  which  could  be  used 
whilst  the  same  thing  could  be  done  by  water 
at  much  less  cost.  Mr.  Davey  was  now  putting 
up  hydraulic  machinery  similar  to  that  he  had 
described,  to  move  the  sewage  of  a district 
which  could  not  be  dealt  with  locally,  by  trans- 
mitted power  from  a central  station  some  miles 
distant.  The  sewage  had  to  be  lifted  into  a high 
level  sewer,  and  the  water  was  afterwards  made  use 
of  for  flushing  purposes.  The  pressure  in  this  case 
was  about  qoolbs.  to  the  square  inch.  If  this  were 
compared  with  air  at  a pressure  of  40 lbs.,  the 
efficiency  was  about  4^  times  greater.  If  the  water 
were  used  at  still  higher  pressure,  the  efficiency  would 
be  still  greater,  and  the  size  of  the  mains,  and, 
therefore,  the  cost,  would  also  be  reduced.  Some 
day,  perhaps,  the  electrical  transmission  of  power 
would  be  made  equally  efficient ; but  of  all  the 
methods  yet  introduced  air  was  undoubtedly  the 
most  extravagant,  simply  on  account  of  the  heat 
developed.  Air  could  not  be  compressed  to  one- 
fourth  its  volume  without  a rise  in  temperature  of 
260®,  which  in  its  turn  tended  to  expand  the  air  three 
times,  so  that  virtually  there  was  a loss  of  33  per 


22  + 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


[January  29,  1886. 


cent,  of  power  in  the  compression.  With  such  a 
loss  to  begin  with,  added  to  that  by  leakage  and 
friction,  it  was  clear  that  for  machinery  on  a large 
scale  it  was  not  in  any  way  suitable. 

Mr.  Thomas  Crampton  thought  the  Chairman 
had  hardly  said  enough  in  praise  of  their  old  master, 
Mr.  Hague,  who  was  a man  very  far  in  advance  of 
his  day.  He  used  air,  exhausted,  not  compressed, 
for  driving  the  machines  at  the  Mint,  and  for 
numerous  other  purposes,  but  somehow  he  was 
never  up  to  time.  It  was  a great  pity  that  all 
he  did  was  not  properly  recorded.  With  regard  to 
the  subject  of  the  paper,  he  thought  Mr.  Davey  had 
thoroughly  exhausted  it.  He  felt  much  interested  in 
the  transmission  of  power  by  means  of  water,  and  had 
a notion  that  if  ever  the  Channel  Tunnel  were 
allowed  to  be  made,  it  would  have  to  be  done  in 
that  way ; as  to  doing  it  by  compressed  air,  as  was 
proposed,  it  was  quite  ridiculous,  and  he  could  never 
understand  how  air  could  be  used  with  so  little  loss 
as  was  stated. 

Mr.  Harper  said  he  read  a paper  some  ten  years 
ago  on  a method  of  counterbalancing  winding 
engines  by  means  of  compressed  air ; an  engine  was 
used  to  compress  the  air  into  a receiver  during  the 
lowering,  and  when  the  load  started  at  the  bottom, 
the  air  would  be  used  to  aid  in  the  ascent.  He  did  not 
know  whether  or  not  it  had  been  practically  applied. 

Mr.  J.  H.  Collins  asked  what  was  the  consumption 
of  coal  in  the  large  engines  which  raised  four  million 
gallons  of  water  600  feet  } 

Mr.  W.  B.  Bryan  said  he  was  much  interested  in 
the  remarks  made  as  to  the  efficiency  of  the  Cornish 
engine  and  plunger  pump  as  compared  with  the  old 
engines  using  bucket  beams.  It  reminded  him  of  a 
paper  by  Mr.  Palmer,  at  the  Institution  of  Civil 
Engineers  about  forty  years  ago,  in  which  he  fell 
foul  of  Mr.  Wicksteed,  the  engineer  to  the  East 
London  Water  Works,  and  also  of  a great  many 
engineers  in  Cornwall  as  regarded  the  efficiency  of 
Cornish  engines,  and  said  that  to  speak  of  90,  100,  or 
no  millions  of  foot-pounds  raised  with  a bushel  of 
coal  was  all  nonsense.  He  proved^^conclusively  to 
himself  that  no  engine  could  ever  raise  more  than 
forty  millions,  because  he  said  if  you  took  a cubic 
foot  of  water  and  turned  it  into  steam,  you  had  1,642 
cubic  feet,  and  if  the  whole  of  that  were  condensed, 
supposing  the  vacuum  to  be  absolutely  perfect,  it 
would  lift  the  water  34  ft.  high,  which,  worked  out, 
came  to  about  the  forty  million  foot-pounds.  How- 
ever, he  (Mr.  Bryan)  understood  that  Mr.  Davey  had 
obtained  an  efficiency  of  over  eighty  millions  from 
these  engines.  With  regard  to  the  transmission  of 
power  underground  by  hydraulic  pressure,  he  made 
out  from  the  figures  that  30  lbs.  of  steam  were 
used  to  produce  i horse-power  in  lifting  water, 
which  was  a splendid  result.  Supposing  you 
could  produce  8 lbs.  of  steam  with  i lb.  of  coal, 
that  came  to  3f  lbs.  per  horse-power  of  work  effected. 


which,  considering  the  friction  of  the  two  engines,  was 
something  mar\-ellous,  especially  as  compared  with 
the  miserable  economy  of  compressed  air.  Some 
years  ago  he  designed  some  hydraulic  engines  for 
lifting  a million  gallons  of  sewage  24  ft.  high,  the 
pressure  being  125  lbs.,  and  the  efficiency  was  exceed- 
good,  though  not  equal  to  that  of  the  engines 
which  had  now  been  described,  but  they  had  been 
working  very  satisfactorily  up  to  the  present  time, 
perfectly  automatically,  being  looked  at  only  once  a 
day  and  oiled.  They  were  left  entirely  to  themselves, 
they  started  and  stopped  themselves,  and  they 
were  in  position  where  an  engine  and  boiler  would 
have  been  quite  out  of  the  question.  He  found  Mr. 
Davey’s  figures  as  to  compressed  air  agreed  very 
closely  with  those  given  him  by  Colonel  Beaumont,  the 
inventor  of  a machine  for  tunnelling  by  this  means. 
There  might  be  one  advantage  in  using  it  for  this 
purpose,  and  that  was  in  the  ventilation.  The 
Mont  Cenis  Tunnel  was  driven  in  great  measure  by 
air-compressing  machinery,  and  though  the  efficiency 
was  very  small,  perhaps  25  to  28  per  cent.,  the 
ventilation  of  the  heading  helped  to  counterbalance  ii . 

The  Chairman  remarked  that  it  was*  explained  in 
the  paper  that  the  compressed  air  machines  which 
were  described  had  been  worked  without  expansion, 
and  also  without  any  means  of  heating  the  air. 
There  was  a system  of  compressed  air  tram-car 
which  had  been  at  work  for  the  last  five  years  in 
Nantes,  where  the  air  was  carried  in  bottles  under  a 
pressure  of  450  lbs.  per  inch,  and  when  the  car  took 
in  the  charge  of  air  it  also  took  in  a charge  of  hot 
water  from  the  boiler,  which  was  under  a pressure  of 
steam  of  about  70  lbs.  The  air  on  its  way  to  the 
cylinders  was  caused  to  pass  through  this  hot  water, 
so  that  it  was  warmed,  and  was  capable  of  being  used 
expansively  in  the  engines  without  the  ri.sk  of  produc- 
ing ice,  and  was  also  in  a good  lubricating  condition. 
A similar  car  was  worked  at  the  Inventions  Exhibition, 
the  , only  difference  being  that  the  air  there  was  used  in 
two  compound  cylinders  instead  of  one,  and  that  it 
also  passed  through  two  “hot-pots,”  as  they  were 
termed,  on  its  way  to  the  cylinders. 

Mr.  Davey,  in  reply,  said  he  knew  the  method  of 
reciprocating  water  columns,  for  the  purpose  of 
giving  motion  to  underground  engines,  had  been 
used;  it  was  tried  in  some  mines  at  Saarbrucken 
some  ten  or  twelve  years  ago,  but  was  not  a success, 
for  two  or  three  practical  reasons.  It  was  found 
extremely  difficult  to  keep  the  engines  working 
in  unison  wdth  each  other,  and  the  water-spears 
lengthened  and  shortened  themselves  by  leakages. 
The  first  device  for  overcoming  this  difficulty  was  to 
put  a bell  at  each  end  of  the  water-pressure  engine, 
and  make  the  cross-head  strike  it  whenever  it  ex- 
ceeded its  normal  stroke,  so  calling  the  attention  of 
the  engine-man,  who  at  once  opened  a communica- 
tion from  one  main  to  the  other,  and  adjusted  the 
length  of  the  water-spears.  This,  of  course,  w’as  a 
tedious  process,  and  involved  keeping  a man  con- 
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stantly  by  the  side  of  the  hydraulic  engines.  Then 
an  automatic  apparatus  was  introduced,  but  he  was 
informed  that  the  use  of  the  engines  had  been  discon- 
tinued. When  he  commenced  the  application  of  water- 
pressure  to  underground  engines,  he  considered  the  ad- 
visability of  using  some  such  system,  but  could  never 
persuade  himself  that  he  could  make  it  perfectly 
successful,  and  therefore  adopted  the  continuous 
method.  Another  reason  was  that  the  company  in- 
tendedworking rotary  machinery  from  the  same  source. 
During  the  trials,  the  engines  at  the  surface  made 
twenty-two  revolutions  per  minute,  and  those  under- 
ground five  double  strokes  ; but  those  on  the  surface 
were  capable  of  working  up  to  thirty  or  thirty-five 
revolutions  with  perfect  safety,  probably  more,  so 
that  there  was  a large  reserve  power.  The  pipes, 
which  were  7 in.  in  diameter,  were  capable  of  con- 
veying 250  horse-power,  with  no  appreciable  loss  by 
friction,  but  at  present  only  229  horse-power  was 
used.  It  was  the  intention  to  work  the  hauling 
engines  from  the  same  source,  and  in  almost 
all  similar  installations  this  would  be  done.  Any- 
one putting  down  such  a system  in  a colliery 
would  never  dream  of  putting  down  separate 
engines  to  work  the  hauling  engines  and  the  pumps. 
He  knew  the  tapering  drum,  and  had  seen  some 
splendid  examples  both  in  England  and  on  the  Con- 
tinent, where  it  was  more  often  used,  but  he  believed 
the  tail  rope  was  becoming  a greater  favourite.  It 
was  very  old,  no  doubt,  because  it  would  be  difficult 
to  conceive  its  not  suggesting  itself  to  every  mining 
engineer.  When  he  spoke  of  it  as  a new  invention, 
he  referred  rather  to  its  simply  passing  over  a sheave 
on  the  winding  engine  instead  of  round  the 
usual  drum.  The  rope  was  not  so  much  affected 
by  that  arrangement,  and  it  was  this,  in  combination 
with  the  loop  running  in  a pulley  under  the  cage, 
which  he  understood  Herr  Koepe  claimed  as  his  in- 
vention. With  regard  to  the  fan,  it  was  quite  true 
the  dra\\nng,  which  was  a borrowed  one,  did  not  show 
the  conical  surfaces  referred  to  by  the  Chairman,  and 
which  were  necessary  where  there  was  a double  imet. 
The  beating  noise  referred  to  resolved  itself,  in  a high- 
speed fan,  into  a hum,  but  by  a little  experimenting 
and  alteration  he  had  been  able  to  overcome  this 
entirely  in  a ventilating  fan  he  had  to  put  up  at  the 
Yorkshire  College,  where  it  was  necessary  that  it 
should  work  silently.  This  was  accomplished  with- 
out the  least  decrease  in  efficiency.  In  reply  to  ^Ir. 
Collins,  he  could  not  give  the  exact  quantity  of  coal 
consumed,  but  he  knew  similar  engines  gave  about 
60,000,000  duty,  which  was  equivalent  to  3 lbs.  of 
Welsh  coal  per  horse-power.  To  raise  the  quantity 
of  water  named,  the  engines  would  exert  about 
500  horse-power,  which  would  give  25  lbs.  per 
minute,  or  1,500  lbs.  per  hour.  He  quite  agreed 
with  what  Mr.  Bry'an  had  said  as  to  Cornish  engines, 
and  also  as  to  hydraulic  transmission  of  power. 

The  Chairman  then  proposed  a vote  of  thanks 
to  .Mr.  Davey,  which  was  carried  unanimously. 


Miscellaneous. 

♦ 

BEVERAGES  OF  BARBARY. 

Besides  wine  from  the  grape,  whose  preparation 
calls  for  no  special  notice,  there  is  a kind  of  “palm 
wine  ” or  lakmi,  furnished  by  the  sap  of  the  date 
palm  [Phoenix  dactylifera).  Trees  in  full  vigour  are 
selected  for  tapping.  If  the  life  of  the  tree  is  to  be 
sacrificed,  the  incision  is  made  so  as  to  destroy  the 
terminal  bunch  ; but  more  generally  the  tree  is  to  be 
preserved,  and  in  that  case  the  cut  is  kept  clear  of 
the  terminal  bunch,  and  is  carried  round  the  stem. 
The  juice  escaping  from  the  wound  is  conducted  by 
a reed  into  an  earthenware  pot  [karreri),  and  may 
amount  to  nearly  two  gallons  daily  at  first,  gradually 
sinking  to  about  half  that  quantity  towards  the  end 
of  the  tapping,  which  is  seldom  allowed  to  exceed  a 
month.  The  collection  being  terminated,  the  in- 
cision is  carefully  plastered  up  xvith  clay,  and  after 
about  two  years,  with  irrigation,  the  tree  will  resume 
fruit  bearing.  Much  of  the  “ wine  ” is  drunk  fresh, 
when  it  resembles  sparkling  cider,  but  becomes 
insipid  after  losing  its  carbonic  acid.  Its  colour  is 
opalescent  and  milky.  After  undergoing  alcoholic 
fermentation,  it  contains  4*38  per  cent  of  alcohol, 
0*22  carbonic  acid,  and  5’6o  of  mannite. 

The  Moors  make  extensive  use  of  a spirit  prepared 
from  the  water  in  which  comb  is  boiled  in  treating 
beeswax.  This  water,  being  impregnated  with  honey, 
is  allowed  to  ferment,  and  is  then  distilled;  the  spirit 
is  called  maharga.  It  is  flavoured  with  aniseed  or 
with  ?iaffa^  i.e.,  fennel  acid  [Foeniculum  dulce). 


AGRICULTURE  IN  RUSSIA. 

The  total  area  of  Russia  in  Europe,  excluding 
Finland,  is  about  1,180,000,000  acres,  which  are 
distributed  as  follows  : — Arable  land,  257,000,000 
acres;  meadow  land,  143,000,000  acres;  forestland, 
472,000,000  acres;  and  waste  land,  308,000,000 
acres ; so  that  about  a quarter  is  waste,  a quarter 
arable,  three-eighths  forest,  and  one-eighth  meadow 
land.  Consul-General  Stanton,  of  St.  Petersburg, 
says  in  his  last  report  that  of  the  various  crops 
planted,  grain  occupies  the  largest  area,  and  from 
climatic  causes,  the  cultivation  of  spring  wheat  pre- 
vails, winter  wheat  being  grown  to  a greater  extent 
than  spring  wheat  only  in  Poland,  the  Baltic,  and 
the  western  and  south-western  provinces.  The  area 
planted  in  European  Russia  being — winter  wheat, 
7,913,000  acres,  and  spring  wheat,  23,027,000  acres. 
The  Baltic  provinces  and  Poland  yield  the  most, 
viz.,  fivefold  the  amount  sown.  Rye  is  the  chief 
cereal  of  Russia,  both  as  regards  the  amount  culti- 
vated and  exported ; it  is  also  extensively  used  for 
distilling  purposes.  It  is  almost  the  only  winter 
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cereal  grown  between  the  52'=  and  63°  north  latitude, 
or  in  about  half  of  European  Russia.  The  average 
yield  is  fourfold  the  amount  sown,  the  largest  crops 
being  found  in  the  Baltic  provinces.  Oats,  excepting 
in  the  far  north,  are  grown  throughout  the  empire, 
and  the  average  yield  is  about  478,000,000  bushels, 
or  more  than  threefold  the  amount  sown.  Barley 
is  cultivated  in  the  highest  latitudes,  where  it 
forms  the  chief  cereal,  in  the  western  govern- 
ments, for  brewing  purposes,  and  in  the  south  as  a 
substitute  for  oats.  It  is  most  extensively  grown 
in  Poltava,  Cherson,  Kiefa,  Kovno,  Viatka,  and 
Podolia,  and  its  export  increases  annually.  Buck- 
wheat, the  north  excepted,  is  cultivated  throughout 
Russia,  and  in  Russian  governments  to  a greater 
extent  than  barley.  The  consumption  is  very  great, 
buckwheat  groats  being  for  the  peasants  and  lower 
classes  an  almost  daily  article  of  food.  Considerable 
quantities  are  exported  to  Germany  and  Holland.  It 
is  the  chief  food  for  bees,  and  its  cultivation  is  always 
accompanied  by  bee-keeping.  Maize  is  only  culti- 
vated to  any  considerable  extent  in  the  Caucasus, 
Bessarabia,  parts  of  Taurida,  Cherson,  Podolia,  and 
Yekaterinoslafif,  the  grain  being  mainly  used  as 
fodder.  Peas,  beans,  lentils,  and  millet,  are  grown 
in  almost  all  parts,  particularly  in  Great  Russia. 
The  sunflower  is  most  extensively  grown  in  Voronesh 
and  Saratoflf.  Potatoes  are  largely  cultivated  in 
Russia,  both  as  food  and  for  distilling  purposes,  and 
the  failure  of  the  crops  in  1839  and  1849  led  the 
Government  to  encourage  its  cultivation  by  bounties. 
Except  in  cities,  the  lower  classes  prefer  groats  and 
sauerkraut  to  potatoes.  The  lack  of  manure  and 
labour  restricts  the  cultivation  of  the  potato,  which  is 
generally  planted  in  fields  where  rye  has  been  grown 
during  the  winter.  In  1878,  70,052,000  bushels 
ivere  planted  in  European  Russia,  and  390,260,000 
^reaped.  Russia  takes  the  first  rank  in  the  cultiva- 
tion of  flax,  which  is  very  extensively  exported.  From 

600.000. 000  to  700,000,000  pounds  of  flax  are  annually 
produced,  and  about  22,000,000  bushels  of  linseed 
harvested.  Nearly  2,700,000  acres  are  cultivated, 
and  the  culture  is  almost  exclusively  in  the  hands  of 
the  peasants.  The  cultivation  of  one  dessialine  of 
land,  the  dessialine  being  equivalent  to  about  2-7 
acres,  demands  one  hundred  and  three  days,  twenty- 
srx  of  which  are  devoted  to  the  plant  and  seventy- 
seven  to  the  preparation  of  the  fibre,  and  estimating 
the  labour  and  rent  to  be  about  ^17,  and  the  gross 
receipts  exclusive  of  seed  at  about  ;^24,  the  profit  is 
only  about  £"]  per  dessialine  cultivated.  About 
14,250,000  bushels,  valued  at  between  four  and  five 
millions  sterling,  are  annually  exported.  Although 
Russia  ranks  first  in  the  amount  of  flax  produced, 
Austria,  Germany,  Holland,  France,  England,  Bel- 
gium, and  Ireland,  far  surpass  it  in  the  amount  pro- 
duced on  a given  area.  Hemp  ranks  next  to  flax, 
and  is  also  largely  exported.  It  is  cultivated  chiefly 
in  the  central  governments,  the  annual  production 
being  about  216,000,000  pounds  weight,  and  about 

14.000. 000  bushels  of  hemp  seed.  It  is  also  mainly 


cultivated  by  the  peasants.  It  is  said  that  the  introduc- 
tion of  chain  and  wire  tackle  for  ships,  the  decrease 
in  the  namber  of  sailing  vessels,  the  increasing  use  of 
cotton,  jute,  and  petroleum,  have  seriously  affected  the 
Russian  flax  and  hemp  trade.  Beet-roots  were  first 
cultivated  at  the  beginning  of  the  present  century, 
and  the  industry  has  been  largely  developed  since 
1840.  They  are  cultivated  in  twenty- three  govern- 
ments, nine  of  which  belong  to  Poland.  The  area 
cultivated  in  1883  amounted  to  734,000  acres,  and  the 
annual  yield  to  5,400,000,000  pounds.  Kief  is  the 
centre  of  production.  The  roots  are  grown  by  large 
estate  owners  and  peasants,  and  always  in  the  vicinity 
of  factories.  Those  of  the  south-west  contain  the 
greatest  amount  of  saccharine  matter,  about  16  per 
cent.,  those  of  Poland  ii  per  cent,  to  13  percent., 
while  in  some  districts  the  proportion  is  as  low  as  7 
per  cent.  As  regards  the  production  of  tobacco,  Russia 
ranks  second  among  continental  countries,  but  the  con- 
sumption is  less  per  head  than  in  other  lands.  Consul 
Stanton  says  that  smoking  began  in  the  latter  part  of 
the  i6th  century,  and  the  habit  steadily  increased,  not- 
withstanding the  fact  that  it  was  punished  by  the 
knout,  slitting  of  the  nostrils,  and  banishment  to 
Siberia.  It  is  most  extensively  cultivated  in  Tshemi- 
goff,  Poltava,  Bessarabia,  and  Samara.  In  Poland, 
the  production  is  .not  large,  and  is  mainly  confined  to 
the  vicinity  of  Warsaw.  It  is  chiefly  cultivated  by 
the  peasants  and  is  often  their  only  occupation.  The 
vine-growing  district  of  Russia  covers  an  area  twice  as 
large  as  that  of  France,  and  produces  only  40,000,000 
gallons  of  wine  annually  (about  6 per  cent,  of  the 
total  wine  production  of  France),  13,000,000  gallons 
of  which  are  consumed  in  the  district.  The  vine- 
yards of  Transcaucasia  yield  the  greatest  net  profit^ 
about  ;i^95  per  dessialine,  and  of  Yarta  ;,C84  per 
dessia-line.  About  0*2  per  cent,  of  the  wine 
sold  is  exported.  Horse-breeding  is  a branch 
of  agricultural  industry  largely  cultivated  in  Russia, 
and  dates  back  for  many  centuries.  There  are  more 
domestic  animals  in  the  Russian  Empire  than  in  any 
other  country  in  Europe,  and  with  regard  to  cattle, 
the  country  may  be  divided  into  three  zones— the 
northern,  southern,  and  south-eastern.  In  the  first, 
cattle  are  kept  chiefly  for  dairy  purposes  and  manure. 
The  breeds  kept  are  native,  often  crossed  with 
foreign  breeds,  and  are  small  in  stature.  In  the 
second  zone,  cattle  are  kept  as  beasts  of  burden.  They 
are  largely  exported.  In  the  south-eastern  zone 
Oriental  breeds  are  kept  chiefly  for  their  meat  and 
tallow. 


Correspondence. 


MECHANICAL  MOTORS  FOR  TRAMWAYS. 

Mr.  Bernard  Drake  writes  regarding  the  report 
of  his  remarks  in  the  discussion  on  Capt.  Gabon’s 
paper  (see  ante  p.  171  : — “The  efficiency  of  the  cells 
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'^sed  in  the  tram-car  experiments  at  the  works  of  the 
Electrical  Power  Storage  Co.  is  stated  to  be  75  per 
cent,  in  amperes,  this  shbuld  read  85  per  cent,  in 
ampere-hours.  In  the  next  sentence  the  statement 
made  by  the  writer  was  ‘ that  we  had  endeavoured  to 
reduce  the  number  of  sets  of  cells  necessary  for  each 
car  in  regular  work  to  a minimum,  viz.,  three,  and 
therefore  re-charged  the  cells  at  as  rapid  a rate  as 
possible.’  AVith  referance  to  Julien’s  cells  for  ‘ pro- 
duction ’ of  local  action,  read  ‘ prevention.’ 

“ Also,  it  was  stated  that  in  practice  it  was  found 
possible,  by  suitable  treatment,  to  practically  elimi- 
nate the  local  action  between  puielead  and  peroxide, 
though  theoretically  it  should  be  considerable. 

“ For  ‘ locomotor  force  ’ read  ‘ elecro-motive 
force.’  ” 


General  Notes. 

^ 

Trams  at  the  Antwerp  Exhibition. — The 
Times  Brussels  Correspondent  sends  the  following 
note  on  the  awards  to  the  mechanical  motors  for 
tramways,  described  by  Captain  Galton  in  his  paper 
read  before  the  Society  on  the  20th  inst.  (see  ante, 
p.  157)  : — “The  jury  deputed  to  award  the  prizes  in 
the  competition  of  self-acting  tramway  cars  for  street 
use,  on  the  occasion  of  the  Antwerp  Exhibition,  has 
conferred  on  the  Electric  Company  at  Brussels  the 
diploma  of  honour;  on  Messrs.  Black,  Hawthorn, 
and  Co.  (Wilkinson  system),  of  Newcastle-on-Tyne ; 
W.  Rowan,  of  Berlin,  and  Krauss  and  Co.,  of 
Munich,  silver  medals ; and  on  the  Beaumont  Com- 
pressed Air  Locomotive  Company  a bronze  medal. 
Visitors  to  the  Exhibition  will  recollect  that  the  cars 
of  the  different  systems  ran  along  the  Boulevard  dcs 
Arts,  the  principal  artery  of  communication  between 
the  terminus  and  the  E.xhibition.’’ 

Bone  Industry  in  California.— The  bone  in- 
dustry is  carried  on,  on  a large  scale,  in  California,  A 
large  quantity  of  leg  bones  are  exported  to  Europe 
for  making  knife-handles  and  for  other  purposes,  and 
sell  for  about  40  dollars  per  ton.  The  feet  of  cattle 
are  used  for  making  oil,  the  four  feet  of  an  ox,  yield- 
ing about  a pint.  The  rib  bones  which  are  most  in 
demand  fetch  as  much  as  80  dollars  per  ton,  these 
are  used  for  making  tooth  and  other  brush  handles. 
The  bones  of  the  fore  legs,  which  are  used  for  button 
making,  umbrella  handles,  &c.,  are  worth  about  30 
dollars  a ton,  whilst  other  bones  and  waste  pieces 
are  ground  for  manure  or  made  into  animal  charcoal, 
largely  used  for  sugar  refining.  Even  the  water  in 
which  bones  have  been  boiled  is  utilised  for  glue 
making,  and  everything  is  turned  to  account. 


MEETINGS  OF  THE  SOCIETY, 

Ordinary  Meetings. 

Wednesday  evenings,  at  Eight  o’clock  : — 
The  following  Dates  have  been  fixed. 
February  3. — “ Artistic  Bronze  Casting.”  By 
George  Simonds. 

February  10. — “ Mining  Industry  at  the  Buda- 
pest Exhibition.”  By  Bennett  H.  Brough. 

February  17. — “ Some  Points  in  Electrical  Dis- 
tribution.” By  Professor  George  Forbes. 

February  24.— “The  employment  of  Auto- 
graphic Records  in  Testing  Materials.”  By  Prof, 
AV.  C.  Unwin. 

March  3. — “ Calculating  Machines.”  By  C.  V. 
Boys. 

JMarch  10. — “ The  Experiments  with  Lighthouse 
Illuminants  at  the  South  Foreland.”  By  Price 
Edwards.  Lord  Rayleigh,  Secretary  of  the  Royal 
Society,  will  preside. 

Dates  to  be  Hereafter  Announced  : — 

“ The  Treatment  of  Sewage.”  By  Dr.  C. 
Meymott  Tidy. 

“ Domestic  Electric  Lighting.”  By  \V.  H. 
Preece,  F.R.S. 


Foreign  and  Colonial  Section. 
Tuesday  evenings,  at  Eight  o’clock  : — 
February  16. — 

IMarch  23. — “ The  Commercial  Progress  of  New 
South  AVales.”  By  Edward  Combes,  C.M.G. 
March  2 ; April  13  ; May  18. 


Applied  Chemistry  and  Physics  Section. 

Thursday  evenings,  at  Eight  o’clock:  — 

February  ii. — 

February  25. — “ Photography  and  the  Spectro- 
scope in  their  Application  to  Chemical  Analysis.” 
By  Professor  AV.  N.  HARTLEY,  F.R.S. 

March  ii.— 

April  8. — 

May  13. — “The  Scientific  Development  of  the 
Coal  Tar  Colour  Industry.”  By  Professor  R. 
MeldoL-Y,  F.C.S. 


Indian  Section. 

Friday  evenings,  at  Eight  o’clock  : — 

February  19. — “ Historical  and  Recent  Famines 
in  India.”  By  IL  C.  Danvers,  F.S.S.,  Registrar 
and  Superintendent  of  Records,  India-office.  J.  M. 
Maclean,  M.P.,  will  preside. 

March  19. — “ Experiences  on  the  Afghan 
Frontier.”  By  AVilliam  Simpson.  Col.  Henry 
Yule,  C.B.,  will  preside. 

April  2 ; May  7,  21. 

The  above  dates  are  liable  to  alteration. 


32S 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


\,January  29,  1886. 


Cantor  Lectures. 

The  Second  Course  will  be  on  “Friction,” 
By  Prof.  H.  S.  Hele  Shaw. 

Lecture  III. — February  i. — The  Mechanical  Ap- 
plications of  Friction. 

Lecture  IV. — February  8, — The  Methods  of  Re- 
ducing Friction. 

Additional  Lectures. 

“ Japanese  Art  Work.”  By  Ernest  Hart. 

Lecture  I. — May  4. — Japanese  Metal  Work. 

Lecture  II. — May  ii. — Japanese  Porcelain  and 
Pottery. 

Lecture  III. — May  18. — Japanese  Picture  Books 
and  Drawings, 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  Feb.  i... SOCIETY  OF  ARTS,  John  - street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Prof.  H. 
S.  Hele  Shaw,  “ Friction.”  (Lecture  III.) 

Farmers’  Club,  Inns  of  Court  Hotel,  Holborn, 
W.C.,  6 p.m.  Mr.  H.  M.  Jenkins,  “ Co-operation 
between  the  Producers  and  Consumers  of  Meat.” 

Engineers,  Westminster  Town-hall,  S.  W.,  7g  p.m. 
Presentation  of  Premiums  by  Mr.  Charles  Gandon. 
Inaugural  Address  by  the  President  for  1886,  Mr’ 
Perry  Fairfax. 

Chemical  Industry  (London  Section),  Burlington- 
house,  W.,  8 p m.  I.  Mr.  Gustav  Bischof,  “ Notes 
on  Dr.  Koch’s  Water  Test.”  2.  Mr.  Westmore- 
land, “The  Estimation  and  Valuation  of  Copper 
Ores  and  Products  for  Commercial  Purposes.” 

British  Architects,  9,  Conduit- street,  W.,  8 p.m. 

Medical,  ii,  Chandos-street,  W.,  p.m. 

Victoria  Institute,  7,  Adelphi- terrace,  W.C.,  8 p.m. 
Professor  G.  E.  Post,  “ The  Flora  of  the  East.” 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m. 
Prof.  E.  Ray  Lankester,  “ Charles  Darwin  and 
his  Theory.”  (Lecture  I.) 

Tuesday,  Feb.  2. ..Royal  Institution,  Albemarle-street,  W., 
3 p.m.  Dr.  R.  Stuart  Poole,  “ The  Eg3’ptian 
Sources  of  Greek  Art.”  (Lecture  III.) 

Central  Chamber  of  Agriculture  (at  the  House  of 
THE  Society  of  Arts),  ii  a.m. 

Civil  Engineers,  25,  Great  George  street,  S.W.,  8 
p.m.  Adjourned  discussion  on  Mr.  C.  E. 
.Stromeyer’s  paper,  “The  Injurious  Effect  of  a Blue 
Heat  on  Steel  and  Iron.” 

Pathological,  53,  Berners -street.  Oxford-street,  W., 
8^  p.m. 

Biblical  Archaeology,  9,  Conduit-street,  W.,  8 p.m. 

Zoological,  II,  Hanover-square,  W.,  8^  p.m.  i.  Dr, 
G.  Stewardson  Prady,  “Notes  on  Freshwater 
Entomostraca  from  South  Australia.”  2.  Dr. 
!Monticelli,  “ Contributions  to  a Knowledge  of  the 
South  Italian  Cheiroptera.”  3.  hlr.  R.  B.  Sharpe, 
“ Notes  on  Birds  in  the  Hume  Collection.”  (No.  I.) 
“ The  Hawfinch  from  Attock.” 

Wednesday,  Feb.  3. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  hlr.  George  Simonds, 
“ Artistic  Bronze  Casting.” 

Entomological,  ii,  Chandos-street,  W.,  7 p.m. 

Archaeological  Association,  32,  Sackville-street,  AV., 
8 p.m.  I.  Rev.  C.  Collier,  “Report  on  the 


Excavations  now  in  progress  at  AVinchestcr 
Cathedral.”  2.  Paper  by  Mr.  H.  S3’er  Cuming. 

Obstetrical,  53,  Berners-street,  8 p.m.  Annual 
Meeting. 

Thursday,  Feb.  4...Roj-al,  Burlington-house,  AV.,  4.^  p.m. 

Antiquaries,  Burlington-house,  AV.,  8.^  p m. 

Linnean,  Burlington-house,  AV.,  8 p.m.  i.  Mr. 
Francis  Darwin,  “ Relation  between  the  Bloom  of 
Leaves,  and  Distribution  of  Stomata.”  2.  Mr.  E. 
C.  Bousfield,  “ Slavina  and  Ophidonais.”  3.  Dr. 
E.  Benavia,  “ Probable  Source  of  Cultivated  True 
Limes.”  4.  Prof.  R.  J.  Anderson,  “Relative 
Length,  Segments  of  Chicks’  Limbs  during 
Development.” 

Chemical,  Burlington-house,  AV.  8 p.m.  Dr.  Klein, 
“ Methods  of  Bacteriological  Research  from  a 
Biologist’s  Point  of  A"iew.” 

London  Institution,  Finsbury-circus,  E.C.,  7 p.m. 
Dr.  E.  Freeman,  “The  Nature  of  Historical 
Evidence.” 

Society  for  the  Encouragement  of  Fine  Arts,  0, 
Conduit-street,  W,,  8 p.m.  Professor  Kerr,  “The 
Art-Scepticism  of  the  Day.” 

Parkes’  Museum  of  Hygiene,  74A,  Margaret- street, 
AV.,  8 p.m.  Dr.  G.  A.  Heron,  “ How  it  is  shown 
that  Living  Things  cause  some  of  the  Diseases  of 
Man.” 

South  London  Photographic  (at  the  House  of  the 
Society  of  Arts),  8 p.m. 

Royal  Institution,  Albemarle-street,  AV.,  3 p.m. 
Prof.  AV.  Chandler  Roberts  Austen,  “ Metals  as 
affected  by  Small  Quantities  of  Impurities.” 
(Lecture  II.) 

Mechanical  Engineers,  25,  Great  George-street 
Westminster,  S.W.,  7^  p.m.  Annual  General 
Meeting,  i.  Mr.  J.  Hartley  AVicksteed,  “De- 
scription of  an  Autograph  Test-Recording  Ap- 
paratus.” 2.  Description  of  Tensile  Tests  of  Iron 
and  Steel  Ears,”  by  the  late  Mr.  PeterD.  Bennett. 
3.  Mr.  Alfred  A.  Langley,  “ Description  of  a 
Hydraulic  Buffer-Stop  for  Railwa>'S.”  4.  Mr.  J. 
Alfred  Griffiths,  “ The  Distribution  of  the  AVheel 
Load  in  Cycles.” 

Archaeological  Institution,  16,  New  Burlington- 
street,  AA''.,  4 p.m. 

Friday,  Feb.  5... Mechanical  Engineers,  25,  Great  George- 
street,  S.W.,  7^  pm.  Annual  Meeting.  Reading 
of  paper  and  discussion  continued. 

L^nited  Service  Institute,  Whitehall  - yard,  S.AV., 
3 p.m.  Mr.  Morsten  Nordenfelt,  “ Nordenfelt's 
Submarine  Boat.” 

Royal  Institution,  Albemarle-street,  W.,  8 p.m. 
AVeekly  Meeting.  9 p.m.  Mr.  T.  Pridgin  Teale, 
“The  Principles  of  Domestic  Fire-place  Con- 
struction.” 

Geologists’  Association,  University  College,  AV.C., 
8 pm.  Mr.  W.  Topley,  “ The  Life  and  AA’^orks  of 
Prof.  John  Morris.” 

Philological,  University  College,  AV.C.,  8 p.m.  Dr. 
AVhitley  Stokes,  “Notes  on  Curtius’s  Greek  Ety- 
mology.” 

S.vturday,  Feb.  6 ...  Roj-al  Institution,  Albemarle-street, 
AV.,  3 p.m.  Prof.  A.  Geikie,  “The  History  cf 
Volcanic  Action  in  the  British  Isles.”  (Lecture  II.) 


Correction. — Page  170,  col.  i,  line  12,  for 
3s.  3d.,  read  3.3d. ; line  i5,/<?r  4s.  8d.,  read  4.8d. 
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All  commumcaf tons  Jot  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelpht,  London,  W.C, 


NOTICES. 

♦ 

CANTOR  LECTURES. 

The  third  lecture  of  the  course  on  ‘ ‘ Friction  ’ ’ 
was  delivered  on  Monday  evening,  the  ist  inst., 
by  Prof.  Hele  Shaw,  who  treated  specially  of 
the  mechanical  applications  of  friction. 

The  lectures  will  be  printed  in  the  Journal 
during  the  summer  recess. 


Proceedings  of  the  Society. 

♦ 

APPLIED  CHE  Alls  TRY  & PHYSICS 
SECTION. 

Thursday,  January  28,  1886;  Thomas 

Gray,  C.B.,  in  the  chair. 

The  paper  read  was — 

MAGNETISM  OF  SHIPS  AND  THE 
MARINER’S  COMPASS. 

By  William  Bottomley. 

Twenty  years  ago  the  writer  of  an  article  on 
the  “Mariner’s  Compass”  remarked:  — 

“There  are  some  subjects  which  seem  to  be 
doomed  to  general  neglect,  almost  on  account  of  their 
peculiar  claims  to  universal  attention.  A seafaring 
people  might  be  supposed,  as  a matter  of  couse,  to 
take  a deeper  interest  in  the  theory  of  the  Mariner’s 
Compass  than  in  almost  any  other  branch  of  science, 
and  yet  it  is  scarcely  too  much  to  say  that  the  in- 
vestigations which  have  revolutionised  this  depart- 
ment of  magnetical  science  have  awakened  no  interest 
in  the  general  public,  and  have  scarcely  been  mastered 


by  more  than  a few  of  those  whose  lives  are  hourly 
risked  upon  the  supposed  accuracy  of  the  compass 
indications.” 

The  same  remark  might  with  almost  equal 
truth  be  made  at  the  present  day.  Perhaps 
one  of  the  principal  reasons  why  so  little 
interest  is  taken  in  this  subject,  and  why  the 
effect  of  the  magnetism  of  the  iron  of  a ship 
on  the  mariner’s  compass  is  so  little  under- 
stood by  the  majority  of  sailors,  is  because  the 
books  and  papers  which  have  been  written  on 
the  subject  are  put  in  too  mathematical  a form 
to  be  intelligible  to  ordinary  readers. 

I have  been  asked  by  the  Council  of  this 
Society  to  give  you  this  evening  an  account  of 
the  magnetism  of  an  iron  ship,  and  the  means 
which  are  adopted  for  counteracting  its  effect 
on  the  Mariner’s  Compass. 

The  subject  of  the  magnetism  of  a ship  is 
one  of  considerable  complexity,  and  to  under- 
stand it  completely  requires  a certain  amount 
of  mathematical  knowledge.  It  would  be  im- 
possible, in  the  course  of  a single  paper,  to 
give  any  detailed  explanation  of  the  theory  of 
an  iron  ship’s  magnetism.  I shall,  therefore, 
confine  myself  to  giving  a general  idea  of 
those  magnetic  forces  which  are  found  to 
exist  in  an  iron  ship,  and  which  combine  to 
produce  the  errors  of  the  compass  so  trouble- 
some and  dangerous  to  the  navigator. 

Before  entering  on  the  subject,  it  may  be 
desirable  to  give  some  brief  explanation  of 
those  fundamental  principles  of  magnetism 
which  are  intimately  connected  with  the 
Mariner’s  Compass. 

Magnetism  may  be  defined  as  the  power 
which  certain  bodies  called  magnets  possess 
of  attracting  iron.  There  are  two  kinds  of 
magnets — natural  and  artificial.  Natural 
magnets  are  found  as  an  ore  of  iron  called 
loadstone  ; artificial  magnets  are  made  of  bars 
of  tempered  steel,  and  are  magnetised  by  the 
action  of  other  magnets,  or  by  a current  of 
electricity.  If  a straight  bar  magnet  be 
examined,  it  will  be  found  that  the  magnetism 
in  it  is  not  uniformly  distributed  along  the 
length  of  the  magnet,  but  that  the  attractive 
force  is  most  powerful  near  each  end  and 
diminishes  towards  the  centre. 

If  a magnet  be  hung  by  a fine  thread  round 
the  middle  of  the  bar,  or  suspended  on  a 
point,  so  as  to  be  free  to  turn  round  a vertical 
axis,  it  will  be  found  to  take  up  a fixed 
direction — one  end  of  the  magnet  will  point 
towards  the  north  and  the  other  end  towards 
the  south.  Now,  if  another  magnet  be  brought 
near  this  suspended  magnet,  it  will  be  found 
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that  the  pole  of  the  latter  pointing  towards  the 
north  will  be  attracted  by  one  end  of  the 
second  magnet,  and  repelled  by  the  other  end. 
Similarly  the  end  of  the  suspended  magnet 
pointing  towards  the  south  will  be  attracted 
by  one  end  of  the  second  magnet,  and  repelled 
by  the  other.  But  the  pole  of  the  second 
magnet  which  attracts  the  north-pointing  end 
of  the  suspended  magnet  will  repel  the  south- 
pointing end,  and  the  pole  which  repels  the 
north-pointing  end  will  attract  the  south- 
pointing end. 

Now,  if  I suspend  this  second  magnet 
similarly  to  the  first,  you  will  see  that  the  end 
which  attracted  the  north-pointing  end  will 
turn  towards  the  south,  and  the  end  which 
attracted  the  south-pointing  end  will  turn 
towards  the  north.  We  thus  learn  that  there 
is  a difference  in  the  magnetism  of  the  two 
ends  of  a magnet,  and,  further,  that  similar 
poles  repel  one  another,  and  opposite  poles 
attract  one  another. 

The  fact — which  constitutes  the  essence  of 
the  Mariner’s  Compass— that  a suspended 
magnetic  needle  takes  up  a definite  position 
has  been  known  for  a very  long  time.  It  is 
said  to  have  been  used  by  the  Chinese  as  a 
guide  for  travelling  by  land  somewhere  about 
2400  B.c.  Whatever  may  be  the  exact  time 
of  its  becoming  known  in  China,  it  seems  to  be 
certain  that  it  was  a long  time  after  that  — 
probably  several  thousand  years — before  it 
became  known  in  Europe.  Indeed,  the  intro- 
duction of  the  Mariner’s  Compass  into  Europe 
has  not  been  traced  to  an  earlier  date  than  the 
end  of  the  eleventh  century. 

The  true  explanation  of  this  wonderful 
phenomenon,  of  the  tendency  of  a suspended 
magnet  to  turn  to  a definite  direction,  was  first 
given  in  the  year  1600,  by  Dr.  Gilbert, 
physician-in-ordinary  to  Queen  Elizabeth,  in 
his  famous  work  on  “The  Magnet,  and  the 
Earth  a Great  Magnet.”  He  explained  that 
the  earth  acts  on'"  a moveable  magnet  in  the 
same  way  that  another  magnet  does  ; in  fact, 
that  the  earth  may  be  considered  as  a large 
magnet  having  one  of  its  poles  situated  some- 
where near  the  North  Pole  of  the  earth,  and  the 
other  near  the  South  Pole  of  the  earth.  One  end 
of  a moveable  magnet  points  towards  the  north 
because  it  is  attracted  by  one  of  the  magnetic 
poles  of  the  earth,  and  the  other  end  points 
towards  the  south  because  it  is  attracted  by 
the  other  magnetic  pole  of  the  earth. 

Now  I have  shown  you  already  that  similar 
poles  repel,  and  dissimilar  poles  attract. 
Therefore  the  magnetism  of  the  pole  of  this 


magnet  which  is  attracted  by  the  north  mag- 
netic pole  of  the  earth  must  be  dissimilar  to 
the  magnetism  of  the  northern  portions  of  the 
earth,  and  similar  to  the  magnetism  of  the 
southern  regions.  The  end  of  the  needle 
which  is  repelled  from  the  north,  and  attracted 
to  the  south,  must  have  magnetism  similar  to 
the  earth’s  northern  regions.  Thus  the  end 
of  the  needle  which  points  from  the  north  has 
true  northern  polarity,  and  the  end  which 
points  towards  the  north  has  true  southern 
polarity.  Gilbert  pointed  this  out,  and  pro- 
tested against  the  practice  of  writers,  instru- 
ment makers,  and  sailors  speaking  of  the  end 
of  a magnet  which  is  attracted  towards  the 
north  as  the  North  Pole  of  the  magnet. 
Unfortunately,  this  mistake  has  been  per- 
sisted in  to  the  present  day.  We  still  find 
instrument  makers  marking  with  an  N the 
end  of  the  magnet  which  is  attracted  by  the 
North  Pole  of  the  earth,  and  many  writers  of 
books,  and  even  some  scientific  papers  on 
magnetism,  speak  of  this  end  of  the  magnet  as 
the  north  pole  of  the  magnet.  From  this  they 
are  driven  to  call  the  magnetic  pole  of  the 
earth  situated  in  the  northern  hemisphere  the 
earth’s  south  magnetic  pole. 

The  following  appears  in  a popular  account 
of  the  Mariner’s  Compass.  Speaking  of  an 
iron  bar  held  in  a vertical  position  in  the 
northern  hemisphere,  it  says  “ its  lower  end, 
is  nearer  the  earth’s  south  pole  then  a 
note  is  added,  “that  is  the  pole  similar 
to  the  south  pole,  and  capable  of  attracting 
the  north  pole  of  an  ordinary  magnet.  This 
is  always  spoken  of  as  the  earth’s  south  pole, 
although  north Jn  geographical  position.” 

In  order  to  avoid  the  confusion  which  is 
thus  caused,  it  has  been  proposed  by  Sir 
George  Airy  to  colour  the  poles  of  magnets 
blue  and  red.  The  blue  end  being  the  one 
which  has  magnetism  similar  to  the  northern 
regions  of  the  earth,  and  the  red  end 
magnetism  similar  to  the  southern  regions  of 
the  earth.  The  adoption  of  this  proposal 
generally  would  do  much  to  avoid  the  con- 
fusion and  difficulty  which  is  felt  by  practical 
men  in  understanding  the  principles  of  mag- 
netism in  connection  with  the  mariner’s  com- 
pass. 

It  is  quite  proper  to  mark  the  point  of  the 
compass  card  which  points  to  the  north  with 
an  N,  and  the  point  which  points  to  the  south 
with  an  S,  and  these  points  may  without  any 
confusion  be  called  the  north  and  south  points 
of  the  card ; but  when  the  end  of  a magnet 
which  is  attracted  towards  the  earth’s  northern 
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magnetic  pole  is  spoken  of  as  having-  northern 
polarity,  or  is  marked  with  the  letter  N.,  this 
gives  a wrong  idea,  and  produces  confusion  in 
the  mind  of  the  learner.  The  confusion  is 
annulled  when  Sir  George  Airy’s  excellent 
proposal  is  adopted. 

The  magnetic  poles  of  the  earth  do  not  coin- 
cide with  the  astronomical  poles.  In  the 
northern  hemisphere  the  magnetic  pole  is 
situated  to  the  N.N.W.  of  Hudson’s  Bay.  The 
southern  magnetic  pole  has  not  been  reached 
by  anyone,  but  it  was  so  nearly  approached  by 
Sir  James  Ross  that  there  can  be  no  doubt  of 
there  being  a southern  magnetic  pole  at  a 
point  to  the  south  of  Tasmania. 

Now,  a magnetic  needle  when  influenced  only 
by  the  earth’s  magnetic  attraction  points  to 
the  magnetic  pole  and  not  to  the  true  or 
astronomical  pole. 

Thus  the  north  and  south  as  shown  by 
compass  do  not  usually  agree  with  the 
astronomical  north  and  south.  The  angle 
which  the  compass  needle  is  deflected  from 
the  astronomical  north  when  influenced  by  the 
earth’s  magnetic  force  is  called  the  variation 
of  the  compass.  The  variation  diff>:;rs  in 
different  parts  of  the  earth.  Charts  showing 
the  variation  of  the  compass  in  different  parts 
of  the  world  have  been  published  by  the 
Admiralty.  The  variation  at  any  particular 
place  does  not  remain  the  same  always.  Ever 
since  accurate  observations  of  terrestrial  mag- 
netism were  made,  the  distribution  of  it  over 
the  earth  has  been  constantly  changing.  As 
an  example  of  the  changes  which  have  taken 
place  in  the  direction  of  the  earth’s  magnetism, 
I may  tell  you  what  has  occurred  in  London 
since  the  middle  of  the  i6th  century. 

The  variation  in  1580  was  11°  15'  to  the  east 
of  the  true  north.  The  easterly  variation  gra- 
dually diminished  till  1659,  when  the  needle 
pointed  to  the  true  north  ; after  that  it  began 
to  point  to  the  west  of  north,  and  the  westerly 
variation  continued  to  increase  until  the  year 
1820,  when  the  needle  pointed  24.^  degrees 
to  the  west  of  true  north.  From  that  time 
until  now  the  westerly  error  has  been 
diminishing.  At  the  present  time  the  varia- 
tion at  Greenwich  is  17°  54'  westerly,  and  it  is 
decreasing  about  six  minutes  annually.  It 
is  important,  when  taking  the  variation  from  a 
chart,  to  correct  it  up  to  date.  If  the  chart 
is  five  years  old,  an  error  in  the  variation  of 
nearly  one  degree  may  be  made  in  some 
places. 

The  compass  used  on  board  all  ships  at  the 
present  time  is  substantially  the  same  as  that 


described  by  Gilbert  three  hundred  years  ago. 
It  consists  of  the  compass  card,  the  bowl  with 
gimbal  ring,  and  the  box  or  binnacle  for  sup- 
porting the  bowl.  The  ordinary  compass  card 
now  used  is  made  of  a thin  disc  of  mica  or 
cardboard,  to  the  lower  side  of  which  are 
attached  magnetic  needles  made  of  parallel 
straight  bars  of  flat  steel,  with  the  breadth  of 
the  bar  perpendicular  to  the  card.  In  the 
Admiralty  standard  compass  there  are  two 
pairs  of  needles  ; in  the  compasses  of  merchant 
ships  there  is  generally  only  one  pair  of 
needles  attached  to  the  card  ; in  Sir  William 
Thomson’s  compass  there  are  four  pairs  of  very 
small  round  steel  needles  hung  from  the  rim  of 
the  card  by  means  of  silk  threads.  The  cir- 
cumference of  the  card  is  divided  into  degrees, 
and  inside  the  circle  of  degrees  the  card  is 
further  divided  into  points  and  quarter  points. 
In  the  centre  of  the  card  there  is  a jewelled 
cap,  which  bears  the  whole  weight  of  the  card 
and  needles  on  a fine  point  of  hardened  steel,, 
or  of  a natural  alloy  of  iridium  and  osmium, 
whichismuchharderthan  steel,  and  is  not  liable 
to  rust.  The  compass  bowl  is  a circular  box 
formerly  made  of  wood,  but  now  made  of  brass 
or  copper  with  a glass  cover  on  the  top.  The 
bowl,  with  a weight  attached  to  its  bottom,  is 
supported  on  a brass  ring  at  opposite  points  by 
pivots  projecting  from  it,  so  as  to  allow  the  box 
to  swing  inside  the  ring.  The  ring  is  similarly 
supported  on  the  binnacle  by  pivots  projecting 
from  it,  the  line  of  these  pivots  being  at  right 
angles  to  the  line  of  the  pivots  on  the  bowl. 
When  thus  supported,  the  compass  bowl,  which 
is  said  to  be  supported  on  gimbals,  can  always 
take  up  a horizontal  position. 

The  bearings  of  the  bowl  and  gimbal  ring 
are  usually  round  journals.  In  order  to  give 
greater  freedom  to  the  bowl  to  assume  a hori- 
zontal position.  Sir  William  Thomson  uses 
knife  edges  instead  of  round  journals,  and  to 
calm  the  vibrations  of  the  bowl,  he  attaches  a 
hemispherical  shell  to  the  bottom  of  the  com- 
pass box.  This  shell  is  nearly  filled  with  a 
viscous  oil.  The  flowing  of  the  oil  on  the 
bottom  of  the  shell  prevents  the  bowl  getting 
into  a swing.  To  prevent  the  vibrations  from 
the  engines  of  a steamer  affecting  the  compass 
card,  it  is  found  necessary  to  hang  the  bowl 
and  gimbal  ring  by  an  elastic  suspension  from 
the  binnacle.  This  is  usually  done  with  india- 
rubber  bands  ; but  Sir  William  Thomson  has 
adopted  a novel  elastic  suspension  which  has 
proved  remarkably  successful — particularly  so 
on  board  ships  of  war  during  the  fire  of  heavy 
guns.  He  uses  an  elastic  ring  of  brass  wire. 
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made  up  similarly  to  a rope  grummet  ring, 
which  is  well  known  on  board  ship.  From 
this  elastic  ring  the  gimbal  ring  is  hung  by 
brass  chains. 

The  Admiralty  standard  compass  is  only 
inches  in  diameter,  and  the  steering 
compasses  used  in  the  British  navy  are 
now  usually  lo  inches  in  diameter.  In  the 
merchant  service  the  larger  card  is  pre- 
ferred, and  it  is  almost  always  lo  inches  or 
more  in  diameter.  In  some  of  the  large 
ocean  steamers  compass  cards  of  15  inches 
diameter  have  been  used,  but  a card  of 
this  size  is  only  suitable  for  steering  com- 
passes, where  it  is  important  to  have  the  space 
-between  each  degree  as  large  as  possible,  so 
that  the  steersman  may  notice  at  once  when 
the  ship  goes  off  her  proper  course.  For 
standard  compasses,  a card  of  10  inches 
diameter  appears  to  be  the  most  suitable.  A 
10  or  12  inch  compass  card  is  much  steadier 
in  a heavy  sea  than  a similar  card  of  6 or 
7 inches  in  diameter,  and  it  is  this  advantage 
which  has  led  to  the  10  inch  card  being  gene- 
rally adopted  in  the  British  merchant  service. 

Until  a few  years  ago  it  was  usual  to  make 
compass  cards  with  long  and  powerful  magnets, 
as  it  was  considered  that  the  greater  the 

magnetic  moment  ” of  the  needles  the  better 
the  compasses.  In  1874  Sir  William  Thomson 
pointed  out  that  the  greater  the  magnetic 
moment,  all  other  circumstances  being  the 
same,  the  more  unsteady  will  the  compass  be 
when  the  ship  is  rolling.  With  the  heavy 
■ compass  cards  universally  used  at  that  time, 
<the  magnetic  needles  required  to  be  made  large 
and  strong,  in  order  to  have  sufficient  directive 
force  to  overcome  the  friction  between  the  cap 
and  bearing  point,  otherwise  the  compasses 
would  have  been  sluggish,  and  would  not  have 
indicated  accurately  and  quickly  any  changes 
in  the  ship’s  head.  Another  important  reason 
for  making  the  magnetic  moment  as  small  as 
possible,  is  to  allow  of  an  accurate  correction 
being  made  of  one  part  of  the  error  of  the 
compass,  called  the  quadrantal  error,  which  is 
produced  by  the  iron  of  the  ship.  When  large 
compass  needles  are  used,  this  correction  is 
'vitiated  by  the  inductive  action  of  the  large 
needles  on  the  soft  iron  correctors.  To  allow 
of  the  whole  compass  error  being  really  well 
corrected  by  means  of  magnets  and  soft  iron 
of  convenient  size,  it  is  necessary  that  the 
needles  should  have  a small  magnetic  moment, 
and  that  they  should  be  as  short  as  possible, 
consistent  with  their  being  powerful  enough  not 
to  allow  of  any  frictional  error. 


One  of  the  first  to  note  the  effect  produced 
on  the  Mariner’s  Compass  by  the  iron  used  in 
the  construction  of  ships  was  Wales,  the  as- 
tronomer of  Captain  Cook’s  voyages  ; but  no 
systematic  attempt  was  made  to  investigate  the 
subject  until  the  beginning  of  the  present  cen- 
tury, when  Captain  Flinders,  an  officer  in  the 
Royal  Navy,  made  a voyage  to  Australia.  He 
observed  that  there  was  a difference  in  the  in- 
dications of  the  same  compass,  amounting  to  as 
much  as  degrees,  when  placed  in  different 
positions  in  the  same  ship ; and,  further,  that 
with  the  compass  in  the  same  position  its  indica- 
tions differed  when  the  ship’s  head  was  in  differ- 
ent directions.  He  found  that  with  the  ship’s 
head  north  or  south  no  deviation  was  produced, 
but  that  with  the  ship’s  head  east  or  west  there 
was  a maximum  deviation.  In  the  northern 
hemisphere,  with  the  compass  placed  in  the 
ordinary  position  near  the  stern,  he  found  that 
the  north  point  of  the  compass  card  was 
attracted  towards  the  bow.  On  proceeding 
south  he  noticed  that  this  attraction  of  the 
north  point  of  the  compass  card  towards  the 
bow  diminished  gradually,  and  that  at  the 
equator  there  was  no  attraction  from  the  iron 
of  the  ship.  In  the  southern  hemisphere  the 
effect  of  the  iron  of  the  ship  was  reversed,  and 
the  north  point  was  found  to  be  repelled  from 
the  bow  of  the  ship.  The  iron  in  such  vessels 
as  Captain  Flinders’s — namely,  wooden  sailing 
ships — was  principally  employed  in  the  shape 
of  vertical  rods  for  stanchions,  and  would  be 
of  the  quality  known  as  soft  iron. 

There  are  two  qualities  of  iron,  which  are 
differently  affected  when  brought  under  mag- 
netic influeuce — soft  iron  and  hard  iron. 

Soft  iron  is  iron  which  becomes  magnetised 
almost  or  quite  instantaneously  when  brought 
under  the  influence  of  a magnetising  body, 
and  which  loses  its  magnetism  as  soon  as  that 
influence  is  removed.  Hard  iron,  on  the  other 
hand,  does  not  acquire  magnetism  so  easily, 
but  when  once  it  is  magnetised  it  retains  it  per- 
manently, even  after  the  magnetising  force  is 
removed. 

I have  here  a piece  of  soft  iron,  and  when  I 
hold  it  in  a vertical  position  you  will  observe 
that  the  upper  end  attracts  the  red. end  of  this 
suspended  needle  ; the  lower  end  attracts  the 
other  pole.  Now  I will  reverse  the  bar  end  for 
end,  and  you  will  see  that  the  lower  end,  which 
formerly  was  up  and  attracted  the  red  end,  now 
repels  it  and  attracts  the  opposite  end,  and  the 
end  which  is  uppermost  now  attracts  the 
red  end  instead  of  repelling  it.  Thus,  by 
simply  reversing  the  bar  end  for  end,  the 
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magnetism  in  it  has  been  reversed.  Further, 
if  I hold  it  in  an  east  and  west  direction,  it 
will  not  produce  any  effect  on  the  needle, 
provided  the  bar  is  very  soft.  If  I strike  the 
bar  while  in  a vertical  position,  the  magnetism 
will  become  to  a certain  extent  fixed,  so  that 
when  I reverse  it  end  for  end,  the  magnetism 
in  it  does  not  at  once  become  reversed.  On 
the  contrary',  you  will  see  that  the  upper  end 
now  repels  the  red  end,  instead  of  attracting  it 
as  formerly.  If  I leave  the  magnet  hanging 
in  this  position  for  some  time,  it  will  gradually 
lose  the  magnetism  which  was  hammered  into  it, 
or  I canknockthemagnetismputofiFat  once  by 
striking  it  gently.  But  if  I take  a bar  of  soft 
iron,  large  enough  in  diameter  in  proportion 
to  its  length,  I cannot  make  the  magnetism  in 
it  become  fixed  by  striking  the  bar.  This  fact, 
we  shall  see,  is  of  considerable  importance  in 
the  correction  of  one  partof  the  errorofthe  com- 
pass caused  by  the  iron  of  the  ship.  This  bar, 
when  held  vertical,  is  influenced  by  the  earth’s 
magnetic  force,  and  becomes  magnetised  by 
induction  as  it  is  called.  The  lower  end  which 
is  towards  the  North  Pole  takes  magnetism  of 
the  opposite  name,  or  true  southern  polarity, 
or  becomes  a red  pole.  The  upper  end  takes 
magnetism  similar  to  the  earth’s  North  Pole, 
or  true  northern  polarity,  or  becomes  a blue 
pole.  The  earth  in  this  case  is  the  magnetising 
body. 

When  the  bar  is  held  horizontally  in  an  east 
and  west  direction,  there  is  no  magnetic  force 
acting  in  the  direction  of  the  length  of  the 
bar,  and  consequently  the  bar  does  not  per- 
ceptibly show  any  magnetic  properties. 

We  will  now  return  to  the  consideration  of 
Captain  Flinders’  obser\'ations.  I have  told  you 
that  in  the  northern  hemisphere  he  found  an 
attraction  of  the  north  point  of  his  compass 
needle  towards  the  bow,  in  the  southern  hemi- 
sphere towards  the  stern.  His  explanation  of 
this  was  that  the  vertical  iron  of  his  ship 
became  magnetised  by  induction  from  the 
earth.  In  the  northern  hemisphere  the  upper 
end  of  all  the  vertical  iron  attracted  the  north 
point  of  his  compass.  At  the  equator,  where 
there  is  no  vertical  magnetic  force  of  the  earth, 
no  effect  was  produced  by  the  iron.  In  the 
southern  hemisphere,  where  the  earth’s  vertical 
magnetic  force  is  reversed  from  what  it  is  in 
the  northern  hemisphere,  the  upper  end  of  the 
vertical  iron  repels  the  north  point  of  the  com- 
pass. 

As  the  compass  in  the  old  sailing  ships 
was  placed  near  the  stern,  there  would 
be  a larger  amount  of  iron  before  the 


compass  than  behind  it,  and  as  the  com- 
pass was  placed  on  deck,  the  upper  parts  of 
the  iron  would  be  nearer  the  compass  needles 
than  the  lower  parts.  Therefore,  in  the 
northern  hemisphere,  the  north  point  would  be 
attracted  towards  the  bow,  and  in  the  southern 
hemisphere  towards  the  stern. 

Captain  Flinders  not  only  gave  the  correct 
explanation  of  the  effect  of  the  iron  on  the 
compass,  but  he  also  proposed  a method  of 
correcting  the  errors  thus  produced,  which  is 
of  great  utility  in  the  correction  of  compasses 
of  the  iron  ships  of  the  present  day.  He  sug- 
gested that  a bar  of  soft  iron  should  be  fixed 
in  a vertical  direction  before  or  behind  the 
compass  to  counteract  the  effect  of  the  in- 
duced magnetism  of  the  iron  of  the  ship. 

Captain  Flinders  dying  shortly  afterwards, 
the  subject  received  little  attention  until  about 
the  year  1817,  when  Professor  Barlow  engaged 
in  a series  of  most  interesting  experiments  on 
the  effect  produced  on  a compass  needle  by 
masses  of  iron,  magnetised  by  induction  from 
the  earth.  These  researches  were  undertaken 
with  a view  of  correcting  the  errors  of  the 
compass  caused  by  masses  of  iron  such  as 
guns,  and  one  result  of  the  greatest  importance 
which  Barlow  obtained,  was  that  the  effect  pro- 
duced on  the  compass  by  a hollow  globe  is 
the  same  as  that  produced  by  a solid  one,  pro- 
vided there  is  a certain  thickness  in  the  metal 
of  the  hollow  one  in  proportion  to  its  diameter. 
He  proposed  to  correct  the  deviations  of  the 
compass  by  applying  a circular  plate  of  soft 
iron,  which  would  produce  errors  of  the  same 
amount  as  the  deviations  produced  on  the 
compass  by  the  iron  of  the  ship.  This  method 
was  applied  to  some  ships  in  the  British  Navy 
with  success,  but  the  introduction  of  iron  into 
the  construction  of  the  hulls  of  the  ships  shortly 
afterwards  completely  altered  the  problem, 
and  other  methods  had  to  be  adopted  in  con- 
sequence. 

In  the  year  1824,  Poisson,  the  distinguished 
French  mathematician,  published  a mathe- 
matical investigation  of  the  theory  of  magnetic 
attraction  and  repulsion,  and  discussed  the 
magnetic  actions  on  a horizontal  needle  of  the 
earth  directly  and  of  iron  globes  rendered 
magnetic  by  the  inductive  action  of  the  earth. 
In  1838,  he  adopted  the  results  of  his  previous 
investigations  to  observations  made  on  board 
ship,  for  the  purpose  of  determining  the  errors 
of  the  compass  caused  by  masses  of  iron 
symmetrically  placed  on  each  side  of  the  fore- 
and-aft  section  of  the  ship.  These  investiga- 
tions of  Poisson  furnished  the  basis  for  the 
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further  development  of  the  mathematical  theory 
of  the  deviation  of  the  compass  on  board  an 
iron  ship.  But  he  had  purposely  confined 
himself  in  his  investigations  to  the  case  of 
transient  induced  magnetism  in  soft  iron,  and 
had.  omitted  what  soon  after  his  time  became 
of  the  greatest  importance,  namely,  the  action 
of  the  ship  as  a permanent  magnet. 

So  far,  we  have  been  considering  the  devia- 
tions in  wooden  ships,  in  which  the  iron  used 
was  of  small  amount,  and  almost  entirely  of 
the  nature  of  soft  iron.  The  deviations  found 
in  these  vessels  were  small  in  amount. 

We  now  come  to  the  period  when  iron 
began  to  be  used  for  the  construction  of  ships, 
and  large  masses  of  iron  for  the  machinery  of 
steamships. 

In  1838,  Sir  George  Airy,  the  late  As- 
tronomer Royal,  undertook,  at  the  request  of 
the  Board  of  Admiralty,  a series  of  experi- 
ments on  the  deviations  produced  on  the 
compass  on  board  two  iron  vessels,  the  Rain- 
bow and  Ironsides,  for  the  purpose  of  dis- 
covering the  laws  which  govern  the  disturb- 
ance. 

The  results  which  he  obtained  from  these 
experiments,  and  the  mathematical  theory  of 
the  magnetism  of  an  iron  ship  which  he  de- 
duced from  them,  were  given  to  the  Royal 
Society  in  1839.  important  paper  he 

showed  how  the  errors  of  the  compass,  de- 
pending on  the  influence  of  the  magnetism  of 
the  ship,  may  be  perfectly  corrected  by  steel 
magnets  and  masses  of  soft  iron  placed  in  the 
neighbourhood  of  the  compass.  His  system  of 
correction  of  the  compass  was  pretty  generally 
adopted  in  the  merchant  service  soon  after 
it  was  proposed,  and  now  it  is  universally 
employed,  not  only  in  the  merchant  service 
but  also  in  the  navies  of  this  and  other 
countries. 

Since  the  time  of  Sir  George  Airy’s  experi- 
ments on  board  the  Ironsides  and  Rainbow, 
our  knowledge  of  the  problem  of  ships’  magne- 
tism has  been  largely  increased.  Airy  himself 
continued  his  investigations  for  many  years, 
and  communicated  his  results  in  papers  to  the 
Royal  Society. 

The  late  Mr.  Archibald  Smith,  an  eminent 
mathematician  and  lawyer,  in  addition  to  his 
professional  work  as  a barrister,  devoted  him- 
self for  many  years  with  great  energy  to  the 
advancement  of  this  question.  By  transform- 
ing the  orginal  equations  of  Poisson  to  a more 
practical  and  simple  form,  he  was  able  to 
devise  a system  of  correction  and  harmonic 
reduction  of  the  observations  of  the  compass 


which  has  been  of  the  greatest  service,  not 
only  in  the  branch  of  practical  science  for 
which  it  was  originally  intended,  but  also  in» 
many  other  departments  of  practical  physics. 
In  conjunction  with  Sir  Frederick  Evans,  the 
late  Hydrographer  of  the  Admiralty,  he  revised 
the  Admiralty  Instructions  regarding  the  com- 
pass, which  in  their  new  form  appeared  as  the 
“ Admiralty  Manual  on  the  Deviations  of  the 
Compass.”  This  important  work  has  been 
appreciated  not  only  in  this  country,  but 
throughout  the  civilised  world.  It  has  been 
translated  into  Russian,  French,  German,  and 
Portuguese,  and  has  also  been  adopted  by  the 
Government  of  the  United  States.  Having 
referred  to  the  work  of  Sir  F.  Evans,  I may 
take  this  opportunity  of  giving  expression  to 
the  regret  which  must  be  felt  by  all  interested 
in  the  navigation  of  iron  ships  on  account  of 
his  recent  death.  The  communications  he 
made  to  the  Royal  and  other  societies  on  the 
subject  of  the  magnetism  of  iron  ships  were 
of  great  value. 

In  addition  to  Airy,  Archibald  Smith,  and 
Evans,  the  names  of  Sabine,  Scoresby,  Captain 
Johnson  (of  the  Compass  Department  of  the 
Admiralty),  Towson  and  Rundell  (secretaries  of 
the  Liverpool  Compass  Committee), mustalways 
be  mentioned  with  gratitude  for  the  services 
they  rendered  in  the  elucidation  of  the  compass- 
problem  after  the  introduction  of  iron  ship 
building.  In  France,  Lieut.  Collet,  of  the 
French  navy,  has  devoted  much  attention  to* 
this  subject,  and  has  recently  published  a very 
valuable  theoretical  and  practical  treatise  on 
the  compensation  of  the  compass,  with  or  with- 
out bearings. 

When  considering  the  magnetic  properties 
of  an  iron  ship,  it  is  convenient  to  imagine  the 
iron  divided  into  classes,  hard  iron  and  soft 
iron  ; not  that  any  of  the  iron  or  steel  used  in 
the  construction  of  ships  is  either  perfectly 
hard  or  perfectly  soft.  Any  ordinary  plate 
used  in  the  construction  of  a ship,  whether  it 
be  iron  or  what  is  called  steel,  will  become 
magnetised  by  induction  from  the  earth,  and 
if  subjected  to  concussion  from  hammering 
it  will  become  more  highly  magnetised,  and 
retain  a portion  of  that  magnetism  in  a per- 
manent condition. 

Let  us  consider  the  case  of  an  ordinary  plate 
of  iron,  as  shown  in  the  diagram  (Fig.  i,  p.  235), 
placed  upright  in  the  magnetic  meridian  in  the 
Northern  Hemisphere.  The  upper  edge,  from 
end  to  end,  willbe  found  to  attractthe  north  point 
of  the  compass  card,  or  to  have  acquired  blue 
magnetism,  while  the  lower  edge  will  attract  the 
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south  point  of  the  compass  card,  or  it  will 
have  acquired  red  magnetism.  Between  the 
top  and  the  bottom  there  will  be  a neutral 
zone  running  along  the  length  of  the  plate, 


Fig.  I.* 


\ 

\n. 


a.nd  this  zone  will  be  inclined  to  the  horizon. 
In  a square  plate  its  direction  will  be  at  right 
angles  to  the  dipping  needle  at  the  place  of 
observation,  but  in  an  oblong  plate  its  direc- 
tion will  be  more  in  the  length  of  the  plate, 
^sow  if  this  plate  were  to  be  hammered,  as  is 
•done  when  it  is  rivetted  into  a ship,  it  would 
acquire  some  permanent  magnetism,  so  that  in 
whatever  position  it  were  held  it  would  indicate 
a distribution  of  magnetism  similar  to  what  is 
shown  in  the  diagram  (Fig.  i}.  But  super- 
imposed on  this  permanent  magnetism  there 
would  still  be  magnetism  induced  by  the  mag- 
netic force  of  the  earth. 

Now  what  I have  described  for  one  plate 
takes  place  during  the  construction  of  an  iron 
ship  with  each  plate.  The  result  is  that  the 
whole  ship  becomes  magnetised,  and  the  dis- 
tribution of  that  portion  of  the  magnetism 
which  is  thus  hammered  into  the  ship  depends 
•on  the  direction  of  the  ship’s  head  while 
building. 

It  was  Dr.  Scoresby  who  first  called  atten- 
tion to  the  remarkable  fact  that  the  magnetic 
character  of  a ship  depends  essentially  on  the 
direction  of  her  head  while  building,  and  that 
this  original  magnetism  is  subject  to  great 
changes  after  launching.  The  diagram  (Fig.  2, 
p.  236)  shows  the  distribution  of  this  magnetism, 
which  is  usually  called  the  permanent  magnet- 
ism, for  ships  built  in  this  country  with  their  heads 
in  the  directions  North,  South,  East,  and  West. 
In  the  upper  drawing,  the  ship  is  represented 
as  having  been  built  with  her  head  magnetic 
North.  In  this  case,  the  upper  part  of  the 

* In  these  diagrams  the  blue  is  marked  by  the  cross  lines, 
the  red  by  single  lines. 


stern  being  farthest  from  the  north,  acquires 
blue  magnetism  strongly,  while  the  lower  part 
of  the  bow  acquires  red  magnetism  strongly. 
Between  these  extremes,  there  is  a neutral 
zone  running  from  the  upper  part  near  the  bow 
to  the  keel  near  the  stern  post.  The  intensity 
of  the  blue  and  red  magnetism  of  the  stern 
and  bow  gradually  diminishes  towards  this 
zone.  In  such  a ship  the  north  point  of  the 
compass  will  be  attracted  towards  the  stern, 
and  the  south  point  towards  the  bow. 

The  next  drawing  represents  a ship  built 
head  magnetic  South.  Here  we  have  the 
upper  part  of  the  bow  a powerful  blue  pole, 
while  the  lower  part  of  the  stern  is  a powerful 
red  pole.  In  this  case,  the  north  point  of  the 
compass  will  be  attracted  towards  the  bow. 

With  the  ship  built  head  East  or  West,  the 
whole  upper  part  of  the  ship  will  have  blue 
magnetism,  and  the  lower  part  red  magnetism; 
but  in  the  former  case,  the  starboard  side 
being  further  from  the  north  will  be  more 
powerfully  blue  than  the  port  side,  so  that  the 
north  point  of  the  compass  card  will  be 
attracted  to  the  starboard  side.  Whereas 
with  the  ship  built  West,  the  port  side  will  be 
more  powerfully  magnetised  than  the  star- 
board side,  and  the  north  point  of  the  compass 
card  will  be  attracted  to  the  port  side. 

The  resultant  of  all  the  magnetism  thus 
acquired  gives  rise  to  a single  disturbing  force 
of  the  same  character  as  that  which  would  be 
produced  by  a permanent  steel  magnet.  I 
have  spoken  of  this  part  of  the  magnetism  of 
the  ship  as  permanent  magnetism.  It  is  per- 
manent in  direction,  but  it  is  liable  to  change 
in  amount  with  time,  especially  so  when  the 
ship  is  new.  The  change  is  greatest  just  after 
launching,  and  if  the  ship  is  then  turned  round 
and  kept  with  her  head  in  the  opposite  direc- 
tion to  what  it  was  before  launching,  a large 
part  of  the  magnetism  which  is  not  firmly 
hammered  into  the  iron  will  be  lost.  It  is  most 
important  that  every  new  ship,  after  launch- 
ing, should  be  turned  round  and  kept  with  her 
head  in  the  opposite  direction  while  fitting 
out  for  sea,  so  that  she  may  lose  as  much  as 
possible  of  the  magnetism  which  has  not  been 
firmly  hammered  into  her  before  having  her 
compasses  adjusted.  This  is  a matter  which 
is  very  much  overlooked  at  present.  It  is  most 
desirable  that  naval  architects  or  others  who 
superintend  the  construction  of  iron  ships 
should  insist  on  having  it  done.  I would  sug- 
gest that  a clause  should  be  added  to  all  the 
contracts  for  new  ships,  that  after  launching, 
the  ship  should  be  turned  round  and  kept. 
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while  fitting-  out,  with  her  head  as  nearly  as 
possible  in  the  opposite  direction  to  what  she 
was  on  the  stocks.  I have  known  many  cases 
where  this  has  not  been  attended  to,  in  which 
the  magnetism  changed  so  much  within  a few 


days  as  to  cause  serious  inconvenience  and 
danger  in  the  navigation  of  the  ship.  One 
instance  which  came  under  my  notice  a few 
years  ago,  will  show  the  importance  of  having 
the  ship  turned  round.  A large  passenger  ship 


Fig.  2. 
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was  built  with  her  head  nearly  south,  and  fitted 
in  the  same  direction.  Her  compasses  were 
carefully  adjusted,  and  after  that  she  remained 
swinging  to  her  anchor  in  a tide  way,  so  that 
ead  turned  to  different  directions  each 


tide  for  a week.  Before  she  left  for  her 
first  voyage,  I went  on  board  to  ascertain 
the  errors  of  her  standard  compass,  as  I 
expected  to  find  a considerable  change. 
T found  on  some  points  there  was  as  much  as 
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10°  of  difference  of  error  from  what  there  had 
been  a week  before.  The  ship,  by  swinging 
to  her  anchor  for  a week,  had  lost  an  amount 
of  magnetism  sufficient  to  produce  an  error 
of  ten  degrees  on  the  compass.  Since  that 
time  several  other  ships  similar  in  every  way 
have  been  built  by  the  same  builders  for  the 
same  company,  but  they  have  been  turned  round 
after  launching,  and  there  has  been  com- 
paratively little  change  in  their  magnetism.  The 
importance  of  this  was  pointed  out  thirty  years 
ago  by  Dr.  Scoresby,  and  recommended  by  the 
late  Sir  Frederick  Evans,  but  shipbuilders 
and  others  are  in  much  need  of  being  reminded 
of  it  now. 

The  effect  of  the  magnetism  of  the  hard  iron 
is  to  produce  an  error  on  the  compass  which 
vanishes  when  the  ship’s  head  is  on  tw'o 
opposite  points,  and  attains  a maximum 
amount  in  each  semi-circle  as  the  ship  turns 
round.  It  has,  therefore,  been  called  a semi- 
circular error.  I may  illustrate  the  effect  of 
the  permanent  magnetism  of  the  ship  by 
fixing  a steel  magnet  on  this  frame,  and 
turning  it  round  the  compass.  The  frame 
w'ill  represent  a ship  in  which  the  magnetism 
is  altogether  permanent  magnetism.  When 
the  line  of  the  disturbing  magnet  is  in  a line 
with  the  compass  needles,  no  deviation  is  pro- 
duced. As  the  ship’s  head  is  turned  round 
the  deviation  increases,  until  it  attains  a 
maximum,  when  the  line  of  this  disturbing 
force  is  at  right  angles  to  the  compass  needles. 
It  then  gradually  diminishes  and  again  comes 
to  zero.  Continuing  to  turn  the  ship,  we  find 
a deviation  again  appears,  but  in  the  opposite 
direction  to  what  it  w'as  in  the  other  semi- 
circle. It  attains  a maximum,  and  comes  to 
zero  at  the  place  of  starting. 

You  will  now  readily  understand  that  as  this 
magnetism  which  is  hammered  into  the  hard 
iron  of  the  ship  gives  rise  to  forces,  the  result- 
ant of  which  is  a single  magnetic  force  acting  in 
a definite  direction  in  the  ship,  its  influence  on 
the  compass  may  be  neutralised  by  placing  a 
steel  magnet  with  its  poles  in  the  opposite 
direction,  at  such  a distance  from  the  compass 
that  it  will  exactly  counterbalance  the  mag- 
netism of  the  ship.  This  is  one  of  the  plans 
which  Sir  George  Airy  proposed  in  1838,  and 
which  is  used  for  correcting  the  standard  com- 
passes in  the  Navy.  The  amount  and  direction 
of  the  ship’s  permanent  magnetism  at  the  posi- 
tion of  the  compass  is  first  determined.  A 
steel  magnet  is  then  selected,  and  the  dis- 
tance found  by  trial  where  it  will  produce  the 
same  force  on  a compass  needle  as  the  ship’s 


magnetism  does  at  the  position  of  the  com- 
pass on  board.  A hole  is  bored  in  the  wooden 
stand  at  the  right  distance  from  the  compass 
needle,  and  the  magnet  inserted  with  its  poles 
acting  in  the  opposite  direction  to  the  ship’s 
magnetism. 

The  second  of  Sir  George  Airy’s  plans,  and 
which  is  the  simplest  and  most  convenient,  is 
generally  adopted  in  the  merchant  service. 
It  is  to  apply  two  sets  of  magnets,  one  set 
fore-and-aft,  and  the  other  set  thwartship  to 
counterbalance  the  fore-and-aft  and  thwart- 
ship  component  of  the  ship’s  magnetism. 

We  have  now  to  consider  the  action  of  the 
soft  iron  magnetised  by  induction  from  the 
earth,  and  it  is  necessary  to  divide  this  into 
two  parts — the  magnetism  induced  by  the 
earth’s  vertical  force,  and  the  magnetism 
induced  by  the  earth’s  horizontal  force. 

All  the  vertical  iron  of  the  ship  becomes 
magnetised  by  induction  from  the  vertical 
component  of  the  earth’s  magnetic  force. 
In  the  northern  hemisphere,  the  upper  parts 
of  the  vertical  iron  attract  the  north  point  of 
the  compass  card;  in  the  southern  hemisphere 
the  south  point.  The  effect  of  vertical  iron  on 
the  compass  may  be  illustrated  by  moving  a 
vertical  rod  of  soft  iron  round  the  suspended 
needle.  Let  the  bar  be  kept  with  its  upper  end 
about  the  same  level  as  the  needle.  Now,  in 
whatever  position  the  upper  end  of  the  bar  is 
held,  the  north  point  will  always  be  attracted 
towards  it.  Consequently,  when  the  bar  is  held 
in  the  line  of  the  needle,  there  is  no  deviation, 
but  when  it  is  in  a line  at  right  angles  to  the 
direction  of  the  needles  a maximum  error  is 
produced,  which  is  easterly  when  the  bar  is  to 
the  east  of  the  needle  and  westerly  when  it  is 
to  the  west.  Thus  we  have  a semi-circular 
error  produced  by  a vertical  bar  carried  round 
the  compass.  All  the  vertical  iron  acts 
similarly,  and  produces  a semi-circular  error 
as  the  ship  is  turned  round  in  azimuth.  The 
amount  of  this  error  will  vary  in  the  same  ship 
according  to  the  position  of  the  compass  with 
regard  to  the  vertical  iron.  In  some  positions, 
where  the  iron  is  symmetrically  distributed 
fore-and-aft,  and  also  athwartship,  the 
attractions  on  opposite  sides  may  neutralise 
each  other,  and  no  error  will  be  produced, 
while  in  other  positions  there  may  be  large 
errors.  For  a compass  in  the  same  position 
in  the  ship,  the  error  will  vary  in  different  parts 
of  the  world  as  the  vertical  force  of  the  earth 
changes. 

The  force  on  the  compass  due  to  magnetism 
induced  in  the  soft  iron  of  the  ship  by  the 
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vertical  component  of  the  earth’s  magnetism 
is  constant  in  direction  in  the  ship,  but 
it  varies  in  amount  in  proportion  to  the 
earth’s  vertical  force.  The  error  which  it  pro- 
duces on  the  compass  varies,  therefore,  directly 
as  the  earth’s  vertical  force,  and  inversely  as 
the  earth’s  horizontal  force,  or,  what  is  the 
•same  thing,  directly  as  the  tangent  of  the  dip. 

The  error  caused  by  induction  in  vertical 
iron  is  usually  corrected  along  with  the  per- 
manent magnetism  by  means  of  steel  magnets. 
This  plan  is  objectionable,  except  for  ships 
trading  in  the  same  latitude,  because  the 
earth’s  vertical  force,  which  produces  the  error 
varies  in  different  parts  of  the  world,  whereas 
the  force  applied  to  correct  it  remains  constant. 
This  error  is  really  the  same  as  that  observed 
by  Captain  Flinders  in  his  wooden  ship,  and 
the  proper  way  to  correct  it  is  that  which  he 
suggested,  namely,  a bar  of  vertical  soft  iron 
placed  in  such  a position  as  to  produce  a force 
on  the  compass  needles  equal  and  acting  in 
an  opposite  direction  to  the  ship’s  force.  The 
Liverpool  Compass  Committee  had  such  a bar 
fitted  to  the  steering  compasses  of  several 
ships,  and  Captain  Lecky  has  applied  it  with 
remarkable  success  to  the  compasses  of  several 
ships  in  the  merchant  service.  The  binnacle 
of  Sir  William  Thomson’s  compass  is  fitted 
with  a brass  tube  for  holding  this  Flinders  bar, 
and  whenever  the  requisite  information  can 
be  obtained  for  determining  the  size  of  bar 
required  for  any  particular  compass  in  a ship 
it  is  applied. 

The  application  of  the  Flinders  bar  has  been 
of  great  service  in  a large  number  of  ships. 
It  is  particularly  useful  for  mail  steamers 
making  regular  passages  between  this  country 
and  the  Southern  Hemisphere.  In  such  cases, 
after  the  ship  has  made  one  or  two  voyages,  it 
is  quite  possible  to  adjust  the  length  of  the  bar 
so  that  the  change  in  error  from  vertical  in- 
duction will  not  exceed  two  or  three  degrees  in 
going  from  England  to  the  Cape  of  Good 
Hope. 

When  a compass  is  placed  in  a new  ship,  it 
is  impossible  to  tell  with  accuracy  how  much 
of  the  semicircular  error  should  be  corrected 
by  Flinders  bar,  and  how  much  by  steel 
magnets.  To  determine  the  amount  of  Flinders 
bar  required,  it  is  necessary  to  have  observa- 
tions of  the  deviations  in  two  places  differing 
considerably  in  magnetic  latitude.  But  even 
in  a new  ship  an  experienced  adjuster  can 
generally  place  a bar  so  that  there  will  at 
all  events  be  less  change  with  change  of 
latitude  than  if  the  whole  semi-circular 


errors  were  corrected  with  steel  magnets. 
Similar  ships  with  the  compass  placed  in 
similar  positions  will  generally  require  about 
the  same  amount  of  Flinders  bar.  As  an 
illustration,  I may  refer  to  the  Donald  Currie 
mail  steamers  between  London  and  the  Cape. 
Ten  ships  for  this  line  have  been  supplied 
with  the  binnacle  fitted  with  the  receptacle 
for  the  Flinders  bar.  It  has  been  found,  after 
making  one  or  two  voyages  to  the  Cape,  that 
in  all  these  ships  the  Flinders  bar  is  required 
to  be  placed  on  the  fore-side  of  the  binnacle, 
and  that  the  amount  of  error  to  be  corrected 
in  London  varies  from  ten  to  fifteen  degrees. 
In  six  of  the  ships  the  error  to  be  corrected 
was  13  degrees.  Now,  in  any  other  new  ship 
similar  to  these,  and  with  the  compass  simi- 
larly placed,  it  would  be  quite  safe  to  apply  a 
bar  at  the  first  adjustment  to  correct  about 
13  degrees  in  London.  If  the  whole  semi- 
circular error  in  these  Cape  mail  steamers  were 
corrected  in  this  country  by  steel  magnets, 
there  would  be  a change  in  the  deviations  on 
east  and  west  courses  of  from  16  to  24  degrees 
every  voyage  to  the  Cape.  The  application 
of  the  Flinders  bar  diminishes  the  amount  of 
change  in  deviation  by  that  amount.  In  order 
that  the  Flinders  bar  may  not  give  rise  to  error 
through  becoming  permanently  magnetised,  it 
should  be  large  enough  in  diameter  in  pro- 
portion to  its  length  not  to  become  magnetised 
by  hammering. 

We  have  seen  that  the  permanent  magnetism 
of  the  ship  and  the  induced  magnetism  from 
the  earth’s  vertical  force  both  produce  an 
error  of  the  same  nature  as  the  ship’s  head  is 
turned  in  azimuth,  namely,  a semi-circular 
error,  but  the  deviation  produced  by  the 
induced  magnetism  from  the  horizontal  force 
follows  a different  law. 

In  this  case,  as  the  ship  is  turned  round  in 
azimuth,  the  direction  of  the  force  on  the 
compass  due  to  magnetism  induced  by  the 
earth’s  horizontal  magnetic  force  remains 
fixed  with  regard  to  the  earth’s  magnetic 
meridian,  but  changes  with  respect  to  the 
direction  of  the  ship’s  head.  With  the  per- 
manent magnetism,  and  with  the  magnetism 
induced  in  vertical  iron,  the  direction  of  the 
disturbing  force  remained  constant  in  the  ship 
and  therefore  varied  in  space  as  the  ship 
turned  round,  but  with  the  magnetism  induced 
in  horizontal  iron  the  direction  remains 
constant  in  space.  Let  us  see  how  this  affects 
the  compass. 

It  may  be  illustrated  by  this  arrangement. 
In  this  cradle  there  are  two  hollow  globes  of 


February  $,  1886.J 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


239 


cast  iron,  with  their  centres  on  a level  with  the 
compass  needles.  The  result  is  that  the  mag- 
netism induced  by  the  vertical  component  of 
the  ship’s  magnetism  does  not  affect  the 
compass,  and  the  whole  disturbance  is  caused 
by  horizontal  magnetic  force.  This  will  repre- 
sent an  actual  ship  with  regard  to  its  horizon- 
tal magnetic  force,  with  a compass  placed  on 
the  central  fore-and-aft  line,  so  that  the  iron  is 
symmetrical  on  each  side.  Now,  as  the  globes 
are  turnedroundthe  compass  needle,  the  induced 
magnetism  in  the  globe  changes  in  direction 
with  respect  to  a fixed  meridian  of  the  globe. 


The  line  joining  the  centre  of  the  globes  will 
represent  the  length  of  the  ship.  I will  now 
turn  the  cradle  containing  the  globes.  When 
the  line  joining  the  centre  of  the  globes  is 
North  and  South,  the  northern  parts  of  the 
globes  will  acquire  red  magnetism  and  the 
southern  portions  blue.  In  this  position  no 
deviation  is  produced,  because  the  resultant  of 
the  horizontal  lines  of  magnetic  force  will  be 
in  the  magnetic  axis  of  the  compass,  but  the 
force  acting  on  the  compass  needles  will  be 
increased.  As  the  northern  globe  is  turned 
towards  the  East,  the  north  point  of  the 
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compass  card  will  be  drawn  towards  the  east, 
and  the  deviation  will  increase  until  the  direc- 
tion of  the  globes  is  N.E.  From  this  point 
the  deviation  gradually  diminishes  until  the 
globesbecomeEastandWest,  when  no  deviation 
is  produced,  but  the  directive  force  acting  on 
the  needles  is  diminished.  Now,  as  we  turn 
the  globes  further  round,  the  north  point  of 
the  compass  card  will  be  drawn  towards  the 
west,  and  the  deviation  will  increase  until  the 
globes  are  S.E.  and  N.W.  It  then  diminishes 
until  the  globes  are  in  the  North  and  South 


line,  when  there  will  be  no  deviation,  but  the 
force  will  be  increased.  Continuing  the  opera- 
tion in  the  other  semicircle,  we  shall  obtain  a 
repetition  of  these  results.  With  the  globes  S.W. 
and  N.E.  easterly  deviation  will  be  found, 
with  the  globes  East  and  West  there  will  be  no 
deviation,  and  when  the  globes  are  N.W.  and 
S.E.  there  will  be  westerly  deviation.  The 
effect  of  magnetism  induced  from  the  hori- 
zontal force  of  the  earth  may  be  illustrated  by 
the  diagram  (Fig.  3)  which  represents  a hori- 
zontal plate  of  iron  placed  in  different  positions 


240 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


[Febtuaty  5,  1886. 


round  a compass  needle.  Thus  the  magnetism 
induced  by  the  earth's  horizontal  force  causes 
a deviation  which  attains  a maximum  in  each 
quadrant,  and  is  of  opposite  name  in  each 
adjoining  quadrant.  It  has,  therefore,  been 
called  quadrantal  error. 

Now  the  magnetic  force  which  causes  the 
quadrantal  deviation  being  induced  by  the 
horizontal  force  of  the  earth,  its  magnitude  is 
proportional  to  that  horizontal  force,  and  as 
the  directive  force  on  the  compass  needles  is 
also  proportional  to  the  same  horizontal  force, 
it  follows  that  the  deviations  produced  by 
the  magnetism  induced  in  horizontal  iron 
are  independent  of  changes  in  the  earth’s 
force,  and  will  be  the  same  in  all  parts 
of  the  world.  The  quadrantal  error  is  cor- 
rected by  placing  masses  of  soft  iron  on 
each  side  of  the  compass.  As  a rule,  where 
a standard  compass  is  placed  in  the  centre 
line  of  the  ship,  the  iron  is  symmetrically 
placed  on  each  side  ©f  the  compass.  In  such 
cases  the  quadrantal  error  vanishes  on  the  four 
cardinal  points  N.  E.  S.  W.,  and  attains  a 
maximum  easterly  deviation  at  N.E.  and  S.W., 
and  a maximum  westerly  deviation  on  N.W. 
and  S.E.  It  is  corrected  by  placing  the  soft 
iron  on  each  side  of  the  compass,  in  the 
thwartship  line.  The  soft  iron  may  be  in  the 
form  of  iron  chain,  or  cast-iron  cylinders,  as 
proposed  by  the  Liverpool  Compass  Com- 
mittee ; or  iron  spheres,  as  used  by  Sir 
William  Thomson.  There  is  an  objection  to 
the  use  of  chain,  particularly  when  used  with 
powerful  compass  needles  ; the  links  may 
become  permanently  magnetized  from  being 
too  close  to  the  ends  of  the  needles. 

In  some  exceptional  cases,  when  the  iron  is 
not  symmetrical  round  the  compass,  we  may 
also  have  a quadrantal  error  which  has  a 
maximum  on  the  four  cardinal  points,  and 
vanishes  on  the  four  quadrantal  points.  This 
occurs  in  some  of  the  turret  ships,  but  it  is  so 
uncommon  in  ordinary  ships,  that  it  is  not 
necessary  to  go  fully  into  it  now.  It  may  be 
corrected  by  placing  the  soft  iron  on  opposite 
sides  of  the  compass,  obliquely  to  the  thwart- 
ship  line.  In  these  exceptional  cases  there  is 
usually  a small  constant  error  of  the  same 
name  on  all  courses  remaining,  which  must 
be  allowed  for. 

Since  the  quadrantal  error  remains  the  same 
all  over  the  world,  and  does  not  alter  with 
time  to  any  appreciable  extent,  it  is  very 
* desirable  to  have  it  properly  corrected  at  first. 
When  it  is  properly  corrected,  the  re-adjust- 
ment  of  the  steel  magnets  from  time  to 


time,  as  errors  arise  from  change  in  the 
permanent  magnetism  of  the  ship,  becomes 
very  simple. 

Hitherto  I have  only  considered  the  case  in 
which  the  ship  is  supposed  to  be  upright,  but 
when  the  ship  heels  over  other  influences  come 
into  action  which  produce  errors,  often  of  a 
very  serious  amount.  The  greatest  errors  from 
heeling  occur  in  iron  ships  wEen  they  are 
upon  Northerly  or  Southerly  courses.  When 
the  ship’s  head  is  East  or  West,  there  is  no 
heeling  error.  In  general,  with  ships  built  in 
the  northern  hemisphere,  the  north  point  of 
the  compass  is  drawn  towards  the  high  side 
of  the  ship  while  in  northern  latitudes.  The 
error  is  usually  greatest  when  the  ship  is 
built  with  her  head  in  a northerly  direction. 
In  such  ships  the  heeling  error  diminishes 
on  going  towards  the  southern  hemisphere. 
With  ships  built  in  a southerly  direction,  if 
the  compass  be  placed  near  the  stern,  the 
heeling  error  is  usually  small,  and  in  some 
cases  the  north  point  is  drawn  to  the  low 
side  of  the  ship.  When  the  latter  cases 
occur,  the  heeling  error  will  increase  as  the 
ship  proceeds  to  the  south.  The  heeling 
error  may  be  corrected  for  any  particular 
latitude,  by  placing  a magnet,  which  is 
vertical  when  the  ship  is  upright,  and  becomes 
inclined  to  the  vertical  as  the  ship  heels  over, 
under  the  centre  of  the  compass  at  such  a 
height  as  to  neutralise  the  ship’s  vertical  force. 

Although  the  compass  on  an  iron  ship 
may  be  accurately  corrected  at  any  particu- 
lar time  and  place  by  the  methods  which 
I have  briefly  described,  it  would  be  a great 
mistake  to  suppose  that  the  indications  of  the 
compass  can  be  depended  on  for  any  length  of 
time  afterwards  without  constantly  ascertain- 
ing the  errors  by  means  of  observations.  In 
every  ship,  whether  old  or  new,  but  especially 
in  a new  ship  during  the  first  years,  the 
only  safe  plan  is  to  expect  the  errors  to 
change,  and  never  to  lose  an  opportunity  of 
checking  the  indications  by  observations  of 
the  sun  by  day,  and  stars  by  night. 

It  cannot  be  too  often  impressed  on  those 
who  have  the  charge  of  iron  ships  that  the 
Mariner’s  Compass  is  no  trustworthy  guide, 
placed  as  it  in  the  midst  of  such  changing 
forces  as  the  magnetism  of  an  iron  ship.  I 
have  already  referred  to  the  changes  which 
occur  in  the  magnetism  of  new  ships,  and 
which  may  give  rise  to  serious  errors.  No 
doubt  the  amount  ot  change  diminishes  in 
time,  and  after  some  years  the  magnetism  of 
the  ship  becomes,  to  a certain  extent,  con- 
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stant,  but  it  is  always  liable  to  alteration  by 
shocks  from  the  sea  or  other  causes. 

The  only  definite  and  scientific  information 
which  has  been  obtained  regarding  the 
changes  in  the  magnetism  of  ships  during 
the  last  thirty  years  has  been  supplied  by  the 
Compass  Department  of  the  British  Navy.  An 
interesting  paper  has  recently  been  given  to  the 
Royal  Society  by  Captain  Creak,  F.R.S.,  on  the 
deviations  of  the  compasses  of  certain  classes 
of  her  Majesty’s  Navy,  in  which  he  has 
recorded  the  magnetic  history  of  a large 
number  of  iron  armour-clad,  iron  and  com- 
posite ships.  The  Tables  which  are  appended 
to  his  paper  show  that,  after  a few  years’ 
service,  the  magnetism  due  to  the  hard  iron 
becomes  to  a very  great  extent  permanent, 
but  I do  not  think  that  it  would  be  safe  to 
expect  the  same  result  with  ships  of  the 
merchant  service.  The  ships  of  the  navy  are 
constructed  of  much  thicker  plates  than  those 
of  the  merchant  service,  and  we  may  suppose 
that  the  vibration  from  the  engines  and  shocks 
from  the  sea  would  have  a greater  elfect  in  pro- 
ducing a change  in  the  magnetism  of  the  latter. 
Another  reason  for  expecting  the  standard 
compasses  to  act  more  satisfactory  in  the  ships 
of  the  nav}'  is  that  the  greatest  care  is  exercised 
by  the  Compass  Department  in  the  selection  of 
the  best  possible  position  for  the  standard 
compass,  with  respect  to  the  surrounding  iron ; 
whereas  in  the  merchant  service,  in  many  cases, 
no  precautions  are  taken  for  the  selection  of  a 
good  position  for  the  standard  compass. 

I have  now  to  refer  to  another  part  of  the 
magnetism  of  the  iron  which  in  many  ships 
plays  an  important  part,  and  gives  rise  to 
deviations  which  are  frequently  very  puzzling 
to  the  navigator.  This  is  called  by  some 
writers  “ Retentive  Magnetism,”  but  perhaps 
a better  name  for  it  is  sluggishness  of  the  ship’s 
magnetism.  It  is  the  error  which  is  found 
when  a ship’s  course  is  changed  after  having 
been  steaming  in  the  same  direction  for  some 
days.  The  error  is  also  found  after  a ship 
has  been  lying  in  the  dock  for  a considerable 
time.  This  is  particularly  observable  in 
vessels  trading  between  this  country  and 
North  America.  It  frequently  happens  on  the 
voyage  from  here  to  New  York,  after  steaming 
for  five  or  six  days  on  a westerly  course,  when 
the  vessel’s  head  is  turned  to  the  north,  an 
error  of  several  degrees  of  westerly  deviation 
is  found.  On  the  other  hand,  after  coming 
from  New  York  to  this  country  steering  for 
several  days  on  an  easterly  course,  when  the 
ship’s  head  is  turned  to  the  north,  an  error 


of  several  degrees  of  easterly  deviation  is 
found. 

It  may  also  be  observed  with  ships  going  to 
India.  After  steaming  along  the  Mediter- 
ranean in  an  easterly  direction,  when  the 
ship’s  head  is  turned  to  the  south,  westerly 
deviation  is  frequently  found ; but  when 
coming  home,  after  passing  through  the 
Mediterranean  steering  west,  when  the  ship 
is  turned  to  the  north,  westerly  deviation 
is  found.  If  the  ship  be  kept  for  a few 
days  on  the  second  course,  the  error  will 
gradually  diminish.  The  explanation  of  this 
is  that  the  ship  acquires  some  additional 
magnetism,  which  becomes  temporarily  fixed 
by  the  shaking  from  the  screw  and  shocks 
from  the  waves.  So  long  as  the  ship  remains 
on  the  same  course,  no  deviation  from  this 
cause  is  produced  on  the  compass,  but  as 
soon  as  the  course  is  altered,  the  side  of  the 
ship  which  was  farthest  from  the  north  having 
acquired  a dose  of  blue  magnetism,  attracts 
the  north  point  of  the  compass,  and  produces 
the  deviation  observed.  Now  this  magnetism, 
not  being  firmly  fixed  into  the  iron  of  the  ship, 
is  gradually  shaken  out  when  the  ship  is  on 
another  course.  The  amount  of  this  error 
cannot  be  predicted  at  all.  Captain  I.ecky 
has  found  it  to  amount,  in  some  cases,  to  as 
much  as  lo  degrees  after  steaming  in  an 
easterly  or  westerly  direction  for  six  or  seven 
days.  The  following  rules  have  been  given  by 
Sir  William  Thomson  as  a warning  regarding 
the  sluggishness  of  ships’  magnetism  : — 

1.  After  steering  for  some  time  on  westerly 
courses  expect  westerly  error  if  you  turn  to  the 
north,  or  easterly  error  if  you  turn  to  the 
south. 

2.  After  steering  for  some  time  on  easterly 
courses  expect  easterly  error  if  you  turn  to  the 
north,  or  westerly  error  if  you  turn  to  the 
south. 

In  conclusion,  I may  just  give  a few  words 
of  warning  on  a point  of  considerable  import- 
ance in  connection  with  the  electric  lighting 
of  ships,  and  the  action  of  the  current  of  elec- 
tricity on  the  ship’s  compasses.  During  the 
last  few  years  many  passenger  steamers  have 
been  lighted  with  electricity,  and  often  only  a 
single  wire  is  used,  the  ship’s  side  taking  the 
place  of  the  return  wire.  Now,  in  such  cases 
it  is  quite  possible  that  the  wire  maybe  placed 
in  such  a position  and  at  such  a distance 
from  the  compass  that  the  current  flowing 
through  it  will  produce  a large  error. 

Take,  as  an  example,  a main  lead  from  the 
dynamo  machine,  to  light  up  a saloon  with  lOO 
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'lamps,  or  more.  It  may  run  along  nearly 
underneath  the  position  of  the  standard  com- 
pass. The  current  may  be  taken  at  lOO 
■amperes.  In  such  a condition  of  affairs,  the 
•error  produced  on  the  compass  will  amount  to 
as  much  as  7^  degrees  when  the  wire  is  at  a 
xiistance  of  30  feet.  Now  this  error  will  only  be 
produced  at  the  time  that  the  current  is  flow- 
ing to  light  up  the  lamps,  and  it  may  never  be 
detected  by  the  oJflcers  of  the  ship.  The  ob- 
servations for  determining  the  error  of  the 
compass  are  usually  made  during  the  day, 
when  the  electric  light  is  not  required.  The 
captain  may  therefore  determine  his  compass 
error  every  day,  and  set  his  course  quite 
correctly,  but  for  some  hours  at  night  the  ship 
may  be  going  several  degrees  off  her  proper 
•course,  although  she  is  being  steered  correctly 
by  the  compass. 

This  refers  to  a single  wire  system,  and  a 
continuous  current  machine,  but  if  an  alter- 
nate current  machine  be  used,  no  effect  will 
be  produced  on  the  compass,  even  with  a 
single  wire,  and  the  ship’s  side  as  a return. 
Also  with  a continuous  current  machine  the 
danger  may  be  entirely  avoided  by  using  a 
double  wire  system  with  the  two  wires  close 
together.  It  is  essential  that  both  wires 
-should  be  well  insulated  from  the  ship’s  side. 
A want  of  insulation  in  one  of  the  wires, 
-although  there  may  be  no  change  observable 
in  the  lighting,  may  produce  as  much  error  on 
the  compass  as  if  there  were  only  a single  wire. 
So  far  as  I know,  there  is  no  great  advantage 
in  the  single  wire  system  over  the  double 
wire,  except  it  be  a slight  saving  in  the  first 
cost.  It  would,  therefore,  appear  that  for  the 
safety  of  the  ship,  when  a continuous  current 
machine  is  used  for  lighting,  two  wires,  well 
insulated,  should  always  be  employed,  and 
that  the  insulation  of  the  wires  should  be 
tested  periodically  to  make  certain  that  no 
fault  has  occurred. 


DISCUSSION. 

Mr.  Alexander  Siemens  said  he  should  like  to 
say  a word  or  two  with  regard  to  the  single  wire 
system  of  lighting  ships.  His  firm  had  fitted  a great 
number  of  ships,  both  on  the  single  and  double  wire 
system,  and  with  both  alternate  and  continuous 
current  machines.  With  one  exception  there  had 
never  been  any  effect  produced  on  the  compass,  and 
that  was  one  in  which  the  compass  was  put  up  after 
the  electric  light,  and  it  was,  by  mistake,  put  too 
near  to  a wire.  They  offered  to  remedy  this  at 


once,  as  it  only  required  a return  wire  along- 
side the  leading  wire,  but  the  captain  said  that  he 
was  quite  satisfied,  as  on  swinging  his  ship,  he  had 
made  careful  observations  with  the  lights  on  and 
off,  and  he  knew  what  the  compass  would  do,  and 
he  did  not  want  his  cabins  pulled  about.  He  had 
read  Mr.  Bottomley’s  article  in  the  Nautical  Maga- 
zine^ in  which  he  gave  the  details  of  how  he  arrived 
at  the  fact  that  a current  of  100  amperes  passing  30ft. 
from  a compass  could  produce  an  error  of  seven  deg. ; 
but  he  had  left  out  of  consideration  entirely  that 
the  ironwork  of  a ship  could  serve  as  a magnetic 
screen,  so  that,  in  point  of  fact,  whether  the  current  of 
100  amperes  were  passing  through  the  wire  or  not, 
there  would  be  absolutely  no  effect  on  the  com- 
pass. In  some  ships  of  the  White  Star  Line 
they  had  actually  lighted  the  binnacle  of  the  compass 
with  the  electric  light,  and  had  used  the  metal  work 
as  the  return,  and  there  had  not  been  the  slightest 
deviation.  But  even  if  error  were  produced  it  was 
a perfectly  obseiwable  one.  Mr.  Bottomley  had 
pointed  out  that  the  captain  should  be  careful  in 
comparing  the  indications  of  his  compass  with  the 
astronomical  north,  so  as  to  be  always  sure  that 
the  compass  arrangements  were  in  working  order; 
therefore,  if  the  ship  were  lighted  with  the  electric 
light,  aU  that  was  necessary  was  to  call  the  captain’s 
attention  to  it.  When  he  was  correcting  his  compass 
and  swinging  the  ship,  he  might  as  well  turn  the 
electric  lights  on  and  off  so  as  to  take  their  influence 
into  consideration,  as  well  as  that  of  permanent 
magnetism,  and  so  on.  Mr.  Bottomley  attached 
great  importance  to  the  insulating  of  leading  wires, 
in  which  he  quite  agreed  with  him,  but  he  could  not 
agree  with  him  that  the  single  wire  system  had  no 
advantage  except  that  of  being  cheaper.  If  there 
were  only  a single  wire  to  deal  with  it  was  much 
easier  to  insulate  that  well,  and  you  could  arrange  the 
fitting  of  the  lamp  and  everything  much  more 
satisfactorily,  and  make  the  insulation  much  safer  is 
there  were  only  one  wire  to  insulate  than  two.  In 
aU  these  matters  the  proof  of  the  pudding  was  in 
the  eating,  and  they  had  fitted  up  vessels  for  the 
Cunard,  the  P.  and  O.,  the  White  Star,  and  numerous 
other  lines,  and  for  all  these  companies  they  had 
used  both  the  double  and  the  single  wire  system. 
All  the  practical  men,  and  they  had  also  taken 
scientific  advice,  preferred  the  single  wire,  which  had 
never  caused  any  difficulty,  with  the  one  exception, 
alluded  to  above,  where  the  compass  was  put  up 
after  the  electric  lighting  installation  was  complete. 
Their  assistants  had  always  special  instructions  when 
testing  the  electric  lights  to  observe  the  compass, 
and  make  sure  that  there  should  be  no  effect  pro- 
duced upon  it ; but  with  regard  to  currents  which 
were  at  all  distant  from  the  compass,  the  iron  of  the 
ship  had  always  been  found  an  effective  screen. 

Commander  Creak,  R.N.,  said  the  electric  light 
had  been  used  in  theRoyalNavy  for  sometime,  and  the 
j greatest  disturbance  of  the  compass  was  produced  by  the 
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generating  machine.  They  had  tried  one  of  Edison’s 
machines  in  the  Euphrates,  and  so  far  from  the  ship 
being  a magnetic  screen,  its  influence  was  felt  through 
a distance  of  55  ft.,  including  the  iron  bulk  heads.  All 
the  evidence  went  to  prove  that  the  ship  was  not  a 
magnetic  screen  at  all.  With  one  exception  all  the 
ships  were  on  the  double  wire  system,  and  there  was 
no  trouble  in  that  respect.  The  only  one  in  which  a 
single  wire  was  adopted,  and  the  hull  used  as  the 
return,  was  the  Polyphemus,  but  the  most  recent 
experiments  in  her  proved  that  no  deflections  of  the 
compass  was  caused.  Some  more  recent  experi- 
ments on  shore,  however,  proved  that  at  a distance 
of  30  ft.  you  got  5®  or  6®  deflection  from  a single 
wire  and  a current  of  100  amperes.  It  was,  there- 
fore, a point  to  be  looked  to  in  all  installations  on 
board  ship  that  the  wire,  if  not  doubled,  should  be 
kept  at  a considerable  distance  from  the  compass. 

Captain  Beall  said  he  could  scarcely  agree  with 
Mr.  Bottomley  that  the  reason  why  so  little  interest 
was  taken  in  this  subject,  and  why  it  was  so  little 
understood,  was  because  the  books  written  on  the 
subject  were  in  a too  mathematical  form  to  be  intelli- 
gible to  ordinary  readers.  That  might  be  so  to  some 
extent,  but  there  were  some  very  simple  and  plain 
books  now  issued,  such  as  “Towson’s  Practical 
Information  ” and  other  works.  At  the  same  time 
he  did  not  think  that  works  alone,  however  clear, 
would  give  such  a good  conception  of  magnetism  as 
seeing  the  effects  actually  produced  on  the  compass 
needle.  Some  five  or  six  years  ago  it  occurred  to  him 
that  if  it  were  possible  to  devise  some  instrument  which 
would  show  the  effects  on  the  compass  of  subperma- 
nent magnetism,  the  iron  beams  ©f  the  ship,  the  vertical 
iron,  and  also  how  these  errors  could  be  compensated 
by  magnets  and  soft  iron,  it  would  be  a very  valuable 
acquisition,  especially  for  teaching  candidates,  and 
examining  them.  Some  time  ago  he  saw  some 
statements  in  the  Nautical  Magazine  and  gathered 
from  other  sources,  that  there  were  one  or  two 
valuable  instruments  which  showed  everything 
very  clearly,  but  when  he  inspected  these  in- 
struments, he  found  they  were  very  far  from 
perfect ; in  fact,  they  showed  nothing  more  than  the 
permanent  magnetism,  and  the  necessary  compensa- 
tion, which  was  the  simplest  part  cf  the  problem. 
Having  failed  to  find  a perfect  instrument,  he  thought 
he  would  try  and  devise  one  himself.  At  first  he 
made  a model  about  two  feet  long,  and  one  foot 
broad,  but  when  fitted  up  with  magnets,  he  found 
it  was  too  small  to  work  properly,  as  the  magnets, 
iron,  &c  , being  so  near  together,  produced  abnormal 
deviations.  He  then  made  another  about  3 ft.  6 in. 
by  2 ft.,  and  that  w’as,  he  considered,  perfect.  It 
show’ed  also  the  whole  of  the  components  of  the 
heeling  error  very  graphically,  not  only  those 
arising  from  the  beams  and  stanchions,  but  also 
from  the  permanent  magnetism,  and  the  mode  of 
correction.  He  thought  scarcely  sufficient  credit  had 
been  given  in  the  paper  to  the  work  done  by  Mr. 


Rundell  with  regard  to  the  vertical  bar.  Of  course. 
Captain  Flinders  was  the  original  proposer,  but  that 
was  only  with  regard  to  wooden  ships.  When  Mr. 
Rundell  was  secretary  to  the  Liverpool  Compass 
Committee,  he  introduced  an  iron  bar  into  fifteen 
ships  with  remarkable  success,  but  this  was  some- 
thing more  than  a Flinder’s  bar,  as  it  was  a hammered 
one,  and  specially  prepared  for  the  purpose,  and  when 
possible  w^as  made  an  integral  part  of  the  ship.  He 
thought  the  mercantile  marine  was  very  much  in- 
debted to  Mr.  Rundell. 

Prof.  Ayrton,  F.R.S.,  said  he  was  not  prepared  to 
say  much  on  this  subject,  for  though  he  was  acquainted 
with  almost  every  device  of  Sir  William  Thomson’s, 
including  his  sounding  machine,  he  had  never  had 
an  opportunity  of  using  his  compass.  He  felt  certain, 
however,  that  if  by  using  light  and  comparatively 
small  magnets  he  had  obtained  as  much  success  in 
the  mariner’s  compass  as  he  had  in  his  electrical 
apparatus,  where  also  he  used  very  light  magnets,, 
nautical  men  must  have  much  to  thank  him  for.  In 
the  beginning  of  the  paper  a good  deal  was  said- 
about  magnetism.  At  the  present  time  it  was  the- 
fashion  to  go  into  the  question  of  nomenclature,  in 
fact,  a committee  was  now  sitting  in  London  for  the 
purpose  of  endeavouring  to  arrive  at  some  unanimity 
of  scientific  names  in  connection  with  electricity  and 
magnetism.  No  doubt  Sir  George  Airy’s  sug- 
gestion of  red  and  blue  magnetism  was  very 
simple,  but  he  confessed  he  could  not  accept  it, 
because  there  was  nothing  really  red  or  blue  in 
magnetism,  and  he  saw  no  special  reason  for  using, 
these  names  instead  of  the  much  better  known  ones 
of  north  and  south.  No  doubt  there  was  a difficulty 
about  the  names.  When  he  was  a student  of  Sir 
William  Thomson’s,  and  for  some  time  after,  he 
always  called  the  north-seeking  pole  the  true  south 
pole,  and  the  south-seeking  pole  the  true  north  pole,- 
but  this  was  rather  confusing.  Then  he  rather 
dropped  into  calling  the  pole  which  pointed  to  the 
north  the  north- seeking  pole,  and  the  same  with  the 
south  pole  ; then  by  degrees  the  word  “seeking”' 
dropped  out,  and  he  ended  by  calling  it  the  north  pole 
like  everybody  else  in  this  country.  The  question  was, 
was  there  any  better  name.?  He  thought  there  was  a 
very  simple  one.  AU  instrument  makers  put  a mark 
on  the  north-seeking  pole,  then  why  not  call  the  pole 
which  pointed  to  the  north  the  “ marked  pole,”  and 
the  other  the  “unmarked  pole”.?  There  would  be  no 
possible  confusion  there,  because  neither  pole  of  the 
earth,  so  far  as  he  knew,  happened  to  be  marked. 
The  paper  was  one  of  extreme  interest,  for  although 
many  people  had  some  sort  of  notion  as  to  how  these 
various  errors  were  corrected  in  ships,  very  few  com- 
paratively knew  exactly  how  the  bars  of  iron  and  the 
permanent  magnets  were  used,  and  how  each  error 
was  corrected.  He  thought  it  was  a pity  that  Mr. 
Bottomley  adopted  the  word  “variation”  instead  of 
the  word  “declination,”  which  he  thought  was  the 
better  one,  because  as  it  varied  from  time  to  time,  you 
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would  be  led  to  the  awkward  expression  of  a variation 
of  the  variation.  In  speaking  of  the  history  of  the 
thing,  he  had  referred  to  the  Chinese  compass,  which 
he  thought  would  be  in  one  respect  the  sort  of  thing 
for  Captain  BeaU’s  model,  as  it  had  a very  small 
needle,  and  he  fancied  that  was  really  the  difficulty 
with  his  first  model;  the  needle  should  have  been 
reduced  to  the  same  proportion  as  the  model  of  the 
ship,  and  there  would  have  been  no  difficulty  by  a 
mirror,  or  some  magnifying  arrangement,  in  following 
its  motion.  When  a boy  he  had  a Chinese  compass 
which  was  a very  curious  article.  The  most  interest- 
ing part  was  not  the  needle,  which  was  only  half-an- 
inch  long,  but  the  rest  of  the  compass.  It  was  a 
large  wooden  disc  covered  with  a number  of  hiero- 
glyphics, the  meaning  of  which  he  did  not  under- 
stand, but  from  the  amount  of  characters  on  it  he 
should  fancy  they  contained  as  much  information  as  an 
encyclopaedia. 

Mr.  Liggins  said  he  remembered  very  well 
upwards  of  forty  years  ago  having  a conversation 
with  two  of  the  most  eminent  Fellows  of  the 
Royal  Society,  on  the  trials  that  the  Astronomer 
Royal  had  been  making  on  board  the  first  iron 
steamer  that  ever  came  into  the  Thames,  the 
Rainbow.  In  great  ships  generally  of  the  ordinary 
class — not  grand  ocean  steamers — he  did  not  think 
there  had  been  much  alteration  in  the  mode  of 
compensating  the  errors  of  the  compass,  and  un- 
happily these  ships  were  the  most  numerous,  and  had 
contributed  most  to  the  loss  of  life  by  shipwreck.  It 
had  escaped  his  memory  that  the  heeling  over  of  a 
ship  on  one  side  should  have  an  injurious  effect  on 
the  compass,  as  had  been  described,  and  he  would 
suggest  that  that  possibly  might  be  the  reason  why 
so  many  ships  going  from  north  to  south,  notably 
from  the  English  Channel  to  the  Straits  of  Gibraltar, 
made  a mistake,  and  ran  on  the  coasts  of  Spain  and 
Portugal.  It  was  always  attributed  either  to  an 
error  of  the  compass  or  to  an  indraught  of  the  tide. 

Capt.  Parfitt  said  there  was  a passage  In  the 
paper  which  should  be  borne  in  mind  by  ships’ 
captains,  and  that  was,  that  in  all  circumstances, 
however  good  a compass  he  might  have,  it  was 
necessary  that  he  should  from  time  to  time  test  its 
accuracy.  If  he  did  that,  whether  the  ship  heeled 
over  or  was  upright,  he  would  find  out  whether  he 
was  right  or  wrong.  That  was  where  the  mistake 
hacf  been  made  in  not  constantly  and  regularly  testing 
the  accuracy  of  the  compass.  As  regards  getting  on 
shore  on  the  coast  of  Spain  going  to  Gibraltar,  he 
did  not  think,  in  the  instances  which  had  come  under 
his  notice,  the  heeling  had  had  anything  to  do  with 
it,  for  they  were  all  steamers  on  an  upright  keel,  and 
he  could  not  understand  how  the  heeling  could  have 
affected  it.  Strong  currents  were  known  to  exist 
there,  and  they  were  very  mutable,  setting  sometimes 
in  one  direction,  sometimes  in  the  opposite,  some- 
times before  a gale  of  wind  came  on,  and  sometimes 
after  it  had  passed.  The  compass  had  very  little  to 


do  with  it ; but  what  had  to  do  with  it  was  that  if  a 
captain  did  not  make  sufficient  allowance  for  these 
abnormal  differences  which  he  might  have  to  en- 
counter, he  would  very  often,  when  he  got  into  thick 
weather,  come  to  grief,  compass  or  no  compass. 

Dr.  Hopkinson,  F.R.S.,  said  Mr.  Siemens  sug- 
gested that  an  effective  preventative  of  the  disturbance 
caused  in  the  compass  by  a dynamo  machine  when  a 
single  wire  only  was  used  would  be  found  in  the  screen- 
ing action  of  the  iron  ships.  He  should  be  very  sorry 
to  rely  on  any  such  screening  action,  and  the  point  of 
his  objection  might  be  easily  illustrated  in  this  way. 
If  the  electrical  conductor  were  laid  in  the  centre  of 
a thick  iron  tube  symmetrical  all  round,  that  tube 
would  not  have  the  slightest  screening  effect.  That 
being  so,  it  became  apparent  that  you  could  in  no 
way  rely  on  the  iron  of  a ship  to  screen  the  effect  of 
the  compass  on  the  surface.  On  the  one  hand  it 
might  have  a screening  effect,  but  on  the  other 
hand  it  might  not.  There  was  great  advantage  from 
another  point  of  view  in  using  a double  conductor. 
It  was  quite  easy  to  arrange  matters  so  that  if  the 
machinery  were  running  you  could  detect  if  either 
the  positive  or  the  negative  wire,  by  any  accidental 
cause,  were  more  or  less  in  contact  with  the  ship,  and 
correct  the  error  before  any  evil  consequences  could 
ensue.  Everyone  must  have  been  interested  in  the 
account  given  of  the  compass,  but  some  probably 
would  be  surprised  that  Mr.  Bottomley  had  not  given 
any  account  of  the  exceedingly  beautiful  method 
devised  by  Sir  William  Thomson  some  time  ago,  for 
correcting  and  discovering  errors  of  the  compass  with- 
out taking  astronomical  observations.  He  showed 
that,  even  in  a fog,  and  with  the  ship’s  compass  as 
inaccurate  and  disturbed  as  possible,  it  was  possible 
to  correct  the  whole  of  the  errors  with  the  exception 
of  the  constant  error  which  was  the  same  on  every 
course.  He  should  like  to  know  if  that  exceedingly 
beautiful  and  ingenious  method  was  at  all  extensively 
used. 

Mr.  Siemens  said  he  had  only  wished  to  point  out 
that  Mr.  Bottomley  had  not  taken  into  consideration 
the  action  of  the  iron ; of  course  he  was  aware  that  a 
wire  in  a tube  was  not  screened,  but  in  point  of  fact 
the  iron  was  distributed  round  the  wires  in  a ship  in 
quite  an  unsymmetrical  manner,  and  therefore  it  had 
a screening  effect. 

The  Chairman  said  they  were  much  obliged 
to  Mr.  Bottomley  for  his  exhaustive  paper.  If 
he  had  not  brought  forward  anything  new,  he 
had  brought  recognised  and  trustworthy  informa- 
tion together  in  a readable  shape,  which  would 
be  an  immense  advantage  to  the  master  mariners  of 
the  country.  The  Government  had  nothing  to  do 
with  the  compasses  of  the  great  body  of  merchant 
ships.  It  was  true  that  in  the  case  of  emigrant  ships 
Government  officers  looked  after  the  compass,  and 
also  in  steam-ships  which  carried  passengers,  but  the 
great  bulk  of  the  mercantile  manne  had  their  com- 
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passes  supplied  probably  by  good  makers.  Those 
compasses  were  adjusted  by  gentlemen  who  had  no 
sort  of  diploma  or  authoritative  document  of  qualifi- 
cation whatever,  like  the  master  mariner  had,  and  he 
had  knowTi  cases  in  which  the  compass  had  not  been 
properly  placed.  It  was  very  important,  this  being 
the  case,  that  the  master  mariners  who  had  charge 
of  the  ships  should  know  exactly  how  to  deal  with 
the  compasses.  With  regard  to  the  name  of  the 
north-pointing  end  of  the  needle,  he  should  be  very 
soiT}"  to  see  any  change  in  it.  Everybody  knew 
what  it  meant — that  it  was  the  end  that  pointed 
towards  the  north. 

^Ir,  Bottomley,  in  reply,  said  the  last  paragraph 
had  called  forth  more  remarks  than  the  remainder  of 
the  paper,  and  he  would  refer  mainly  to  that.  Mr. 
Siemens  admitted  that  in  one  ship  an  error  had  been 
produced  by  the  single  wire  system,  but  the  case 
referred  to  at  the  end  of  the  paper  was  another  ship 
— not  the  Bengal.  Only  two  cases  had  come  under 
his  notice  since  this  question  was  raised  in  which 
the  single  wire  system  had  been  adopted.  In  both 
cases  the  current  in  the  wires  had  produced  an  error 
of  from  two  to  three  degrees.  Even  if  the  work  of 
fitting  the  ship  were  arranged  at  first  so  that  no  effect 
is  produced  on  the  compass  by  the  current,  after 
some  time  other  lights  may  be  added,  and  the  wires 
may  be  brought  so  near  the  compass  that  an  error 
will  be  produced.  On  the  whole,  he  thought  it  most 
important  that  the  double  wire  system  should  be  used 
in  every  case.  Mr.  Siemens  had  said  that  it  is  easier 
to  insulate  one  wire  than  two  properly.  Now,  as 
regards  the  effect  on  the  compass,  it  does  not  matter 
svhether  the  wire  is  well  insulated  or  not,  if  the  single 
wire  is  used.  When  it  is  known  that  an  error  of  the 
compass  may  be  produced  by  adopting  one  system, 
and  will  not  be  produced  by  another,  it  seems  desir- 
able that  the  latter  should  be  adopted.  The  unfor- 
tunate compass  has  quite  enough  difficulties  to  con- 
tend wdth  which  cannot  be  avoided  in  an  iron  ship 
wthout  adding  any  others.  It  had  been  said  that 
the  captain  would  know  the  error  produced  by  the 
electric  hght,  and  could  allow  for  it.  But  the  effect 
on  the  compass  depends  on  the  amount  of  current 
flo\\*ing,  which  varies  with  the  number  of  lights. 
If  only  half  the  current  were  passing,  only  half  the 
error  would  be  produced.  The  captain  would  there- 
fore have  to  alter  the  allowance  for  the  electric  light 
according  to  the  number  of  lights  burning.  With 
regard  to  the  question  of  the  screening  effect  of  the 
iron,  he  had  not  mentioned  it  in  the  paper,  but  he 
had  thought  of  it  before.  It  is  a difficult  question 
to  say  what  the  effect  would  be  in  any  particular 
case.  In  some  cases  the  iron  might  act  as  a screen, 
and  in  other  cases  not.  After  what  Dr.  Hopkinson 
had  said,  it  was  not  necessary  for  him  to  say  more 
on  this  subject.  In  reply  to  Dr.  Ilopkinson’s 
question  about  the  correction  of  the  compass  with- 
out taking  bearings,  this  system  is  continually  being 
used  by  adjusters  in  London,  on  the  Clyde,  and  other 


places  ; it  is  also  very  much  used  in  France.  It  is 
quite  successful  and  of  great  service  in  many  cases 
where  it  would  be  impossible  to  get  the  compass 
adjusted  without  detaining  the  ship.  Captain  Beall 
would  find  that  Mr.  Rundell  was  mentioned  in  the 
paper,  and  also  the  work  of  the  Liverpool  Compass 
Committee  in  connection  with  the  fitting  of  the  soft 
iron  bar.  With  regard  to  the  question  of  names  of 
the  poles  of  a magnet,  it  was  rather  too  late  to  go 
into  it.  The  calling  of  the  magnetic  pole,  situated 
in  the  Northern  hemisphere,  the  South  pole,  is  cer- 
tainly very  puzzling.  The  red  and  blue  poles  were 
purposely  proposed,  because  they  are  distinctive 
without  leading  to  confusion. 

The  Chairman  proposed  a vote  of  thanks  to  Mr. 
Bottomley,  which  was  carried  unanimously. 


NINTH  ORDINARY  MEE 2 ING. 

Wednesday,  Feb.  3,  1886;  Lord  Alfred 
S.  Churchill,  Vice-President  of  the  Society, 
in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society  : — 

Blades,  Charles  Mountain,  Stanley  Mount,  North- 
wich,  Cheshire. 

Corry,  John,  J.P.,  Rosenheim,  Park-hill-road, 
Croydon. 

Plumbe,  Rowland,  13,  Fitzroy-square,  W. 
Thomason,  Yeovilie,  40,  Bennett’s-hill,  Birmingham. 

The  following  candidates  were  balloted  for 
and  duly  elected  members  of  the  Society  : — 
Armstrong,  Walter  Young,  Engineers’  Offices,  Great 
Western  Railway,  Paddington,  W. 

Catterson,  Samuel  Prince,  34,  Great  Dover  street, 
S.E. 

Evans,  John  Luther,  2,  Tichborne-street,  Edgware- 
road,  W. 

Parken,  Augustus  Henry,  Astney-lodge,  Bourne- 
mouth. 

The  paper  read  was — 

ARTISTIC  BRONZE  CASTING. 

By  George  Simonds. 

Few  metallurgical  operations  have  been  more 
wrapped  in  mystery  and  shrouded  in  romance 
than  artistic  bronze  casting.  At  the  mere 
mention  of  this  subject  the  imagination  con- 
jures up  visions  of  Michel  Angelo,  in  his  grief 
and  disappointment  at  the  loss  of  a whole 
year’s  work  by  his  failure  in  casting  the  statue 
of  Julius  II.,  at  Bologna;  of  that  equally 
wonderful  genius,  Leonardo  da  Vinci,  devoting 
ten  years  to  the  construction  of  an  equestrian 
statue,  doomed  to  destruction  even  during  his 
own  lifetime  ; and,  lastly,  and  perhaps  chiefly. 
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our  thoughts  turn  to  Benvenuto  Cellini,  who 
has  left  us  so  vivid  a description  of  his  own 
labours,  his  failures,  and  his  triumphs  in  this 
difficult  art.  And  as  if  the  history,  as  he 
relates  it,  were  not  wonderful  enough,  modern 
authors,  headed  by  that  prince  of  romancers, 
Alexander  Dumas,  have  so  extended  and 
exaggerated  their  original,  that  to  those  whose 
ideas  of  statue-founding  are  chiefly  derived 
from  such  sources,  the  process  appears  almost 
like  a miracle,  and  the  founder  a being  endowed 
with  superhuman  powers. 

Most  persons  in  easy  circumstances  are 
owners  of  certain  small  bronze  figures,  with 
which  they  decorate  their  mantel-shelves  or 
sideboards,  and  which  satisfy  to  some  extent 
their  natural  craving  for  sculptured  form. 
Few  persons,  however,  have  any  but  the 
vaguest  ideas  as  to  the  processes  by  which 
these  are  made.  They  would  probably  tell  you 
that  they  were  cast,  but  that  would  be  the 
extent  of  their  information. 

Two  or  three  years  ago,  I was  modelling  a 
study  of  a lion  in  the  Lion-house  at  the 
Zoological-gardens,  and  although  I,  as  far  as 
possible,  withdrew  myself  from  public  observa- 
tion, yet  I was  frequently  questioned  by 
visitors  as  to  the  object  of  my  work,  and  its 
final  destination.  I was  often  amused  and 
surprised  by  conversations  on  this  subject 
between  visitors  to  the  gardens.  On  one 
occasion  a lady  and  gentleman  entered  into 
conversation  with  me  whilst  I was  at  my  work, 
and  after  I had  explained  to  them  the  object 
of  my  study,  and  had  told  them  that  the  work 
would  finally  be  cast,  they,  evidently  thinking 
that  they  had  taken  up  enough  of  my  time, 
withdrew  a little  way,  though  still  looking  on, 
and  curious  to  know  more.  I overheard  some- 
thing of  their  conversation,  and  the  lady  was 
evidently  anxious  to  knowhow  the  casting  was 
to  be  done.  Her  companion  explained  it  to 
her  much  as  follows: — “Oh!  well,  yes,  you 
see,  when  they  cast  a thing  in  bronze,  they  melt 
the  bronze,  and — and  pour  it  over  it  I — and 
then  it’s  cast,  you  know.”  Of  course  this  ex- 
planation did  not  prove  quite  satisfactory 
either  to  her  to  whom  it  was  given  or  to  him 
who  gave  it,  and  they  discussed  the  subject  at 
considerable  length,  but  without  coming  to 
any  conclusion  that  seemed  satisfactory  to 
either  of  them. 

It  was  hardly  the  time  or  place  for  a lecture 
on  statue-founding,  so  I did  not  join  in  their 
conversation  ; but  I resolved  that,  should  a 
suitable  opportunity  present  itself,  I would 
not  fail  to  avail  myself  of  it,  and  endeavour  to 


remove  some  of  the  mystery  with  which  this 
subject  seems  to  be  surrounded,  being  assured 
that  it  is  to  the  true  interest  of  art  that  these 
matters  should  be  more  generally  understood. 
Such  an  opportunity  has  been  kindly  afforded 
me  to-night,  and  it  will  be  my  endeavour  to 
show  you,  as  clearly  and  as  briefly  as  I may, 
in  what  manner  the  work  of  artistic  bronze 
casting  is  conducted. 

This  subject  is  so  large,  that  to  treat  it 
thoroughly,  in  all  its  branches,  would  require 
a course  of  at  least  five  or  six  lectures, 
whereas  to-night  I must  endeavour  to  con- 
dense as  much  as  possible,  in  order  to  bring 
it  within  the  limit  of  time  at  our  disposal. 
I shall,  therefore,  omit  all  historical  preface, 
and  refer  to  ancient  examples  merely  as  they 
may  serve  in  the  course  of  the  evening  to 
point  a moral.  I shall  also  give  much  time  to 
the  consideration  of  the  waste  wax  process, 
as  being  chiefly  suited  for  the  production  of 
autograph  bronzes  of  cabinet  size. 

Before  a work  of  art  can  be  cast  in  bronze, 
it  must,  of  course,  be  in  existence  in  some 
other  material,  and  it  may  not  be  altogether 
superfluous  to  describe  briefly  the  various 
stages  a statue  must  pass  through  before  it 
can  be  introduced  to  the  world  as  a bronze. 
The  sculptor  usually  embodies  his  first  idea  in 
a sketch,  not,  however,  in  most  cases  on  paper, 
but  in  wax  or  clay.  A sculptor’s  sketch  is 
simply  a statuette,  very  roughly  modelled,  and 
usually  not  more  than  five  or  six  inches  high. 
Works  of  this  size  do  not  require  any  internal 
framing  for  their  support,  and  therefore  lend 
themselves  readily  to  any  changes  of  design, 
even  of  the  most  radical  description. 

The  attitude  of  the  figure,  the  principle, 
masses  of  drapery,  and,  in  short,  the  general 
arrangement  of  the  composition  having  been 
decided  on,  the  next  step  is  the  construction 
of  a full-sized  framing  of  iron,  without  which 
the  statue  in  plastic  clay  or  wax  could  not 
stand,  but  would  yield  to  its  own  weight,  and 
sink  a shapeless  lump  to  the  floor.  With  the 
assistance  of  the  iron  framing,  or  skeleton, 
running  through  every  part,  it  can  be  pre- 
served for  a sufficient  time — often  for  several 
years — to  permit  the  artist  to  bring  it  to  that 
perfection  of  which  he  is  capable.  But  even 
then  it  is  not  to  be  regarded  as  a complete 
work  ; for  the  plastic  material,  whatever  it  be, 
is  certain  to  be  destroyed  by  its  very  plas- 
ticity. Therefore,  that  it  may  be  preserved, 
it  must  undergo  a transformation  which  will 
render  it  hard  and  durable.  If  the  statue  has 
been  modelled  in  a certain  manner,  and  with 
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specially  prepared  clay,  the  action  of  fire  will 
produce  this  result,  and  then  we  call  it  terra- 
cotta— an  excellent  material  for  many  pur- 
poses, but  w’ith  which  this  evening  we  are  not 
concerned.  The  only  other  method  of  preserv- 
ing the  model  is  to  cast  it.  By  this  means, 
although  the  plastic  model  is  destroyed,  a 
facsimile  is  produced  in  another  and  more 
durable  material. 

Casting  involves  five  processes,  to  wit — 

1.  The  construction  of  the  hollow  mould. 

2.  The  preparation  of  the  fluid  material. 

3.  The  casting  or  pouring  into  the  mould. 

4.  The  solidification  in  the  mould. 

5.  The  liberation  of  the  cast  from  the  mould. 

I must  now,  for  a moment,  beg  your  atten- 
tion to  the  consideration  of  moulds.  A mould 
is  made  over  a piece  of  sculpture  by  the  appli- 


Fig.  I. 


cation  of  some  soft  material  which  has  the 
property  of  rapidly  becoming  hard.  By  this 
means  a concave  impression  is  obtained,  from 
which  again,  by  a similar  process,  a convex 
facsimile  of  the  original  model  may  be  pro- 
duced. There  are,  however,  m.any  kinds  of 
moulds  used  by  artists,  and  it  will  be  convenient 
here  to  give  a short  account  of  some  of  them. 
The  sculptor  roughly  divides  all  moulds  into 
simple  and  piece  moulds.  A simple  mould  is 
made  all  in  one,  without  any  loose  parts,  like 


a seal,  or  a pastrycook’s  jelly  mould.  A piece 
mould,  oh  the  contrary,  is  made  of  two  or  more 
parts,  according  to  the  requirements  of  the 
work.  Moulds  are  also  called  open  or  closed 
moulds.  An  open  mould  is  one  of  which  one 


Fig.  2. 


A,  The  cast ; b.  The  cope  or  case  of  mould ; c,  The  loose 
pieces  of  mould. 


side  only  receives  an  impression.  Simple 
moulds  are,  for  instance,  usually  open  moulds, 
so  also  are  piece  moulds  of  bas-reliefs  or  other 
flat  objects.  A close  mould  is  almost  always 
a piece  mould,  it  may  or  may  not  be  a 
safe  mould.  A safe  mould  is  made  up  of 
many  separate  parts,  so  constructed  as  to  be 
easily  withdrawn  from  each  other.  These 
moulds  can  be  used  many  times  over  without 
injury  either  to  themselves  or  to  the  cast — 
hence  their  name  “ safe.”  A waste  mould  is 
made  of  one  or  of  many  pieces,  but  it  can  be 
used  only  once  ; it  is  destroyed  or  wasted  in  the 
process  of  casting.  I wish  you  to  remember 
particularly  these  last,  the  safe  and  the  waste 
mould,  because  they  are  terms  that  I may  have 
to  use  very  frequently  this  evening.  Moulds 
are  made  of  very  various  materials,  according 
to  the  objects  for  which  they  are  con- 
structed. Plaster  is  the  most  common,  but 
wax  and  gelatine  are  also  much  used  by  artists. 
For  bronze  founding  the  foregoing  materials 
are  unavailable.  The  sculptor  who  would  cast 
in  bronze  must  use  a material  that  will  resist 
the  intense  heat  of  the  liquid  metal.  Moulds 
for  metal  casting  are  made  of  sand  and  loam, 
of  Into  ox lotce,  or,  for  small  works,  of  compo. 
Of  these  we  shall  have  much  to  say  presently. 

Let  us  suppose  then  that  an  artist  has  com- 
pleted a statue,  and,  having  already  cast  it  in 
plaster,  wishes  to  reproduce  it  in  bronze.  How 
is  he  to  set  about  it  ? If  this  work  is  of  large 
dimensions,  it  is  very  unlikely  that  he  will  have 
suitable  premises  for  the  purpose,  for  although 
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small  works  can  be  cast  almost  anywhere,  no 
casting  on  a large  scale  can  be  reasonably 
undertaken  unless  a suitable  foundry  is  avail- 
able. Such  a foundry  should  consist  of  a 
large  and  lofty  room  about  40  feet  long  by 
24  feet  wide,  the  larger  indeed,  the  better. 
A row  of  small  furnaces  should  be  built  along 
the  wall  at  one  end,  and  at  the  other  end 
should  be  situated  the  reverberatory  furnace 
for  large  work,  whilst  a very  large  portion  of 
the  floor  should  be  occupied  by  the  pit.  The 
small  furnaces  before  mentioned  are  draft 
furnaces  of  the  ordinary  type,  and  are  made  to 
take  crucibles  up  to  about  60  lbs.  capacity. 
By  pouring  the  contents  of  several  crucibles 
together,  castings  of  considerable  size  can  be 
made,  even  with  these  small  furnaces.  Larger 
quantities  than  can  be  conveniently  melted  in 
the  small  furnaces  must  be  treated  in  the  re- 
verberator, which  is  occasionally  made  of  very 
great  capacity.  That  which  w^as  used  for  the 
statue  of  Louis  XIV.,  cast  by  Keller  in  the 
year  1699,  contained  no  less  than  83,752  lbs. 
of  metal,  which  was  run  down  and  poured  in 
40  hours  after  the  furnace  was  started. 

The  pit  of  which  I have  spoken  is  used  to 
bury  the  moulds  previously  to  casting.  This 
is  with  a two-fold  object;  partly  that  the 
pressure  of  the  earth  outside  the  mould  may 
enable  it  to  resist  the  pressure  of  the  metal 
from  within  ; and  also  in  order  that  the  open- 
ings through  which  the  metal  is  poured  may 
be  placed  at  a convenient  level,  which  would 
not  be  the  case  if  large  moulds  rested  on  the 
floor  of  the  foundry. 

Besides  the  large  and  small  furnaces,  and 
the  pit  which  I have  just  mentioned,  our  artist 
would  also  require  at  least  one  blacksmith’s 
forge  and  a powerful  crane,  not  to  mention 
drying  stoves  and  pugging  mills,  and  store- 
rooms for  various  purposes.  It  is  extremely 
unlikely,  therefore,  that  many  artists  will  be  in 
possession  of  such  premises  and  plant.  It 
follows  then  that  he  must,  as  a rule,  consign 
his  larger  works  to  one  of  the  commercial 
foundries  for  execution.  Nor  is  there  any 
very  great  hardship  in  this.  It  is  in  such 
cases  only  requisite  that  the  great  lines  and 
masses  should  be  faithfully  reproduced.  Any 
delicacy  of  touch  that  might  be  put  into  such 
a work  would  be  useless,  because  it  could  not 
be  seen,  and,  therefore,  would  not  be  missed 
in  the  casting. 

It  occasionally  does  happen,  however,  that 
such  premises  as  I have  described  are  at  the 
artists’  disposal,  and  in  this  case,  the  best 
work  is  certainly  expected  of  him.  Such  a 


case  was  that  of  my  old  master,  the  late 
Chevalier  Louis  Jehotte,  of  Brussels,  in  whose 
studio  and  foundry  I gained  my  first  praclical 
knowledge  of  artistic  bronze  work,  more  than 
twenty  years  ago.  The  foundry'’  was  such  a 
one  as  I have  described,  and  the  work  in  hand 
was  the  casting  of  the  equestrian  monument 
to  Charlemagne,  which  was  subsequently 
erectea  at  Liege. 

Now  there  are  two  principles  whereby  artistic 
bronzes  may  be  produced.  The  one  is  that 
known  as  piece  moulding,  and  is  identically 
the  same  as  that  employed  in  making  castings 
for  machinery,  &c.  Continental  artists  and 
founders  call  it  7uoulage  d la  Fra?iqazse,  it 
having  been  brought  to  great  perfection  in 
France,  where,  indeed,  it  is  supposed  to  have 
had  its  origin. 

The  other  process  is  that  known  as  “ Cera 
Perduta,”  or  waste  wax  process.  It  is  the 
most  ancient  of  the  two,  and  has  been  prac- 
tised from  time  immemorial  by  the  artists  and 
artisans  of  Italy. 

Both  methods  have  been,  and  are,  success- 
fully employed  for  the  production  of  works  of 
the  greatest  size.  M.  Jehotte,  however,  de- 
cided, and  all  my  late  experience  convinces 
me  he  was  right,  in  favour  of  the  moulage  d 
la  Franqaise. 

It  may  be  well  here  to  state  the  reasons 
why  an  artist  should  sometimes  prefer  one 
method,  and  sometimes  another.  When  a 
piece  of  sculpture  is  to  be  produced  on  a very 
large  scale,  it  is  usual  for  the  artist  to  make 
not  only  a careful  sketch,  but  also,  if  he 
has  a proper  regard  for  his  own  reputation, 
he  will  m,ake  a model  of  a convenient  size, 
usually  about  life  size  ; and  on  this  model 
he  will  bestow  all  his  skill  and  art ; taking 
into  account  the  distance  at  which  the 
colossal  work  will  have  to  be  viewed,  its  height 
above  the  level  of  the  spectator,  the  effect  of 
the  atmosphere  in  diminishing  its  apparent 
bulk,  and  in  distorting  its  lines,  the  influence 
of  any  surrounding  objects,  and  more  especially 
the  varying  effects  of  light  and  shade.  When 
this  model  has  been  carefully  completed,  the 
work  is  then  to  be  reproduced  in  all  its  details 
on  the  large  scale.  One  pair  of  hands  will 
not  suffice  for  the  production  of  so  large  a 
work,  and  several  assistants  are  usually  em- 
ployed, under  the  supervision  and  control  of 
the  master,  who,  working  with  them,  is  thus 
able  to  produce  what  is  practically  an  exact 
enlargement  of  his  smaller  model. 

Works  on  a colossal  scale  cannot  be  pro- 
duced by  the  eye  alone,  but  must  be  the  result 
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of  scientific  procedure.  The  forms  are  so 
large  that  the  workman  cannot  see  the  effect 
of  what  he  is  doing.  If  he  has  to  descend 
from  a scaffold  ten  or  twelve  feet  high,  and  go 
perhaps  fifty  or  sixty  feet  off,  before  he  can 
get  a comprehensive  view,  it  is  not  likely  that 
he  will  be  able  to  correct  any  error  which  his 
eye  may  have  discovered,  because  by  the 
time  he  has  again  ascended  the  scaffold  he 
can  no  longer  recognise  the  exact  spot  that 
required  alteration. 

In  these  large  works  anything  like  indi- 
viduality of  touch  is  at  a discount,  surface 
modelling  is  practically  useless,  and  artistic 
effect  is  alone  realised  by  the  rhythm  of  line, 
the  harmony  of  proportion,  by  the  skilful 
arrangement  of  masses  of  shadow,  and  by  the 
true  relation  of  each  plane  to  the  rest  of  the 
work.  If  this  is  achieved  the  result  will  be  an 
artistic  success,  not  to  be  enhanced  by  any 
amount  of  delicate  manipulation,  which  would 
be  entirely  lost  at  the  distance  required  for  a 
comprehensive  view  of  the  work.  It  is,  there- 
fore, wise  in  the  artist  to  select  that  method  of 
casting  which,  while  it  faithfully  reproduces 
these  essential  qualities,  affords  the  least 
chance  of  mishap,  and  the  greater  facility  for 
retrieving  disaster. 

The  artist  who  enters  on  the  production  of  a 
very  colossal  work  is  in  the  position  of  a 
general  opening  a campaign.  He  forms  his 
plan,  and  lays  down  broadly  the  lines  on 
which  he  intends  to  proceed  ; but  he  cannot 
foresee  all  the  chances  of  war,  nor  the  varying 
incidents  which  may  oblige  him  to  modify  his 
plans  if  he  would  attain  the  reward  of  his 
labour. 

Thus  it  is  clear  that  for  such  works  there  is 
no  system  of  founding  so  good  as  that  which 
gives  most  scope  to  the  founder,  even  if  it 
were  at  the  sacrifice  of  a very  small  degree  of 
sharpness  in  the  castings. 

With  regard  to  small  works,  however,  the 
case  is  very  different,  and  exactly  in  proportion 
as  these  are  small  does  the  importance  of 
delicate  touch  and  surface  modelling  increase, 
not  that  the  other  qualities  I have  just  spoken 
of  are  diminished  in  value,  for  they  are  just  as 
important  as  ever,  but  merely  from  the  fact 
that  the  eye  of  the  spectator  is  able  to  take  in 
on  the  small  scale  that  which  it  was  unable  to 
appreciate  on  the  large.  Many  persons  who 
are  unaccustomed  to  look  at  sculpture  intelli- 
gently, and  who  think  that  art  means  pictures 
alone,  would  be  surprised  to  learn  that  there 
was  any  difference  between  the  touch  of  one 
sculptor  and  the  handling  of  another.  For  such 


persons  a work  is  finished  in  proportion  as 
its  surface  presents  a polished  uniformity. 
This  idea  is  fostered  by  the  miserable 
cabinet  bronzes  which  are  turned  out  whole- 
sale by  certain  manufacturers,  and  are  termed 
“art  bronzes.”  These  are  often  copies  of 
fine  originals,  but  most  of  their  value  is 
lost  from  the  fact  that  they  are  cast  in 
many  pieces,  which  are  then  joined  to- 
gether, filed,  and  chased  up  in  a happy- 
go-lucky  commercial  style  by  a not  over 
skillful  artisan.  Thus  every  trace  of  the 
original  hand  is  obliterated,  all  that  remains 
is  the  design,  and  even  with  that  liberties  are 
often  taken.  The  turn  of  a head,  the  move- 
ment of  an  arm,  are  often  varied  according  to 
the  convenience  or  ignorance  of  the  fitter. 
Yet,  such  as  they  are,  these  sot  disant  “art” 
bronzes  are  replicated  ad  nauseam,  and  do 
duty  as  sculpture  in  the  homes  of  the  wealthy 
and  well-to-do  classes,  who  I venture,  however, 
to  predict,  will,  before  many  years  are  over,  be 
as  keenly  alive  to  the  merits  of  a bronze  as 
they  are  already  to  those  of  a picture. 

It  will  be  an  unspeakable  comfort  when  these 
purely  commercial  productions  shall  be  esti- 
mated at  their  proper  value,  and  be  relegated 
to  the  possession  of  those  whose  purses 
are  too  slender  for  the  purchase  of  original 
works.  These  can  only  be  produced  by  the 
wax  process,  and  by  the  artist  himself,  or  at 
least  under  his  own  immediate  care  and  super- 
vision. I propose  now  to  explain  to  you,  as 
clearly  and  briefly  as  I can,  the  method  of 
casting  statues  in  the  ordinary  way  by  piece 
moulding,  or,  as  I told  you  it  was  called,  a la 
I Franqaise.  I shall  then  explain  to  you,  as 
fully  as  time  will  permit,  the  other,  or  cera 
Jerduta,  waste  wax  process,  more  especially 
in  regard  to  its  applicability  to  work  of  cabinet 
size. 

The  object  of  casting  statues  in  bronze  by 
piece  moulding  is  to  diminish  the  risk  by 
facilitating  the  process.  It  is  obviously  easier 
to  cast  a part  than  the  whole  of  a statue. 
This  is  the  principle  which  underlies  com- 
mercial castings.  You  will  follow  me  more 
easily  if  I give  you  an  illustration.  I have 
chosen  as  the  subject  of  this  illustration  one  of 
my  own  works,  modelled  in  Rome  many  years 
ago,  and  cast  in  bronze  by  one  of  the  most 
celebrated  founders  in  Paris,  from  a plaster 
cast  which  was  carefully  retouched  by  myself 
before  it  was  delivered  to  the  founder..  You 
will  perceive  that  the  figure,  which  represents 
Divine  Wisdom,  stands  on  a tortoise  sur- 
rounded by  waves,  and  supported  by  a branch 
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of  coral.  The  first  operation  of  the  founde^ 
was  to  cut  off  the  head  and  arms  of  the  plaster 
model,  and  also  the  coral  branch  at  its  side. 
These  were  carefully  replaced,  being  fitted 
with  what  are  known  in  our  profession  as 
Roman  or  box  joints.  These  joints,  if  properly 
made,  ensure  in  the  most  effectual  manner 
that  the  various  parts  shall  not  be  misplaced 
in  any  degree  whatever. 

The  plaster  model  thus  became  a compound 
of  five  separate  parts,  fitted  accurately  one  to 
the  other.  This  made  the  work  of  the  founder 
much  more  easy  and  rapid.  To  mould  and 
cast  the  head,  the  arms,  and  coral  branch, 
each  by  itself,  is  so  simple  an  operation  that 
almost  any  lad  in  the  foundry  could  be  en- 
trusted with  it ; but  to  cast  the  statue  all  in 
one  piece  would  have  entailed  some  rather 
complicated  piece  moulding.  When  denuded 
of  its  head,  arms,  and  coral  branch,  the  trunk 
is  also  a comparatively  simple  object  to  mould. 

I say  comparatively,  because  there  is  in  the 
folds  of  the  drapery  a great  deal  of  piece 
moulding  which  requires  care  and  skill.  I 
cannot  here  go  into  every  detail  of  the  pro- 
cess, which,  however,  was  briefly  as  follows  : 
— The  trunk  of  the  figure  was  laid  in  an  iron 
box  or  flask  of  suitable  size,  and  loosely 
packed  in  with  the  loam  used  by  bronze- 
founders.  The  figure  being  only  about  half 
imbedded  in  this  loam,  the  surface  of  which 
is  carefully  pressed  and  smoothed  all  around 
the  model,  so  that  the  latter  presents  some- 
what the  appearance  of  a bas-relief.  The 
loam  background,  as  I may  call  it,  is  then 
lightly  and  evenly  powdered  over  with  parting- 
dust,  lycopodium  being  much  used  for  this 
purpose  on  the  Continent.  The  object  of  this 
is  to  prevent  one  portion  of  the  mould  from 
adhering  to  another. 

The  moulder  then  proceeds  to  work  on  the 
projecting  portions  of  the  model,  making 
separate  pieces,  so  that  they  can  be  withdrawn 
and  replaced  at  will.  When  he  has  made  as 
many  pieces  as  his  judgment  tells  him  are 
requisite,  he  places  another  iron  box  or  flask 
upon  the  first,  and  having  applied  the  parting 
dust  to  the  work,  he  makes  of  the  same  loam 
the  cope  or  case  which  is  to  retain  all  the 
pieces  of  the  mould  in  position,  and  which  is 
itself  held  together  by  the  flask,  which  is 
merely  an  open  iron  frame.  The  two  flasks 
are  then  turned  over,  and  the  first  flask,  with 
its  loosely  packed  loam,  having  been  removed, 
the  freshly  exposed  side  is  moulded  in  the 
same  manner  as  the  former,  and  the  cope  or 
case  formed  as  before.  The  two  flasks  can 


now  be  separated,  and  the  pieces  of  the  mould 
removed  one  by  one  from  the  figure,  and 
accurately  replaced  in  the  mould.  This  gives 
a correct  imprint  of  the  plaster  model.  If  the 
metal  were  cast  into  this  it  would  be  quite 
solid,  therefore  it  must  be  cored.  The  core  is. 
made  by  filling  the  cavity  of  the  mould  with 
the  same  loam,  so  that  the  figure  is  again 
reproduced.  As,  however,  this  loam  figure 
occupied  the  entire  cavity  of  the  mould,  it 
must  be  pared  down,  so  that  an  empty  space 
may  remain  between  its  surface  and  the  interior 
of  the  mould.  This  space  is  that  which  will 
be  occupied  by  the  metal. 

Of  course  such  a core  has  to  be  supported 
by  an  internal  iron  framework,  the  ends  of 
which,  projecting  through  the  openings  of  the 
neck,  the  arms,  and  at  the  base,  serve  to  keep 
it  in  position  ; without  this  it  would  of  course 
fall  to  one  or  other  side,  and  thus  prevent  the 
flow  of  the  metal. 

Openings  must  be  provided  in  the  mould  for 
the  admission  of  the  metal,  and  for  the  escape 
of  the  air ; but  as  we  are  rather  considering 
principles,  than  matters  of  technical  detail,  I 
shall  not  trouble  you  with  the  description  of 
these  at  present,  merely  remarking  that  the 
vents  for  the  air  need  not  be  so  carefully 
arranged  in  casting  on  this  system  as  in  castl- 
ing by  waste  wax,  because  the  loam  is  very 
porous,  and  the  joints  in  the  mould  facilitate 
the  escape  of  the  gases.  By  this  process  the 
risk  in  casting  a statue  is  reduced  to  a mini- 
mum ; no  small  advantage  where  colossal 
work  is  concerned.  Nevertheless,  when  the 
bronze  is  cleaned  from  the  loam,  it  will  be 
found  to  be  covered  with  lines  from  the  joints 
of  the  mould;  it  is  also  not  unlikely  to  be 
covered  with  a sort  of  hard  skin,  composed  of 
particles  of  sand,  which  have  been  vitrified  by 
the  intense  heat.  This  skin  and  these  lines 
have  to  be  removed,  and  the  various  parts  of 
the  figures  must  be  joined  together.  It  is 
very  frequently  found  necessary  to  go  over  the 
entire  figure  with  the  file  and  chasing  tool,  to 
bring  the  woik  to  one  tone,  and  in  that  case 
it  is  not  possible  for  the  statue  to  retain  any 
claim  to  be  considered  an  autograph  work. 
There  can  remain  on  it  no  touch  of  the 
original  artist,  and  the  fact  of  his  signing  it, 
and  even  numbering  and  dating  it,  will  not 
save  it  from  being  merely  a more  or  less  ex- 
cellent copy,  and  not  an  original. 

Of  course,  if  a sculptor  chose  to  do  the 
chasing  and  fitting  himself  he  could  do  so, 
but  think  of  the  waste  of  time,  not  to  mention 
the  fact  that  even  then  the  work  would  pro- 
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bably  lose  something  of  its  original  freshness 
and  spirit. 

This  system  of  piece  moulding  for  bronze 
is  admirable  for  commercial  purposes,  and  for 
colossal  work  it  is  all  that  can  be  desired,  but 
otherwise  its  value  is  small,  and  I do  not 
hesitate  to  say  that  a statue  executed  by  this 
method  cannot  be  esteemed  by  anyone  who 
understands  sculpture  at  more  than  a fraction 
of  the  price  of  the  same  statue  if  cast  by  the 
waste-wax  process. 

It  is  this  waste-wax  process,  so  unimportant 
commercially,  so  all-important  artistically,  to 
W’hich  I am  about  to  call  your  attention.  It  is 
by  this  method  alone  that  a sculptor  can  pro- 
duce original  bronzes  in  his  own  studio,  with- 
out the  drawbacks  incidental  to  the  former 
process  of  piece  moulding. 

Roughly  speaking,  this  process  is  as  fol- 
lows : — The  sculptor  makes,  of  plastic  wax, 
an  exact  model  of  the  work  which  he  desires 
to  cast  in  bronze.  This  model  must  be  hollow, 
the  thickness  of  the  w'ax  being  exactly  that 
intended  for  the  bronze.  This  wax  model  is 
to  be  moulded,  both  inside  and  outside.  The 
mould  must  be  all  in  one  piece,  and  without 
seams.  The  wax,  therefore,  cannot  be  with- 
drawn without  destruction  either  to  itself  or  to 
the  mould.  But  as  the  mould  must  be  pre- 
ser\-ed  till  after  the  bronze  is  cast,  the  wax  is 
withdrawn  by  melting  it  out.  The  bronze  is 
then  to  be  poured  into  the  cavity. 

Of  course,  this  is  not  so  simple  as  it  sounds, 
and  yet  I hope  to  show  that  there  is  nothing 
in  it  that  may  not  be  successfully  carried  out 
by  an  artist  in  his  owm  studio.  I am  speaking 
now  exclusively  of  small  works,  that  is  to  say, 
of  w’orks  under  life-size. 

The  first  thing  that  claims  our  attention  is 
the  wax.  This  must  be  made  harder  for 
summer  weather,  and  softer  for  w’inter  use, 
unless,  indeed,  the  artist  is  careful  to  keep  his 
studio  always  at  one  temperature.  This  seems 
a small  matter,  but,  nevertheless,  it  is  of  great 
importance,  and  much  of  one’s  comfort  in 
working  depends  on  it. 

There  are  many  different  wax  compositions, 
almost  every  founder  having  his  favourite  mix- 
ture. The  chief  ingredients,  however,  are 
beeswax  and  Venice  turpentine.  Some  artists 
make  use  of  no  other  ingredients  and  use  no 
colouring  matter.  Most  men,  however,  use  in 
addition  to  the  above,  resin,  lard,  tallow,  and 
pitch  in  varj’ing  quantities.  I have  made 
excellent  wax  either  with  or  without  these 
latter.  Yellow  wax  is  not  easy  to  model  in,  it 
is  therefore  the  general  practice  to  stain  it,  in 


order  to  get  rid  of  some  of  its  transparency. 
In  Italy,  it  is  almost  always  coloured  a bril- 
liant red,  with  sulphide  of  mercury,  which  is 
entirely  evaporated  when  the  wax  is  melted 
out,  and  leaves  no  residue  in  the  moulds. 
Almost  any  pure  vegetable  colour  will  do,  or, 
indeed,  any  colour  that  will  burn  without 
leaving  a residue  ; this  is  easily  tested  by 
placing  a lump  of  the  wax  in  a small  w'hite 
clay  crucible,  closing  the  top  with  a cover,  to 
prevent  any  dirt  getting  in,  and  then  burning 
away  the  wax.  When  the  wax  appears  to  have 
been  consumed,  you  should  gradually  raise 
the  temperature  to  a cherry-red  heat,  and 
then  let  it  cool  down.  If,  when  the  crucible 
is  quite  cool,  you  find  it  also  quite  clean, 
without  any  residue,  you  may  be  sure  that 
your  wax  is  good,  and  that  the  pigment  used 
is  perfectly  safe. 

Having,  therefore,  prepared  the  wax,  and 
having  satisfied  himself  that  it  is  of  the  right 
quality,  the  artist  will  proceed  to  construct 
his  model.  He  could  make  this  at  once  in 
wax,  and  then  cast  it,  but  in  event  of  a failure 
his  work  would  be  lost.  As  this  is  undesirable, 
he  usually  proceeds  exactly  as  if  the  work  were 
to  be  sent  to  a foundry,  and  having  prepared 
his  plaster  model,  he  cuts  it  in  pieces  and 
moulds  it  in  plaster,  making  safe  moulds  of 
each  part.  From  these  moulds  the  hollow 
wax  models  are  produced.  Of  course,  it  is  far 
better  for  the  artist  himself  to  re-touch  these 
than  that  they  should  be  so  treated  by  any 
other  person. 

There  are  various  ways  of  producing  these 
wax  models.  Some  artists  cast  them  by  pour- 
ing the  melted  wax  into  the  mould,  in  which 
a core  has  been  previously  placed  ; others  line 
out  the  mould  by  squeezing  into  it  sheets  of 
wax  that  have  been  prepared  so  that  they 
easily  take  the  required  impress.  Others, 
again,  brush  the  liquid  wax  into  the  various 
parts  of  the  mould,  and  having  thus  satisfied 
themselves  that  the  surface  is  everywhere 
covered  with  a thin  layer,  they  put  the  mould 
together,  and  fill  it  with  melted  wax,  which, 
after  a few  seconds,  is  emptied  out,  leaving, 
however,  an  equal  layer  adhering  to  the  former 
coat.  This  operation  maybe  repeated  as  often 
as  desirable  ; each  time  increases  the  thickness 
of  the  wax,  and  consequently  of  the  bronze. 
Making  the  wax  casts  sounds  a simple  matter, 
and  yet  it  is  almost  the  most  difficult  thing 
connected  with  the  waste  wax  process. 

In  Italy,  where  this  system  is  much  practised, 
nearly  every  formatore  can  get  out  good  casts, 
but  here  it  is  different,  and  the  sculptor  will 
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probably  have  to  train  his  moulder.  It  is 
merely  knack  and  practice,  and  any  in- 
telligent moulder  will  soon  get  into  the  way 
of  it. 

It  is  not  the  extreme  sharpness  of  the  im- 
pression that  seems  to  me  so  very  important, 
though  that  of  course  counts  for  something  ; 
but  I generally  prefer  to  work  my  waxes 
entirely  over,  and  instead  of  merely  retouching, 
to  finish  the  work  in  the  wax.  It  is  the  inside 
of  the  wax  cast  that  is  very  important,  because- 
it  should  have  a proper  thickness  of  wax  in 
every  part,  no  more  and  no  less.  It  is  safe, 
however,  to  have  rather  too  heavy  than  too 
light  a cast,  as  there  is  no  vitreous  skin 
formed  by  a thick  casting,  as  is  usually  the 
case  when  the  piece  mould  system  is  em- 
ployed. 

The  various  parts  which  compose  the  figure 
having  been  prepared  in  wax,  it  is  the  part  of 
the  artist  to  join  them  together,  and  finish  the 
work  in  wax  exactly  as  he  wishes  that  it 
should  appear  in  bronze.  The  wax,  being 
hollow,  must  be  moulded  or  cored  on  the 
inside. 

If  the  work  is  a very  small  one,  say 
eighteen  inches  high,  he  may  finish  the 
wax  first,  and  then  put  a few  wires 
through  it  at  various  points  which  serve 
to  keep  the  core  in  place ; he  can  then  pour 
the  liquid  core  into  the  wax  model,  which  will 
be  strong  enough  to  resist  the  pressure  during 
the  few  moments  required  for  the  material  to 
solidify. 

If,  however,  the  work  is  much  larger,  the 
wax  will  not  have  strength  to  support  its  own 
weight,  much  less  the  internal  pressure  of  the 
core.  In  such  a case  it  is  requisite  that  the 
core  be  cast  before  removing  the  wax  model 
from  its  mould.  The  plaster  safe  mould  must 
in  this  case  be  so  constructed  that  it  can 
receive  and  hold  in  place  the  irons  which 
support  the  core  and  retain  it  in  position. 
For  this  purpose  holes  must  be  made  through 
the  walls  of  the  safe  mould  to  permit  the 
irons  to  project.  They  must  afterwards  be 
held  by  the  walls  of  the  waste  mould  in  which 
the  bronze  is  to  be  cast. 

The  safe  mould  then,  being  lined  to  a proper 
thickness  with  wax,  and  having  the  core  irons 
in  position,  is  to  be  filled  up  with  the  liquid 
composition  used  for  coring.  The  usual 
mixture  is  plaster  and  brickdust ; some 
people  use  other  ingredients,  indeed  I have  a 
list  of  over  five-and-twenty  which  have  all 
been  used  for  this  purpose.  The  proportions 
used  are  very  various,  some  persons  recom- 


mending one-third  brickdust  and  two-thirds 
plaster — and  others  three-fourths  brickdust  to 
one-fourth  plaster.  The  truth  is  that  these 
materials  vary  so  much  in  their  character  that 
those  proportions  which  are  quite  satisfactory 
in  one  locality  are  worthless  in  another.  I 
believe,  however,  that  it  is  best  to  use  as  little 
plaster  as  will  suffice  to  bind  the  materials 
together. 

The  core,  being  surrounded  by  liquid  bronze, 
is  under  conditions  exactly  opposite  to  those 
of  the  mould  which  contains  the  metal.  The 
action  of  the  metal  is  exerted  to  compress  the 
core  and  to  burst  the  mould.  Moreover,  its 
greatest  bursting  power  is  exerted  whilst  it  is 
in  a state  of  perfect  fluidity,  and  on  setting  it 
contracts,  relieving  the  pressure  on  the  mould, 
and  powerfully  compressing  the  core.  If  the 
core  is  too  hard  and  unyielding,  it  is  certain  to 
crack  the  bronze.  It  should  be  what  is  tech- 
nically called  “ puffy  ” — that  is  to  say,  some- 
what easily  compressible  ; on  the  other  hand, 
unless  it  has  some  ventilation  to  the  outer  air, 
it  should  not  be  too  porous,  or  it  will  generate 
gas  too  rapidly  by  contact  with  the  hot  metal. 
In  cores  of  considerable  size  it  is  always 
safest— indeed,  necessary — to  provide  some 
means  of  escape  for  these  gases  by  venting 
the  core. 

When  such  a vent  or  “ lantern”  is  used,  the 
core  can  be  made  more  spongy,  and  conse- 
quently more  readily  yielding  to  the  com- 
pression of  the  cooling  metal.  It  is,  however, 
a fact  that,  while  modern  practice  amply 
justifies  the  use  of  a core-vent  or  lantern,  the 
largest  works  cast  by  this  method  of  which 
we  have  any  historical  record — such  as  the 
colossal  equestrian  statues  of  Louis  XIV.,  by 
Girardon,  Louis  XV.,  by  Bouchardon,  and  the 
Henri  IV.  on  the  Pont  Neuf  at  Paris,  by 
Lemot — were  all  successfully  cast  without  any 
such  precaution,  nor  can  I find  any  mention  of 
such  a practice  before  the  latter  half  of  the 
present  century. 

The  wax  model  with  the  core  inside  can  be 
kept  for  an  indefinite  time,  and  thus  the  artist 
has  ample  opportunity  to  work  on  the  wax, 
and  bring  it  to  as  high  a degree  of  perfection 
as  his  talents  will  permit.  When,  however, 
he  desires  to  cast  it,  his  first  care  must  be  the 
arrangement  of  the  jets  and  vents.  The  jets 
are  tubes  destined  to  distribute  the  metal 
throughout  the  cavity  of  the  mould,  and  the 
vents  are  other  tubes  which  afford  an  exit  to 
the  air  violently  expanded  and  displaced  by 
the  molten  bronze.  The  jets  are  compara- 
tively unimportant,  for  the  bronze,  following 
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the  laws  of  fluids,  will  certainly  fill  every  part 
of  the  mould,  provided  the  air  offers  no  ob- 
stacle to  its  progress. 

It  is,  therefore,  usual  to  have  more  vents 
than  jets,  and  they  should  be  so  placed  that 
wherever  there  is  a bell  or  pocket  formed  by 
the  configuration  of  the  mould  in  which  the 
air  might  be  imprisoned,  there  must  also  be  a 
vent  provided  for  its  escape.  It  may  seem 
strange,  but  I believe  it  is  a fact  that  greater 
attention  is  needed  in  this  respect  in  small 
than  in  larger  works,  because  in  a large  work 
the  metal  does  not  set  so  rapidly,  and  thus 
gives  time  for  the  air  to  escape  into  the  pores 
of  the  mould,  whilst  the  pressure  to  do  so  is 
much  greater.  In  any  case  the  labour  of 
placing  these  jets  and  vents  is  but  small,  and 
as  their  importance  is  paramount,  my  advice 
always  will  be  “ When  in  doubt,  put  a vent — 
put  a dozen  rather  than  run  even  a small  risk.” 

I said  just  now’  that  the  piece-moulding  in 
loam  did  not  require  the  same  attention  in  this 
particular,  as  the  joints  in  the  mould  acted  as 
a complete  netw^ork  of  vents.  This  w’ould 
seem  a very  great  advantage  over  the  wax 
process,  and  so  it  would  be  were  it  not  that 
the  method  of  placing  these  jets  and  vents  is 
so  easy  and  simple  that  it  involves  but  little 
skill,  and  is  easily  done  by  an  assistant.  The 
artist  need  not  lose  his  time  over  it,  beyond 
defining  their  positions  and  relative  sizes. 

The  jets  and  vents,  being  merely  a system  of 
tubes  leading  from  the  outside  of  the  mould  to 
its  inner  cavity,  become  of  course  filled  w’ith 
metal,  which  remains  as  solid  rods  attached 
at  one  end,  while  the  other  end  is  free  in 
the  air.  All  that  is  therefore  needed  is  to 
make  rods  of  wax  of  the  required  size,  and 
attaching  them  by  one  end  in  their  proper 
position  on  the  surface  of  the  work,  bend  them 
into  the  required  curves.  As,  however,  it 
w’ould  be  inconvenient  to  pour  through  more 
than  one  jet,  it  is  usual  to  join  them  together 
in  groups,  and  to  bring  these  again  together 
to  one  main  jet,  which  leads  directly  from  the 
basin,  or  “sow,”  into  w’hich  the  bronze  is 
poured.  By  this  means,  the  bronze  flows  from 
the  main  jet  through  all  the  subsidiary  ones 
to  the  different  parts  of  the  mould. 

The  vents  are  treated  in  exactly  the  same 
manner,  except  that  they  do  not  usually  end 
in  one  main  duct  but  in  several,  as  may  be 
most  convenient,  nor  do  they  rise  to  the  basin, 
but  come  to  the  open  air  at  the  top  of  the 
mould,  outside  of  the  space  occupied  by  the 
pouring  basin. 

Besides  the  jets  and  vents  there  are  other 


rods  of  wax  which  are  called  drains  or  spouts  ; 
these  are  placed  on  the  lowest  portion  of  the 
w'ork,  and  lead  through  the  thickness  of  the 
mould,  but  slanting  a little  downwards  to  the 
open  air.  Their  object  is  to  drain  away  the 
w^ax  where  it  is  melted  out,  after  which  they 
have  to  be  securely  stoppered  up.  In  very 
small  works  drains  are  entirely  omitted, 
and  the  mould  is  merely  turned  upside  to  allow 
the  w’ax  to  run  out. 

There  are  two  principles  of  pouring  bronze, 
each  of  which  has  its  advocates.  The  one  is 
the  descending  and  the  other  the  ascending 
principle.  In  the  former  the  bronze  is  cast 
directly  into  the  cavity  from  above,  as  shown 
on  Fig.  3 (p.  254),  which  is  not  designed  to 
rerpesent  any  particular  work,  but  merely  to 
illustrate  a principle.  By  this  method  the 
bronze  enters  through  all  the  various 
jets,  and  gradually  fills  the  mould  until  it 
reaches  the  top.  In  the  second  or  ascend- 
ing principle,  as  shown  on  Fig.  4 (p.  254), 
the  jets  are  taken  right  down  to  the  bottom 
of  the  mould  before  they  are  allowed  to  enter 
its  cavity.  The  metal  of  course  rises  to  its 
own  level,  thus  filling  the  mould  from  the 
bottom. 

We  do  not  know  when  the  ascending  prin- 
ciple was  invented,  we  only  know  that  it  must 
of  necessity  be  more  recent  than  the  direct 
descending  method  ; but  we  do  know  that  the 
ascending  principle  was  employed  by  Michel 
Angelo  for  the  second  casting  of  his  statue  of 
Julius,  and  there  is  some  reason  to  believe 
that  Cellini  employed  it  to  cast  his  Perseus, 
but  of  this  I am  not  certain. 

The  great  monuments  of  Louis  XV.  at 
Bordeaux,  and  of  Louis  XIV.  at  Paris,  were 
certainly  cast  on  the  descending  principle, 
while  Bouchardon  cast  Louis  XV.,  and  Fal- 
conet his  Peter  the  Great,  by  the  ascending 
method. 

The  disadvantages  of  the  descending  or 
direct  method  are  these.  When  the  bronze 
is  cast  it  flows  directly  into  the  mould  in 
numerous  streams,  which  trickle  over  the  core 
and  over  the  surface  of  the  mould,  making  a 
great  amount  of  atmospheric  disturbance  in 
the  cavity.  These  streams  unite  at  the  bottom, 
and  then  the  mould  begins  to  fill  after  the  air 
contained  in  it  has  been  heated  and  expanded 
to  the  utmost ; nay,  it  is  more  than  probable 
that  portions  of  air  caught  between  two  metal 
streams  may  be  dragged  along  and  forced  to 
escape  by  bubbling  upwards  through  the 
molten  metal,  causing  the  latter  to  boil  and 
work,  and  thereby  endangering  the  delicate 
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isl- 
and frail  inner  surface  of  the  mould.  More- 
over, the  streams  of  metal,  having  united  at  the 
bottom,  must  rise  and  pass  again  over  the  sur- 
face of  the  mould  before  it  can  be  completely 
filled.  I do  not  know  any  objection  to  the 
ascending  principle.  There  the  streams  of 
metal  pass  harmlessly  to  their  lowest  level 
before  entering  the  cavity  of  the  mould,  thus 
its  surface  cannot  be  injured  by  the  downward 
rush,  and  the  air  is  not  brought  in  contact 
■with  the  metal  until  it  begins  to  rise  in  the 


mould.  No  particle  of  air  can  become  en- 
trapped, for  it  is  all  above  the  surface  of  the 
rising  bronze,  with  a free  exit  through  all  the 
vents  above,  through  which  it  is  forced  by  the 
pressure  of  the  rising  bronze,  and  by  its  own 
enormous  expansion,  which,  however,  cannot 
be  so  great  or  so  sudden  as  when  the  metal 
enters  from  above.  I should,  therefore,  recom- 
mend the  artist  always  to  cast  his  works  on  the 
ascending  principle.  The  jets  and  vents 
having  been  arranged  with  due  consideration, 


Fig.  3.  Fig.  4. 


Descending  Process.  Ascending  Process. 


as  I have  described,  it  becomes  necessary  to 
think  of  the  mould,  and  to  consider  the  qualities 
to  be  sought  for  in  a mould  for  bronze  casting. 
In  the  first  place,  the  material  used  must  be 
one  that  is  easy  of  application,  and  of  a nature 
to  resist  the  intense  heat  to  which  it  must  of 
Tiecessity  be  subjected.  It  must  also  not  be 
antagonistic  to  the  metal,  which  would  other- 
wise be  spurted  violently  from  the  jets  and 
vents,  besides  which  it  would  certainly  yield  a 
blunt  and  bad  impression. 


There  are  many  recipes  for  such  moulds 
extant;  almost  ever^-one  who  practises  this  art 
has  his  favourite  mixture,  concerning  which 
much  secrecy  is  observed. 

There  is,  however,  no  great  secret  about 
this  matter.  Many  of  these  moulds,  especially 
those  of  large  size,  which,  of  course,  have  to 
endure  the  most  heat,  are  made  of  lufo,  or 
Jotee,  as  it  is  indifferently  called.  This  is 
nothing  more  than  a mixture  of  which  the 
basis  is  fine  loam.  The  loam  may  be  natural 
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or  artificial  ; the  whole  secret  consists  in 
purifying  it  sufficiently,  and  in  grinding  it 
ver>'  fine  before  use.  The  materials  mixed 
with  it  are,  fire-clay  burnt  and  ground  to 
an  impalpable  powder,  emery,  rotten-stone, 
hammerscale,  &c.,  &c.,  the  only  object  being 
to  obtain  a very  fine  and  fire-resisting  powder. 
Old  crucibles  powdered  up  are  highly  recom- 
mended by  no  less  an  authority  than  Cellini. 
Some  material  has  also  to  be  used  that  will 
bind  this  powder  together.  The  celebrated 
founder,  Jean  Balthazar  Keller,  used  white  of 
egg  and  horse-dung.  Cellini  preferred  rotten 
rags  and  cow-dung.  The  result  sought  for 
and  attained  in  either  case  was  the  same. 
The  body  of  the  mould  was  composed  of  a 
very  fine  fire-resisting  powder,  held  together 
by  some  other  less  refractory  body,  the  result 
of  which  was  that  the  mould,  when  tolerably 
dry,  was  firm  and  solid  enough,  but  when 
exposed  to  a great  heat  it  became  very  friable 
and  porous.  These  moulds  took  a long  time 
to  make,  but  the  operation  was  not  one  that 
required  great  skill  on  the  part  of  the  work- 
men employed. 

This  was  the  method  of  construction  A 
sufficient  quantity  of  the  material  having  been 
prepared  of  the  requisite  degree  of  purity  and 
firmness,  a small  quantity  of  it  was  placed  in 
a mortar,  and  ground  up  until  it  became  of 
the  smoothness  and  consistency  of  oil  paint. 
Armed  with  a soft  bristle  brush,  and  with  a 
pot  of  this  paint,  if  I may  so  call  it,  the 
assistant  proceeded  to  give  the  work  one  com- 
plete coat — an  even,  thin  coat,  just  as  if  he 
wished  to  colour  it.  This  is  allowed  time  to 
dry,  when,  if  it  has  been  laid  on  thinly  and 
evenly,  it  will  be  found  to  have  dried  without 
a crack.  A second  coat  is  now  laid  on  in  the 
same  way,  and  with  the  same  care,  as  thinly 
as  possible.  This  is  again  allowed  to  dry,  and 
so  on  for  about  thirty  coats.  After  the  first 
five  or  six  coats,  however,  a portion  of 
cow-hair  may  be  w’orked  into  the  paint, 
and  it  may  be  spread  a little  thicker. 
After  about  thirty  coats  have  been  given, 
there  will  be  a thickness  of  about  three-quar- 
ters of  an  inch,  and  the  mould  may  now  be 
completed  by  building  up  in  thicker  layers 
until  a sufficient  strength  is  obtained.  The 
mould  must  be  hooped  about  in  all  directions 
•w’ith  iron  bands  to  strengthen  it.  After  this,  it 
being  apparently  pretty  dry,  a temporary  kiln 
is  to  be  built  round  it,  and  a gentle  fire  is  kept 
up  until  the  wax  flows  out  through  the  drains 
before  mentioned.  A considerable  quantity  of 
wax  will  be  lost,  but  some  of  it  may  be  saved 


by  placing  tubes  at  the  drains  to  lead  it  out- 
side the  kiln.  This  operation  is  usually,  but 
not  invariably,  conducted  in  the  pit  beneath 
where  the  metal  is  to  be  melted. 

When  the  ^vax  has  ceased  to  run,  the  fire 
must  be  let  out,  and  the  kiln  taken  down,  in 
order  that  the  drains  may  be  stopped.  These 
must  be  plugged  with  great  care  with  the  same 
material  used  for  the  mould  ; the  kiln  is  then 
built  up  again,  and  the  firing  carried  on  as 
before,  until  the  wax  has  been  completely  dissi- 
pated. When  there  seems  to  be  no  trace  of 
wax  left,  the  fire  must  be  still  kept  up,  and 
indeed  urged  on,  until  the  mould  and  core  are 
both  of  a fine  cherry  red,  after  which  the  fire 
may  be  let  out,  and  the  whole  allowed  to  cool 
slowly  down.  If  the  mould  is  at  the  right 
heat,  it  can  be  seen  on  looking  down  the 
openings  of  the  vents  and  jets,  or  on  putting 
a piece  of  tarred  rope  down,  when  it  will  take 
fire  if  the  heat  is  right. 

The  kiln  being  cool  enough,  it  must  be 
pulled  down,  and  the  pit  must  be  filled  up 
with  fine  dry  earth,  pressed  firmly  and  evenly 
all  round  the  mould,  so  that  the  top  alone, 
showing  the  openings  of  the  jets  and  vents,  is 
visible  above  the  ground.  Be  the  work  small 
or  large,  this  process  of  firing  is  exactly  the 
same,  only  that  a mould  for  a very  small 
figure  can  be  fired  in  about  eight  hours,  and 
the  statue  of  Louis  XV.  took  five  weeks. 

For  small  works,  however,  it  is  not  advisable 
to  use  a Into  mould.  Compo  is  quite  good 
enough.  By  compo  I mean  any  mixture  of 
which  plaster  and  brickdust  are  the  chief 
components.  Many  founders  use  for  the 
moulds  exactly  the  same  composition  that 
they  use  for  the  core,  and  it  saves  trouble  to 
do  so.  It  is  better  practice,  however,  to  use  a 
somewhat  stronger  compo  for  the  mould. 
Some  persons  make  an  inner  skin  to  their 
moulds  of  a closer  and  harder  composition 
than  they  use  for  the  backing  up,  and  this  is 
in  accordance  with  theory  and  good  practice. 
It  requires  care,  however,  as,  unless  the  heat 
is  carefully  regulated,  these  layers  sometimes 
separate  in  the  firing.  We  will  suppose,  how- 
ever, that  the  work  has  been  successfully  fired, 
and  is  in  the  pit  earthed  up  and  ready  to  cast. 

Our  next  consideration  is  the  furnace.  This 
may  be  made  in  many  different  forms.  Only 
three,  however,  need  be  mentioned  at  present. 

First  in  power  and  capacity  is  the  rever- 
beratory furnace,  with  its  saucer-shaped 
hearth,  and  its  flat-domed  roof.  It  may  be 
made  of  every  varying  size,  but  it  is  incon- 
venient when  made  for  small  charges.  These 
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furnaces  are  a very  ancient  invention,  but  until 
the  end  of  last  century  they  were  made  with- 
out any  chimney,  the  draught  being  supplied 
through  two  or  three  long  trenches,  with  the 
aid  of  wind-sails.  Modern  practice  has  dis- 
pensed with  these  last,  and  added  a tall 
chimney,  besides  flattening  the  dome  of  the 
roof  very  considerably. 

The  furnace  most  suited  for  small  works  in 
the  artists’  studio  is,  however,  the  common 
air-furnace  for  crucibles.  This  furnace  is 
cheap  and  easy  to  build,  and  takes  up  but 
little  room.  It  is  usual  to  build  a row  of  them 
in  the  form  of  a low  wall  along  one  end  of  the 
workshop.  The  usual  size  takes  a crucible 
with  a charge  of  about  40  lbs.  to  60  lbs.  of 
metal ; this  is  easily  lifted  out  by  one  man.  If 


more  metal  is  required,  several  crucibles  are 
poured  at  once.  These  furnaces  are,  however, 
sometimes  made  x>f  much  greater  size,  and 
crucibles  are  used  which  will  take  1,000  lbs. 
of  metal ; but  thege,  of  course,  are  not  likely 
to  be  used  by  artists  very  frequently. 

Another  kind  of  furnace  which  is  very  con- 
venient is  the  portable  furnace  made  by  Messrs, 
Morgan,  of  Battersea.  It  is  exactly  suited 
for  artists’  occasional  use,  and  will  take  a 
charge  of  32  lbs.,  quite  enough  for  a small 
bust,  or  a sketch,  or  statuette. 

The  metal  most  suitable  for  artistic  work  is 
an  alloy  of  copper  and  tin,  either  with  or  with- 
out the  addition  of  zinc,  lead,  or  both.  The 
mixture  used  by  the  Kellers  was,  copper,  91  -4 ; 
zinc,  5’53  ; tin,  17;  lead,  1*37.  Copper,  87-8; 


Fig.  5. 


Imaginary  Section  of  Statue  Foundry. 

A,  pit ; B,  entrance  to  pit ; c,  shed  or  store  over  stairway  ; d,  crucible  furnace  ; e,  ashpit  with  gratings  ; F,  fire-box  of  reverber- 
ator ; G,  hearth  of  reverberator  ; h,  chimneys  ; i,  flues  ; k,  wall  of  foundry  ; l,  cross-beam  ; m,  foundry  crane. 


zinc,  6*52;  tin,  5*1;  lead,  0*58;  gives  also  a 
very  good  metal,  used  for  the  Henri  IV. 
Copper,  93,  tin,  7 parts,  gives  an  excellent 
bronze.  An  equal  quantity  of  yellow  brass 
mixed  with  this  gives  an  excellent  and  easy- 
flowing  metal.  The  bronze  is  usually  con- 
sidered to  be  improved  in  colour  by  using 
zinc,  and  lead  is  supposed  to  aid  it  greatly  in 
flowing.  The  tin  gives  great  hardness,  and 
when  the  amount  of  tin  used  is  over  20  per 
cent,  the  metal  becomes  useless  for  artistic 
purposes. 

I am  personally  inclined  to  give  the  pre- 
ference to  a bronze  composed  of  copper  and  tin 
alone,  and  3 or  4 per  cent,  of  tin  gives  an 
excellent  and  beautifully  red  metal.  This  alloy, 
however,  when  used  in  small  quantities,  is  apt 
to  prove  rather  sluggish,  and  requires  more 


nice  management  as  to  the  degree  of  heat  than 
those  alloys  which  contain  a considerable 
amount  of  zinc  or  lead. 

The  operation  of  firing  is  a very  simple  one. 
And  if  the  crucibles  used  are  those  known  as 
the  Salamander  brand,  there  are  no  precautions 
to  be  observed.  The  crucible  stand  is  placed 
on  the  bars  at  the  bottom  of  the  empty  furnace. 
The  height  of  this  stand  should  be  such  as  to 
bring  the  top  of  the  crucible  a couple  of  inches 
below  the  throat  of  the  furnace.  The  stand 
should  have  a thin  layer  of  ashes  on  it,  to 
prevent  the  crucible  sticking  to  it.  Then 
put  in  as  much  metal  as  the  crucible  will 
contain,  and  cover  it  over  with  a proper  cover  ; 
throw  two  or  three  shovels  full  of  live  coke 
into  the  furnace,  and  fill  up  all  round  your 
crucible  with  good  clear  broken  coke  up  to  the 
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level  of  the  crucible  top.  Place  some  lar^e 
pieces  of  coke  on  top,  taking  care  that  they  do 
not  get  in  the  throat  of  the  furnace,  and  so 
choke  the  draught.  Put  on  the  cover  of  your 
furnace  and  draw  out  the  damper,  and  fire  as 
hard  as  you  can  until  you  find  that  the  metal 
has  run ; then  add  more  and  more  by  degrees 
until  you  have  a full  charge.  Some  people 
keep  a thick  layer  of  charcoal  dust  on  top  of 
the  metal,  others  do  not  take  any  precaution  to 
prevent  the  formation  of  dross.  Most  persons, 
however,  add  a little  borax,  which  powerfully 
cleanses  the  metal.  It  must  be  well  skimmed 
off  before  pouring. 

When  the  metal  is  ready  to  be  withdrawn 
from  the  furnace,  the  coke  must  be  cleared 
away  from  the  pot,  so  as  to  make  room  for  the 
crucible  tongs.  These  are  placed  over  the 
pot,  and  kept  closed  by  a ring.  The  pot  is 
then  lifted  vertically  by  one  or  by  two  men, 
and  if  it  is  a small  one  it  is  poured  at  once  out 
of  the  tongs,  but  if  it  is  a large  one  it  is 
placed  in  a receptacle  called  a cradle,  which 
is  carried  by  two  or  more  men.  Sometimes  it 
is  poured  into  a hand  ladle,  or  shank,  and 
thence  into  the  mould.  This  is  not,  however, 
usually  done  unless  the  contents  of  several 
crucibles  is  required,  and  then  it  is  better  to 
form  a large  basin,  or  core,  at  the  top  of  the 
mould,  the  openings  of  the  jets  being  closed 
with  plugs.  All  the  crucibles  should  be  poured 
into  this  basin  before  drawing  the  plug ; this 
ensures  a clean  casting,  as  all  impurities  float 
on  the  surface,  and  are  not  carried  into  the 
mould.  When  this  basin  is  not  used,  it  is  of 
the  utmost  importance  that  the  bronze  should 
be  thoroughly  skimmed.  If  the  metal  runs 
down  quietly,  and  rises  up  in  the  vents  till  it 
reaches  the  surface,  it  is  a sure  sign  that  the 
mould  has  filled  properly.  If,  on  the  other 
hand,  it  makes  much  noise,  and,  worst  of  all, 
if  it  spurts  and  sputters  in  going  down,  and 
does  not  rise  up  again  in  the  rents,  it  is  cer- 
tain that  the  casting  is  a failure. 

The  moulds  for  small — indeed  for  all— work 
should  be  broken  down  as  soon  as  practicable 
after  the  metal  has  set,  but  great  care  must  be 
used  not  to  expose  the  surface  of  the  casting 
too  soon,  for  while  it  is  red  hot  bronze  is  ex- 
tremely fragile  and  liable  to  injury.  The 
statue,  on  being  freed  from  its  mould,  will  be 
found  with  its  system  of  jets  and  vents  perfect 
as  they  were  made  in  w'ax.  These  are  then  to 
be  cut  off  with  a saw  as  near  as  convenient  to 
the  surface  of  the  statue.  The  figure  is  then 
to  be  well  brushed  with  wire  brushes,  to  remove 
all  the  particles  of  the  mould  ; it  is  then  placed 


in  a bath  of  very  dilute  acid  to  pickle,  as  it  is 
called.  This  cleans  the  surface  of  the  metal 
very  completely,  and  the  artist  can  then  repair 
any  little  defect  that  remains,  as,  for  instance, 
the  places  where  the  jets  have  been  and  the 
like,  after  which  it  is  usual  to  give  the  work 
its  patina  or  colour. 

It  would  be  quite  impossible  for  me  to  go 
into  the  subject  of  patinas  this  evening.  It 
will  suffice  to  say  that  the  colour  is  produced 
by  the  action  of  various  salts  and  acids  on  the 
surface  of  the  bronze.  A great  variety  of  tints 
are  obtainable,  and  in  the  selection  of  these 
every  artist  will,  of  course,  exercise  his  own 
taste  and  judgment. 

Although  there  are,  both  in  England  and 
abroad,  excellent  statue  founders,  whose  work 
leaves  nothing  to  be  desired  as  far  as  the 
ordinary  run  of  bronze  work  is  concerned, 
and  who  are  even  able  to  go  considerably 
beyond  the  average  requirements  of  commer- 
cial sculpture,  yet  it  has  always  seemed  to  me 
to  be  a matter  of  deep  regret  that  autograph 
work  in  bronze  is  almost  non-existent  in  Eng- 
land at  the  present  time.  Sculptors  used,  even 
in  this  country,  to  be  their  own  bronze  founders, 
and  that  at  no  very  distant  date.  Chantrey 
cast  his  own  works,  and  more  than  one 
sculptor’s  studio  in  London  was  arranged  for 
casting  statues  of  considerable  size.  The  late 
Baron  Marochetti  was,  I believe,  the  last 
sculptor  who  cast  works  in  this  country, 
although,  only  five  or  six  years  ago,  a very  nice 
statue  foundry  in  the  studio  of  the  late  Mr 
Weekes  was  pulled  down  and  converted  into 
livery  stables. 

If  artists  could  be  persuaded  to  become 
once  more  their  own  founders,  as  far,  at  least, 
as  small  works  are  concerned,  I do  not  think 
that  it  would  be  a matter  for  regret  even  to 
the  manufacturers  of  cabinet  bronzes.  These 
would  still  command  a large  sale,  as  the  auto- 
graph works  produced  by  artists  would  of 
necessity  be  higher  in  price  and  few  in  number 
I fear  that  it  may  be  objected  that  bronze 
casting  is  not  an  artistic  but  a mechanical 
employment.  Against  this  view  of  the  case  I 
must  earnestly  protest,  as  my  own  experience 
is  that  bronze  casting  requires  quite  as  much 
artistic  skill  as  marble  carving,  and  that 
neither  the  one  nor  the  other  should  be  in 
other  hands  than  the  artist’s  own.  Do  not 
understand  me  as  in  any  degree  objecting  to 
the  employment  of  assistants  in  art,  more 
especially  in  sculpture.  I only  protest  against 
the  practice  of  so  important  a process  as 
bronze  casting  being  left  entirely  in  their  hands. 
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It  is,  I fear,  a great  cause  of  reproach  to 
modern  sculptors  that  comparatively  few  of  us 
are  thoroughly  and  practically  conversant  with 
the  various  processes  employed  in  our  own 
profession. 

It  is  no  less  a matter  of  regret  that,  in  the 
various  art  educational  establishments  in  this 
country,  the  student  of  sculpture  is  merely 
taught  drawing  and  modelling,  but  is  unable 
to  learn  the  other  processes  whereby  alone  his 
modelled  work  can  be  rendered  permanent. 
He  is  not  only  obliged  to  employ  others  to 
undertake  this  work,  but  he  is  absolutely 
unable  to  direct  or  to  instruct  them.  He  is, 
in  short,  at  the  mercy  of  his  assistants  until 
years  of  dearly-bought  experience  have  en- 
abled him  to  pick  up  for  himself  what  is,  after 
all,  but  the  A,  B,  C of  his  profession,  but 
which,  unluckily  for  him,  no  school  of  art  in 
in  England  teaches. 

There  is,  perhaps,  one  remedy  for  this — 
namely,  the  possible  establishment  of  studios 
in  connection  with  our  national  art  schools, 
where  the  student  of  sculpture  could  be  prac- 
tically taught  the  various  processes  incidental 
to  his  profession,  such  as  piece  and  waste 
moulding,  marble  pointing,  enlarging  and 
reducing,  carving,  bronze  casting,  the  erec- 
tion and  construction  of  colossal  work,  &c. 

A year  or  two  spent  in  such  a studio  in  the 
'Study  of  practical  sculpture  would  be  invaluable 
to  the  student,  and  would  enable  English 
■sculptors  not  only  to  instruct  and  guide  their 
own  workmen,  but  also,  in  course  of  time,  to 
•obtain  competent  English  assistants,  instead 
of  being  forced,  as  is  at  present  too  frequently 
the  case,  to  employ  foreign  workmen.  It 
would  also  enable  artists  to  execute  their 
own  works  in  any  material,  and  with  their  own 
hands  whenever  desirable. 

I know  that,  for  many  years  past,  the  English 
-pnblic  has  taken  little  or  no  interest  in  sculp- 
ture ; but,  unless  I am  mistaken,  indications 
are  not  wanting  to  prove  that  there  will,  ere 
long,  be  a considerable  change  in  this  respect, 
and  that  sculptors  will  find  it  greatly  to  their 
own  advantage  to  remember  that  they  are 
artists,  and  not,  as  is  too  often  the  case,  mere 
manufacturers. 

In  conclusion,  let  me  once  more  insist  on 
“the  inestimable  value  of  autograph  work,  more 
especially  for  bronzes  of  small  size.  Unless 
these  are  really  produced  by  the  artist  himself, 
and  bear  the  palpable  impress  of  his  own 
-mind  and  hand,  unimpaired  by  foreign  touch, 
and  perfect  throughout  in  character  and  indi- 
viduality, I am  really  unable  to  see  what  value 


they  can  possess  beyond  that  of  a skilfully 
executed  copy,  nor  can  I admit  their  claims,  in 
spite  of  date  and  signature,  to  be  considered 
as  genuine  autograph  works. 


DISCUSSION. 

Mr.  Liggins  said  he  had  listened  to  this  paper 
with  a great  deal  of  interest,  and  his  mind  went  back 
to  nearly  forty  years  ago,  when  he  had  given  him  an 
exceedingly  beautiful  small  casting  in  Berlin  iron,  but 
he  was  afraid  iron  casting  was  a lost  art,  for  he  did  not 
see  any  such  things  now.  In  1841,  he  visited  a bronze 
foundry  in  Paris,  where  he  purchased  a beautiful 
statuette  of  Jeanne  D’Arc,  and  was  very  much 
astonished  to  see  the  large  number  of  pieces  in 
which  these  things  were  cast,  and  at  the  exceedingly 
perfect  manner  in  which  the  various  parts  were  after- 
wards joined  together.  He  should  like  to  know  how 
this  was  effected  so  as  not  to  be  perceptible,  and 
also  how  the  various  colours  of  bronzes  were  ob- 
tained. Bronzes  were  exceedingly  beautiful  things 
to  possess,  and  he  was  happy  to  say  he  had  one  or 
two  fine  Florentine  specimens  from  the  collection  of 
Mr.  Beckford  at  Fonthill,  whose  history  he  could 
trace  for  many  years  back. 

Mr.  Watkiss  Lloyd  said  he  was  old  enough  to 
remember  the  statue  of  Canning  being  put  up  in 
Palace-yard,  which  was  of  a marvellously  green 
colour.  This  gave  rise  to  a bon  mot,  for  when  some 
one  said  that  Canning  was  not  nearly  so  big  as  that, 
the  reply  was — “Nor  was  he  by  any  means  so 
green.”  He  should  like  to  know  how  that  ex- 
ceptionally green  colour  was  produced. 

Mr.  Young  said  he  had  had  about  twenty  years’ 
experience  in  bronze  casting,  but  really  the  paper  was 
so  exhaustive  that  it  was  impossible  to  add  anything 
to  it.  As  had  been  said,  it  was  much  easier  to  cast 
colossal  works  in  pieces.  For  instance,  the  lions  in 
Trafalgar-square  were  in  a great  many  pieces,  and 
were  fastened  together  with  internal  rivets.  If  closely 
examined,  too,  they  were  of  different  colours,  though 
there  was  a general  grey  tint  over  the  whole.  He  had 
the  casting  of  the  sphinxes,  which  were  in  two  parts, 
but  the  composition  of  the  metal  was  first  decided 
upon,  and  then  it  was  all  melted  at  once  so  as  to 
ensure  the  same  tone  throughout ; it  was  about  89 
copper  and  ii  tin,  some  of  the  latter  no  doubt 
evaporating  in  the  melting  process.  Casting  in 
bronze  by  the  sand  process  took  a considerable  time. 
Those  founders  who  undertook  it  for  commercial 
purposes  reproduced  models  supplied  by  sculptors, 
and  it  simplified  the  work  very  much  to  cut  them  up  ; 
but  of  course  they  more  nearly  approached  a work  of 
art  when  cast  in  one,  and  there  were  many  statuettes 
in  London  which  had  been  cast  in  a single  piece. 
The  description  of  the  process  must  be  very  in- 
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teresting  to  sculptors,  and  he  should  like  to  see  it 
more  generally  carried  out,  and  there  would  not  be 
much  difficulty  if  the  lines  J^Ir.  Simonds  had  so 
clearly  laid  down  were  followed. 

The  Chairman,  in  proposing  a vote  of  thanks  to 
!Mr.  Simonds,  said  this  was  the  first  lesson  he  had 
received  in  bronze  casting,  and  he  was  therefore  not 
in  a position  to  comment  on  the  paper.  The 
methods  described  of  casting  by  the  ascending  and 
descending  modes  were  very  interesting.  The 
natural  process  which  would  occur  to  an  ordinary 
mind  would  be  to  fill  the  mould  from  the  top,  but 
as  had  been  explained,  there  were  certain  difficulties 
in  that,  and  it  was  obvious,  on  a little  consideration, 
that  the  ascending  method  must  be,  for  many  articles, 
much  the  simplest  and  the  more  scientific.  The 
wax  process  was  an  exceedingly  interesting  one,  and 
for  artistic  purposes  most  valuable,  as  it  enabled 
the  whole  figure  to  be  cast  in  one  piece,  and 
this  must  certainly  be  a great  advantage,  notwith- 
standing the  skill  with  which,  when  the  object  was 
cast  in  separate  pieces,  those  pieces  were  joined 
together. 

The  vote  of  thanks  having  been  passed  unani- 
mously, 

!Mr.  Simonds,  in  reply  to  some  further  questions 
which  were  put,  said  it  was  necessary,  in  the  wax 
process,  that  the  mould  should  be  hot,  but  it  was 
not  made  hot  on  purpose  ; the  bronze  was  poured  in 
as  soon  as  the  mould  was  cool  enough.  In  small 
castings,  the  hotter  it  was  the  better,  so  that  it  was 
not  red-hot  ; in  large  castings  it  should  be  pretty 
cool,  because  the  body  of  metal  being  so  large,  it 
heated  the  mould  so  much,  that  if  it  were  too  hot  at 
first,  it  would  produce  sandburn  on  the  surface.  The 
joining  of  the  pieces  was  done  by  the  box-joints  he 
had  already  described  ; a small  rim  of  metal  was  left 
standing  at  the  edge  of  each  joint,  and  when  the  two 
were  fitted  together,  these  little  rims  were  screwed 
or  rivetted  together,  and  then  the  metal  was  worked 
down  with  punches.  Sometimes  they  were  burned 
together.  In  order  that  the  colour  might  be  uniform, 
it  was  necessary,  a^Mr.  Young  had  said,  that  when 
casting  a subject  in  many  parts  the  whole  of  the 
metal  should  be  mixed  at  once,  whether  it  were  cast 
all  at  once  or  not,  so  that  there  might  be  no 
mistake  about  getting  the  same  alloy  each  time. 
The  little  statue  he  had  shown  from  Mr.  Young’s 
studio  was  a very  fine  specimen  ; there  was  very  little 
chasing,  and  a great  deal  of  the  original  surface  about 
it.  The  joints  were  so  well  managed  that,  Mr. 
Young  having  forgotten  where  they  xvere,  it  took 
them  half-an-hour  to  discover  them.  With  regard 
to  the  statuette  of  the  lion,  it  w’as  the  first  study 
for  a very  large  lion  he  had  been  making  for 
the  memorial  to  the  66th  Regiment,  which  was 
now  being  cast  at  Mr.  Young’s;  and  Mr.  Liggins 
would  be  glad  to  hear  that  it  was  being 
cast  in  iron.  It  was  considerably  larger  than 


those  in  Trafalgar-square.  The  green  patina  on  the 
Canning  statue  was  probably  produced  by  sal 
ammoniac.  The  colouring  was  usually  given  by  some 
acid  or  salt,  sal  ammoniac  being  generally  used.  The 
surface  was  scratchbrushed  and  cleaned  off  as  perfectly 
as  possible,  to  get  off  every  particle  of  grease,  and  then 
a strong  or  weak  solution,  according  to  the  colour 
desired,  was  stippled  on  with  brushes  ; if  the  statue 
were  warm,  so  much  the  better,  as  it  made  the 
evaporation  quicker.  Some  patinas  were  produced 
by  heat.  It  was  a very  complicated  subject,  and  one 
on  wffiich  very  little  was  known,  and  consequently 
the  results  were  various.  There  seemed  no  scientific 
accuracy  about  it.  The  Chinese  and  Japanese  pro- 
bably knew  more  about  it  than  we  did.  In  some 
cases,  as  in  that  of  the  small  lion,  for  example,  a 
small  piece  was  cut  out  of  the  wax  model  for  the 
introduction  of  the  core,  and  was  afterwards  fitted 
on  again.  In  larger  works  openings  must  be 
left  to  get  the  core  out,  as  it  w^as  not  desirable 
to  leave  it  in.  That  was  one  reason  why  large 
statues  should  not  be  cast  in  one  piece.  One 
of  the  figures  he  had  shown  was  a small  re- 
plica of  a colossal  figure  cast  in  wax  in  one 
piece  at  Pappi’s  in  Florence,  the  height  being 
12  ft.  4 in.  It  was  a very  large  and  difficult  work 
to  cast  in  one  piece,  and  w'as  done  simply  as  a tour  de 
force  to  show  what  could  be  done  in  that  way.  In 
order  to  get  the  core  irons  out  without  injury,  little 
boxes  had  to  be  made  here  and  there,  with  lids,  and. 
these  lids,  instead  of  being  put  back  into  their  places, 
and  closed  up,  were  attached  by  little  jets  and  vents 
of  their  own  to  the  casting ; then  the  core  irons  were 
got  through  the  openings,  and  each  little  lid  after- 
wards fitted  into  its  place,  and  all  those  joints  had  to- 
be  closed  up.  It  seemed  to  him  that  it  was  as  just 
well  to  have  the  statue  in  several  pieces  fitted  with  a 
good  box-joint. 

Mr.  Alexander  Payne  said  it  would  be  ex- 
tremely interesting  to  know  if  these  elaborate  methods 
were  practiced  by  the  Greeks  and  Romans,  and  also- 
by  the  Japanese  and  Chinese. 

Mr.  Simonds  said  he  knew  the  Japanese  and 
Chinese  cast  by  this  process,  but  he  could  not  say 
whether  they  knew  anything  about  loam  moulding. 
The  ancients  undoubtedly  cast  by  the  w^ax  process. 
Most  of  the  ancient  works  were  cast  in  pieces,  such 
as  the  horses  at  Venice,  the  Marcus  Aurelius  of  the 
Capitol ; and  so  was  the  bronze  bull,  formerly  in  the 
Capitol  collection,  which  was  a remarkably  fine 
casting,  but  the  pieces  were  fitted  in  rather  a peculiar 
way.  In  addition  to  being  screwed  or  rivetted  to- 
gether, after  the  edges  of  the  joints  were  brought  up, 
there  were  dovetailed  dowels  of  bronze  let  in,  to- 
preclude,  as  it  was  hoped,  any  possibility  of  their 
being  pulled  out  of  place.  In  Naples  also  there  was 
a very  fine  horse,  also  in  pieces,  and  the  celebrated 
little  figures  of  the  Narcissus  and  the  Dancing  Fawn 
in  the  Naples  collection  were  cast  in  wax,  but  he 
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could  not  say  whether  they  were  in  one  piece  or  not, 
as  no  one  was  allowed  to  touch  them. 

Mr.  W.  Warren  de  la  Rue  asked  if  there  was  any 
objection  to  leaving  the  core  inside 

Mr.  SiMONDS  said  in  a large  statue  it  would  add 
very  much  to  the  weight ; besides  which  the  core 
might  absorb  moisture  and  freeze,  and  cause  cracks  in 
the  statue.  He  had  noticed  that  in  some  bronzes  at 
Venice  where  the  core  had  been  left  in.  In  small 
articles  there  was  no  objection  to  leaving  the  core  in, 
except  the  additional  weight,  which  would  not  be 
great.  In  reply  to  further  questions  as  to  the  proper 
thickness  for  the  metal,  Mr.  Simonds  said  in  large 
work  the  thinner  the  better,  in  small  work  it  would 
be  difficult  to  cast  if  they  were  made  too  thin.  What 
was  very  thin  for  a large  work  would  be  very  thick 
for  a small  one ; and  small  works  were  generally 
much  thicker  in  proportion  than  laige  ones.  It  was 
very  difficult  to  get  a uniform  thickness  throughout  if 
the  wax  were  very  thin.  He  should  call  a casting  no 
thicker  than  a penny  very  thin.  A quarter  inch  was 
quite  thick  enough  for  the  Wellington  statue. 

Mr.  Young  said  the  thickness  was  governed  by 
the  surface  over  which  the  metal  had  to  run.  It 
would  not  do  to  be  too  thin,  or  the  metal  would 
chiU  before  the  whole  surface  was  covered.  In  the 
Wellington  monument  the  metal  was  about  f in.  ; 
in  the  Sphinxes  ^ in.,  because  there  was  a greater 
surface  for  the  metal  to  run  over.  In  the  Beacons- 
field  statue  it  was  about  f in.  ; but  in  some  portions 
§ in.  Some  portions  of  a statue  might  be  almost 
solid,  where  there  were  folds  in  the  drapery  not  large 
enough  to  get  a core  in  properly ; but  it  did  not  do 
to  cast  too  many  parts  thick,  or  in  cooling  they  would 
draw  away  from  the  thinner  parts  and  break.  Before 
undertaking  such  work,  a man  must  thoroughly  study 
the  properties  of  the  metal  and  the  methods  of 
founding,  and  from  what  Mr.  Simonds  had  said,  it 
was  quite  evident  he  must  have  had  large  experience, 
or  he  could  not  have  described  them  so  clearly. 


Miscellaneous. 

♦ 

COLONIAL  AND  INDIAN  EXHIBITION. 

Mr.  R.  Murray  Smith,  C.M.G.,  executive  com- 
missioner for  Victoria  at  the  forthcoming  Colonial 
Indian  Exhibition,  has  , been  joined  by  Mr.  James 
Thomson,  secretary  to  the  Royal  Commission  for 
that  colony,  who  has  just  arrived  direct  from  Mel- 
bourne. Mr.  Thompson  reports  that  excellent  pro- 
gress had  been  made  with  arrangements  for  the 
representation  of  the  colony  prior  to  his  departure, 


the  total  number  of  exhibits  forthcoming  being  esti- 
mated at  11,500.  About  a third  of  these  are  on  board 
the  P.  and  O.  steamship  Kaisar-i-Hind,  expected  to 
discharge  cargo  at  once,  and  the  balance  will  probably 
arrive  during  the  present  month.  The  Victorian 
Government  has  acted  very  liberally  in  the  matter, 
having,  in  addition  to  guaranteeing  a pro  rata  share 
of  the  fund  for  general  purposes  in  the  event  of  a 
loss  being  sustained,  voted  a sum  of  ^10,000  for  the 
preliminary  expenses  of  the  court.  Many  of  the  other 
colonial  Governments  have  acted  with  similar 
liberality.  All  the  accommodation  in  the  steamers 
leaving  Australia  for  London  has  been  engaged  for 
several  months  to  come,  and  a large  influx  of 
colonists  is  expected. 


COMMERCIAL  MUSEUMS  AT  ANTWERP 
AND  BRUSSELS. 

The  following  memorandum  is  communicated  by 
Mr.  C.  M.  Kennedy,  C.B.  : — 

Before  proceeding  to  describe  the  Commercial 
Museums  at  Antwerp  and  Brussels,  which  we  have 
recently  visited  by  direction  of  the  Foreign-office  and 
the  Board  of  Trade,  it  may  be  well  to  observe  that 
there  are  two,  or  rather  three,  distinct  types  of 
museums  already  in  existence  ; first,  a museum  of 
specimens  of  raw  materials  and  manufactures  im- 
ported from  and  exported  to  foreign  countries, 
limiting  the  specimens  of  these  exports  to  goods  pro- 
duced in  countries  other  than  that  where  the  museum 
is  established,  so  that  information  as  to  the  descrip- 
tion and  price  of  goods  used  abroad  is  confined  to 
what  is  produced  by  foreign  competitors  and  does 
not  disclose  the  prices,  &c.,  of  home  competitors. 

The  second  class  of  museums,  or,  perhaps  rather 
export  agencies,  of  which  those  at  Lille,  Stuttgart, 
and  Munich  are  examples;  are  permanent  exhibitions 
of  articles  produced  in  the  country  where  they  are 
established.  Foreign  buyers  are  invited  to  inspect 
these  collections,  and  home  manufacturers  are  strictly 
excluded.  This  limitation  to  bond  fide  foreigners 
must,  however,  often  be  eluded  by  stratagem,  and 
there  is  also  the  difficulty  that  buyers  in  times  of  de- 
pression especially,  will  not  come  to  the  sellers,  but 
will  wait  to  have  goods  brought  to  them. 

A third  class  of  museums  or  export  agencies 
intended  to  meet  this  state  of  things  has  lately  been 
spoken  of  in  Germany,  viz.,  a ship  fitted  up  as  a 
w’arehouse,  which  is  to  take  German  goods  to  the 
principal  trading  centres  of  the  world  and  force  a 
market  there. 

To  the  same  class  belong  the  stationary  collections 
of  patterns  which  the  Germans  are  reported  to  be 
establishing  in  North  and  South  America. 

The  Commercial  Museum  at  Antwerp  belongs, 
however,  to  none  of  these  types,  being  merely  a 
collection  of  specimen  articles  of  import  and  export 
arranged  for  the  instruction  of  students  at  the 
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“ Institut  Superieur  de  Commerce  ” of  Antwerp. 
This  institution  gives  lectures,  examines  and  grants 
diplomas  to  young  men  engaged  in  commerce.  There 
are  at  present  about  125  students  in  attendance. 

The  course  takes  two  years,  ana  the  more  general 
system  of  education  adopted  on  the  Continent,  com- 
pared with  our  own,  is  well  exemplified  by  it.  In 
England,  where  trade  is  kept  m well  defined  grooves, 
it  would  seem  strange  to  see  a young  man  in  the 
wool  trade  attending  lectures  on  mineral  ores  or 
tobacco,  so  as  to  have  a wide,  if  rather  superficial, 
knowledge  of  all  branches  of  trade. 

The  Antwerp  Exhibition,  which  has  just  closed, 
contained  two  special  trade  collections,  namely,  the 
Congo  section,  which  was  organised  and  supplied  by 
the  Brussels  Commercial  Museum,  and  the  French 
colonial  section,  which  showed  specimens  of  the 
articles  produced  and  used  in  all  the  French  colonies. 
The  town  of  Antwerp,  too,  had  as  an  especial  exhibit 
a veiy  imposing  triumphal  arch,  composed  of  speci- 
mens of  Antwerp  foreign  trade;  but  this  was,  of 
course,  rather  for  the  general  purpose  of  the  Exhi- 
bition than  for  private  use. 

Coming  now  to  the  Commercial  Museum  at 
Brussels,  we  would  wish,  first,  to  record  our  thanks 
to  the  Department  of  the  Affaires  Etrangeres,  from 
whom  we  received  every  attention  and  facility  in  in- 
specting the  building  and  its  contents. 

The  museum  is  a large  and  fairly  commodious 
structure,  situate  in  the  Rue  des  Augustins,  not  far 
from  the  Bourse,  and  within  easy  reach  of  both  rail- 
way stations.  Not  having  been  built  for  its  present 
pui-pose  it  is  somewhat  deficient  in  light  on  the 
ground  floor,  but  it  was  secured  at  a low  price  in 
1881  by  the  Belgian  Government,  who  paid  about 
TiOyOOO  for  its  purchase  and  alterations;  they  also 
pay  a rent  of  ^^420  a year  to  the  town  of  Brussels. 
Furniture  and  fittings  cost  ;{T3,ooo,  and  the  annual 
amount  voted  by  the  Belgian  Chambers  for  its 
maintenance  is  about  ^r, 000. 

The  founders  of  the  museum,  which  was  started  in 
i88r,  had  three  chief  objects  in  view:  ist,  to  show 
the  Belgian  importer  and  manufacturer  where  he 
could  best  supply  himself  with  the  materials  for 
manufacture  direct  from  the  place  of  production  ; 2nd, 
that  the  manufacturer  should  have  the  best  informa- 
tion as  to  the  goods  in  use  and  demand  in  foreign 
countries,  so  as  to  enter  the  field  of  competition  if  he 
saw  an  opening  ; and  3rd,  which  is  really  a branch  of 
the  2nd,  that  the  manufacturer  should  also  see  the 
method  of  packing  and  getting  up  goods  for  export 
which  is  in  favour  in  various  countries. 

The  classification  of  the  specimens  is  by  44 
general  groups,  which  are  divided  into  about  400 
classes,  again  sub-divided  by  the  numbers  of  the 
specimens. 

For  instance,  Group  25,  “Products  of  spinning 
and  weaving,”  is  divided  into  15  classes,  which 
include  some  thousands  of  patterns,  classed  under  tke 
place  where  they  are  used.  The  explanation  given  in 
each  instance  further  states  the  consul  by  whom 


furnished,  the  countiy  where  they  are  made,  their 
cost  and  description,  length  and  breadth  by  which 
sold,  &c. 

Each  pattern  has  a number  corresponding  with  that 
in  the  catalogue,  and  this  publication  contains 
particulars  about  all  the  chief  articles,  as  to  the 
quantity  used  in  the  country  from  which  the  specimens 
come  and  the  proportion  made  there  and  elsewhere. 
The  unprinted  records  of  the  department,  which  are 
shown  readily  to  commercial  applicants,  give  very 
complete  details  on  these  and  cognate  points  of 
interest  to  them.  The  specimens  are  periodically 
furnished  by  Belgian  consuls  under  a general  order, 
which  directs  them  to  obtain  patterns  of  all  new 
articles  of  important  consumption  ; and  on  application 
from  manufacturers  and  persons  interested,  special 
demands  are  constantly  made  on  the  consuls  for 
specimens  to  fill  gaps  in  the  collection.  Duplicate 
patterns,  when  they  can  be  spared,  are  also  often 
given  away  to  those  interested. 

Besides  the  collection  of  specimens,  which  occupies 
three  floors  of  the  museum,  a reading-room  is  also 
available,  where  the  chief  commercial  journals  of  all 
countries  are  to  be  found,  as  well  as  technical 
dictionaries  and  business  directories. 

A special  office  supplies  all  information  as  to 
freight  charges  by  sea  or  land,  no  unimportant 
element  of  cost ; another  department  collects  and 
publishes  notices  of  tenders  required  by  all  the 
Belgian  public  departments,  and  those  notified  by 
Belgian  representations  abroad.  The  commercial 
journals  in  the  library  also  afford^much  information 
on  this  point. 

No  general  notices  of  home  and  foreign  bankrupt- 
cies appear  to  be  publidied  in  connection  with  the 
museum  ; but  Belgian  consuls  give  special  informa- 
tion to  applicants  as  to  the  credit  of  persons  in  their 
districts,  of  course  without  a guarantee.  The  names 
of  the  chief  houses  interested  in  the  trade,  of  which 
specimens  are  exhibited,  are  also  among  the  par- 
ticulars furnished  to  applicants. 

The  prices  of  goods  in  the  catalogue  are  stated  to 
include  customs  duties  at  the  various  places ; the 
collection  of  foreign  tariffs  open  to  the  public  is, 
however,  not  kept  here,  but  at  the  Ministere  des 
Affaires  Etrangeres.  As,  however,  the  Muniteur 
Beige  has  printed  all  the  chief  tariffs  in  full,  and 
adds  from  time  to  time  any  changes,  a perusal  of 
that  publication  will  usually  suffice. 

We  have  not  yet  mentioned  the  weekly  bulletin  of 
the  museum.  This  publication  acts  as  a supplement 
to  the  catalogue,  which  is  only  printed  once  a year, 
and  is  constantly  changing  by  the  addition  of  new 
specimens  and  the  removal  of  others  in  which  the 
trade  has  become  obsolete.  The  bulletin  also  con- 
tains abstracts  from  home  and  foreign  consular 
reports  and  trade  journals,  &c.,  and  the  notices  of 
tenders  to  which  we  have  referred.  Its  price  is  | fr. 
each  number,  or  12  fr.  a year  in  Belgium,  and  18  fr. 
abroad. 

As  to  the  extent  to  which  the  public  make  nse  of 
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the  museum  it  is  somewhat  difficult  to  judge.  Visitors 
who  simply  walk  through  the  rooms  and  inspect  the 
specimens  without  making  any  inquiries  at  the  bureau 
are  not  recorded  in  any  way,  but  we  were  informed 
that  about  twenty  persons  per  day  consulted  the 
archives  of  the  museum  for  special  information.  We 
are  also  told  by  Mr.  Consul-General  Grattan  that  at 
Antwerp  both  merchants  and  manufacturers  have  ex- 
pressed themselves  as  favourable  to  the  principle  of 
the  museum,  and  desirous  that  something  similar 
should  be  established  at  Antwerp,  as  a supplement 
to  the  present  educational  museum  to  which  we  have 
referred  above.  Antwerp  is  naturally  anxious  to 
continue  the  great  progress  she  has  made  of  late 
years,  both  as  an  entrepot  and  as  a manufacturing 
centre,  and  we  find  that  her  imports  have  increased 
in  the  last  ten  years  from  1,800,000  tons  to  2,800,000 
tons,  and  her  re-exports  in  transit  have  nearly 
doubled.  Whether  this  will  substantially  affect  the 
supremacy  of  London  in  the  Colonial  trade  time  will 
show,  but  to  establish  more  intimate  relations 
between  the  foreign  producer  of  the  raw  material  and 
the  home  consumer  by  means  of  the  import  depart- 
ment of  the  museum  is  regarded  by  the  Antwerp 
people  as  an  important  consideration. 

With  regard  to  the  general  question  of  establishing 
commercial  museums  in  this  country,  three  chief 
points  occur  to  us  as  necessary  to  be  first  settled, 
viz.  : (i.)  Are  the  commercial  and  manufacturing 
classes  in  need  of  these  institutions  ? (2.)  Should  a 

single  museum  be  established  in  London,  or  several 
provincial  museums  in  the  chief  manufacturing  towns  ? 
(3.)  Should  any  help  be  given  by  the  State,  except 
in  the  way  of  supplying  articles  to  our  diplomatic 
and  consular  machinery  ? 

As  regards  (i)  and  (2),  we  would  call  attention  to 
an  article  that  appeared  in  the  Manchester  G uardian 
on  the  31st  of  July  last  in  which  the  need  for 
such  institutions  is  strongly  urged.  Several 
letters  have  since  appeared  in  the  same  paper 
showing  considerable  interest  in  the  subject,  which 
has  also  been  mentioned  in  the  Economist  and  other 
papers.  The  second  report  of  the  Royal  Com- 
missioners on  Technical  Instruction,  Vol.  i,  p.  353, 
gives  some  interesting  details  of  the  Museum  of 
Textile  Fabrics  at  Mulhouse,  which  is  stated  to  have 
exercised  a very  beneficial  influence  on  the  industry 
of  the  locality.  It  is  true  that  this  museum  com- 
bines the  art  element  with  the  purely  commercial 
influence  which  we  have  been  considering  at  the 
Brussels  Museum,  and  this  is  a very  desirable  com- 
bination, provided  that  museums  for  the  different 
branches  of  industry  could  be  established  in  the  large 
manufacturing  towns  where  they  could  be  in  close 
connection  with  the  schools  of  design. 

In  France,  where  the  Chambers  of  Commerce 
were  consulted  two  years  ago,  the  majority  were  in 
favour  of  provincial  museums  subsidised  by  the  State, 
and  this  opinion  is  being  acted  on.  There  is,  how- 
ever, a department  in  the  Ministere  du  Commerce  at 
Paris,  where  specimens  sent  home  by  consuls  may  be 


inspected,  and  notices  of  anything  special  being  re- 
ceived are  published  in  the  Journal  Officiel. 

There  is  also  the  Museum  of  Colonial  Products, 
lately  forming  part  of  the  Antwerp  Exhibition,  and 
this  reminds  us  that  in  case  it  is  thought  desirable 
to  employ  our  consuls  to  render  the  same  assistance 
as  is  given  in  Belgium,  provision  may  also  have  to 
be  made  for  obtaining  similar  specimens  from  our 
colonies,  where,  of  course,  there  are  no  British 
consuls.  The  same  necessity  exists  for  bringing  the 
domestic  producer  and  the  distant  consumer  in  the 
colonies  into  closer  relation,  as  in  the  case  of  foreign 
countries.  Our  foreign  competitors  are  on  the  look- 
out to  secure  these  markets.  It  is  probable 
that  some  of  the  exhibits  in  next  year’s  Indian  and 
Colonial  Exhibition  in  London  may  be  available  for 
the  formation  of  such  a museum. 

In  conclusion,  we  would  suggest  that,  having  re- 
gard to  the  importance  of  the  matter  at  the  present 
time,  it  would  be  advisable  to  appoint  a Depart- 
mental Committee,  consisting  of  representatives  of 
the  Foreign,  Colonial,  and  India  Offices,  the  Trea- 
sury, and  the  Board  of  Trade,  to  obtain  the  views  of 
the  Chambers  of  Commerce,  and  of  other  associa- 
tions and  persons  interested  in  foreign  trade,  as  to 
the  propriety  of  establishing  a museum  or  museums 
of  the  kind  we  have  described,  and  such  committee 
should  also  advise  her  Majesty’s  Government  as  to 
the  necessary  details  of  establishment  and  expense. 

C.  M.  Kennedy. 

A.  E.  Bateman. 

November  3rd,  1885. 


Correspondence. 


MECHAMCAL  MOTORS  FOR  TRAMWAYS 

Mr.  A.  H.  Rowan  writes  with  reference  to  the 
note  on  p.  227  in  the  last  number  of  the  Journal, 
“ that  Mr,  W.  Rowan,  of  Berlin,  was  awarded  the 
gold  medal  for  his  tramway  car,  as  well  as  a silver 
medal  for  his  car  designed  for  secondary  railways.” 


MA  C FINER  Y IN  MINES. 

Mr.  Isaac  Shone,  of  4,  Westminster-chambers, 
writes  as  follows  respecting  the  discussion  on  Mr. 
Davey’s  paper : — 

The  power  that  can  be  obtained  from  i cubic  foot 
of  air,  compressed  to  54  lbs,  per  square  inch,  or 
7776  lbs,  per  square  foot  when  worked  without 
I 

expansion  would  be  7776  X = 1665  foot-lbs., 

467 

and  the  useful  effect,  therefore,  could  have  been 
1665  X 100 

45  per  cent. 

3692-4 
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If  the  construction  of  Mr.  Davey’s  air  compressors 
had  been  as  perfect  as  his  engines  and  pumps  appear 
to  have  been,  he  ought  to  have  had  a useful  effect  of 
45  X 85-62 

38-51  per  cent,  instead  of  the  I4‘27  per 

100 

cent,  actually  obtained.  This  difference,  therefore, 
can  only  be  due  to  defective  arrangements  in  the 
inlet  and  outlet  valves,  clearance  spaces  behind  the 
compressing  piston,  and  other  mechanical  defects, 
which  can  be  overcome  just  as  the  defects  in  water 
pumps  have  been  overcome  in  the  manner  Mr.  Davey 
so  interestingly  describes  in  his  paper. 

ISIr.  Baldwin  Latham,  in  discussing  INIr.  Davey’s 
paper,  committed  himself  to  some  extraordinary 
statements.  Restated: — “In  many  towns  air  had 
been  largely  used  in  connection  with  drainage  pur- 
poses, but  it  was  clearly  one  of  the  most  extravagant 
modes  of  transmitting  power  which  could  be  used, 
whilst  the  same  thing  could  be  done  by  water  at 
much  less  cost.” 

As  it  is  due  to  my  efforts  that  compressed  “ air 
has  been  largely  used  in  connection  with  drainage 
purposes,”  I may  be  allowed  to  presume  to  demur  to 
this  sweeping  denunciation  of  the  plan  which  I have 
initiated.  His  hearers  and  readers,  if  they  knew 
nothing  of  my  plan  of  utilising  compressed  air, 
would  naturally  think  it  was  identical  with  that 
which  obtains  in  mines,  whereas  it  is  not.  Mr.  Davey 
merely  recorded  evidences  of  the  use  of  compressed 
air  in  executive  engines,  the  friction  of  which, 
speaking  generally,  may  vary  from  10  per  cent,  to 
50  per  cent.  On  my  plan  there  is  no  executive 
engine  to  actuate.  The  air,  though  used  without 
expansion  in  my  pneumatic  sewage  ejector,  acts 
directly  on  ttiC  surface  of  the  sewage  within  it  just  as 
the  air  acts  on  the  pistons  of  Mr.  Davey’s  executive 
engines.  The  piston  in  my  case  is  the  sewage  to  be 
pumped  or  ejected,  and  the  friction  due  to  the  act  of 
expelling  a charge  of  sewage  out  of  the  ejector  is 
practically  7iil.  The  friction  due  to  the  delivery 
valves,  and  due  to  the  velocity  of  the  sewage  through 
my  rising  main,  would  be  the  same  as  it  would  be  if 
the  sewage  were  pumped  through  it  in  the  ordinary 
way,  and  not  ejected  by  pneumatic  pressure  directly 
applied. 

Mr.  Latham  stated  before  the  British  Association 
at  Southport  that  I could  not  hope  to  get  a greater 
efficiency  than  20  per  cent,  upon  my  plan,  and  by 
way  of  proving  that  this  statement  was  correct,  he 
actually  wrote  to  me  to  say  that  at  Warrington  I was 
using  air  compressed  to  27  lbs.  on  the  square  inch 
above  the  atmosphere  to  eject  the  sewage  10  feet  in 
height.  As  27  lbs.  on  the  square  inch  corresponds 
to  a water  column  of  62  feet,  Mr.  Latham  trium- 
phantly divided  this  by  10,  the  actual  lift,  and  got  at 
the  efficiency  of  my  plan  of  ejecting  sewage.  Con- 
sidering that  I only  want,  on  my  plan,  a pressure  of 
air  corresponding  exactly  to  the  lift,  plus  the  friction, 
it  is  not  difficult  to  see  how  ignorant  Mr.  Latham 
must  have  been  at  the  time  of  the  modus  operaiidi  of 


my  system.  As  a scientific  and  practical  matter  of 
fact,  the  efficiency  of  my  ejector  system  for  a lift  of 
10  feet  would  be  approximately  67*4  per  cent.,  and 
shortly  I shall  be  in  a position  to  demonstrate  the 
correctness  of  this  statement  through  the  instru- 
mentality of  works  of  sewerage  which  are  now  being 
constructed  on  my  system. 

Mr.  Latham  said  he  expected  a useful  effect  by  the 
employment  of  such  hydraulic  machinery  as  Mr. 
Davey  had  been  describing,  4^  times  greater  than 
could  be  obtained  from  air-compressing  machinery. 
Taking  this  assertion  in  connection  with  Mr.  Davey’s 
own  statements,  with  regard  to  the  economy  of  air- 
compressing machinery,  it  would  appear  that  Mr. 
Latham  expects  to  get  a useful  effect  of  1 10  per  cent, 
from  Mr.  Davey’s  hydraulic  machinery.  A result 
which  might  be  obtained  possibly  if  Mr.  Latham 
could  hit  upon  some  improvements  in  Mr.  Davey’s 
hydraulic  machinery  partaking  of  the  nature  of  per- 
petuum  mobile.  To  explain  this  contemplated  gain 
in  motive  power  Mr.  Latham  told  his  hearers  some- 
thing very  startling  about  the  expansion  of  air  when 
heated  260®.  All  other  authorities  agree  about  the 
fact  that  it  takes  490®  to  double  the  volume  of  a 
given  quantity  of  air  at  32°,  and  980®  to  expand  it 
three  times,  so  that  Mr.  Latham  will  have  to  make 
out  a very  strong  case  before  he  can  prove  his  asser- 
tions. The  generally  accepted  opinion  is  that  air 
expands  in  proportion  to  its  absolute  temperature, 
whatever  its  pressure  may  be. 

In  conclusion,  I would  advise  those  who  are  really 
interested  in  the  questions  raised  by  Mr.  Davey  as  to 
the  relative  efficiency  of  steam,  air,  and  water  as 
motive  power,  to  procure  a pamphlet  which  has  just 
been  issued  by  the  engineers  of  a compressed  air 
power  company  for  Leeds.  The  engineers  are  gentle- 
men of  well  known  scientific  and  practical  attain- 
ments. I refer  to  Messrs.  Arnold  Lupton,  C.E.  and 
M.E.,  M.Inst.C.E.,  and  John  Sturgeon,  M.I.M.E. 
This  pamphlet  will,  I venture  to  say,  put  quite  a 
different  phase  to  that  which  Mr.  Latham  would  put 
upon  compressed  air  and  water. 


MEETIAGS  OF  THE  SOCIETY. 
Ordinary  Meetings. 
Wednesday  evenings,  at  Eight  o’clock  : — 
February  10. — “ Mining  Industry  at  the  Buda- 
pest Exhibition.”  By  Bennett  H.  Brough. 

February  17. — “ Some  Points  in  Electrical  Dis- 
tribution.” By  Professor  George  Forbes. 

February  24. — “The  employment  of  Auto- 
graphic Records  in  Testing  Materials.”  By  Prof. 
W.  C.  Unwin. 

Foreign  and  Colonial  Section. 

Tuesday  evenings,  at  Eight  o’clock  : — 
February  16. — “ Present  state  of  the  Colonial 
Possessions  of  Great  Britain.”  By  Robert  James 
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Mann,  M.D.,  F.R.C.S.  The  Hon.  Sir  Saul 
Samuel,  K.C.IM.G.,  Agent-General  for  New 
South  Wales,  will  preside. 

March  2.— “ Becliuanaland  and  Austral  Africa.” 
By  John  AIackenzie,  late  Deputy  Commissioner  of 
Bechuanaland. 

Applied  Chemistry  and  Physics  Section. 
Thursday  evenings,  at  Eight  o’clock: — 
February  25. — “ Photography  and  the  Spectro- 
scope in  their  Application  t®  Chemical  Analysis.” 
By  Professor  W.  N.  Hartley,  F.R.S. 

Indian  Section. 

Friday  evenings,  at  Eight  o’clock  : — 
February  19. — “Historical  and  Recent  Famines 
in  India.”  By  F.  C.  Danvers,  Registrar  and 
Superintendent  of  Recoi'ds,  India-office.  J.  M. 
Maclean,  M.P.,  will  preside. 

Cantor  Lectures. 

The  Second  Course  will  be  on  “ Friction.” 
By  Prof.  H.  S.  Hele  Shaw. 

Lecture  IV. — February  8. — The  Methods  of  Re- 
ducing Friction. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  Feb.  §... SOCIETY  OF  ARTS,  John  - street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Prof.  H. 
S.  Hele  Shaw,  “ Friction.”  (Lecture  IV.) 

Surveyors,  12,  Great  George-street,  S W.,  8 p.m. 
Mr.  H.  B.  Hans  Hamilton,  “ Rights  of  Foreshore.” 

Geographical,  University  of  London,  Burlington- 
gardens,  W.,  8g  p.m.  Mr.  James  W.  Wells,  “ A 
Sketch  of  the  Physical  Geography  of  Brazil.” 

Inventors’  Institute,  27,  Chancery-lane,  W.C.,  8 p.m. 
Mr.  J.  T.  Mackie,  “The  Examination  of  the 
Patent  Office  of  Provisional  and  Final  Speci- 
fications.” 

Medical,  ii,  Chandos-street,  W.,  83  p.m. 

London  Institution,  Finsbur3'-circus,  E.C-,  5 p.m. 
Prof.  E.  Ray  Lankester,  “ Charles  Darwin  and 
his  Theor}-.”  (Lecture  II.) 

Tuesday,  Feb.  9. ..Rojml  Institution,  Albemarle-slreet,  W., 
3 p.m.  Dr.  R^.  Stuart  Poole,  “Naucratis— the 
Egyptian  Sources  of  Greek  Art.”  (Lecture  IV.) 

IMedical  and  Chirurgical,  53,  Berners-street,  Oxford- 
street,  W.,  8^  p.m. 

Civil  Engineers,  25,  Great  George-street,  .S.W., 
8 p.m.  I.  Discussion  on  ^Ir.  C.  E.  Strorne3'er’s 
paper,  “The  Injurious  Effect  of  a Blue  Heaton 
Steel  and  Iron.”  2.  Mr.  L.  F.  Vernon-Harcourt, 
“ The  River  Seine.” 

I holographic,  5A,  Pall-mall  East,  S.W  , 8 p.m. 
Annual  ilceting. 

Anthropological,  3,  Hanover-square,  W.,  p m.  i. 
Mr.  Horace  Darwin,  “Exhibition  of  Anthropo- 
metric Instruments  made  by  the  Cambridge  Scien- 
tific Instrument  Compan3'.”  2.  Mr.  Francis  Gallon, 
president,  “ Recent  Designs  for  Anthropometric 
Instruments.”  3.,  Prof.  A.  IMacalister,  “A  Skull 
from  an  Ancient  Burying  Ground  in  Kamts- 
chatka.”  4.  Dr.  J.  G.  Garson,  “The  Cephalic 
Index.” 

Colonial  Institute,  St.  James's  Banqueting-hall,  69, 
Regent- street,  W.,  8 p.m.  Mr.  Charles  Todd, 
“ Telegraphic  Enterprise  in  Australasia.” 


Wednesday,  Feb.  10.. .SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W^.C.,  8 p.m.  ^Ir.  George  H.  Brough, 
“ Mining  Industry  at  the  Buda-Pest  Exhibition.” 

Geological,  Burlington-house,  W.,  8 p.m.  i.  Mr.  R, 
Kidston,  “A  new  species  of  Psilotites  from  the 
Lanarkshire  Coal-field.”  2.  Mr.  W.  Hill  and  Mr. 
A.  J.  Jukes-Brownc,  “ The  ^Melbourne  Rock  and 
the  Zone  of  Bclemnitella  plani,  from  the  Cam- 
bridge to  the  Chilton  Hills.”  3.  Mr.  W.  Hill, 
“ The  Beds  between  the  L'pper  and  Lower  Chalk 
of  Dover,  and  their  comparison  with  the  Middle 
Chalk  of  Cambridgeshire.” 

Graphic,  Lmiversity  College,  W.C.,  8 p.m. 

Microscopical,  King's  College,  W.C  ,8pm.  Annual 
Meeting.  The  Presidential  Address  b3’  Rev.  Dr. 
Dallinger. 

Pharmaceutical, T 7. Bloom.sbury-square  W.C., 8 p.m. 
I.  Mr.  E.  M.  Holmes,  “ Tu vrbeki.”  2.  Mr.  E.  J. 
Eastes  and  Mr.  W.  H.  Ince,  “ Anab'sis  of  Tura- 
beki.”  3.  Mr.  W.  H.  Ince,  “ Modified  Extraction 
of  Apparatus.” 

Royal  Literary  Fund,  10,  John-street,  Adelphi, 
AV.C.,  3 p.m. 

Ro3’al  Society  of  Literature,  4.  St.  Martin’s-place, 
W.C.,  8 p.m. 

Civil  and  Mechanical  Engineers,  7,  Westminster- 
chambers,  S.W.,  7 p.m.  Mr.  C.  A.  Adam,  “Rail- 
way Stations.” 

Thursday,  Feb.  ii...Ro3'al,  Burlington-house,  W.,  4^  p.m. 

Antiquaries,  Burlington-house,  W.,  82  p m. 

London  Institution,  Finsbur3'-circus,  E.C.,  7 p.m. 
Mr.  F.  Galo,  “ Travelling  from  the  Da3'S  of  Eliza- 
beth to  the  Present  Time.” 

R03M  Institution,  Albemarle-strect,  AV.,  3 p.m. 
Prof.  W.  Chandler  Roberts  Austen,  “ Metals  as 
affected  by  Small  Quantities  of  Impurities.’^ 
(Lecture  III.) 

Telegraphic  Engineers  and  Electricians,  25,  Great 
George-street,  S.AV.,  8 p.m.  Discussion  on  Prof. 
D.  E Hughes’s  paper,  ‘ Self-Induction  of  an  Elec- 
tric Current  in  Relation  to  the  Nature  and  Form 
ef  its  Conductor.” 

Mathematical,  22,  Albermarle- street,  AV.,  8 p.m. 

Friday,  Feb.  12. ..United  Senice  Institute,  AA'hitchall-3’ard, 
3 p.m.  Alajor  C.  Arundel  Barker,  “ Som.e  Sug- 
gestions as  to  the  better  training  of  our  Infantry.” 

Ro3’al  Institution,  Albemarle-street,  AA^.,  8 p.m. 
AA'eekly  Aleeting,  9 p.m.  Professor  Osborne 
Reynolds,  “ Experiments  showing  Dilatancy,  a 
property  of  Granular  Material,  possibly  connected 
with  Gravitation.” 

Astronomical,  Burlington-house,  AA’’.,  3 p.m  Annual 
Meeting 

Civil  Engineers,  25,  Great  George-street,  S.W  , 
p.m.  iStudents’  Aleeting.)  Air.  A.  S.  B.  0akle3*, 
“ Gold-Alining  in  the  A\’3-naad,  Southern  India.” 

Quekett  Alicroscopical  Club,  L^niversity  College, 
AV.C.,  8 p.m. 

Clinical,  53,  Berners-street,  AV.,  8^  p.m. 

New  Shakspere,  L'niversit3'  College,  AV.C.,  8 p.m. 
I.  Rev.  AV.  A.  Harrison,  “ AVilliam  Herbert  and 
Alary  Fitton  in  connection  with  Shakspere’s 
Sonnets.”  2.  Air.  P.  Lillwood  Round,  “ The  Play 
of  Pericles.” 

Saturday,  Feb.  13  ...  Ro3'al  Institution,  Albemarle-street, 
W.,  3 p.m.  Prof.  A.  Geikie,  “The  History  of 
Volcanic  Action  in  the  British  Isles.”  (Lecture  III.) 

Ph3-sical  Science  Schools,  South  Kensington,  S.AV., 
3 p.m.  Annual  General  Aleeting.  Prof.  U.  S. 
Pickering,  “ Experimental  Error  in  Calorimetrical 
A\’’ork  ; ” and  “ Delicate  Calorimetrical  Thermo- 
meters.” 

r otanic,  Inner  Circle,  Regent’s- park,  N.W.,  3I  p.m. 
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FRIDAY,  FEBRUARY  \2,  1886. 


A ll  communtcahons  Jot  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelpht,  London,  W.C. 


NOTICES. 

♦ 


MUSICAL  PITCH. 

The  Council  having  had  under  consideration 
the  subject  of  the  Society  of  Arts’  Musical 
Pitch,  referred  the  matter  to  a Committee, 
which  has  reported  as  follows  : — 

“ The  Committee  are  of  opinion  that  the 
reasons  which  determined  the  decision  of  the 
Committee  that  in  i860  recommended  the  Pitch 
since  known  as  the  Society  of  Arts’  Pitch  (C  = 
528),  have  now  lost  their  force  ; seeing  that  in 
i860  the  French  Pitch  {A  =435  or  C = 5i7'3) 
was  only  just  established,  and  was  under  trial, 
so  that  there  was  no  objection  to  the  proposal 
of  another  Pitch  in  competition  with  it. 

“ The  French  Pitch  has  now  been  established 
for  twenty-five  years,  and  has  been  adopted  in 
many  other  countries,  including  Germany, 
Belgium,  Italy,  and  Austria,  it  having  been 
formally  adopted  by  the  Government  of  the 
last-named  country  as  recently  as  November 
last  at  the  International  Conference  at 
Vienna. 

“ The  Committee  think  it  would  be  a pity  to 
cause  a schism  for  the  sake  of  a few  vibrations, 
and  that  the  Society  would  do  well  to  abandon 
the  Pitch  known  as  the  Society  of  Arts’  Pitch, 
and  to  make  public  announcement  of  the 
fact. 

“ They  also  recommend  that  the  influence  of 
the  Society  should  be  employed  in  furthering 
the  adoption  of  the  French  Pitch.” 

At  their  last  meeting,  the  Council  decided 
to  adopt  the  recommendations  of  the  Com- 


mittee, and  to  give  up  any  attempt  to  ensure 
the  adoption  of  the  Pitch  known  as  the  Society 
of  Arts’  Pitch.  The  Council  have  adopted 
this  course  in  the  hope  of  clearing  away  what 
might  otherwise  be  an  obstacle  to  the  adoption 
of  a uniform  Pitch. 


CANTOR  LECTURES. 

On  Monday  last,  the  8th  inst..  Professor 
H.  S.  Hele  Shaw  delivered  the  fourth  and 
last  lecture  of  his  course  on  ” Friction,” 
which  was  devoted  to  the  consideration 
of  the  methods  of  reducing  friction. 
A vote  of  thanks  to  the  lecturer  was 
carried  unanimously  on  the  motion  of  the 
Chairman. 

The  lectures  will  be  printed  in  the  Journal 
during  the  summer  recess. 


Proceedings  of  the  Society. 

♦- 

TENTH  ORDINARY  MEE2ING. 

Wednesday,  Feb.  10,  1886 ; Warington 
W.  Smyth,  M.A.,  F.R.S.,  in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society  : — 

Beadle,  Charles,  Belvedere,  Kent. 

Wheen,  Francis,2i,  Norfclk-square,  \V. 

White,  John  Samuel,  Clarence-house,  East  Cowes- 
park,  Isle  of  Wight. 

The  following  candidates  were  balloted  for 
and  duly  elected  members  of  the  Society  : — 

Blagden,  William  George,  i,  Fenchurch- avenue, 

E.C. 

Blair,  John,  Elmslie,  Kilmarnock. 

Hudson,  John  G.,  18,  Aytoun-road,  Glasgow. 
Morice,  Beaumont,  LL.B.,  2,  Garden-court,  Tern  pie, 
E.C.,  and  Trefilys,  Erith,  Kent. 

Pogson,  William  Norman,  Nungumbauhum, 
Madras. 

Robinson,  Walter,  Forehill,  Ely. 

Short,  John  Young,  49,  West  Sunniside,  Sunder- 
land. 

Smith,  Fred  Snow,  Yeadon,  near  Leeds. 

Trubshaw,  Charles,  Midland  Railway  Company, 
Derby. 

The  paper  read  was — 
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THE  MINERAL  RESOURCES  OF  HUN- 
GARY, AS  SHOWN  AT  THE  BUDAPEST 

EXHIBITION. 

By  Bennett  H.  Brough, 

Assoc.  R.S.M.,  E.G.S.,  F.C.S. 

On  May  4th,  1885,  was  opened  in  London 
the  International  Inventions  Exhibition,  the 
latest  of  the  long  series  of  exhibitions  held  in 
England  since  I85T.  On  the  same  day  the 
first  national  Hungarian  Exhibition  was 
opened  at  Budapest.  On  August  23rd,  two 
soldiers  were  admitted  with  one  ticket — the 
military  paying  only  half-price — and  were, 
greatly  to  their  astonishment,  immediately 
taken  into  custody  by  the  director  of  the 
exhibition  and  the  police,  and,  being  con- 
ducted to  the  director’s  office,  were  presented 
with  100  lottery  tickets,  worth  100  florins,  which 
gave  each  of  the  two  men  50  chances  of 
winning  100,000  florins,  this  gift  having  been 
reserved  for  the  holder  of  the  millionth  ticket 
issued.  Considering  that  Budapest  lies  out  of 
the  beaten  track  of  tourists,  and  that  no 
notice  was  taken  of  the  exhibition  by  the  in- 
habitants of  the  Austrian  half  of  the  Monarchy, 
the  fact  that  a million  persons  visited  the 
exhibition  in  120  days  is  a proof  of  the  attrac- 
tion of  the  first  national  exhibition. 

The  necessity  that  every  civilised  country  is 
under  to  keep  pace  with  the  progress  made 
by  the  rest  of  the  world,  had,  previous  to  1885, 
induced  the  Hungarians  to  hold  industrial 
exhibitions,  though  on  a small  scale,  at 
various  places  in  the  kingdom.  Small  in- 
dustrial exhibitions  were  held  in  1872  at 
Kecskemet,  in  1876  at  Szegedin,  and  in  1879 
at  Stuhlweissenburg.  And,  since  the  Inter- 
national Exhibition  of  1851,  Hungary  has 
been  represented,  either  independently  or  in 
conjunction  with  Austria,  at  most  of  the  In- 
ternational Exhibitions  ; for  example,  at  Paris 
in  1855,  1867,  and  1878,  at  London  in  1862, 
and  at  Vienna  in  1873  ; thus  showing  the 
world  the  steady  desire  of  the  country  for 
progress. 

After  the  success  of  the  Stuhlweissenburg 
industrial  exhibition,  there  was  a general  wish 
expressed  for  an  exhibition  on  a large  scale, 
which  should  show  the  agricultural  and  mining 
resources  of  the  country  and  the  present  state 
of  science  and  art  in  Hungary— in  short,  for 
an  essentially  national  exhibition.  It  was 
evident  that  such  an  exhibition  could  be  held 
only  in  the  rapidly  growing  capital,  Budapest ; 
and,  the  popular  wish  being  supported  by  the 
Government,  a Commission  was  appointed  by 


the  Minister  of  Agriculture,  Trade,  and  Com- 
merce, to  organise  it. 

The  town  park  fvdrosligetj,  the  site  chosen 
for  the  exhibition,  was  the  most  favourable 
imaginable,  both  on  account  of  its  natural 
beauties,  and  from  the  fact  of  its  being  easily 
accessible.  The  area  covered  by  the  exhibition 
was  358,800  square  yards  ; of  this  space  79,194 
square  yards  were  built  over.  The  number  of 
exhibitors  amounted  to  8,601.  The  exhibits 
were  divided  into  32  groups  : — i,  agriculture  ; 
2,  vineyards  and  gardens;  3,  live  stock;  4, 
animal  products  ; 5,  forestry  ; 6,  mining  and 
metallurgy  ; 7,  chemical  industry  ; 8,  food  ; 9, 
wine;  10,  pottery;  ii,  iron  industry;  12,  wood; 
13,  leather  ; 14,  paper;  15,  textile  fabrics  ; 16, 
clothes;  17,  furniture;  18,  jewellery ; 19,  photo- 
graphy and  printing  ; 20,  music  ; 21,  scientific 
apparatus;  22,  architecture;  23,  vehicles;  24, 
machinery;  25,  locomotion;  26,  naval  archi- 
tecture; 27,  volunteer  equipments;  28,  health; 
29,  house  industry  ; 30,  technical  education  ; 
31,  public  education;  32,  art. 

The  awards  were  made  by  a grand  jury 
consisting  of  570  members.  In  order  to 
simplify  their  work,  and  to  avoid  all  petty 
jealousy,  only  one  class  of  medal  was  awarded — 
the  bronze  medal  with  the  inscription  Erdem 
jeleuL  (award  of  merit) ; each  medal  being 
accompanied  by  a diploma.  One  hundred 
special  diplomas  of  honour  were  also  awarded. 
The  office  of  juror,  as  a post  of  honour,  being 
considered  the  highest  award,  the  jurors  were, 
of  course,  hors  de  concours.  Special  medals 
and  diplomas  were,  however,  awarded  to  them 
and  to  the  staff. 

It  may  be  mentioned,  by  the  way,  that  the 
transfer  of  season  tickets  and  jurors’  passes 
was  successfully  prevented  by  employing  a 
novel  form  of  ticket.  These  tickets  were  of 
leather ; on  one  side  the  name  of  the  holder 
was  given,  and  on  the  other  side  was  fastened 
his  photograph,  twice  stamped  by  the  exhi- 
bition authorities. 

It  has  been  questioned  whether  the  exhibition 
could  be  called  strictly  national.  The  inter- 
national portion  was  very  small,  and  consisted 
only  of  machines  and  tools  necessary  for  the 
manufacture  of  Hungarian  articles  of  industry, 
and  agricultural  machines  of  new  or  improved 
construction.  A special  feature  of  the  exhi- 
bition, too,  was  the  Oriental  Pavilion,  in  which 
Servia,  Roumania,  and  Bulgaria  were  repre- 
sented. This  exhibit  was  of  value  as  an  in- 
centive to  commerce  between  Hungary  and 
her  eastern  neighbours.  Lastly,  in  a special 
pavilion,  products  were  exhibited  showing  the 
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resources  of  Bosnia  and  Herzegovina.  These 
provinces  are  now  under  the  protection  of  the 
Austro-Hungarian  Monarchy,  so  the  exhibit 
could  hardly  be  considered  out  of  place  in  a 
Hungarian  exhibition. 

It  is,  thus,  evident  that  the  Hungarian 
Exhibition  of  1885  had  a purely  national 
character ; the  few  subordinate  international 
sections  being  absolutely  necessary  in  the 
interest  of  the  further  development  of  Hun- 
garian industry.  The  best  evidence  for  the 
national  character  of  the  exhibition  is  the  fact 
that  the  labels  on  almost  all  the  exhibits  were 
written  in  the  Hungarian  language  only. 

The  exhibits  relating  to  mining  and  metal- 
lurgy  justly  occupied  a prominent  position  in 
the  exhibition.  When  the  vast  value  of 
mineral  resources  is  considered,  it  becomes  a 
matter  of  the  utmost  importance  that  their 
extent,  variety,  and  character  should  be  made 
known.  The  rich  mineral  resources  of  the 
country  were  fully  shown,  including  those  which 
await  further  development  and  promise  to  open 
up  a lucrative  field  for  foreign  capital  and 
adventure.  Indeed,  this  field  seems  to  be  in- 
exhaustible, for  although  Hungarian  mining 
is  so  ancient  as  to  have  been  carried  on  by 
the  Romans,  new  deposits  are  still  being 
constantly  discovered. 

All  mineral  deposits  of  technical  value  are 
the  property  of  the  Crown,  and  prospecting 
can  only  be  undertaken  with  the  permission  of 
the  mining  authorities,  whose  duty  it  is  to  see 
that  all  mining  operations  are  legally  carried 
out.  A number  of  the  most  valuable  mines 
are  worked  by  the  State. 

The  objects  exhibited  in  Group  VI.  (mining 
and  metallurg)^)  were  distributed  through  twelve 
buildings  : — i.  Hall  for  mining,  metallurgy  and 
geology,  containing  the  exhibits  of  the  private 
mines  and  works,  and  the  collective  exhibit  of 
Hungarian  mining  and  metallurgical  products ; 
2,  Croatian-Slavonian  Pavilion;  3,  Pavilion  of 
the  Rimamurany-Salgotarjan  Ironworks ; 4, 
Pavilion  of  the  Kronstadt  Mining  and  Smelt- 
ing Company;  5,  the  Pavilion  of  the  Royal 
Hungarian  Iron  and  Steelworks,  at  Diogyor ; 
6,  Pavilion  of  the  Hungarian  Asphalt  Com- 
pany; 7,  Pavilion  of  the  Austro-Hungarian 
State  Railway,  exhibiting  products  from  its 
mines  and  works  in  Lower  Hungary ; 8,  Bela 
Zsigmondy’s  exhibit  of  appliances  for  deep 
boring ; 9,  Pavilion  of  the  Archduke  Albrecht, 
showing  specimens  from  the  Bindt  mines,  and 
from  the  Marienhiitte  Ironworks  ; 10,  Pavilion 
of  the  Danube  Steam  Navigation  Company, 
showing  specimens  from  their  collieries  at 


Fiinfkirchen,  Szabolcs,  Somogy,  and  Vasas ; 
II,  Pavilion  of  the  Royal  Hungarian  Finance 
Minister,  with  exhibits  from  the  State  mines 
and  works  ; 12,  Count  Schonborn-Buchheim’s 
exhibit  from  his  mines  and  works. 

The  exhibit  of  the  Royal  Hungarian 
Geological  Survey  should  first  be  mentioned. 
This  consisted  of  eight  series  of  geological 
maps,  nine  publications,  and  five  collections 
of  fossils,  rocks,  building  stones,  clays,  &c. 
From  the  maps  exhibited  it  was  seen  that  the 
geological  constitution  of  the  Hungarian 
mountains  is,  as  a rule,  similar  to  that  of  the 
Alps ; the  basis  being  formed  sometimes  of 
granite  and  crystalline  schists,  and  sometimes 
of  mesozoic  rocks,  on  which  the  Tertiary  rocks 
abut.  Palaeozoic  formations  are  represented 
only  on  a small  scale,  whilst  the  mesozoic 
rocks  have  a large  development.  Diluvial, 
deposits  fillup  the  great  plain  out  of  which  the 
mountains  rise. 

With  reference  to  mining,  Hungary  takes 
undoubtedly  a prominent  place  among  the 
countries  of  Europe.  It  possesses  inex- 
haustible deposits  of  rock  salt,  iron  ore,  and 
coal,  as  w’ell  as  rich  metalliferous  veins,  which 
were  extensively  mined  in  ancient  times.  Of 
late  years  ordinary  metal  mining  has  been  in 
a depressed  state ; but  great  progress  has. 
been  made  in  the  iron  and  coal  industries. 

The  districts  where  metalliferous  veins  are 
worked  are  Schemnitz  and  Kremnitz,  Upper 
Hungary,  Nagybanya,  Transylvania,  and  the 
Banat. 

The  gold  and  silver  mines  of  Schemnitz 
occupy,  with  regard  to  age,  extent,  and  pro- 
duction, the  first  place  among  the  mining 
works  of  Hungary,  and  may  be  reckoned 
among  the  most  celebrated  mines  of  the 
world.  The  origin  of  these  mines  dates,, 
according  to  tradition,  back  to  the  eighth 
century,  and  their  existence  in  the  eleventh 
century  is  proved  by  authentic  documents. 
On  account  of  the  constant  dissensions  in  the 
country,  the  working  of  the  mines  suffered 
considerably,  and  it  is  only  since  the  i6th 
century  that  a regular  management  has  pre- 
vailed. In  1690  these  mines  produced  nearly 
17,00002.  of  gold. 

The  Schemnitz  district  is  particularly  in- 
teresting on  account  of  its  complicated  geo- 
logical character,  as  well  as  the  extreme  age 
of  its  mines.  These  facts  have  called  forth  a 
considerable  amount  of  literature  on  the  sub- 
ject, one  of  the  earliest  writers  being  J.  B. 
Merin  (“Churchill’s  Collection  of  Voyages 
and  Travels,”  1704,  vol.  iv.,  pp.  822 — 828), 
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who  describes  a visit  to  the  Schemnitz  mines 
in  1615.  His  account,  though  giving  an  in- 
teresting picture  of  the  state  of  mining  at 
that  date,  can  hardly  be  considered  scienti- 
fically accurate,  as  he  gives  great  prominence 
to  the  appearance  in  the  mine  of  “ demons  in 
the  shape  of  little  negro  boys.”  The  latest 
contribution  to  our  knowledge  of  Schemnitz  is 
a new  map  of  the  district  which  has  just  been 
completed  by  the  Hungarian  Geological  Sur- 
vey, the  first  proof  of  w'hich  was  shown  at 
;the  exhibition.  The  map  has  been  brought 
out  under  the  direction  of  Professor  J.  Szabo, 
and  is  essentially  of  a mining  character,  the 
outcrops  of  the  lodes  and  all  abandoned 
mines  being  carefully  shown.  It  is  coloured 
according  to  the  international  scheme  of 
colours.  In  addition  to  the  field  mapping,  a 
great  number  of  typical  rock  specimens  were 
collected  and  examined  microscopically  ; and 
the  results  obtained  naturally  throw  consider- 
able fresh  light  on  the  geological  nature  of 
the  district.  The  lodes  may  be  divided  into 
two  groups  : — (i.)  The  Schemnitz  group,  in 
biotite-trachyte  (formerly  termed  greenstone- 
trachyte)  ; and  (2)  the  Hodritsch  group  in 
normal  biotite-orthoclase-trachyte  (formerly 
known  as  syenite).  The  Schemnitz  lodes 
course  in  a north-east  south-west  direction, 
parallel  to  one  another,  and  dip  45°  to  80° 
towards  east.  They  are  filled  with  decom- 
posed trachyte,  quartz,  or  calcspar,  contain- 
ing auriferous  silver  and  lead  ores,  iron  and 
copper  sulphides,  and  zinc  blende.  The 
Spital  lode  is  the  richest.  It  has  a thickness 
of  30  yards  to  40  yards,  and  has  been  proved 
for  a distance  of  5 miles,  and  to  a depth  of 
360  yards.  In  the  northern  portion  of  this 
lode,  native  gold,  argentiferous  and  auriferous 
galena,  and  copper  pyrites  are  found ; whilst 
in  the  south-west  portion,  in  the  neighbour- 
hood of  Windschacht,  the  ores  are  principally 
silver. 

The  Hodritsch  veins,  the  width  of  which 
varies  from  a few  inches  to  several  yards,  con- 
tain principally  silver  ores ; the  lode-mass 
consisting  of  quartz,  calcite,  and  fragments  of 
the  country  rock. 

In  the  Schemnitz  district,  the  highest  work- 
ing is  2,950  feet,  and  the  lowest  600  feet  above 
the  sea-level.  The  workings  were  begun  by 
the  old  miners  by  means  of  shafts  sunk  in  the 
outcrops  of  the  veins ; but  as  these  became 
deeper,  main  adit-levels  had  continually  to  be 
driven  at  greater  depths  to  drain  them.  The 
oldest  main -adit  is  the  Bieber  adit,  which  was 
begun  in  the  fourteenth  century,  1,950  feet 


above  the  sea-level,  and  is  now  9,400  yards 
long.  The  Heilige  Dreifaltigkeit  adit,  begun 
in  1549,  1,800  feet  above  the  sea-level,  is  now 
I5GOO  yards  long.  The  Kaiser  Franz  adit 
was  begun  in  1494  under  the  name  of  the 
Handel  Hodritsch  adit,  1,380  feet  above  sea- 
level,  and  is  now  15^  miles  long.  The  Kaiser 
Joseph  II.  adit,  begun  in  1782  at  a height  of 
730  feet  above  sea-level,  is  now  the  deepest 
discharge  for  the  Schemnitz  mine  waters.  The 
total  length  of  this  adit  is  ii  miles. 

The  total  length  of  levels  driven  on  the  lodes 
is  230  miles,  but  of  this  total  only  90  miles 
can  be  used.  For  transporting  the  ores  along 
the  levels,  there  are  employed  50,340  yards  of 
iron  rails,  and  42,910  yards  of  wooden  rails. 
On  the  iron  rails,  the  ore  is  transported  in 
i6-cwt.  trucks  drawn  by  horses  or  men.  On 
the  wooden  rails,  the  Hungarian  trucks 
(Hunde)  are  still  in  use.  These  Hinide,  or 
dogs,  were  so  called,  according  to  Agricola,* 
on  account  of  the  barking  noise  made  by  the 
wheels.  The  truck  has  two  large  wheels  and 
two  small  front  wheels  ; the  wheels  being 
fastened  to  a beam  passing  under  the  centre 
of  the  base  of  the  truck.  The  centre  of  gravity 
of  the  full  truck  is  thus  above  the  large  wheels. 
A very  slight  pressure  on  the  handle  at  the 
back  of  the  truck  is  sufficient  to  raise  the 
front  wheels,  at  the  same  time  the  truck  is 
propelled  forwards  along  the  wooden  rails,  so 
that  it  runs  only  on  two  wheels,  but  stands  on 
four.  Described  by  Agricola  in  the  middle 
of  the  sixteenth  century,  these  trucks  have  re- 
mained in  use  unaltered  to  the  present  time. 

For  winding  in  the  shafts,  there  are  in  use 
5 steam-engines  with  a total  horse-power  of 
150,  2 hydraulic  engines,  2 turbines,  3 water- 
wheels, and  7 horse-whims.  The  deepest 
shaft  is  the  Amalia  shaft,  1,770  feet  deep. 
Nine  shafts  are  provided  with  cages.  For 
pumping,  there  are  3 steam-engines,  and  i 
hydraulic  engine.  The  compressed  air  for 
working  the  rock-drills  is  provided  by  5 air- 
compressors  ; and,  in  the  mines,  20  rock- 
drills  are  in  use.  For  dressing  the  ores,  there 
are  1,134  heads  of  stamps,  i pair  of  rolls,  293 
percussion  tables,  2 jigging  machines,  6 
stationary,  and  6 revolving  buddies.  In  the 
works  of  the  district  2,500  men  and  350  boys 
are  employed ; the  average  daily  wages  of  the 
men  being  is.  6d.,  and  of  the  boys  3d.  In 
the  year  1883,  there  was  produced  2,800  tons 
of  ore  ready  for  smelting,  and  50,000  tons  of 

* “ Quoniam  uero  cum  mouetur,  sonu  efficit,  qui  nonnullis 
uisus  canum  latratui  similis,  canem  uocarunt.”  De  n 
7netallica.  1566.  Lib.  VI.,  p.  113. 
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ore  for  stamping’.  From  these  were  obtained 
3,85802s.  of  gold,  138,245  ozs.  of  silver,  17 
tons  of  copper,  and  820  tons  of  lead.  The 
ores  are  treated  at  the  Schemnitz  smelting 
works,  and  the  auriferous  silver  obtained  is 
further  treated  at  the  Kremnitz  mint. 

The  dressing  works  at  Schemnitz  were  con- 
structed by  Rittinger,  and  are  well  arranged. 
The  most  recent  innovation  is  a second  stamp- 
ing of  the  ore  ; all  that  does  not  pass  through  a 
^in.  mesh  being  automatically  treated  again. 
At  the  Ribnik  dressing  floor,  there  is  a battery 
of  three  American  iron  stamps,  the  weight  of 
each  being  900  lbs.  Three  of  these  stamps  do 
as  much  work  as  twelve  wooden  ones.  They 
are,  however,  not  considered  perfectly  satis- 
factory ; the  continuous  wooden  stamps  being 
preferred.  The  Salzburg,  or  Lower  Hungarian 
percussion  table,  is  also  found  to  be  better  than 
the  Rittinger  continuous  percussion  table. 

At  Windschacht,  near  Schemnitz,  there  is  a 
central  mine  surveying  o&ce{AIarjisc/ieiIerei), 
where  the  plans  of  the  mines  of  the  district  are 
made  and  preserved.  The  surveys  are  made 
with  far  greater  precision  than  is  usual  in  this 
country  or  in  Germany,  and  the  plans  contain 
much  information  of  permanent  value.  This 
office  showed  at  the  exhibition  an  interesting 
collection  of  new  forms  of  instruments,  includ- 
ing the  theodolite,  invented  by  Professor 
Chrismar,  provided  with  a stand  which  can 
be  clamped  across  the  level,  allowing  the 
mine  trucks  to  pass  underneath.  A survey 
can  thus  be  made  without  interfering  with  the 
ordinary  work  of  a mine.  There  was  also 
exhibited  an  interesting  collection  of  plans 
showing  Pech’s  new  method  of  preparing  mine 
plans. 

To  the  Schemnitz  district  belongs  that  of 
Kremnitz,  where  a mass  of  trachyte,  3,600 
yards  long  and  1,200  yards  broad,  is  traversed 
throughout  its  entire  length  by  a main  lode 
10  to  30  yards  wide. 

The  Gomor-Zips  ore  mountains  in  Upper 
Hungary  contain  numerous  lodes,  and  consist 
of  granite,  crystalline  schist,  red  sandstone, 
and  Triassic  limestone,  with  melaphyre,  ser- 
pentine, and  gabbro.  The  latter  is  of  special 
importance,  as  at  Dobschau  it  contains  rich 
nickel  and  CDbalt  ores.  The  lodes  of  these 
mountains  occur,  for  the  most  part,  in  crystal- 
line schist,  more  rarely  in  granite  or  gabbro. 
With  reference  to  the  ores  occurring,  the 
mountain  chain  may  be  divided  into  three 
groups: — I.  Between  Hernad  and  Gollnitz, 
with  copper  ores  and  spathic  iron  ore.  2. 
Between  Gollnitz  and  the  Sajo,  with  cobalt  and 


nickel  at  Dobschau,  and  antimony  and  copper 
ores  at  Schmollnitz.  3.  The  portion  of  the 
chain  south  of  the  Sajo,  with  brown  haematite 
and  spathic  iron  ore.  In  the  Lower  Tatra 
Mountains,  at  Herrengrund,  the  locality  cele- 
brated for  aragonite  and  celestine  crystals, 
irregular  deposits  of  tetrahedrite  and  copper 
pyrites  occur.  Similar  deposits  occur  at 
Libethen  and  Magurka.  These  are  fully 
described  by  Mr.  J.  Arthur  Phillips.  (“  Ore 
Deposits,”  1884,  p.  337.) 

The  centre  of  the  Nagybanya  mining  district 
is  the  town  of  Nagybanya,  where  numerous 
lodes  occur  in  the  trachyte.  These  lodes, 
which  have  an  average  thickness  of  two  yards, 
contain  auriferous  pyrites,  native  gold,  ruby 
silver  ore,  native  silver,  galena,  tetrahedrite, 
and  antimonyore.  Important  lodes  also  occur 
at  Felsobanya  and  Kapnikbanya. 

The  oldest  rock  of  the  Transylvanian  mining 
district  is  crystalline  schist,  above  which  is 
deposited  mesozoic  limestone  and  tertiary 
sandstone.  Out  of  this  burst  various  eruptive 
rocks,  which  are  traversed  by  gold  veins,  con- 
taining gold,  either  free  orassociated  with  tellu- 
rium and  sulphur.  The  most  important  mines 
of  this  district  are  at  Offenbanya,  Nagyag, 
Vorospatak,  and  Zalathna ; Vorospatak  yield- 
ing the  largest  amount  of  gold.  The  largest 
quantity  of  gold  is  found  where  the  rock  is  of 
average  grain,  and  where  the  vertical  main 
lodes  intersect  the  veins  with  slight  dip.  The 
gold  occurs  in  veins  four  inches  to  two  feet  in 
width,  in  leaves,  or  in  needles,  or  coarsely  dis- 
seminated, and  is  mostly  crystalline.  The 
private  mines  divide  the  product  into  three 
classes: — (i.)  Gold  stuff,  in  which  the  gold 
may  be  seen  with  the  naked  eye.  This  is 
pounded  in  mortars,  and  the  free  gold  extracted 
from  the  slime,  and  amalgamated ; the  slime 
being  dissolved  at  the  royal  works  at  Zalathna. 
(2.)  Best  ore,  in  which  invisible  auriferous 
silver  occurs  mixed  with  tetrahedrite,  galena, 
and  iron  pyrites.  These  ores,  when  sorted,  are 
sent  to  the  Zalathna  works.  (3.)  Stamp  ore, 
in  which  the  proportion  of  auriferous  silver  in 
100  tons  varies  from  to  32  oz.  These  ores 
are  stamped  in  a primitive  manner,  with  stamps 
weighing  100  lbs.  to  140  lbs. ; the  stamp-heads 
being  composed  of  hard  quartz  blocks.  The 
value  of  the  auriferous  silver  annually  pro- 
duced in  the  Abrudbanya-Vordspatek  district 
amounts  to  one  million  florins. 

At  the  Zalathna  smelting  works,  the  ores, 
essentially  iron  pyrites,  are  roasted ; the 
sulphur  fumes  being  utilised  for  the  production 
of  sulphuric  acid.  The  roasted  ores  are  then 
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run  for  coarse  metal  in  blast  furnaces.  The 
coarse  metal  is  ground,  and  digested  with 
dilute  sulphuric  acid;  sulphuretted  hydrogen 
being  evolved.  Sulphur  is  obtained  from  the 
sulphuretted  hydrogen  by  the  action  of 
sulphurous  anhydride  and  calcium  chloride  ; 
from  the  clear  solution  iron  vitriol  is  obtained 
by  crystallisation.  The  residue,  containing  a 
little  unaltered  coarse  metal  and  all  the  gold, 
silver,  copper,  and  lead,  is  treated  for  lead. 
The  argentiferous  lead  obtained  is  cupelled, 
and  the  auriferous  silver  obtained  is  sent  to  the 
Kremnitz  mint.  Tellurium  is  obtained  from 
the  rich  Nagyag  ores,  by  boiling  with  sulphuric 
acid,  pouring  the  mass  into  water,  and  allow- 
ing it  to  become  clear.  On  adding  hydro- 
chloric acid,  there  is  formed  insoluble  silver 
chloride,  and  tellurium  chloride,  which  remains 
in  solution.  On  adding  zinc  to  the  solution, 
crude  tellurium  (90  per  cent.)  is  formed.  In 
order  to  obtain  pure  tellurium,  sulphuric  acid  is 
passed  for  a longtime  through  the  hydrochloric 
acid  solution  ; the  tellurium  being  then  pre- 
cipitated. This  process  has  been  recently 
described  by  Beaugey  (“Annales  des  Mines.” 
1884.  Vol.  vi.,  pp.  453-495). 

In  the  Banat  an  important  ore-belt  extends 
from  Moldova  in  a northerly  direction  for  a 
distance  of  fifty  miles.  In  this  belt,  various 
eruptive  rocks,  collectively  known  as  ba72atites, 
occur  in  contact  with  the  crystalline  schist. 
At  the  contact  of  these  rocks,  are  various  ore 
deposits,  w'hich  were,  at  one  time,  worked  on 
a large  scale.  With  the  exception  of  the  iron 
mines,  very  few  are  worked  at  the  present  time. 

Notwithstanding  the  enormous  abundance  of 
precious  metals  in  Hungary,  metal  mining 
continually  declines  here  as  in  the  rest  of 
Europe,  owing  to  the  infiuence  of  the  American 
and  Australian  production.  The  coal  and  iron 
industries,  on  the  other  hand,  have  rapidly 
increased. 

Coal  occurs  in  Hungary  in  the  following 
formations: — In  the  Carboniferous  formation, 
at  Eibenthal  and  at  Reschitza  ; in  the  Liassic 
formation  at  Doman-Reschitza,  Steierdorf- 
Anina,  Fiinfkirchen,  Berszaszka,  and  Ujvar- 
Torcsvar  in  Transylvania.  Brown  coal  occurs 
in  the  Cretaceous  formation,  at  Ajka,  Barod, 
and  Ruszka  ; and  at  a number  of  localities  in 
the  Eocene,  Oligocene,  and  Neogene  forma- 
tions. Altogether,  35  coal  deposits  are  worked 
in  Hungary  in  23  counties.* 

* A Hungarian  county,  a territorial  division  of  the  country  for 
adminstrative  purposes,  corresponds  to  an  English  one.  The 
Latin  name  Comiiaius  is  common  to  both.  The  identity, 
however,  is  disguised  by  the  Germans  who  call  an  English 
county  Grafschaft,  a Hungarian  country  Comitat. 


The  rock  salt  deposits  of  Hungary  ate 
second  to  none  in  Europe,  and  are  apparently 
inexhaustible ; the  most  important  being  ir> 
the  Maramaros  and  in  Transylvania.  To  the 
former  belong  the  Szlatina  salt  mines,  where 
the  extent  of  the  deposit  is  still  unknown.  The 
bed  is  worked  at  6 mines  ; the  quantity  of  salt 
available  being  estimated  at  18,000,000  tons. 
The  quantity  of  salt  available  from  the 
Ronaszek  bed,  which  is  also  worked  at  6 
mines,  is  estimated  at  22,000,000  tons.  The 
Sugatag  salt  bed  is  at  present  worked  at  3 
mines  ; the  quantity  of  salt  available  being 
estimated  at  25,000,000  tons.  In  Transylvania, 
at  Deesakna,  the  quantity  available  is  esti- 
mated at  800,000,000  tons,  that  of  the  Torda 
deposit  at  800,000,000  tons,  the  Maros-Ujvar 
deposit  at  100,000,000  tons,  and  the  Parajd 
deposit  at  95,000,000  tons.  In  addition  to 
these,  there  are  salt  beds  in  many  other  parts 
of  Hungary.  The  system  of  working  the  salt 
deposits  was  well  shown  at  the  exhibition  by  a 
series  of  large  models  executed  in  rock  salt. 
Fine  samples  of  the  salt  were  shown  at  the 
entrance  to  the  pavilion  of  the  Finance 
Minister  ; the  doorway  being  built  of  massive 
blocks  of  salt  representing  the  entrance  to  an 
adit  level.  On  either  side  were  large  obelisks 
of  rock  salt. 

Other  economic  minerals  were  well  repre- 
sented at  the  exhibition.  These  came  from  a 
great  number  of  localities,  and  included  fire- 
clay, china-clay,  pigments,  hydraulic  lime, 
quartz  sand  for  glass  manufacture,  and  build- 
ing stones  (limestone,  dolomite,  granite,, 
trachyte,  basalt,  mica  schist,  phyllite,  and 
sandstones).  Hungary  is  also  rich  in  precious 
stones.  Opal  is  found  at  Vorosvagas.  The 
largest  precious  opal  hitherto  found  is  from 
this  locality.  It  is  in  the  Vienna  museum, 
and  is  valued  at  2,000,000  florins. 

The  most  important  branch  of  industry  in 
Hungary  is  undoubtedly  that  of  iron.  An  ex- 
haustive report  has  been  recently  published 
by  A.  von  Kerpely  [Stahl  und  Eisen,  vol.  v. 
pp.  574-634),  on  the  iron  industry  of  Hungary 
as  shown  at  the  Budapest  Exhibition.  An 
abstract  of  this  report  will  appear  in  the  forth- 
coming volume  of  the  Journal  of  the  Iron 
and  Steel  Institute. 

With  reference  to  the  geological  age  of  the 
iron  ores,  and  the  nature  of  the  fuel,  five  dis- 
tinct groups  of  iron-producing  districts  may  be 
distinguished.  Of  these,  Transylvania  is  the 
first.  Here,  the  iron  industry  is  in  a very 
primitive  state ; but  the  enormous  Gyaler- 
Teleker  deposits  worked  by  the  Kronstadt 
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Company  insure  its  speedy  development. 
The  iron  mines  and  works  of  the  valleys  of  the 
two  Koros  rivers,  and  of  the  district  extending 
from  the  western  boundary  of  the  Maramaros 
to  the  Poprad  valley,  are  still  in  a very  low 
state  of  development.  Although  there  are 
large  deposits  of  ore,  and  abundance  of  good 
wood,  iron  is  produced  only  on  a very  small 
scale  and  in  a very  primitive  manner.  The 
iron  industry  of  the  eastern  portion  of  Hun- 
gary, the  valleys  of  the  Temes  and  Karas,  is 
of  the  greatest  importance.  In  this  district 
are  situated  the  celebrated  mines  and  works 
of  Anina  and  Reschitza.  The  iron  industry 
of  the  district  between  the  rivers  Hernad, 
Sajo,  and  Gran,  is  also  of  great  importance, 
both  on  account  of  its  present  large  production 
and  its  future  prospects. 

The  iron  industry  of  Hungary  has  made 
enormous  strides  within  the  last  twenty  years. 
From  the  year  1864  to  1883,  the  production  of 
pig-iron  has  increased  44  per  cent.  The 
increase  in  the  output  of  coal  has  been  still 
greater.  From  1864  to  1883,  the  increase  in 
output  was  157  per  cent.,  whilst  the  increase 
in  value  was  250  per  cent.  The  value  of  the 
brown  coal  produced  during  the  same  period 
increased  400  per  cent.  At  the  time  of  the 
exhibition  there  were  52  blast  furnaces  active 
in  Hungary,  with  a total  output  of  241,800  tons 
of  pig-iron  ; the  number  of  workmen  employed 
amounting  to  30,000.  The  Hungarian  iron 
industry  is  in  a prosperous  condition,  and  in 
the  interest  of  future  development  is  worthy, 
from  the  political  economist’s  point  of  view,  of 
powerful  support,  since  it  effects  an  annual 
circulation  of  34,000,000  florins.  The  present 
production  of  pig-iron  is  in  direct  proportion 
to  the  consumption,  which  in  Hungary  is 
250,000  tons  per  annum,  or  35  lbs.  per  head  of 
population.  In  Austria,  the  annual  consump- 
tion is  39  lbs.  per  head  of  population.  If  the 
consumption  of  iron  may  be  taken  as  a measure 
of  the  state  of  culture,  it  is  evident  that  this  is 
practically  the  same  in  both  halves  of  the 
Monarchy. 

There  are  vast  subterranean  stores  of  petro- 
leum in  the  sandstones  of  the  Carpathians, 
which,  however,  await  fuller  technical  know- 
ledge and  more  skilled  labour  to  be  satisfac- 
torily developed.  The  production  of  mineral 
oil  in  Hungary,  in  1870,  amounted  to  320  tons. 
The  production  decreased  year  by  year,  and  in 
1883  mineral  oil  w’as  raised. 

An  interesting  series  of  asphalt  products 
was  exhibited  by  the  Hungarian  Asphalt  Com- 
pany. The  mines  of  the  company  are  at 


Felso-Derna  in  Bihar  county ; the  crude 
asphalt  occurring  at  a depth  of  a few  yards 
beneath  the  surface.  The  annual  production 
is  8,000  tons  of  crude  asphalt,  giving  1,000  tons 
of  paving  asphalt,  300  tons  of  bitumen,  lOO' 
tons  of  pure  asphalt,  300  tons  of  mineral  oil, 
and  60  tons  of  asphalt  varnish. 

The  mining  and  metallurgical  industries  of 
Hungary  are  more  important  than  is  usually 
supposed.  The  official  statistics  mention  77S 
mines  and  works,  several  of  which  (^.^.  the 
State  Railway  Steelworks  and  the  Kronstadt 
works)  may  be  classed  with  foreign  works  of 
the  first  rank.  The  total  value  of  the  production 
of  the  mines  in  1883  was  more  than  32,000,000 
florins.  The  Hungarian  mining  and  metal- 
lurgical industries  are,  however,  far  from  being 
as  remunerative  as  might  be  expected  with  the 
amount  of  technical  knowledge  and  capital 
now  available,  for  the  reason  that  most  of  the 
undertakings  are  on  a small  scale,  and  are 
worked  with  little  outlay  and  few  workmen. 
A profitable  field  is  consequently  open  for 
western  capital  and  technical  skill. 

The  number  of  miners  and  smelters  in 
Hungary  in  1883  was  46,000.  The  area  of 
mining  concessions  was  145,000  acres,  of 
which  quantity  20,500  acres  belong  to  the 
State ; 91,000  acres  are  worked  for  coal,. 
24,000  acres  for  gold,  silver,  and  copper,  and 
22,200  acres  for  iron  ore.  The  condition  of 
the  mining  industry  may  be  seen  from  the 
following  statistics  : — The  length  of  the  mine 
railways  with  iron  rails  was  762,765  yards ; 
with  wooden  rails  443,785  yards.  For  winding 
machines  there  were  130  steam-engines,  176- 
water- wheels,  and  8i  horse -whims.  The 
number  of  pumping-engines  w^as  249,  of 
which  69  were  worked  by  steam,  77  by  water, 

8 by  horses,  and  95  by  man  power.  The 
workmen’s  pay  varies  in  the  different  mining 
districts,  for  men,  from  6d.  to  3s. ; for  women,. 
4d.  to  IS.  6d;  and  for  children,  3^d.  to  is.  8d., 
without  board. 

The  production  of  metals  in  Hungary  during 
the  years  1864  to  1883  was,  according  to- 
diagrams  prepared  for  the  exhibition  by  W, 
Bruimann,  as  shown  in  the  Table  on  the  next 
page. 

It  may  safely  be  said  that  no  Hungarian 
mining  or  metallurgical  product  was  omitted' 
from  the  National  Exhibition.  The  exhibitors 
in  most  cases  not  only  showed  specimens  of 
the  ores,  but  rendered  the  exhibit  more  in- 
structive by  adding  geographical  and  geolo- 
gical maps  of  the  district,  statistical  tables, 
models  of  furnace-,  photographs,  and  plans 
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Production  of  Metals  in  Hungary. 


Years. 

Gold. 

Silver. 

Copper. 

Lead. 

Zinc. 

Quicksilver. 

Cobalt  and 
Nickel. 

Iron  pyrites. 

Forge  pig 
iron. 

'5. 

§ 

5 •- 

0 

Coal. 

Brown  coal. 

troy  oz. 

troy  oz. 

tons 

tons 

tons 

tons 

tons 

tons 

tons 

tons 

tons 

tons 

1864 

842,330 

2,250 

1,550 

130 

33 

620 

3,500 

108,000 

8,300 

350,000 

250,000 

1865 

57,548 

842,330 

2,260 

1,260 

200 

40 

570 

4,400 

93,000 

8,300 

360,000 

260,000 

1866 

52,404 

858,400 

2,180 

1,250 

380 

55 

430 

4,400 

98,000 

9,000 

400,000 

280,000 

1867 

59,156 

880,910 

2,400 

1,680 

340 

61 

650 

3,500 

95,000 

10,000 

400,000 

350,000 

1868 

54,012 

868,050 

2,050 

1,150 

330 

45 

530 

3,500 

101,000 

11,900 

490,000 

450,000 

1869 

49,832 

835,900 

1,750 

1,040 

460 

35 

570 

6,000 

114,000 

13,100 

490,000 

550.000 

1870 

47,582 

655,860 

1,190 

1,050 

430 

25 

440 

6,000 

1 113,000 

11,900 

550,000 

600,000 

1871 

45,010 

649,430 

1,280 

1,620 

470 

18 

450 

6,000 

123,000 

10,500 

640,000 

850,000 

00 

46,296 

556,195 

1,180 

1,670 

560 

15 

380 

4,400 

138,000 

10,300 

650,000 

950,000 

3873 

40,187 

594,775 

1,050 

1,480 

620 

14 

390 

6,000 

158,000 

10,000 

680,000 

950,000 

1874 

41,473 

562,625 

0 

c^ 

1,470 

630 

13 

250 

12,500 

157,000 

10,200 

620,000 

780,000 

T875 

51,440 

684,795 

1,050 

1,750 

520 

18 

240 

22,500 

156,000 

8,600 

630,000 

820,000 

1876 

61,085 

729,800 

1,040 

2,240 

560 

22 

50 

32  500 

117,000 

10,200 

640,000 

880,000 

1877 

55,298 

659,075 

980 

2,130 

55 

26 

460 

50,000 

120,000 

8,200 

690,000 

910,000 

1878 

58,191 

626,925 

1,030 

1,890 

450 

25 

160 

47,500 

130,000 

10,400 

690,000 

910,000 

1879 

51,118 

594,775 

1,040 

1,980 

25 

24 

350 

55,000 

120,000 

8,900 

680,000 

920,000 

18S0 

51,440 

559,410 

850 

1,700 

550 

18 

160 

53,000 

133,000 

11,400 

800,000 

1,020,000 

1881 

51,118 

565,840 

840 

1,780 

620 

18 

140 

50,000 

149,000 

14,000 

840,000 

1,110,000 

1882 

54,976 

533,690 

680 

1,680 

610 

16 

180 

57,500 

161,000 

13,900 

800,000 

1,260,000 

1883 

52,083 

536,905 

800 

2,100 

200 

12 

150 

57,000 

165,000 

10,500 

900,000 

1,500,000 

of  the  mines  and  works,  and  in  many  cases 
special  monographs  were  prepared,  several 
being  written  in  the  German  language. 

A very  instructive  exhibit  was  that  of  the 
Schemnitz  School  of  Mines.  This  consisted 
of  a number  of  mining  and  metallurgical 
models,  and  diagrams,  and  a collection  of 
mine  surveying  instruments.  This  school  of 
mines  is  the  oldest  in  the  world,  having  been 
founded  in  1763  by  the  Queen  Maria  Theresa. 
In  the  year  1807,  a school  of  forestry  was 
added ; the  two  institutions  being  combined 
in  1838  under  the  title  of  Mining  and 
Forestry  Academy.”  Many  changes  have 
taken  place  since  Professor  Warington  W. 
Smyth  published  his  account  (‘‘Memoirs 
Geological  Survey,”  1846,  p.  485)  of  the  in- 
stitution, and  severely  criticised  the  course  of 
instruction  adopted.  The  most  radical  altera- 
tions in  the  school  of  mines  date  from  the 
formation  of  the  Hungarian  Government  in 
1867,  when  it  was  ordered  that  the  lectures 
should  be  given  in  the  Hungarian  language. 
Since  the  year  1872,  the  language  used  for  in- 
struction at  the  academy  has  been  exclusively 
Hungarian.  In  consequence  of  the  imperfect 
organisation  of  the  academy,  the  Hungarian 


Minister  of  Finance  next  called  upon  the 
Council  to  draw  up  a plan  of  study,  which 
should  meet  the  requirements  of  modern  times. 
A scheme  was  drawn  up  by  the  present  director, 
Professors.  Farbaky,  and,  having  received  the 
Government  sanction,  came  into  force  in  1873. 
According  to  this  scheme,  the  courses  of  in- 
struction include  divisions  for  (i)  mining,  (2) 
general  metallurgy,  (3)  iron  metallurgy,  and 
(4)  machine  construction  ; each  of  these  divi- 
sions being  practically  the  same  as  at  the 
London  School  of  Mines.  The  number  of 
students  of  the  academy  from  its  foundation, 
to  the  end  of  the  academical  year  1884-85,  was 
5,827  ; of  whom  3,927  were  students  of  the 
mining  school,  and  1,900  of  the  forestry  school. 
For  the  last  few  years  the  forestry  school  has 
been  attended  by  a much  larger  number  of 
students  than  the  mining  school ; the  numbers 
for  the  present  year  being  287  forestry  students, 
and  89  mining  students  ; total  376. 

The  exhibits  of  some  of  the  larger  ironworks 
show  that  the  iron  industry  of  Hungary  is  as 
fully  developed  as  that  of  her  western  neigh- 
bours. Among  the  great  Hungarian  works, 
the  Reschitza  ironworks  deserve  special 
mention,  not  only  because  of  their  size  and  the 
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capital  they  represent,  but  also  on  account  of 
their  employment  of  the  most  recent  appliances, 
and  from  the  fact  that  they  furnish  the  greater 
part  of  the  supply  of  steel  rails  for  the  Hungarian 
railways.  These  works  are  the  property  of  the 
Austro-Hungarian  State  Railway  Company, 
who  also  possess  works  at  Steierdorf-Anina 
and  Oravicza  in  the  Banat.  The  collieries 
owned  by  the  company  are  at  Reschitza, 
Szekul,  Doman,  and  Steierdorf-Anina  in 
Krasso  county.  The  coal  measures  at 
Szekul  consist  of  shale  and  sandstone 
of  carboniferous  age ; whilst  those  at 
Doman  and  Anina  consist  of  Liassic  shale  and 
sandstone.  The  Szekul  coal  measures  contain 
four  workable  seams,  varjung  in  thickness  from 
2 feet  to  2 yards.  At  Doman  there  are  two 
workable  seams  of  Liassic  coal,  which  are 
known  to  extend  for  three  miles.  In  Reschitza- 
Szekul,  the  coal  is  worked  by  two  shafts, 
830  feet  and  550  feet  deep  respectively.  For 
winding,  pumping,  and  ventilation,  there  are 
three  steam-engines  with  a total  horse-power 
of  285.  The  production  of  coal  in  1884  was 
51,722  tons;  the  entire  quantity  being  con- 
sumed in  the  ironworks.  At  the  Reschitza- 
Doman  collieries,  for  winding,  pumping,  and 
ventilation,  there  are  six  steam-engines  with 
342  total  horse-power.  The  production,  also 
consumed  in  the  ironworks,  was  59,400  tons  in 
1 884.  The  Steierdorf-Anina  coalfield  forms  an 
ellipse,  the  length  of  which  is  5A  miles,  and 
its  breadth  one  mile,  with  a thickness  of 
300  yards.  For  winding,  pumping,  and 
ventilation,  twenty-three  steam-engines  are 
employed,  with  2,609  total  horse-power.  The 
production  of  coal  in  1884  was  217,394  tons. 

Pig-iron  is  produced  in  blast  furnaces, 
which  are  worked  at  Reschitza  and  Anina 
with  highly  heated  blast.  The  Whitwell 
stoves  employed  for  this  purpose  are  heated 
exclusively  with  blast  furnace  gases.  Open 
hearth  steel  is  produced  in  Siemens-Martin 
furnaces  with  producer  gas.  Wrought  iron  is 
produced  by  the  puddling  process.  The 
puddling  furnaces  and  re-heating  furnaces 
have  for  many  years  been  provided  with  step- 
grates  for  firing  with  small  coal.  At  the 
present  time,  at  the  works,  there  are  in  opera- 
tion six  blast  furnaces,  six  cupolas,  eight 
reverberatory  furnaces,  four  Siemens-Martin 
furnaces,  twenty  heating  furnaces,  twenty -five 
puddling  furnaces,  nine  Whitwell  stoves,  four 
Bessemer  converters,  and  104  coke  ovens  ; 157 
motors  are  employed  with  a total  horse-power 
of  8,547,  336  working  machines,  including 

twelve  blowing  engines,  fourteen  rolls,  and 


twenty-four  steam  hammers.  The  works  pro- 
duced in  1883 — 98,433  tons  of  iron  ore,  42,896 
tons  of  pig-iron,  6,162  tons  of  castings, 
24,804  tons  of  rolled  steel,  and  15,085  tons 
rolled  iron.  The  total  number  of  employes 
was  13,683  ; the  Reschitza  works  alone  having 

6,725. 

In  Reschitza,  it  has  been  observed,  as  in 
Germany  and  Austria,  that  the  work  done  by 
the  einjloycs  is  both  quantitatively  and  quali- 
tatively less  than  that  of  English  workmen,  to 
such  a degree  that  the  difference  is  not  com- 
pensated by  the  lower  wages  paid  in  Germany 
and  Austria.  The  Reschitza  workmen  are 
partly  Germans  from  the  Schwabian  colonies 
of  the  Banat,  and  partly  Roumanians,  who 
are  wanting  both  in  the  traditional  technical 
skill  and  bodily  power  of  English  workmen. 
In  order  to  encourage  the  men  to  render  them- 
selves more  efficient,  a promise  is  given  to 
each  workman  that  when  he  has  proved  him- 
self permanently  useful  he  shall  receive  the 
necessary  advances  for  building  himself  a 
house,  worth  600  to  800  florins,  in  the  neigh- 
bourhood of  the  works,  according  to  a general 
design.  The  advances  are  paid  back  by 
deductions  from  the  wages,  and  at  the  present 
time  the  greater  portion  of  the  workmen  are  in 
possession  of  houses  of  their  own,  the  price  of 
which  has  been  completely  paid  back. 

On  account  of  the  out-of-the-way  situation 
of  Reschitza  in  the  south  of  Hungary,  at  a 
great  distance  from  all  large  towns,  the  price 
of  wood  is  still  so  low  that  it  can  advan- 
tageously be  used  as  fuel.  Two  blastfurnaces, 
yielding  50  tons  of  pig-iron  daily,  are  fed  with 
cliarcoal.  By  their  side,  in  1880,  a large  coke 
blast  furnace  was  erected.  This  cost  750,000 
florins,  and  gives  60  tons  of  pig-iron  per  24 
hours.  The  ores  smelted  are  rich  in  iron  (60 
to  70  per  cent.)  and  contain  but  0’02  per  cent, 
of  phosphorus,  so  that  the  Bessemer  steel 
made  from  the  pig-iron  contains  but  0*03  to 
0*05  per  cent,  of  phosphorus.  This  freedom 
of  the  ores  from  phosphorus  renders  the  appli- 
cation of  the  Thomas-Gilchrist  process  un- 
necessary. Three  blast  furnaces  are  scarcely 
sufficient  to  supply  the  Bessemer  converters, 
which  require  repair  only  at  long  intervals ; 
but  the  number  of  blast  furnaces  cannot  be 
increased  without  driving  a new  adit  in  the 
colliery.  If  the  company  decide  to  do  this, 
the  Reschitza  steelworks  will  be  in  a position 
to  supply  the  entire  consumption  of  steel  rails 
throughout  Hungary.  The  balance-sheet  for 
1883  shows  that  from  their  Hungarian  works 
the  company  derived  a clear  profit  of  3,000,000 
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florins ; the  original  capital  expended  having 
been  already  paid  back. 

Encouraged  by  the  success  of  the  Reschitza 
works,  in  1858  the  works  of  the  Kronstadt 
Company  were  founded.  They  now  supply 
Roumania,  Servia,  and  Bulgaria  with  com- 
mercial iron  ; and,  judging  from  the  richness 
of  their  coal  and  iron  mines,  seem  destined  to 
follow  in  the  footsteps  of  the  State  Railway 
Company.  The  Kronstadt  Company  have 
works  in  Krasso  county  in  the  Banat,  and  in 
Hunyad  county  in  Transylvania,  and  produce 
cast  and  wrought  iron  tools  and  machinery. 
The  works  produce  annually  18,000  tons  of 
pig-iron,  8,500  tons  of  rolled  iron,  1,000  tons  of 
hammered  iron,  2,500  tons  of  castings,  800  tons 
of  sheet-iron,  and  100  tons  of  tools.  At  the 
present  time  3,586  workmen  are  employed, 
with  1 19  officers.  Outside  the  works  1,200  men 
are  employed.  From  the  fact  that  these  works 
are,  of  all  the  Hungarian  mines,  the  furthest 
south-east,  the  founders  of  the  works  were 
obliged  to  make  the  necessary  roads,  as  well 
as  to  found  and  maintain  the  means  of  culture 
which  elsewhere  belong  to  public  institutions. 
The  company,  therefore,  employs  seven  priests 
(three  Roman  Catholic,  one  Protestant,  and 
three  Greek  church),  five  doctors,  and  four 
pharmaceutical  chemists,  and  supports  six 
schools  with  thirteen  masters,  a sick  club,  a 
hospital,  a co-operative  supply  store,  and  public 
baths. 

Other  important  iron  -works  with  instructive 
exhibits  were — the  Rymamurany-Salgotarjan 
Ironworks,  the  largest  in  Upper  Hungary, 
employing  4,500  workmen  ; and  the  works  of 
Count  E.  Andrassy,  in  Upper  Hungary,  with 
seven  blast  furnaces,  producing  annually  22,500 
tons  of  charcoal  pig-iron. 

Mention  must  also  be  made  of  the  great  Tran- 
sylvanian wire  rope  tramway,  a model  of  which 
was  exhibited  by  T.  Obach.  It  is  the  most 
important  undertaking  of  its  kind  in  existence, 
being  33,290  yards  long,  with  a total  fall  of 
2,926  feet,  and  crossing  60  mountain  tops,  and 
62  valleys,  28  of  which  have  a free  span  of  650 
to  1,546  feet;  the  wire  at  one  point  being  as 
much  as  810  feet  above  the  valley  level.  The 
wire  tramway  is  employed  to  bring  ore  and 
charcoal  to  two  charcoal  blast  furnaces,  built 
in  1883,  in  Hunyad  county.  The  charcoal  is 
brought  from  forests  on  the  Vadudobri  Moun- 
tains. The  tubs  employed  have  a capacity  of 
17  cubic  feet,  and  hold  240  lbs.  of  charcoal. 
The  ores  are  brought  from  the  Gyaler  mines  ; 
the  ore  tubs  holding  600  lbs.  of  ore.  The  wire 
tramway  transports  100  tubs  per  hour,  two- 


thirds  being  ore,  and  one-third  charcoal.  The 
fixed  ropes  on  the  coal  line  are  0*67  inch,  and 
on  the  ore  line  0*98  inch.  The  hauling  ropes 
areo’5i  and  071  inch  respectively;  all  being 
made  of  the  best  steel.  The  total  cost  of  the 
installation  was  y£^6,^oo.  It  has  been  at 
work  for  ore  since  November,  1883,  and  for 
charcoal  and  ore  since  May,  1884,  and  is  an 
imposing  example  of  what  may  be  done  with 
wire  tramways.  It  is  difficult  to  understand 
why  the  wire  tramway,  the  invention  of  an 
Englishman,  C.  Hodgson  (patent  spec.  1868, 
No.  2281,  and  1872,  No.  418),  should  not  have 
been  utilised  to  the  same  extent  in  this  country 
as  it  has  been  throughout  the  Continent. 

I am  unwilling  to  close  this  review  of  the 
mining  features  of  the  Hungarian  National 
Exhibition  without  mentioning  the  unbounded 
hospitality -v\'ith  which  foreigners  were  received 
by  the  inhabitants  of  Budapest.  I also  found 
the  authorities,  both  at  the  exhibition  and  in 
the  mining  districts,  always  willing  to  give 
any  information,  statistical  or  otherwise,  that 
might  be  asked  for. 

It  is  impossible  to  foretell  what  will  be  the. 
actual  effect  of  the  first  national  exhibition  on 
the  Hungarian  people.  But,  judging  from 
what  exhibitions  have  done  in  our  own  country,, 
it  may  safely  be  inferred  that  it  will  be  bene- 
ficial. By  means  of  their  jealous  patriotism 
and  energetic  character,  the  Hungarians  have 
already  done  wonders,  and  the  rapid  progress 
of  their  capital,  Budapest,  is  a sign  of  the 
advance  the  whole  nation  is  making  in  the 
race  for  higher  culture.  The  country  is  one  of 
the  richest  in  minerals  in  Europe,  taking  a 
place  with  reference  to  coal  after  Great  Britain 
and  Germany,  and  with  reference  to  precious 
metals  second  only  to  Russia.  Several  of  the 
mines  are  worked  on  a large  scale  in  a scien- 
tific manner  ; but  the  majority  are  “ poor 
men’s  mines,”  wwked  with  small  capital  and 
few  workmen.  Fresh  discoveries  of  mineral 
are  constantly  being  made,  and  a greater 
development  of  the  mining  industry  is  there- 
fore most  desirable.  The  large  and  well 
arranged  collection  of  mining  and  metallurgical 
products  shown  at  the  Budapest  Exhibition 
consequently  deser\^ed  attention,  not  only  from 
the  mining  student,  but  also  from  the  specula- 
tive capitalist. 


DISCUSSION. 

The  Chairman  said  he  had  not  visited  Hungary 
of  late  years  except  for  a very  brief  period,  but  he 
formerly  -was  pretty  -well  acquainted  with  it,  both  on 
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the  surface  and  underground.  This  paper  was  a very 
interesting  one  from  many  points  of  view.  In  the 
first  place,  those  who  remembered  the  great  Exhibition 
of  1851,  and  the  great  impetus  it  gave  to  industry 
both  here  and  on  the  Continent,  through  the  com- 
parison it  afforded  of  the  products  of  different 
countries  would  be  interested  to  hnd  that  in  the  most 
remote  part  of  cultivated  Europe  such  a successful 
Exhibition  had  been  held.  To  scientific  men  again, 
the  working  out  of  the  geolog}'  of  the  country  would 
be  veiy'  interesting,  and  to  those  connected  with 
mining,  the  statistics  which  had  been  brought 
forward  ; whilst  capitalists  and  speculators  had  also 
much  matter  for  consideration  laid  before  them. 
Again,  investigators  of  the  habits  and  ways,  of  thought 
and  action,  gf  different  nations  would  find  in  the  con- 
stitution of  Hungar}",  and  in  the  various  races  which 
were  mingled  together  in  that  country,  a series  of 
studies  of  great  interest,  especially  considering  that 
the  political  constitution  of  Hungary  was  very  similar 
to  our  own,  and  dated  back  from  the  early  part  of 
mediaeval  times.  That  constitution  had  been  upheld 
throughout  the  greatest  difficulties  for  century  after 
centurv’,  through  the  wonderfully  persistent  character 
of  the  Magyar  people,  in  spite  of  enemies  both  foreign 
and  domestic.  Considering  the  difficulties  caused  by 
the  Turkish  and  Tartar  invasions  for  a series  of 
centuries,  and  the  difficulties  in  protecting  themselves 
against  the  changes  threatened  by  the  German  nation, 
and  the  difficulties  in  connection  with  the  Slavs  and 
Wallachs,  or  Roumanians,  it  was  evident  that  some 
special  characteristics  of  great  interest  must  attach  to 
the  people  who  now  bore  the  leading  part  in  the 
countr}’.  In  no  countiy  in  Europe  was  an  Englishman 
received  with  more  unbounded  and,  at  the  same  time, 
unpretending  hospitality  than  by  the  Magyar  people. 
A reference  to  the  map  would  show  that  the  central 
portion  of  Hungary  was  a plain  champaign  country’, 
bounded  on  the  north,  east,  and  south  by  ranges  of 
hills,  gradually  passing  into  mountains ; and  whilst 
the  Hungarians  proper  occupied  the  greater  part  of 
this  low  country’,  the  mountain  ranges  were  inhabited 
principally  by  tribes  of  various  Slavonic  origin  ; on 
the  northern  side,  particularly  in  the  neighbourhood 
of  the  mines  of  Schemnitz  and  Kremnitz,  most  of 
the  people  were  of  Slavic  nationality,  most  of  whom 
were  Protestants,  having  their  own  bishops  and 
clergy ; and  they  w’ere  extremely  industrious  and 
persevering,  though  poor.  Further  to  the  east 
again  there  were  mining  localities  of  a somew’hat 
similar  character  to  that  of  Schemnitz ; and 
going  to  the  south,  after  passing  an  intermediate 
tract  inhabited  by  Wallachians  and  Servians, 
you  come  to  the  Croatians  and  Slavonians 
proper,  who  inhabited  the  lower  hill  country’,  which 
contained  several  descriptions  of  mines,  although 
none  of  the  precious  metals.  The  distribution  of  the 
various  populations  was,  in  itself,  a matter  of  great 
importance  politically,  and  of  cons'derable  interest 
in  view  of  the  different  arrangemen's  under  which 
the  various  nationalities  managed  to  live  together  in 


peace  and  quietness.  There  had  been,  in  early  days, 
when  there  was  more  intolerance  between  different 
religions,  great  difficulties,  and  it  was  very  much 
owing  to  the  inherent  virtues  and  courage  of  the 
Magyar  people  proper,  that  a state  of  things  had 
been  brought  about,  in  which  a very  large  portion  of 
the  population,  notwithstanding  their  differences  of 
origin,  were  combined  together  to  look  upon 
patriotism  in  a higher  light  than  that  of  mere 
differences  of  parties.  They  seemed  to  feel  that 
Hungary  was  a great  country  which  had  to  be 
maintained  with  all  its  honour  unimpaired,  and 
the  difficulties  had,  to  a great  extent,  disappeared ; 
though  in  some  portions,  owing  to  difficulties  of 
language  and  religion,  there  might  still  be  some 
difficulty  in  getting  every’thing  to  run  smoothly.  Mr. 
Brough  had  brought  together  in  one  hour  an  amount 
of  matter  which  it  took  him  a year  and  a-half  to  gather 
in  a much  more  imperfect  manner,  walking,  riding, 
and  driving  about  the  country  forty  years  ago.  It 
was  then  much  more  difficult  to  get  at  many  of  these 
particulars,  which  Mr.  Brough  had  been  able  to 
collect  in  his  brief  visit  to  the  Exhibition.  At  the 
Schemnitz  mines,  through  their  increasing  greatly  in 
depth  in  the  last  century,  certain  inventions  were 
brought  into  use  at  an  early  period  which  had  con- 
tributed in  a considerable  degree  to  some  improve- 
ments in  engineering  matters  which  had  taken  place 
even  in  this  country.  The  hunde  might  probably  be 
looked  upon  as  the  first  introduction  of  rails,  which, 
first  in  wood  and  then  successively  in  cast  and  wrought 
iron  and  steel,  had  changed  the  face  of  the  world 
by  facilitating  communication.  These  little  wagons 
first  required  the  use  of  rails,  the  first  step  in  advance 
being  a pin  underneath  the  wagon  to  keep  it  on  the 
lines.  In  the  seventeenth  century  the  lead  mines  in 
the  north  of  England  adopted  the  use  of  rails,  at 
first  made  of  wood,  and  these  blossomed  forth  into 
the  “ Newcastle  roads,”  as  they  were  called,  in  which 
larger  wagons  at  the  surface  were  employed,  also 
running  at  first  on  wooden  rails,  then  they  were 
covered  with  thin  plates  of  iron  ultimately  developed 
in  the  way  he  had  mentioned.  It  was  curious  to  see 
both  in  Hungary  and  Prussia  wagons  of  much  the 
pattern  as  were  represented  in  old  works  on  mining  in 
the  middle  of  the  sixteenth  century.  Another  point  of 
great  interest  to  which  Mr.  Brough  had  not  referred, 
was  the  introduction  of  hydraulic  machinery,  which  had 
often  been  wrongly  attributed  to  a totally  different 
country,  Chemnitz  in  Saxony  being  sometimes  con- 
founded with  Schemnitz  in  Hungaty.  At  the  former 
place  very  good  stockings  were  made,  but  they  knew 
nothing  of  the  minerals  which  had  been  worked  at 
Schemnitz  for  centuries;  and  there  some  of  the 
earliest  applications  of  hydraulic  science  were 
made.  In  the  year  1769,  the  Society  of  Arts  gave  a 
premium  of  fifty  guineas  to  Mr.  Westgarth  for  the 
invention  of  a water-pressure  engine;  bul  just  twenty 
years  before  that  a gentleman  named  H611  erected 
at  the  Leopold  shaft  a machine  of  this  kind,  for  the 
purpose  of  pumping  water  from  the  bottom  by  the 
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impulse  of  a high,  column  of  water,  and  the 
engine,  with  modifications  and  renewals,  had  re- 
mained in  use  down  to  the  present  day.  He 
remembered  some  years  ago  passing  a whole  night 
with  the  manager  of  the  machinery  there  in  ex- 
amining its  working,  and  on  coming  to  the  surface  at 
2 or  3 o’clock  in  the  morning  it  was  so  cold  that  his 
clothes,  which  had  become  saturated  T\-ith  water, 
were  frozen  as  hard  as  a board.  This  water-pressure 
engine  was  worked  for  many  years  in  the  north  of 
England  lead  mines,  and  was  then,  somewhat  modi- 
fied, woikedona  still  larger  scale  at  the  Alport  mines 
in  Derbyshire,  where  it  drove  very  powerful  pumping 
machinery,  and  Sir  "William  Armstrong,  so  justly 
eminent  with  regard  to  hydraulic  machinery',  though 
he  might  probably  have  worked  out  the  whole  problem 
in  his  own  mind,  belonged  to  a part  of  the  countr}-  where 
thiswater-pressure  enginewas  wellknown.  Hehadnow 
introduced  quite  a new  era  in  regard  to  the  machinery 
employed  in  harbours  and  docks.  Amongst  other 
points  of  interest  which  the  paper  suggested  was  the 
immense  increase  in  the  production  of  bro^ra  coal, 
iron,  and  steel  since  1851.  At  the  time  he  visited 
Transylvania  and  Banat,  the  idea  of  working  coal 
was  quite  a novelty,  a few  of  the  brown  coal 
mines  were  worked,  and  a few  in  the  lias  formation 
in  order  to  supply  the  steamers  on  the  Danube,  one 
of  the  first  means  of  progress  which  the  Hungarians 
had  enjoyed.  At  that  time,  however,  the  quantity 
of  coal  produced  was  ver\-  small  indeed,  now  it  had 
become  a considerable  industr}%  This  also  indicated 
how  the  forests,  which  some  years  ago  were  almost 
impenetrable,  were  gradually  disappearing.  In 
certain  districts,  fsr  instance,  parts  of  the  Car- 
pathians, and  in  the  eastern  part  of  Transylvania, 
you  might  find  what  appeared  to  be  virgin  forests, 
where  in  fact  the  means  of  communication  were  not 
sufficient  as  yet  to  render  the  timber  valuable,  and 
the  question  arose  whether  in  some  of  those  districts 
iron  and  steel  of  a very  high  character  could  not  be 
produced.  The  comparatively  low  rate  of  wages 
which  had  been  mentioned  might  strike  some 
people,  but  it  was  by  no  means  a matter  of  sur- 
prise to  those  who  knew  the  low  prices  at  which 
provisions  were  sold  in  countries  where  communica- 
tion was  not  very  perfect.  At  the  time  when  he 
was  in  the  country  the  wages  were  far  lower  than 
those  now  mentioned.  Though  the  low  wages 
were  sufficient  in  some  districts  to  keep  the 
people  in  tolerable  comfort,  there  were  others  in 
which  considerable  poverty  and  hardship  were 
experienced. 

Dr.  Duka  said  that  he  had  learned  much  more 
from  the  paper  than  he  could  have  gathered 
from  reading  many  books  on  the  subject.  Many 
of  the  localities  mentioned  were  known  to  him 
as  a young  man ; but  it  was  now  nearly  forty 
years  since  he  left  his  native  countr}’.  Schemnitz 
and  the  district  of  Upper  Hungary  he  had  passed 
through  in  1848-9,  and  Transylvania  and  Lower 


Hungary  he  also  knew  to  a certain  extent,  though 
not  geologically.  Last  summer  he  revisited  his 
native  country’,  and  saw  the  beautiful  Exhibition,  and 
it  was  a great  surprise  to  him  to  see  what  progress 
had  been  made  in  the  interval.  As  to  the  character 
of  his  countrymen,  to  which  the  Chairman  had  borne 
such  flattering  testimony,  he  could  only  say  that 
every-  Hungarian  was  deeply  sensible  of  the  kind  and 
sympathetic  feeling  which  he  always  noticed  when- 
ever he  met  an  Englishman ; Hungarians  looked  to 
England  as  the  home  of  freedom  and  liberty,  and 
after  the  struggles  they  had  undergone  for  centuries, 
it  really  seemed  as  if  those  who  called  Hungary  a 
little  England  of  the  east  were,  to  a certain  extent, 
accurate.  The  Hungarian  constitution  was  granted 
in  1222  by  King  Andrew,  while  the  English  consti- 
tution dated  from  1214.  At  that  time  there  was  no 
communication  between  the  two  countries,  and  hence 
it  was  somewhat  curious  that  the  Hungarians  should 
have  had  the  same  love  of  freedom  and  tenacity  of 
purpose  when  they  had  once  gained  a victory ; that 
was,  no  doubt,  one  of  the  reasons  why  so  much 
sympathy  was  shown  them  by  Englishmen.  He 
could  also  assure  them  that  an  Englishman  was 
always  welcome  in  Hungary,  and  on  his  own  part 
and  that  of  his  countrymen  he  must  again  express 
his  gratitude  to  IMr.  Brough  and  to  the  Chairman  for 
the  very-  kind  expressions  they  had  used. 

Mr.  H.  H.  Collins  said  he  had  long  had  a 
desire  to  know  more  of  Hungary,  and  was  very 
glad  to  have  had  the  opportunity  of  hearing 
this  excellent  paper.  He  was  particularly  struck 
by  Mr.  Brough’s  description  of  the  nature  of  the 
mineral  lodes,  especially  in  Schemnitz,  and  how  little 
they  answered  to  the  old  definition  of  a fissure  in  the 
ground  filled  with  mineral,  and  how  much  they 
resembled  what  were  now  so  familiar  in  Corn- 
wall, a band  of  rock,  wholly  mineralised  for  a con- 
siderable width.  He  noticed,  too,  that  most  of  the 
gold  was  in  the  free  state,  and  that  explained  a 
problem  which  exercised  many  minds  from  time  to 
time,  how  such  poor  ores  could  be  worked  at  a 
profit.  It  seemed  that  on  an  average  ;^200,000 
worth  of  gold  was  produced  from  these  little  mines 
with  very  old-fashioned  appliances,  and  he  believed 
many  of  them  did  not  average  more  than  3 dwts. 
to  the  ton,  yet  they  were  worked  at  a profit,  though 
mines  in  Venezuela  yielding  as  many  ounces  to  the 
ton  could  not  pay  their  way.  This  was  partly,  no 
doubt,  because  Hungary  was  a cheap  country  and 
Venezuela  a dear  one,  but  also  because  in  Hungary 
the  gold  was  free,  and  could  be  easily  extracted, 
while  in  Venezuala  a good  deal  of  it  was  mixed  with 
other  materials,  could  not  be  amalgamated,  and  so 
was  lost  in  the  tailings.  He  understood  that  the 
stamp  heads  were  made  of  quartz,  which  seemed 
about  the  most  unlikely  and  improper  material  for 
the  purpose,  and  he  would  like  to  know  if  he  were 
mistaken.  He  should  also  be  glad  if  Mr.  Brough 
could  give  any  information  as  to  the  use  of  water- 
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jacketed  furnaces  at  Budapest  for  melting  iron  for 
casting  purpose. 

Ikir.  H.  Truf.man  Wood  said  there  were  one  or 
two  suggestive  points  arising  out  of  what  Mr,  Brough 
said  about  the  Budapest  Exhibition  to  which  it  might 
be  worth  while  to  call  attention.  In  passing  he  might 
say  that  this  was  not  the  only  Exhibition  in  connec- 
tion with  which  Mr.  Brough  had  rendered  useful 
serx'ice,  for  he  hud  acted  as  reporter  to  the  Jury  which 
dealt  with  the  mineralogical  portion  of  last  year’s 
Exhibition  at  South  Kensington,  where  his  work  was 
exceedingly  well  done,  and  was  of  a very  useful 
chaiacter.  It  appeared  from  the  opening  of  the 
paper  that  the  Budapest  Exhibition  was  a national, 
not  an  international,  one,  and  he  thought  if  our  last 
year’s  Exhibition  had  been  more  of  that  character,  it 
would  not  have  lost  much  in  interest.  There  were 
certainly  some  foreign  exhibits,  notably  that  of  the 
Waltham  watch-making  one  from  the  United  States, 
and  the  Delany  multiplex  telegraph  system,  which 
were  valuable  ; but  with  the  exception  of  one  or  two 
of  the  kind,  he  thought  the  Exhibition  would  have 
gained  had  the  space  devoted  to  foreign  countries 
been  given  to  English  manufacturers.  This  year, 
indeed,  the  South  Kensington  Exhibition  would 
really  be  of  a national  character,  consisting  as  it 
would  of  the  products  of  Greater  Britain.  Again, 
with  regard  to  the  principal  exhibitors  being 
appointed  juiors,  and  their  deeming  it  such  a high 
honour  to  be  selected  that  they  did  not  seek  to 
gain  medals,  the  difficulty  was  that  until  the 
juries  were  constituted,  he  did  not  see  how  the 
selection  was  to  be  made.  The  appointment 
was  generally  a matter  of  some  difficulty,  because 
you  could  not  always  find  competent  people  willing  to 
devote  their  time  to  a thankless  task  for  which  they 
were  sure  to  be  abused.  The  plan  of  giving  only  one 
class  of  medal  had  been  tried  before,  and  it  no  doubt 
had  some  advantages.  The  notion  of  having  a photo- 
graph of  the  owner  on  every  season  ticket  was  one 
which  he  should  like  to  see  adopted  in  this  country, 
for  it  was  pretty  well  known  that  all  Exhibitions  lost 
a good  deal  because  people  could  not  rid  themselves 
of  the  notion  that  season  tickets  were  intended  for 
the  use  not  only  of  the  purchaser  but  of  his  friends. 
The  proposal  had  been  considered,  but  it  had  been 
thought  that  Englishmen  were  too  independent,  and 
would  not  take  the  necessary  trouble;  at  any  rate  the 
authorities  had  never  ventured  to  try  the  experiment. 

Mr.  T.  R.  Crampton  said  the  little  truck  which  Mr. 
Brough  had  described  and  shown  a model  of  was  a 
great  pet  of  his,  and  he  did  not  know  a more  useful 
tool  for  conveying  minerals.  When  he  required 
something  of  the  kind  some  years  ago  he  thought 
over  the  matter,  and  it  ended  in  his  making  first  that 
kind  of  truck,  with  a little  modification  so  that  it  could 
run  on  ordinary  rails,  on  a flat  surface,  or  on  tram 
lines,  and  could  turn  round  corners  or  angles,  either 
on  the  rails  or  on  the  flat,  without  a turn-table  or 
switch  crossing.  The  truck  was  balanced  on  a pair 


of  large  wheels  in  the  centre,  and  at  each  end  was  a 
somewhat  smaller  pair  of  flanged  wheels.  When 
these  were  dropped  at  either  end  on  to  the  rails  they 
kept  the  truck  on  the  line,  and  by  raising  it  on  to  the 
middle  wheel  only,  it  could  be  turned  in  any  direction, 
with  the  greatest  ease. 

Mr.  Liggins  said  he  had  been  in  Venezuela,  and 
could  quite  understand  that  the  high  rate  of  wages 
and  cost  of  transport  would  prevent  the  gold  mines 
there  competing  with  those  of  Hungary. 

Mr.  Philip  asked  if  Mr.  Brough  could  give  any 
more  information  as  to  the  processes  of  amalgamation 
in  Hungary,  and  whether  electricity  was  at  all  used,, 
and  if  so,  if  it  was  found  advantageous. 

Mr.  Brough,  in  reply,  said  he  feared  the  paper 
would  be  thought  too  statistical,  but  the  figures 
he  had  given  had  not  yet  found  their  way  into 
the  English  or  German  technical  journals,  and, 
therefore,  he  thought  it  desirable  to  put  them  on 
record.  In  addition  to  what  had  been  said  by 
the  Chairman,  he  might  mention  that  blasting,  as  a 
mining  operation,  was  first  introduced  at  Schemnitz. 
A modification  of  Holl’s  water-pressure  pumping- 
engine  was  now  in  use  in  a mine  at  Konigsberg,  in 
an  abandoned  mine  which  had  been  re-opened.  The 
increase  in  the  output  of  brown  and  liassic  coal  was 
very  great,  and  if  a process  could  be  discovered  by 
which  it  could  be  well  coked  and  rendered  suitable 
for  blasting  furnaces,  it  would  have  an  enormous 
influence  on  the  progress  of  the  industry.  Several 
such  processes  had  been  proposed,  but  at  present 
they  were  only  in  an  experimental  stage,  and  iroii 
smelters  were  obliged  to  use  50  per  cent,  of  brown 
coal  and  50  per  cent,  of  IMoravian,  which  necessitated 
importation.  He  had  not  seen  the  quartz  stamp- 
heads  in  use,  but  he  saw  a description  of  the  appa- 
ratus in  a monograph  published  by  the  Transylvanian 
Mining  Office,  which  interested  him  so  much  that  he 
spoke  to  the  engineer  in  charge,  and  he  assured  him 
that  they  answered  tolerably  well.  He  could  not 
give  any  information  about  water-jacketed  furnaces 
for  iron  founding;  but  there  was  a w'ater-jacketed 
furnace  at  Schemnitz  for  copper  smelting,  of  which 
they  were  very  proud.  It  was  a Pilz  furnace  with 
eight  tuyeres,  and  worked  remarkably  well.  He  was 
sorry  he  could  not  give  any  information  about  theamall 
gamation  process  which  Mr.  Philip  inquired  about. 
Mr.  Liveing  was  out  there  for  some  time  working  at 
the  process  for  an  English  company,  but  he  under- 
stood it  was  unsatisfactoiy,  and  it  had  not  been  em- 
ployed by  any  Hungarian  company  ; they  still  used 
the  primitive  process  as  used  at  Freiberg. 

The  Chairman  then  proposed  a vote  of  thanks  to 
Mr.  Brough,  which  was  carried  unanimously. 


Correspondence. — Letters  have  been  received 
from  Mr.  H.  Davey,  Mr.  Baldwin  Latham,  and 
Capt.  Douglas  Galton,  which  will  appear  next  week. 
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MEETIISGS  OF  THE  S0CIE2Y. 
Ordinary  Meetings. 
Wednesday  evenings,  at  Eight  o’clock  : — 
February  17. — “ Some  Points  in  Electrical  Dis- 
Ttribution.”  By  Professor  George  Forbes. 


Foreign  AND  Colonial  Section. 
Tuesday  evenings,  at  Eight  o’clock  : — 
Februarv  16. — “Present  state  of  the  Colonial 
Possessions  of  Great  Britain.”  By  Robert  James 
Mann,  M.D.,  F.R.C.S.  The  Hon.  Sir  Saul 
Samuel,  K.C.IM.G.,  Agent-General  for  New 
South  Wales,  will  preside. 


Indian  Section. 

Friday  evenings,  at  Eight  o’clock  ; — 
February  ig. — “ Histcr'cal  and  Recent  Famines 
in  India.”  By  F.  C.  Danvers,  Registrar  and 
Superintendent  of  Records,  India-office.  J.  M. 
Maclean,  M.P.,  will  preside. 


Cantor  Lectures. 

The  Third  Course  will  be  on  “Science 
Teaching  ” By  Prof.  F.  Guthrie,  F.R.S. 

Lecture  I. — February  15. — Science  as  an  Element 
an  Education. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  Feb.  15. ..SOCIETY  OF  ARTS,  John  - street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Prof.  F. 
Guthrie,  F.R.S.,  “ Science  Teaching.”  (Lecture  I.) 
Imperial  Federation  League,  Mansion-house,  E.C., 
3 p.m.  Annual  General  Meeting. 

Rritisi  Architects,  9,  Conduit- street,  W.,  8 p.m. 
Mr.  Alexander  Beazeley,  “ The  Swedish  Building 
Law.” 

Medical,  11,  Chandos-street,  W.,  8J  p.m. 

Asiatic,  22,  Albemarle-street,  AY.,  4 p.m. 

Ylctoria  Institute,  7,  Adelphi -terrace,  AY.C.,  8 p.m. 
I.  Professor  Dabney,  “Final  Cause.”  2.  Rev. 
Canon  Isaac  Taylor,  “ The  Hittite  Monuments.” 
London  Institution,  Finsbury- circus,  E.C.,  5 p.m. 
Prof.  E.  Ray  Lankester,  “ Charles  Darwin  and 
his  Theory.”  (Lecture  III.) 

Tuesday,  Feb.  16.. .SOCIETY  OF  ARTS,  John-street, 
Adelphi,  AV.C.,  8 p.m.  (Foreign  and  Colonial 
Section.)  Dr.  Robert  James  Mann,  “The  Present 
State  of  the  Colonial  Possessions  of  Great 
Britain.” 

Royal  Institution,  Albemarle-street,  AY.,  3 p.m. 
Mr.  C.  T.  Newton,  “ The  Unexhibited  Portion  of 
the  Greek  and  Roman  Sculpture  in  the  British 
Museum.”  (Lecture  I.) 

Civil  Engineers,  25,  Great  George-street,  S.AY., 
8 p.m.  Mr.  L.  F.  Vernon-Harcourt,  “ The  River 
Seine.” 

Statistical,  School  of  Mines,  Jermyn- street,  S.AY., 
7i  p.m.  Dr.  AYilliam  Ogle,  “ Suicides  in  England 
and  AA'ales  in  Relation  to  Age,  Sex,  Season  and 
Cccjpation.” 


Pathological,  53,  Berners-street,  Oxford- street,  AY., 
^p.m. 

Zoological,  II,  Hanover-square,  AA’’.,  8^  p.m.  i.  Air, 
L.  Taezanowski,  “Description  of  a new  Asiatic 
Owl  of  the  Genus  Ketupa  " 2.  Air.  O.  Thomas, 

“ Remarks  on  the  A'ariation  of  the  Skull  with  Age 
n the  Canadian  Alarten.”  3.  Air.  AA'’.  L.  Sclater, 
“A  new  Aladreporarian  Coral  from  the  British 
Seas,  and  its  Anatomy.” 

AA''ednesday,  Feb.  17...SOCIETA'  OF  ARTS,  John-street, 
Adelphi,  AY.C.,  8 p.m.  Professor  Goorge  Forbes, 

“ Some  Points  in  Electrical  Distribution.” 
Meteorological,  25,  Great  George-street,  S.AY., 

7 p.m.  I.  Captain  Henry  Toynbee,  “ General 
Remarks  on  the  Naming  of  Clouds.”  2.  Air. 
Arthur  AAA  Clayden,  “ The  Thickness  of  Shower 
Clouds.”  3.  Air.  Arthur  AA"".  Clayden,  “ The 
Formation  of  Rain,  Hail,  and  Snow.”  4.  Air. 
AA'illiam  F.  Stanley,  “ Three  Years’  AA’’ork  by  the 
‘ Chrono  - barometer  and  Chrono  - thermometer,’ 
1882-84.” 

Archaeological  Association,  3?,  Sackville-street,  AA’’., 

8 p.m  I.  Air.  J.  Romilly  Allen,  “ Pre-Norman 
Sculptured  Stones  at  Heysham  and  Halton,  Lan- 
cashire.” 2.  Air.  E.  AA^alford,  “ The  Law  of  Burial 
n AA’oollen.” 

Thursd.\y,  Feb.  18. ..Royal,  Burlington-house,  AA’’,,  4.^  p.m. 
Antiquaries,  Burlington-house,  AAA,  8.1  p m. 

Linnean,  Burlington-house,  AY.,  8 p.m.  i.  Air. 
A.  D.  Alichael,  “ Acari  of  genus  Glycephagus 
found  in  Aloles-nests.”  2 Air.  John  Ball,  “ Botany 
of  AA’’estern  South  America.” 

Chemical,  Burlington-house,  AY.  8 p.m.  i.  Air.  AY. 
H.  Perkin,  “ The  Constitution  of  Crude  Oleic 
Acid,  as  indicated  by  its  Alagnetic  Rotation  and 
“ The  Alagnetic  Rotation  of  Allylacetic  Acid  and 
Diallylmalonic  Ether.”  2.  Air.  AA’’.  Collingwood 
AAAlliams,  “ Reactions  supposed  to  3'ield  Nitiyl 
Chloride.”  3.  Alessrs.  A.  E.  Jordan  and  T. 
Turner,  “ The  condition  in  which  Silicon  exists  in 
Cast  Iron.” 

Londou  Institution,  Finsbury-circus,  E.C..,  7 p.m. 

Air.  R.  A.  Proctor,  “ New  Stars.” 

Society  for  the  Encouragement  of  Fine  Arts,  9, 
Conduit-street,  AA’’.,  8 pm.  Air.  Geo.  C.  Haite, 
“The  Tendencies  of  Alodern  Art.” 

Royal  Institution,  Albemarle-street,  AA'.,  3 p.m. 
Prof.  AA’’.  Chandler  Roberts  Austen,  “ Metals  as 
affected  by  Small  Quantities  of  Impurities.” 
(Lecture  I A'.) 

Historical,  ii,  Chandos-street,  AY.  8 pm. 
Numismatic,  4,  St.  Alartin’s -place,  AY.C.,  7 p.m. 
Friday,  Feb.  19  ...  SOCIETY  OF  ARTS,  John  - street, 
Adelphi,  AA'.C.,  8 p.m.  (Indian  Section.)  Air. 
F.  C.  Danvers,  “Historical  and  Recent  Famines 
in  India.” 

United  Sendee  Institute,  AATiitehall  - j'ard,  S.AA’’., 
Rear-Admiral  The  Hon.  R.  Freemantle,  “ Naval 
Tactics.” 

Roj-al  Institution,  Albemarle-street,  AY.,  8 p.m. 
AA'eekly  Aleeting.  9 p.m.  Prof.  AY.  H.  Flower, 
“ The  AYings  of  Birds.” 

Geological,  Burlington-house,  AY.,  i p.m.  Annual 
General  Aleeting. 

Geologists’  Association,  University  College,  AA'.C.. 
Philological,  University  College,  AY.C.,  8 p.m.  Air. 
Henry  Sweet,  “ Old  English  Contributions.” 

Saturday,  Feb.  20  ...  Roj-al  Institution,  Albemarle-street, 
AA'^.,  3 p.m.  Prof.  A.  Geikie,  “The  History  of 
A’’olcanic  Action  in  the  British  Isles.”  (Lecture  IV.) 
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A ll  communications  /or  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adel/ht,  London,  W.C. 


NOTICES. 

♦ 

COLO  AVAL  & INDIAN  EXHIBITION. 

With  the  present  number  of  the  Journal  is 
issued,  as  a Supplement,  a plan  of  the  forth- 
coming Exhibition,  and  on  page  305  will  be 
found  a description  of  the  general  arrange- 
ments of  the  Exhibition. 


CANTOR  LECTURES. 

On  Monday  evening,  15th  inst..  Professor 
F.  Guthrie,  F.R.S.,  delivered  the  first  lecture 
of  his  course  on  “Science  Teaching,”  In 
which  he  treated  of  science  as  an  element  in 
education. 

The  lectures  will  be  printed  in  the  Journal 
during  the  Easter  recess. 


Proceedings  of  the  Society. 

♦ 

FOREIGN  Cf  COLONIAL  SECTION. 

Tuesday,  February  i6th,  1886;  Sir  Saul 
Samuel,  K.C.M.G.,  in  the  chair. 

The  paper  read  was — 

PRESENT  STATE  OF  THE  COLONIAL 
POSSESSIONS  OF  GREAT  BRITAIN. 

By  Robert  James  Mann, 

M.D.,  F.R.C.S.,  F.R.G.S.,  &c. 

The  near  approach  of  the  great  Exhibition, 
which  is  designed  to  illustrate,  during  the 
summer  of  the  present  year,  the  productive 
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industries  of  the  colonial  possessions  of  the 
empire,  suggests  the  appropriateness  of  a 
summary  and  review,  at  the  present  time,  of 
the  resources  and  condition  of  those  depend- 
encies. This  sketch  is  placed  before  the 
Society  in  anticipation,  it  is  hoped,  of  a more 
exact  account  of  the  arrangements  which  are 
in  progress  for  the  illustration  of  the  industries 
and  productions  of  these  interesting  com- 
munities at  a more  advanced  period,  when 
the  maturing  organisation  of  the  scheme  will 
enable  this  to  be  more  advantageously  done. 

In  entering  upon  the  consideration  of  this 
subject,  it  will  be  well  that  it  should  be  borne 
in  mind  how  recently  in  the  march  of  history 
it  is  that  the  kingdom  of  Great  Britain  was 
virtually  altogether  compressed  within  the 
limits  of  the  two  islands  which  now  form  the 
centre  of  its  civilising  and  colonising  opera- 
tions. The  East  India  Company’s  first  settle- 
ment in  India,  at  the  Fort  of  Surat,  was 
formed  in  1611,  but  little  more  than  two 
centuries  and  a half  ago;  Jamaica  was 
occupied  in  1670;  Canada  was  finally  taken 
from  the  French  in  1763  ; Port  Jackson,  in 
New  South  Wales,  received  its  first  settle- 
ment in  1788,  or  less  than  a full  century  ago  ; 
and  the  first  occupation  of  the  Cape  of  Good 
Hope  by  Great  Britain  occurred  seven  years 
after  that. 

The  Dominion  of  Canada,  extending 
from  the  Atlantic  to  the  Pacific,  including  a 
territory  about  as  large  as  Europe,  and  com- 
prising in  exact  numbers  an  area  of  about 
3,580,310  square  miles,  contains  within  itself 
the  provinces  of  Upper  and  Lower  Canada, 
New  Brunswick,  Nova  Scotia,  Prince  Edward 
Island,  British  Columbia,  Manitoba — the  land 
formerly  in  the  hands  of  the  Hudson’s  Bay 
Company,  and  the  vast  North-West  Territory. 
The  population  is  estimated  in  round  numbers 
at  about  4,588,000.  Canada,  Nova  Scotia, 
and  New  Brunswick  were  joined  together  in 
1867.  The  province  of  Manitoba,  originally 
the  Red  River  Settlement,  and  the  north-west 
territory,  were  admitted  into  the  union  in  1871. 
British  Columbia  was  received  in  1871,  and 
Prince  Edward  Island  in  1873. 

The  value  of  imports  for  Canada  in  the  year 
1852  was  ;^4, 168,437  ; the  value  of  exports, 
;^3, 145,399.  The  value  of  imports  in  1884 
was  ;^24,248,ooo  ; of  exports,  ^^i8, 942, 000. 
The  public  revenue  in  1884  was  ,000  ; 

the  public  expenditure,  ;^6, 430,000 ; and  the 
public  debt,  ;^5o,5i7,ooo. 

The  timber  trade,  agriculture  and  cattle, 
are  the  largest  sources  of  production  in 
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Canada  proper;  the  fisheries  are  very  valuable. 
The  mineral  wealth  is  large,  although  as  yet 
but  imperfectly  developed.  Mineral  oil  is 
produced  in  large  quantity  ; coal  and  iron  are 
abundant  in  Nova  Scotia  and  New  Brunswick. 
Horses  and  sheep  are  bred  largely  in  Prince 
Edward  Island ; 394,000  tons  of  coal  were 
raised  in  British  Columbia  and  Vancouver 
Island  in  1884,  of  which  306,000  tons  were 
exported.  Many  thousand  tons  of  salmon  are 
tinned  and  exported  every  year;  the  furs 
collected  within  the  Dominion  include  minx, 
marten,  sable,  silver-fox,  bear,  beaver,  sea  and 
land  otter,  seal,  deer  and  elk.  The  Canadian 
Pacific  Railway  passes  through  the  centre  of 
British  Columbia.  The  North-West  Territory, 
traversed  by  the  same  railway,  stretches 
towards  the  north  from  the  49th  parallel  of 
north  latitude  to  the  Arctic  frontier  of  the 
continent.  It  has  an  area  of  more  than 
.2,665,000  square  miles,  with  a population 
scarcely  exceeding  56,000,  of  which  nearly 
-one  half  are  Indians  ; 150,000  square  miles  of 
this  territory  are  conceived  to  be  suitable  for 
agricultural  operations.  It  has  also  large 
mineral  deposits,  including  coal  and  gold, 
and  possesses  about  10,000  miles  of  navigable 
rivers. 

^Newfoundland,  the  only  part  of  British 
North  America  which  has  not  been  included  in 
the  Dominion  of  Canada,  has  an  area  of  40, 200 
square  miles,  and  as  recently  as  1874  had  a 
population  scarcely  exceeding  161,389.  Its 
chief  wealth  consists  in  cod  fish,  cod  and  seal 
'Oils,  sealskins,  and  copper.  In  1883,  the  ex- 
ports of  these  products  were  of  the  value  of 
The  total  value  of  imports  and 
exports  at  that  time  was  ;;^3,372,ooo.  The 
public  revenue  was  £283,000,  and  the  public 
expenditure,  £252,000.  The  public  debt, 
£322,000. 

Australasia,  as  a British  possession,  in- 
cludes Australia,  New  Zealand,  Tasmania,  a 
portion  of  New  Guinea,  and  several  small 
islands  between  the  Indian  and  Pacific  oceans. 
The  area  of  the  entire  space  is  estimated  at 
3,169,389  square  miles,  and  the  population 
amounts  to  not  less  than  3,223,000. 

Australia  proper,  with  an  area  of  3,031,771 
square  miles,  and  with  a population  which,  at 
the  close  of  1884,  was  estimated  at  something 
more  than  2,538,000,  is  distributed  into  five 
colonial  departments.  New  South  Wales, 
Victoria,  Queensland,  South  Australia,  and 
West  Australia.  The  centre  of  the  continent 
is  a barren  stony  desert,  but  rich  grazing 
pasture  land  is  spread  all  round  the  coast,  upon 


which  there  were  58,500,000  sheep  feeding  at 
the  end  of  1884.  Including  Tasmania  and 
New  Zealand,  there  are  5,755  miles  of  railway, 
and  59,956  miles  of  telegraph  communication. 
The  land  was  first  brought  within  the  know- 
ledge of  the  civilised  nations  of  the  world  in 
1770  by  Captain  Cook,  when  he  came  upon  it 
in  the  course  of  his  great  voyage  of  circum- 
navigation in  his  eastern  progress  from  Cape 
Horn.  But  it  had  been  casually  sighted  by 
French,  Dutch,  and  other  English  navigators 
at  an  earlier  date.  Flinders  sailed  round  the 
entire  land  in  1802,  and  conferred  upon  it  the 
now  universally  accepted  name  of  Australia. 
The  first  English  settlement  was  formed  at 
Port  Jackson,  now  Sydney,  in  1788. 

The  public  revenue  of  all  Australasia 
amounted,  in  1884,  to  £22,285,000  ; and  the 
public  expenditure  to  £20,^51^,000.  The  public 
debt  at  that  time  was  _;i^97,944,ooo.  The  value 
of  imports,  ;^64,353,ooo ; and  of  exports, 
£1^^,336,000.  In  the  same  year,  shipping, 
representing  10,886,000  tons,  entered  and 
cleared  out  of  the  various  ports,  irrespective  of 
mere  coasting  trade. 

JVew  South  Wales,  in  the  first  instance, 
comprised  the  whole  of  the  eastern  side  of 
Australia.  It  was  so  called  by  Captain  Cook. 
Its  first  settlement  consisted  of  the  penal 
station  form.ed  at  Port  Jackson,  by  Captain 
Arthur  Phillip,  in  1788.  The  colony,  reduced 
to  its  present  dimensions  by  the  separation 
from  it  of  Victoria  and  Queensland,  has  an 
area  of  310,700  square  miles,  about  three  times 
the  extent  of  Great  Britain  and  Ireland,  and  at 
the  end  of  1884  contained  a population  of 
921,000.  In  1850,  its  population  was  265,500. 
The  country  is  rich  in  its  agricultural  ca- 
pacities, and  had  above  30,000  sheep  upon  its 
pastures  in  1884.  In  the  same  year  it  exported 
441,000  gallons  of  wine,  and  173,986,000  lbs. 
of  wool.  It  produces  gold,  silver,  coal,  iron, 
copper,  tin,  antimony,  kerosine,  and  tobacco. 
The  public  revenue  in  1884  was  ;^7, 117,000, 
and  its  expenditure  £6,853,000.  Its  public 
debt  at  that  time  was  £2^,600,000.  The  value  of 
its  imports  was  ;^2o,8z6,ooo,  and  of  its  exports 
;^i8,25i,ooo.  There  were  1,688  miles  of  rail- 
way in  operation,  and  18,681  miles  of  telegraph. 
The  native  population  amounted  to  a little 
more  than  5,600.  The  chief  town,  Sydney, 
possesses  a university,  an  astronomical 
observatory,  a royal  mint,  and  a free  public 
library.  Mr.  Froude  describes  the  physical 
characteristics  of  the  port  of  Sydney,  in  a 
narrative  of  his  visit  to  the  Australian 
colonies  last  year  just  published,  and  termed 
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“Oceana,”  in  ver}' glowing  and  graphic  words. 
He  reached  it  by  railway  from  Melbourne,  and 
in  speaking  of  the  termination  of  his  journey 
he  says  : — 

“In  the  forenoon  we  ran  down  from  the  hills  to 
the  plains  which  we  had  seen  from  our  window, 
stretching  blue  and  hazy  to  the  horizon.  Ten  miles 
from  Sydney  the  detached  cottages  became  thicker, 
villages  smartened  themselves  into  suburbs.  The  city 
spread  inland  to  meet  us,  and  we  had  not  been  many 
minutes  running  between  houses  before  we  arrived 
at  the  station.  Sydney  proper — the  old  Sydney  of 
the  first  settlement — stands  on  a long  neck  of  land 
at  the  mouth  of  the  Paramatta  river,  between  two 
deep  creeks,  which  form  its  harbour,  that  is,  its  inner 
harbour,  where  its  docks  and  wharves  are.  Port 
Jackson,  the  harbour  proper,  from  which  these  are 
mere  inlets,  is  the  largest  and  grandest  in  the  world. 
A passage  about  a mile  wide  has  been  cut  by  the 
ocean  between  the  wall  of  sandstone  cliffs  which 
stretch  along  the  south-west  Australian  shores.  The 
two  headlands  stand  out  as  gigantic  piers,  and  the 
tide  from  without,  and  the  fresh  water  from  within 
have  formed  an  inlet  shaped  like  a star-fish,  with  a 
great  central  basin,  and  long  arms  and  estuaries 
which  pierce  the  land  in  all  directions,  and  wind  like 
veins  between  lofty  sandbanks.  The  rock  is  grey  or 
red ; worn  by  the  rains  and  tides  of  a thousand 
human  generations,  it  projects  in  overhanging  shelves, 
or  breaks  off  into  the  water,  and  lies  there  in  fallen 
masses. 

“The  valleys  thus  formed,  and  widening  and 
broadening  with  age,  are  clothed  universally  with 
the  primeval  forests  of  eucalyptus  and  dark  Aus- 
tralian pine— the  eucalyptus  in  its  most  Protaean 
forms — and,  staining  its  foliage  in  the  most  varied 
colours,  the  red  cliffs  standing  out  between  the 
branches,  or  split  and  rent  where  the  roots  have 
driven  a w’ay  into  their  crevices.  In  some  of  these 
land-locked  reaches,  except  for  the  sunshine,  and 
the  pure  blue  of  the  water,  I could  have  fancied 
myself  among  the  yews  and  arbutuses  of  Killarney. 
The  harbour  is  on  an  average,  I believe,  about  nine 
fathoms  deep ; the  few  shoals  are  marked,  and 
vessels  of  the  largest  size  lie  in  any  part  of  it  in 
perfect  security.  Sydney  itself  is  about  seven  miles 
from  the  open  sea.  The  entire  circuit,  it  is  said,  if 
you  follow  the  shore  round  all  the  winding  inlets 
from  bluff  to  bluff,  is  200  miles.  There  is  little  tide, 
and,  therefore,  no  unsightly  mud  banks  are  uncovered 
at  low  water.  It  has  the  aspect  and  character  of  a 
perfect  inland  lake,  save  for  the  sea  monsters,  the 
unnumbered  sharks  which  glide  to  and  fro  beneath 
the  treacherous  surface.” 

Of  the  public  gardens  at  Sydney,  he  says  : — 

“ On  the  first  evening  we  were  left  to  ourselves.  I 
walked  up  in  the  twilight  to  the  esplanade  at  the 
public  garden,  and  I think  I have  never  in  my  life 
gazed  on  a scene  so  entirely  beautiful.  It  was  not 


for  the  trees  and  flowers ; they  were  lovely,  and  any- 
where in  Europe  they  would  be  celebrated  as  a wonder. 
But  there  was  not  the  science,  there  was  not  the 
elaborate  variety  which  I had  admired  at  Ballarat. 
Sydney  is  many  degrees  hotter.  Tropical  plants, 
which  there  require  glass  to  shelter  them,  at  Sydney 
breathe  luxuriantly  the  free  air  of  heaven ; but  the 
roses  and  lilies  of  the  temperate  zone,  which  are  the 
fairest  flowers  that  blow,  grow  feebly  here,  or  wil 
not  grow  at  all.  It  is  the  situation  which  gives  in 
the  Sydney  garden  so  exquisite  a charm.  The 
ground  slopes  from  the  town  to  the  sea  with  in- 
clining lawns,  flower  beds,  and  the  endless  variety  o 
tropical  flora.  Tall  Norfolk  Island  pines  tower  up 
dark  into  the  air,  and  grand  walks  wind  for  mile 
along  continually  varying  landscapes,  which  are 
framed  by  the  openings  in  the  foliage  of  the  per- 
fumed shrubs.  Within  the  compass  of  the  garden 
the  sea  forms  two  deep  bays,  one  of  which  is 
reserved  for  the  ships  of  the  squadron.  Fine  vessels- 
lay  at  anchor  there,  their  spars  black  against  the 
evening  sky,  and  the  long  pennants  drooping  at  the 
masthead  ; the  Nelson  sitting  like  a queen  in  the 
midst  of  them,  the  admiral’s  white  flag  hanging  over 
the  stern.  Steam  launches  were  gliding  at  half- 
power over  the  glassy  waters,  which  were  pink  with 
the  reflection  of  sunset.  Boats  were  bringing  off 
officers  and  men  who  had  been  on  leave  on  shore ; 
the  old  order,  form,  and  discipline  in  the  new  land  of 
liberty — the  shield  behind  which  alone  the  vaunted 
liberty  is  possible.  Behind  the  anchorage  were  rocky 
islands,  with  the  deserted  ruins  of  ancient  batteries, 
now  useless  and  superseded  by  ampler  fortifications 
inside  the  bluffs.  Merchant  ships  lay  scattered  over 
the  outer  harbour,  and  a yacht  or  two  lay  drifting 
with  idle  sails.  Crowded  steam  ferry  boats  were 
carrying  the  workmen  from  the  city  to  distant 
villages.  On  wooded  upland  or  promontory  shone 
the  white  palaces  of  the  Sydney  merchants,  and 
beyond  again  were  the  green  hills,  softened  by  the 
distance  and  the  glowing  dusk  into  purple,  which 
encircle  the  great  inlets  of  Port  Jackson. 

“Asa  mere  picture  it  was  the  loveliest  that  I had 
ever  looked  upon.  The  bay  at  Rio,  I am  told,  is 
equally  fine,  and  indeed  finer,  being  over-hung  with 
mountains.  There  are  no  mountains  at  Sydney. 
The  Blue  Range  is  far  off  on  the  land  side,  and 
makes  no  part  of  the  harbour  scenery.  But  one 
does  not  always  wish  for  grandeur.  Sydney  has  the 
perfection  of  soft  beauty,  and  one  desires  no  more. 
At  Rio,  moreover,  if  the  English  flag  is  seen,  it  flies 
as  a stranger.  At  Sydney  there  are  the  associations 
of  home — we  are  among  our  own  people,  in  a land 
which  our  fathers  had  won  for  us.” 

The  tonnage  of  the  vessels  that  now'  enter 
and  leave  the  port  of  Sydney  in  the  year  is 
larger  than  that  of  the  vessels  of  the  port  of 
London  in  the  first  year  of  Queen  Victoria. 
The  edge  of  the  harbour  is  given  up  to  ware- 
houses, commercial  chambers,  and  offices. 
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and  banks  and  buildings  which,  during  busi- 
ness hours,  are  packed  with  a busy  crowd. 
But  narrow  and  winding  streets  in  the  busy 
part  show  that  it  is  not  a modern  town,  but  a 
place  that  has  grown  in  the  old  English 
fashion.  There  are  handsome  streets  with 
grand  fronts  and  arcades,  mingled  with  lanes 
and  alleys  with  dull  and  unsightly  aspects. 
Trees  are  planted  wherever  there  is  room  for 
them.  The  city  is  interesting,  also  as  being 
the  most  ancient  town  in  Australia.  Having 
been  the  seat  of  the  first  settlement,  it  is  now 
approaching  one  hundred  years  old. 

Victoria,  originally  the  Port  Philip  district 
of  New  South  Wales,  was  separated  from  it 
as  a distinct  colony  in  1851.  It  consists  of 
the  south-east  corner  of  Australia,  where  the 
land  projects  furthest  into  the  southern  lati- 
tudes, and  contains  an  area  of  87,884  square 
miles,  with  a coast-line  of  600  miles.  In  1850 
its  population  was  30,600  ; and  in  1884  was 
p6i,ooo,  including  about  13,000  Chinese.  Its 
rapid  progress  in  prosperity  and  relative  wealth 
is  due  to  the  discovery  of  gold  in  1851.  At 
the  end  of  1884,  33,023,985  ozs.,  or  nearly 
1,624  tons  of  gold,  of  the  estimated  value  of 
;^2i2,095,940,  had  been  produced.  Tin,  anti- 
mony, and  some  other  metals,  to  the  value  of 
;^8oo,ooo,  had  also  been  yielded  by  the  mines. 
There  were  1,663  i^iles  of  railways,  and  4,020 
miles  of  telegraph  at  work  in  1884.  Wool  is 
also  a great  staple  production  of  the  colony. 
There  were,  at  the  same  period,  10,637,000 
sheep  on  the  pastures,  the  estimated  produce 
of  wool  for  the  year  being  61,369,000  lbs., 
valued  at  nearly  ;^4,ooo,ooo  sterling.  In  the 
same  year  723,000  gallons  of  wane  were  made, 
w'hich  exceeded  the  yield  of  the  previous  year 
by  more  than  200,000  gallons.  Steam-power, 
amounting  to  18,700  horses,  was  employed  in 
the  mines  and  manufactories,  involving  the 
employmentof  capital  of  more  than  ^10,000,000. 
Melbourne,  the  chief  city,  has  a university, 
public  museum,  mint,  astronomical  observa- 
tory, and  public  library,  and  a population 
of  325,000.  The  public  revenue,  in  1884, 
was  ^,^6,290, 000,  and  the  public  expenditure, 
_;^6,2I2,ooo.  The  public  debt  was  ^28,331,000. 
The  value  of  imports  £\<^,20i,ooo,  and  of  ex- 
ports ;^i6, 050,000. 

In  his  ‘‘  Oceana,”  Mr.  Froude  gives  a most 
interesting  account  of  the  present  state  of 
affairs  at  Ballarat,  the  first  gold  mine  opened 
out  forty  years.  He  found  it  a well-ordered 
and  really  attractive  town,  containing  40,000 
inhabitants,  created,  as  if  by  Aladdin’s  lamp, 
in  the  wilderness.  In  1844,  it  was  an  arid 


treeless  hollow  lying  between  low  hills,  with  a 
scanty  brook  trickling  down  the  middle  of  it, 
with  the  valley  and  hill-side  dotted  over  with 
tiny  tents,  with  some  tens  of  thousands  of 
human  beings  flinging  up  soil  and  sand  heaps 
like  Bactrian  ants,  and  with  bushrangers 
watching  in  the  forest  to  intercept  the  gold 
on  its  way  down  to  the  sea.  As  Mr.  Froude 
approached  Ballarat  he  left  the  forest,  and 
came  among  plantations.  The  Pinus  insignus, 
eucalyptus,  magnolia,  and  Moreton  Bay  fig 
tree,  were  planted  in  all  directions,  and  in  all 
convenient  places,  as  the  town  began  to  rise, 
and,  consequently,  as  the  houses  multiplied 
the  trees  grew  which  were  to  shade  them. 
Having  grown  ten  times  as  fast  as  they  would 
have  done  in  England,  there  are  now  magnifi- 
cent trees  everywhere — in  yards  and  courts, 
in  streets  and  squares.  They  overtop  the 
chimneys,  and  give  an  air  of  grace  and 
beauty  to  the  common-place  architecture. 
Mining  is  still  the  principal  industry  of  the 
place.  But  the  surface  diggings  have  been 
long  exhausted,  and  the  work  is  now  carried 
on  in  the  solid  quartz  rock  underground,  which 
is  quarried  and  crushed.  The  town  is,  there- 
fore, interspersed  with  the  inevitable  engine 
works,  heaps  of  rubble  and  cinder,  and  high 
scaffoldings  of  mine  machinery  with  wheels 
revolving,  and  the  black  arms  of  cranks  rising 
and  falling.  The  gold  mining  was  still  pay- 
ing in  its  way  ; that  is  to  say,  the  annual 
yield  of  the  Victorian  mines  was  from 
;^4,ooo,ooo  to  ;^5,ooo,ooo,  and  the  cost  of 
production  about  the  same,  but  this  implies 
that  a great  number  of  people  were  earning 
high  wages,  that  local  trade  and  business 
were  flourishing,  and  that  thousands  of  families 
were  maintained  in  comfort. 

But  the  city  is  also  a great  agricultural 
centre,  and  is  becoming  more  so  every  year. 
One  passage  in  “ Oceana  ” in  relation  to  this 
important  characteristic  is  so  striking  and 
suggestive  that  it  deserves  to  be  reproduced 
here.  Mr.  Froude  says  : — 

“ We  were  taken  back  through  what  was  termed 
the  ‘ fertile  district  ’ of  Ballarat.  The  wheat  was 
gone;  the  thick  stubble  only  remained  to  show 
where  it  had  been;  but  oats,  barley,  peas,  beans, 
potatoes,  grew  in  the  fields,  and  after  the  sight  of 
them  I could  believe  Herodotus’  account  of  the 

crops  grown  on  the  plains  of  Babylon.  E ” (his 

companion),  “who  knows  what  agriculture  is,  and 
had  been  all  over  the  world,  said  that  he  had  never 
seen  the  like  of  it.  An  oat  crop  was  half-cut. 
Where  the  reaping  machine  had  stopped,  it  was 
standing  like  a wall — so  thick  that  a horse  could 
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scarcely  have  forced  a way  through  it,  and  so  clean 
of  weeds  that  there  was  nothing  like  one  visible. 
Weeds,  indeed,  are  said  to  be  a product  of  high 
civilisation.  For  seventeen  years  they  have  been 
cropping  the  land  ^vithout  manuring  it,  and  there  is 
no  symptom  of  exhaustion ; each  harvest  is  as  rich 
as  the  last.  When  earth  is  so  kind,  men  cannot 
choose  but  be  happy.  The  human  occupiers  of 
these  farms  live  each  on  his  own  freehold,  or,  if 
tenants,  -with  no  danger  of  disturbance.  They  have 
pretty  houses,  smartly  kept,  and  bright  with  paint ; 
and  trellis-'vdnes  creep  over  the  verandahed  fronts, 
and  the  slopes  or  lawns  are  bright  with  roses.  The 
orchards  aroimd  them  reminded  me  of  the  Boers’ 
orchards  in  the  Free  State  ; peaches  and  apricots, 
almonds,  figs,  pears,  and  apples,  all  thriving  as  if 
they  had  taken  fresh  life  in  the  new  land  where  they 
found  themselves  ; and  the  men  and  women  seemed 
as  thri\ang  too,  with  the  courteous  manners  of  inde- 
pendent gentlemen  and  ladies.  If  English  farmers 
and  farm-labourers  could  but  see  what  I saw  that 
day  (and  I am  informed  that  other  parts  of  the 
colony  were  as  much  richer  than  this  as  this  was 
richer  than  my  own  Devonshire),  there  would  be 
swift  transfers  over  the  seas  of  our  heavily-laden 
* agricultural  population.’  The  landed  interest  itself 
— gentry  and  all — will  perhaps  one  day  migrate  en 
masse  to  a country  where  they  can  live  in  their  o\vn 
way  without  fear  of  Socialism  or  graduated  income- 
tax,  and  leave  England  and  English  progress  to 
blacken  in  its  own  smoke.” 

Mr.  Froude’s  description  of  the  public  park 
at  Ballarat  is  scarcely  less  worthy  of  notice. 
In  reference  to  it,  he  says  : — 

“ Finally  my  driver  brought  me  to  the  gates  of  the 
park,  where  we  found  the  rest  of  our  company 
assembled.  It  then  appeared  how  skilfully  our 
entertainment  had  been  arranged.  We  had  been 
passed  through  purgatory  in  the  morning,  that  we 
might  enjoy  paradise  afterwards — literally  paradise — 
for  paradise  means  park,  and  here  was  a park  worthy 
the  name.  I have  already  expressed  my  admiration 
of  the  Australian  gardens,  but  this  at  Ballarat  ex- 
celled them  all.  It  was  as  if  the  Town  Council  had 
decided  to  show  w'hat  gold  and  science  could  do 
w’ith  such  a soil  and  climate.  The  roses  which 
bloom  ill  on  the  hotter  lowlands  were  here,  owing  to 
the  height  above  the  sea,  abundant  and  beautiful  as 
in  Veitch’s  nurseries  at  midsummer.  Besides  roses, 
every  flow'er  w’as  there  which  was  either  fair  to  look 
upon,  or  precious  for  its  fragrance.  There  were 
glass  houses  to  protect  the  delicate  plants  in  the 
winter ; but  oranges  and  camellias,  which  we  know 
only  in  conservatories,  grow  without  fear  in  the  open 
air,  and  survive  the  worst  cold  which  Ballarat  ex- 
periences. A broad  grand  walk  led  up  the  middle 
of  the  grounds,  with  lateral  paths  all  damply  kept. 
Dark  shado^v7  labyrinths  conducted  us  into  coo 
grottoes  overhung  by  tree  ferns,  where  young  lovers 


could  whisper  undisturbed,  and  those  who  were  not 
lovers  could  read  novels.  Such  variety,  such  splendour 
of  colour,  such  sweetness,  such  grace,  in  the  distri- 
bution of  the  treasures  collected  there,  I had  never 
found  combined  before,  and  never  shall  find  again.” 

Mr.  Froude  visited  the  vineyard  of  St. 
Hubert,  in  the  valley  of  the  Yarra,  belonging 
to  Mr.  Castella,  a Swiss  gentleman  from 
Neufchatel,  the  most  notable  and  successful 
attempt,  perhaps,  at  wine-growing  that  has 
yet  been  made  in  Victoria.  He  found  the 
vines  all  in  full  leaf,  and  in  excellent  condition, 
over  300  acres  of  land,  and  the  buildings  sup- 
plied with  ample  presses,  hogsheads,  and 
cellars.  The  house  was  a large  roomy  struc- 
ture, with  high-gabled  roofs,  deep  verandahs, 
and  with  a central  tower,  and  numerous  de- 
tached rooms  scattered  about  the  shrubberies 
for  the  accommodation  of  guests.  Mr.  Froude 
walked  out  from  his  own  particular  lodgings 
amongst  the  trees,  before  breakfast  in  the 
morning,  to  make  an  extemporised  feast  upon 
ripe  greengages  which  hung  in  countless 
thousands  above  his  head. 

Mr.  Froude  went  to  see  the  great  trees  at 
Fernshaw,  in  a mountain  glen  near  the  sources 
of  the  Yarra,  and  about  twenty  miles  from  St. 
Hubert’s  vineyard.  The  route  lay  through 
woods  of  gum  trees  with  clean  straight  stems 
rising  two  hundred  feet  before  sending  out  any 
branches.  There  was  no  undergrowth,  ex- 
cepting tree  ferns  thirty  feet  high,  and  the 
boughs  were  joined  overhead  to  form  a verdant 
roof,  supported  on  gray  columns  which  rose 
one  beyond  the  other  all  round,  and  consti- 
tuted aisles  suggesting  the  idea  of  an  im- 
measurable cathedral.  The  great  trees  stand 
in  a spot  w^ell  sheltered  from  wind,  and  where 
they  enjoy  also  the  advantage  of  a congenial 
soil.  Their  average  height  is  between  350  and 
400  feet,  and  one  tree  which  was  measured 
proved  to  be  460  feet  high.  The  girth  of 
another  tree  near  the  road  was  forty-five  feet 
at  the  height  of  the  shoulder.  Mr.  Froude 
speaks  of  these  trees  as  being  100  feet  higher 
than  the  great  conifers  in  the  Yosemite  Valley 
of  California. 

South  Australia  was  formed  into  a distinct 
colony  in  1863  ; but  it  includes  in  its  boundaries 
the  centre  of  the  continent  up  to  the  latitude 
of  1 1®  south,  and  has  an  area  of  903,690  square 
miles,  with  a population  of  313,000.  In  1850 
its  area  was  383,300  square  miles,  and  its 
population  63,000.  Its  first  settlement  was 
formed  in  1836.  It  is  principally  an  agri- 
cultural and  pastoral  district.  Its  yield  of 
wheat  in  1854  was  over  14,000,000  bushels, 
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with  an  export  of  breadstuffs  valued  at 
;^2,49i,ooo,  and  of  wool  of  46,741,000  lbs. 
The  produce  of  wine  in  that  year  was  over 
473,000  gallons.  The  number  of  sheep  feeding 
on  the  pastures  was  6,696,000.  Copper  is 
extracted  in  considerable  quantity.  In  1884 
there  were  1,060  miles  of  railway,  and  5,291 
miles  of  telegraph  in  operation.  The  public 
revenue  was  £2,02/^,000,  and  the  public  ex- 
penditure £2,^gS,ooo ; the  public  debt, 
;^i5,473,ooo ; the  imports  of  the  value  of 
;^5,749,ooo,  and  exports  of  the  value  of 
^6,623,000.  The  population  of  Adelaide,  the 
chief  town,  amounts  to  about  15,000. 

Queensland  y^3lS  separated  from  New  South 
Wales  in  1859.  It  comprises  an  area  of 
668,497  square  miles,  equal  to  5-J  times  the 
extent  of  Great  Britain,  and  includes  the  whole 
north-eastern  portion  of  the  continent.  The 
population,  which  was  34,800  in  1861,  had 
reached  309,000  in  1884.  In  that  year  the 
produce  of  sugar  was  33,300  tons;  wool  to 
the  value  of  i, 889,000  ; gold  of  the  value  of 
£g2T,,ooo  ; silver  and  lead  to  the  value  of 
£2$,ooo  ; tin  to  the  value  of  £22^,000  ; pearls 
to  the  value  of  £g^,ooo ; sugar  to  the  value  of 
;^454,900  ; and  a small  quantity  of  rum  and 
timber  were  also  exported.  The  mineral 
deposits  and  timber  are  of  considerable  value. 
There  were  253,000  horses,  4,266,000  cattle, 
and  9,308,000  sheep  feeding  upon  the  pastures, 
and  51,000  pigs  in  the  colony.  There  were 
1,007  ™i^es  of  railway,  and  11,300  miles  of 
telegraph  in  operation.  The  public  revenue 
was  £2,^20,000,  and  the  public  expenditure 
^2,819,000;  the  public  debt  ;^i6, 4 19, 000.  The 
'.mports  were  of  the  value  of  _;,^6,38i,ooo,  and 
he  exports  of  the  value  of  ;^4,673,864. 

The  first  settlement  was  formed  on  the 
River  Brisbane,  in  Moreton  Bay,  in  1823. 

Western  Australia,  the  old  Swan  River 
Settlement,  comprises  an  area  of  975,824 
square  miles,  with  a coast  line  of  more  than 
1,200  miles.  Much  of  the  land  is  heavily 
covered  with  timber,  mostly  eucalypti,  of  very 
large  size.  The  population  was  under  6,000 
in  1850,  and  about  33,000  in  1884.  The  first 
settlement  was  founded  in  1829.  The  vine, 
the  olive,  and  the  fig  thrive.  There  are  124 
miles  of  railway  in  operation.  Wool,  timber, 
especially  sandal  wood,  lead,  copper,  pearls, 
whale  oil,  and  guano  are  among  the  exports. 
The  public  revenue  was  £2go,ooo  in  1884,  and 
the  public  expenditure  ;^29i,ooo;  the  public 
debt  was  ^765,000.  The  value  of  the  imports 
was  ;^52 1,000,  and  of  the  exports  ^405,000. 

Tas7nania,  at  first  known  as  Van  Diemen’s 


Land,  and  so  named  from  the  governor  of  the 
Dutch  Indian  possessions  at  the  time  of  its 
discovery  in  1642  by  Tasman,  comprises  an 
area  of  26,215  square  miles.  A penal  settle- 
ment was  formed  upon  it  by  Lieut.  Bowen  in 
1803,  It  was  separated  from  New  South 
Wales,  and  made  into  a distinct  colony  in 
1825.  Its  use  for  the  reception  of  convicts 
was  discontinued  in  1853,  and  the  name  was 
changed  from  Van  Diemen’s  Land  to  Tas- 
mania. Wool,  gold,  tin,  and  various  fruits 
are  the  chief  productions  of  the  colony. 
Wheat  grows  with  great  luxuriance.  The 
native  woods  are  of  very  great  excellence. 
The  value  of  the  tin  exported  in  1884  was 
;^30i,ooo,  and  of  the  gold  £it,2,ooo.  Coal 
and  iron  are  abundant.  The  population  in 
1861  was  90,000,  in  1884  it  was  130,500.  The 
value  of  the  preserved  fruits  exported  in  1884 
was  nearly  ;^i  71,000.  There  were  215  miles  of 
railway,  and  1,716  miles  of  telegraph  in 
operation.  The  public  revenue  was  ^549,000,. 
and  the  public  expenditure  ;^584,ooo ; the 
public  debt  was  £t,, 202,000.  The  value  of  the 
imports  was  ^1,656,000,  and  of  the  exports 
;^i,475,ooo.  The  population  of  Hobart,  the 
chief  city,  was  18,000. 

Idew  Zealand  was  formed  into  a separate 
colony  in  1841.  The  first  settlement  upon  it 
was  made  in  1814;  the  three  islands  comprise 
an  area  of  about  104,403  square  miles,  a little 
less  than  the  superficial  extent  of  Great  Britain 
and  Ireland,  and  two-thirds  of  the  land  are 
considered  fit  for  agriculture  and  grazing. 
The  adjacent  group  of  the  Chatham  Islands- 
contains  377  square  miles.  The  population  in- 
1851  was  26,700;  at  the  end  of  1884  it  was 
564,000 ; exclusive  of  44,000  natives-  The 
auri  pine  and  gum  are  largely  produced  an  d 
exported.  Coal,  iron,  copper,  and  gold  are 
amongst  the  mineral  productions  ; the  chief 
export  is  wool.  The  public  revenue  in  1884 
was  ;^3, 707,000  ; and  the  public  expenditure 
;^4, 101,000  ; the  public  debt  was  ;^32,86o,ooo. 
The  value  of  the  imports  was  ;^7,663,ooo ; and 
of  the  exports  ;^7, 091, 000.  The  population  of 
Wellington,  the  chief  town,  is  22,000  ; and 
of  Auckland,  the  old  capital,  30,000. 

Wellington  stands  upon  the  north  island, 
near  the  western  entrance  of  Cook’s  Straits, 
which  separate  the  north  from  the  south 
island.  Auckland,  the  old  capital,  is  upon  the 
east  coast  of  the  north  island,  one  hundred 
miles  south  of  the  northern  extremity,  at  the 
bottom  of  the  deep  Hauraki  Gulf,  and  upon 
an  isthmus  of  seven  miles  wide,  from  the  more 
elevated  portions  of  which  both  seas  are 


February  19,  i885.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


285 


visible.  Near  the  entrance  of  the  Hauraki 
Gulf,  thirty  miles  from  Auckland,  and  under 
the  shelter  of  a large  Barier  Island,  Sir 
George  Grey’s  Island  of  Kawau  is  placed. 
Auckland  has  an  average  temperature  re- 
sembling that  of  the  Riviera.  Oleanders, 
•orange  trees,  and  fern-palms  thrive  in  the 
outer  air.  The  “four  eights,”  the  ideal  of  the 
workman’s  felicity — that  is,  eight  hours  to 
work,  eight  to  play,  eight  to  sleep,  and  eight 
shillings  a day,*  Mr.  Froude  found  to  be  a 
substantial  reality  in  Auckland. 

The  kauri  pine,  one  of  the  chief  treasures  of 
New  Zealand,  grows  in  enormous  forests.  The 
timber  which  it  yields  is  fine  grained,  tough, 
tenacious,  does  not  split  or  splinter  in  working, 
does  not  warp,  is  very  durable,  and  as  soft  to 
the  chisel  as  deal.  It  furnishes  a gum  like 
amber,  which  is  used  in  a similar  way  for  the 
manufacture  of  ornaments,  and  which  consti- 
tutes a valuable  article  of  export.  A kauri 
pine  takes  800  years  to  mature.  The  totara, 
which  grows  interspersed  with  it,  is  like  a 
giant  eucalyptus,  and  is  generally  embraced  in 
the  coils  of  a serpent-like  parasite,  called  the 
rata.  The  black  pine,  cypress,  and  puketu, 
are  all  forest  trees.  There  is  usually  a dense 
thicket  under  the  tall  trees — with  the  excep- 
tion of  the  kauri,  which  is  for  the  most  part 
destitute  of  undergrowth  — of  shrubs  with 
glossy  leaves,  like  the  magnolia  or  laurel,  of 
aromatic  bushes,  of  flowering  bushes  with 
scented  blossoms  winding  abouttheirbranches. 
The  tree  fern  here  has  its  home.  In  Sir  George 
Grey’s  Island  he  has  planted  pretty  well  all 
the  known  trees  and  shrubs  of  the  world.  Mr. 
Froude,  in  “ Oceana,”  gives  a very  charming 
-account  of  the  visit  he  made  to  Sir  George 
Grey.  He  also  draws  attention  to  the  large 
amount  of  the  New  Zealand  debt,  compared 
with  the  numbers  of  its  population,  which  he 
does  not  think  altogether  a satisfactory  feature 
to  dwell  upon;  on  the  other  hand  he  was  very 
favourably  impressed  with  the  capabilities  of 
the  land  to  support  a large  population.  The 
climate  ranges  from  that  of  the  Bay  of  Naples, 
to  that  of  the  North  of  Scotland.  There  is 
abundant  rainfall,  great  rivers  and  mountains, 
a soil  luxuriantly  rich,  and  a clothing  of 
magnificent  forest.  There  are  mountain  ranges 
grander  than  the  giant  bergs  of  Norway ; 
glaciers  and  water  falls  for  the  hardy  hill-men  ; 
sheep  walks  for  the  shepherds  ; and  coasts 
with  infinite  diversity  of  contour  to  serve  as 

• This,  it  will  be  remembered,  was  alluded  to  in  the  paper 
read  before  the  Society  by  Mr.  Arnold  White,  on  the  26th  of 
January. 


nurseries  for  seamen.  In  speaking  of  the 
North  Island,  Mr.  Froude  says  : — 

“No  Arden  ever  saw  such  forests,  and  no  lover 
ever  carved  his  mistress’s  name  on  such  trees  as  are 
scattered  over  the  ground.  If  it  lies  written  in  the 
book  of  destiny  that  the  English  nation  has  still 
within  it  great  men  who  will  take  a place  among  the 
demigods,  I can  well  believe  that  it  will  be  in  the 
unexhausted  soil  and  spiritual  capabilities  of  New 
Zealand  that  the  great  English  poets,  artists,  philoso- 
phers, statesmen,  and  soldiers  of  the  future  will  be 
born  and  nurtured.” 

The  number  of  sheep  in  New  Zealand  and 
Tasmania,  taken  together,  is  estimated  at 
16,000,000. 

The  Ca^e  Colony,  held  by  Great  Britain 
since  1806,  has  an  area  of  213,636  square 
miles,  and  a population  of  1,122,000.  The 
population  was  285,000  in  1850.  Wool  and 
wine  are  staple  products  of  the  colony, 
and  horses,  cattle,  sheep,  and  ostriches,  are 
reared  in  the  pastoral  districts.  The  export 
of  wool  in  1884  was  37,270,000  lbs. ; of 
angora  hair  4,329,000  lbs.  ; and  of  ostrich 
feathers  233,400  lbs. ; 20,348  tons  of  copper, 
of  the  value  of  ;^405,400  lbs.,  were  produced 
in  Namaqualand  division  in  that  year,  and  the 
value  of  the  diamonds  from  Kimberley  ex- 
ceeded ;^2,8o7,ooo.  The  public  revenue  in 
1884  was  ;^2,499,ooo,  and  the  public  ex- 
penditure was  ;^5,374,ooo  ; the  public  debt 
;i^i9,658,ooo  ; the  value  of  the  imports  was 
_;^5,26o,ooo,  and  that  of  the  exports  was 
_;!^7,03i,ooo.  The  population  of  Cape  Town, 
at  Table  Bay,  was  45,000  in  1873.  There 
are,  at  the  present  time,  1,523  miles  of  rail- 
way, and  8,663  miles  of  telegraph  in  opera- 
tion. Griqualand  east,  and  Fingoland,  were 
annexed  to  the  colony  in  1877  and  1879; 
Tembuland  was  added  in  1885  ; the  territory 
of  St.  John’s  in  1884;  Walfish  Bay  in  1884; 
and  Pondoland  in  1885. 

Natal  comprises  an  area  of  18,750  square 
miles,  with  a sea-coast  of  200  miles,  and  a 
population  of  35,000  Europeans,  361,000  Zulu 
kafirs,  and  27,000  Indian  coolies.  It  was 
occupied  as  a British  dependency  under  the 
Cape  Colony  in  1843,  and  became  a separate 
colony  in  1855.  Sugar,  coffee,  indigo,  arrow- 
root,  ginger,  tobacco,  and  cotton,  are  pro- 
duced in  the  coast  districts,  and  the  pine- 
apple there  ripens  in  the  open  air.  The  upper 
district  is  chiefly  pastoral,  and  occupied  by 
sheep,  cattle,  and  horses  ; wool,  sugar,  coffee, 
hides,  and  skins,  and  ostrich  feathers  are  ex- 
ported. The  public  revenue  in  1884 
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;^6io,ooo,  and  the  public  expenditure  ^^746,000 ; 
the  public  debt  was  ;^3, 2 15,000  ; the  value  of 
the  imports  was  ^^1,675,000,  and  that  of  the 
exports  ;^957,ooo.  The  population  of  Pieter- 
maritzburg, the  chief  city,  was  14,000 ; the 
value  of  wool  exported  in  1883  was  £\22,oq)0 
(15,829,000  lbs.  in  weight) ; of  sugar  122,000  ; 
of  hides  and  skins  ;^5 7,000  ; of  angora  hair 

;^I5,000. 

The  island  of  Mauritius,  which  became  a 
dependency  of  Great  Britain  by  conquest  from 
the  French,  in  1810,  has  an  area  of  713  square 
miles,  almost  entirely  occupied  by  the  cultiva- 
tion of  sugar.  The  resident  population  in 
1884  was  370,000,  of  which  253,000  were 
Indians,  descended  from  coolies  originally 
imported  for  the  cultivation  of  sugar.  The 
Seychelles  and  Rodriquez  group  of  islands, 
with  an  additional  area  of  350  square  miles, 
and  with  a population  of  15,000,  are  outlying 
departments  of  the  Mauritius.  Sugar,  rum, 
vanilla,  and  aloes  fibre,  are  exported  from  the 
island,  and  rice  and  cotton  manufactures  are 
largely  imported  for  the  use  of  the  coolies. 
In  1884  there  were  92  miles  of  railway,  and  92 
miles  of  telegraph  in  operation  in  the  island. 
The  capital.  Port  Louis,  has  a population  of 

64.000  ; the  public  debt  in  1884  was;^9o6,ooo  ; 
the  value  of  the  imports  ;,^482,ooo,  and  that  of 
the  exports  ;^356,ooo. 

The  recent  annexation  in  New  Guinea  com- 
prises an  area  of  88,550  square  miles,  of  which 
2,907  miles  are  contained  in  islands.  The 
population  is  estimated  at  137,500.  The 
German  portion  of  New  Guinea  comprises  an 
area  of  88,340  square  miles,  and  a population 
of  297,000  inhabitants.  The  Dutch  portion 
contains  147,550  square  miles,  and  250,000 
inhabitants. 

The  Fiji  Islands,  situated  in  the  South 
Pacific  ocean,  1,100  miles  to  the  north  of  New 
Zealand,  were  ceded  to  Great  Britain  in  1874. 
They  comprise  225  islands,  with  a collective 
area  of  7,740  square  miles,  and  a population 
of  3,300  Europeans,  1 11,000  natives,  and  nearly 

10.000  Indian  and  Polynesian  labourers.  The 
value  of  the  imports  in  1884  was  ;^434,ooo; 
and  that  of  the  exports  ;i^345,ooo.  The  chief 
exports  are  cotton,  sugar,  pearl  shells,  maize, 
copra,  cocoa-nut  oil,  and  beche  de  mer.  The 
capital,  Suva,  is  in  the  Island  of  Viti  Levii. 
The  Island  ©f  Rotumah  was  annexed  in  1881. 

British  Guiana,  comprising  Demerara, 
Esequibo,  and  Berbice,  on  the  South  American 
mainland,  has  an  area  of  85,000  square  miles, 
and  has  been  a British  possession  since  the 
peace  of  1814.  Sugar  is  its  chief  production, 


and  forms  92  per  cent,  of  the  exports.  The 
population  in  1882  was  257,000.  In  1884  the 
public  revenue  was  ;^46o,ooo,  and  the  public 
expenditure  ;^449,ooo.  The  public  debt  is 
£200,000.  The  value  of  the  imports  was 
;^i,999,ooo,  and  of  the  exports,  £2,-^22,ooo. 
The  capital,  George  Town,  has  a population 
of  47,000. 

British  Honduras,  in  Central  America, 
has  an  area  of  7,562  square  miles.  It  contains 
a population  a little  exceeding  27,000 ; the 
land  is  covered  with  primeval  forests,  inter- 
spersed with  savannahs ; sugar  canes,  and 
coffee  and  cocoa  trees  thrive ; mahogany  and 
logwood  are  exported.  In  1884,  the  export  of 
mahogany  was  7,527,000  feet,  and  of  logwood 

15,000  tons.  The  public  revenue  in  1884  was 
;^5i,ooo,  and  the  public  expenditure  ;^53,ooo* 
The  value  of  the  imports  in  that  year  was 
£2-^^, 000,  and  that  of  the  exports  ;^3 17,000. 
The  capital,  Belize,  contained  a population  of 
nearly  6,000  in  i88i. 

The  Falkland  Isles,  off  the  eastern  entrance 
of  the  Straits  of  Magellan,  consisting  of  two- 
large  islands,  and  about  100  islets,  contain, 
altogether,  an  area  of  4,740  square  miles,  and 
a population  of  1,500  individuals.  They  were 
annexed  to  Great  Britain  in  1771,  and  occupied 
by  a settlement  in  1833,  a protection  to  the 
whale  fisheries  prosecuted  in  the  neighbouring 
ocean.  Small  quantities  of  oil,  hides,  tallow, 
sealskins,  and  frozen  meat  are  exported. 
South  Georgia,  an  island  of  1,570  square 
miles,  situated  800  miles  towards  the  south- 
east, is  appended  to  the  government  of  the 
Falkland  Islands.  The  public  revenue  and 
expenditure  of  the  Falkland  Isles  are  about 
£8,000  each ; the  imports  are  valued  at 
£22,000,  and  the  exports  at  ;^69,ooo. 

The  British  possessions  in  the  West  Indies 
consists  of — I,  Jamaica,  4,193  square  miles; 
2,  Trinidad,  on  the  Venezuelan  coast  of  South 
America,  1,754  square  miles;  3,  The  Caicos- 
Islands,  between  the  Bahamas  and  San 
Domingo,  223  square  miles.  The  Leeward 
Islands — 4,  Antigua  and  Baruda,  183  square 
miles  ; 5,  Montserrat,  35  square  miles;  6,  St. 
Christophers  (St.  Kits),  with  Nevis  and 
Anguilla,  685  square  miles ; St.  Domingo, 
290  square  miles ; 8,  the  Virgin  Islands,  64. 
square  miles,  at  the  north-western  termination 
of  the  group.  The  Windward  Islands — 9, 
Tobago,  1 14  square  miles;  10,  Grenada,  iiq 
square  miles;  ii,  St.  Vincent,  132  square 
miles  ; 12,  St.  Lucia,  450  square  miles;  13, 
Barbadoes,  166  square  miles  ; lying  off  in  the 
ocean  to  the  eastward  of  the  Windward 
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Islands—  14,  the  Bahamas,  thirty  islands 
stretching  down  from  Florida  towards  the 
great  island  of  San  Domingo,  5,794  square 
miles.  These  islands  possess  altogether  an 
area  of  13,750  square  miles,  and  a population 
of  1,250,000.  They  all  yield  tropical  produce, 
such  as  sugar,  coffee,  and  cocoa.  Trinidad 
yields  asphalt.  Tobago  is  covered  with 
tropical  forests.  The  value  of  the  imports  of 
the  islands  in  I883  was  ;^6,687,ooo,  and  the 
value  of  the  exports  was  £6, 6^^, 000. 

The  Ber??iudas,  in  the  West  Atlantic,  630 
miles  from  the  coast  of  North  Carolina,  con- 
sist of  300  small  islands,  with  a collective  area 
for  the  entire  group  of  41  square  miles,  and  a 
population  of  14,000.  They  were  annexed  to 
Great  Britain  in  1609.  The  revenue  is  £28,000, 
the  expenditure,  ^29,000,  the  public  debt, 
£3,300.  The  value  of  imports  £^3,000,  and 
of  exports  £2,300.  The  Bermudas  contain  an 
important  fortified  naval  station.  The  islands 
are  becoming  a favourite  winter  resort  for  the 
Americans. 

SI  Hele7ia,  in  the  South  Pacific,  has  an 
area  of  47  square  miles,  and  had  a population 
in  1881  of  5,000.  It  was  taken  by  Great 
Britain  from  the  Dutch  in  1693,  and  was 
governed  by  the  East  India  Company,  under 
the  provisions  of  its  charter,  until  1833.  The 
chief  trade  consists  in  furnishing  provisions 
and  water  to  passing  ships.  Its  revenue  is 
;^io,ooo,  and  its  expenditure  ;^io,ooo.  It 
has  a public  debt  of  £(^,"]Oo.  It  imports 
are  of  the  value  of  £2^,000,  and  its  exports 

;^I,IOO. 

The  Island  of  Asce^zs/on,  in  the  South 
Pacific,  was  first  occupied  as  a naval  station 
by  Great  Britain  in  1815.  It  has  an  area  of 
35  square  miles.  It  is  under  the  charge  ofthe 
Admiralty.  The  value  of  its  imports  are 
_;^4,ooo.  Its  exports  are  turtles  and  birds’  eggs. 
Its  chief  value  is  as  a naval  dep6t,  and  it 
possesses  a steam  factory,  naval  and  victualling 
yards,  a coal  store,  and  very  excellent 
hospitals. 

The  West  A/rzcazz  Settlezziezzts  are  Sierra 
Leone  and  the  Gambia. 

Sierra  Leozie  has  an  area  of  600  square 
miles,  and  a population  of  60,000,  163  only 
being  Europeans.  The  revenue  is  £^3,  the 
expenditure  £82,000,  the  public  debt  £30,000. 
The  value  of  imports  ;^464,ooo,  and  of  exports 
LS77>ooo.  The  chief  exports  are  cocoa-nuts, 
ginger,  ground  nuts,  india-rubber,  gum  copal, 
hides,  and  palm  oil. 

The  settlement  on  the  River  Gambia  and 
the  adjacent  islands  contains  an  area  of  21 


square  miles,  and  a population  of  44,000,  of 
whom  only  105  were  Europeans.  The  chief 
export  is  ground  nuts.  The  value  of  the 
public  revenue  is  £28,000 ; and  that  of  the 
expenditure  £23,000. 

The  Gold  settlement,  on  the  Coast  of 

Guinea,  has  an  area  of  16,200  miles,  and  a 
population  of  520,000.  It  was  settled  as  a 
British  colony  in  1874.  Gold,  ivory,  gum 
copal,  monkey  skins,  and  palm  oil  are  ex- 
ported. The  revenue  is  ^106,000;  the  ex- 
penditure £gg,ooo.  The  value  of  the  imports 
;^5 15,000  ; and  that  of  the  exports  ^594,000. 

Lagos,  off  the  Slave  Coast,  was  occupied  in 
1861  as  a station  to  be  turned  to  account  for 
the  suppression  of  the  slave  trade.  The 
population  is  75,000,  of  whom  only  94  are 
Europeans.  The  revenue  is  £30,000,  and 
the  expenditure  ^37,000.  Palm  kernels  to 
the  value  of  ;^22 1,000,  and  palm  oil  to  the 
value  of  ;^i47,ooo,  were  exported  in  1881.. 
Lead  ore,  indigo,  and  cam  wood  are  producedi 
in  the  neighbouring  territory. 

The  Channel  Islazids,  comprising  Jersey,, 
Guernsey,  Alderney,  Sark,  and  Herm,  are 
dependencies  of  the  British  Crown,  not  rank- 
ing  properly  as  colonial  possessions.  They 
are  remnants  of  the  old  Dukedom  of  Nor- 
mandy, at  one  time  subject  to  Great  Britain. 
The  entire  area  is  73  square  miles,  with  a 
population  of  88,800.  The  value  of  the 
imports  in  1884  was  ;^8o4,ooo  ; of  the  exports 
^868,000. 

The  Isle  of  Man,  in  the  Irish  Sea,  has  an 
area  of  281  square  miles,  and  a population  of 
54,000.  Its  revenue  is  ;^55,ooo ; its  expendi- 
ture ;^5i,ooo;  its  public  debt  £223,000.  It 
exports  lead,  iron,  blende,  slates,  and  agri- 
cultural produce. 

The  small  Island  of  Heligoland,  off  the 
mouth  of  the  Elbe,  in  the  North  Sea,  was 
taken  from  Denmark  in  1807.  It  has  a popu- 
lation of  2,000;  a revenue  of  £8,000  \ an 
expenditure  of  £7,000  ; and  a public  debt  of 
;^3»5oo. 

The  island  of  Malta,  in  the  Mediterranean, 
has  an  area  of  117  square  miles,  and  a popu- 
lation of  156,000,  exclusive  of  5,000  soldiers 
and  soldiers’  families.  The  revenue  is  ;^8,ooo, 
the  expenditure  £'],ooo,  and  the  public  debt 
£3,300.  Valetta  ranks  as  an  important  forti- 
fied naval  station.  The  island  produces  cotton, 
oranges,  and  potatoes. 

Gibraltar,  the  fortified  station  at  the 
entrance  of  the  Mediterranean,  has  a popula- 
tion of  24,000,  a revenue  of  ;^40,ooo,  and 
expenditure  of  ;^50,ooo.  The  value  of  the 
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imports  is  £j()6,ooo,  and  of  the  exports 

;^22,000. 

Cyjpriis,  although  administered  by  England, 
s still  a part  of  the  Ottoman  Empire,  a yearly 
subsidy  of  being  paid  to  the  Porte. 

Its  area  is  3,584  square  miles,  its  population 
186,000,  The  value  of  its  imports  is  ;,^304,ooo, 
of  its  exports  ;^287,ooo.  Its  chief  produce  is 
cotton  and  wine 

The  island  of  Labuan,  occupied  by  Great 
Britain  as  an  eastern  station  in  1848,  contains 
an  area  of  30  square  miles,  and  has  a popula- 
tion of  6,000. 

Hongkong,  at  the  mouth  of  the  Canton 
river,  has  an  area  of  32  square  miles  and  a 
population  of  160,000,  comprising  7,600  Euro- 
peans. Its  imports  are  of  the  value  of 
;^3,587,ooo,  and  its  exports  of  ;^i,052,ooo. 

British  North  Borneo  has  an  area  of 

30.000  square  miles,  and  a population,  chiefly 
Mahomedan  Malays,  of  150,000.  It  produces 

obacco,  sago,  gutta-percha,  india-rubber, 
gum,  timber,  coal,  and  gold. 

The  Straits  Settlements , in  the  Straits  of 
Malacca,  comprise  Singapore,  Penang,  Wel- 
esley.  Bindings,  and  Malacca,  making  up  an 
area  of  1,500  square  miles,  and  with  a popu- 
ation  of  500,000.  The  seat  of  government, 
Singapore,  has  a population  of  139,000. 

Port  Ha77iilton,  station  and  three 

islands  off  Corea,  commanding  the  Strait  from 
the  Yellow  Sea  to  the  Sea  of  Japan,  was 
occupied  by  Great  Britain  in  1884.  It  has  a 
flne  sheltered  harbour  between  the  islands, 
about  two  miles  long,  and  a population  of 

2.000  inhabitants,  chiefly  engaged  in  the  culti- 
vation of  millet. 

The  British  Islands  themselves,  the  seat  of 
the  central  sea  of  the  Empire,  possess  an  area 
of  121,115  square  miles,  and  a population  of 
36,400,000.  The  area  and  population  of  the 
colonies  and  the  foreign  possessions  may,  for 
the  purpose  of  comparison  with  this  centre,  be 
conveniently  classed  in  the  following  sum- 
mary : — 


Area  in  square 
miles. 

Population. 

Australasia 

3.181,344  .. 

3,500,000 

North  America  .... 

3,620,000  .. 

4,650,000 

Africa 

270,000  . . 

2,350,000 

Eastern  possessions 

30,000  . . 

7,000,000 

British  Guiana  .... 

100,000  .. 

260,000 

West  Indies  

13.750  .. 

1,350,000 

European  possessions 
Various  small  settle- 

120 

175,000 

ments  

96,170  ., 

200,000 

The  total  of  area  and  population  of  the 


colonial  and  foreign  possessions  thus  amounts 
to  an  area  of  land  of  7,433,000  square  miles, 
and  a population  of  19,485,000.  The  extent  of 
the  land  comprised  in  the  colonial  and  foreign 
possessions  is  thus  sixty-one  times  as  large  as 
the  central  islands  of  the  Empire,  and  the 
population  is  a little  more  than  one  half  that 
of  the  parent  community.  The  121,115  square 
miles  of  Great  Britain  and  Ireland,  by  the 
addition  of  the  colonial  possessions,  become 

7,433,000  square  miles. 

The  36,400,000  of  population,  with  the 
addition  of  the  inhabitants  of  the  colonial 
possessions,  become  55,850,000. 

The  area  of  India,  which  it  will  be  remem- 
bered is  to  be  associated  with  the  colonial 
possessions  in  the  approaching  Exhibition,  is 
^>558, 254  square  miles  ; and  its  population  is 
estimated  as  amounting  to  260,000,000.  With 
the  addition  of  India,  therefore,  the  empire  of 
Great  Britain  represents  an  area  of  8,991,254 
square  miles,  and  a population  of  315,885,000. 

The  revenue  and  public  debt  of  the  colonial 
and  foreign  possessions,  are  for  the  same 
classification  of  groups — 


Revenue. 

The  British  Isles. . . . ^88,000,000 


Australasia  22,000,000 

North  America  ....  8,000,000 

Africa  6,250,000 

Eastern  possessions . . 3,000,000 

British  Guiana 100,000 

West  Indies ..  1,550,000 

European  possessions  255,000 
Small  settlements  . . 500,000 

India 80,000,000 


Public  debt. 

• • ;^740,000,000 

. . 105,000,000 

..  51,000,000 

. . 23,000,000 

..  2,800,000 

. . 200,000 

. . 2,000,000 

. . 380,000 

. . 250,000 

. . 165,000,000 


The  entire  revenue  of  the  colonial  and  foreign 
possessions,  exclusive  of  India,  is  ;^42,o55,ooo, 
or  nearly  half  the  revenue  of  the  central  com- 
munity of  the  British  Islands.  The  entire 
debt  of  the  colonial  possessions,  exclusive  of 
India,  is  ^185,350,000,  or  something  less  than 
the  fourth  part  of  the  debt  of  the  central 
kingdom. 

The  revenue  of  India  is  only  eight  millions 
less  than  the  revenue  of  the  central  Govern- 
ment, and  its  debt  is  less  than  a fourth  part  of 
the  debt  of  the  home  community. 

The  trade  of  the  various  groups  of  the 
colonial  possessions  stand  under  the  same 
classification,  as — 

Annual  value  of  trade, 
comprising 
imports  and  exports. 

The  British  Isles  ^^685, 985,000 

Australasia  112,000,000 

North  America  ...»••  42,650,000 


February  19,  1886.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


289 


Africa 

Eastern  possessions  . 

British  Guiana  

■\Vest  Indies  

European  possessions 
Small  settlements. . . , 
India  


Annual  value  of  trade,  &c. 

....  17,260,000 

....  47,000,000 

5,400,000 
....  13,650,000 

....  2,000,000 

....  1,000,000 

....  149,076,000 


The  value  of  the  trade  of  the  colonial  pos- 
sessions, exclusive  of  India,  is  close  upon 
_;^24i,ooo,ooo,  or  more  than  a third  part  of  the 
value  of  the  home  trade. 

The  value  of  the  trade  of  India,  to  the  value 
of  the  home  trade,  is  as  149, 000,000  to 

j^685, 000,000. 

Mr.  Ser\’ice,  the  Premier  of  Victoria,  an- 
ticipates that  in  half  a century  the  Australian 
colonies  will  possess  a population  of  fifty 
millions,  and  in  that  sense,  will  constitute  a 
second  United  Stales  in  the  southern  hemi- 
sphere. If  the  present  rate  of  increase  of 
these  colonies  were  continued,  that  number 
would  be  exceeded.  The  population  of  Great 
Britain  and  Ireland  is  at  the  present  time 
seven  times  more  than  it  was  in  the  pro- 
tectorate of  Cromwell.  But  including  the 
inhabitants  of  the  United  States,  the  number 
of  people  in  new  lands  who  have  descended 
from  the  old  stock  in  the  British  Isles  is  double 
that  of  the  number  which  remains  in  the 
mother  country. 

In  speaking  of  his  recent  visit  to  Australia 
and  New  Zealand,  and  of  the  promise  of 
their  rapid  advancement  in  prosperity,  Mr. 
Froude  says  ; — 


“In  the  closing  years  of  my  own  life  I have  secured 
for  myself  a delightful  experience.  I have  travelled 
through  lands  where  patriotism  is  not  a sentiment  to 
be  laughed  at — not,  as  Johnson  defined  it,  ‘ the  last 
refuge  of  a scoundrel,’  but  an  active  passion — where 
I never  met  a hungry  man  or  saw  a discontented 
face,  where,  in  the  softest  and  sweetest  air,  and  in  an 
unexhausted  soil,  the  fable  of  Midas  is  reversed,  food 
does  not  turn  to  gold,  but  the  gold  with  which  the 
earth  is  teeming  converts  itself  into  farms  and  vine- 
yards, into  flocks  and  herds,  into  crops  of  wild 
luxuriance,  into  cities  whose  recent  origin  is  concealed 
and  compensated  by  trees  and  flowers — where  children 
grow  who  seem  once  more  to  understand  what  was 
meant  by  ‘Merry  England.’  Amidst  the  uncertainties 
•which  are  gathering  round  us  at  home — a future  so 
•obscure  that  the  wisest  men  will  least  venture  a con- 
jecture what  that  future  will  be,  it  is  something  to 
have  seen  Anth  our  own  eyes  that  there  are  other 
Englands  besides  the  old  one,  where  the  race  is 
thriving  with  all  its  ancient  characteristics.  Those 
•who  take  ‘ leaps  in  the  dark,’  as  we  are  doing,  may 


find  themselves  in  unexpected  places  before  they 
recover  the  beaten  tracks  again.  But  let  fate  do  its 
worst,  the  family  of  Oceana  is  still  growing,  and  wiU 
have  a sovereign  voice  in  the  coming  fortunes  of  man- 
kind.” 

The  following  passage,  which  is  also  taken 
from  Mr.  Fronde’s  book,  expresses  the  im- 
portance of  these  colonial  possessions  to  the 
prosperity  of  the  empire  in  such  eloquent 
words,  and  in  so  undoubtedly  true  a form,  that 
the  author  of  this  review  of  the  present  state 
of  the  colonial  resources  feels  that  the  act  will 
need  no  excuse  on  his  part,  if  he  presents  the 
extract  in  Mr.  Fronde’s  own  language,  at  the 
conclusion  of  what  he  has  desired  to  place 
before  the  meeting  upon  this  occasion.  Mr. 
Froude  says  : — 

“ It  has  become  doubtful  even  to  the  political 
economist  whether  England  can  trust  entirely  to  free 
trade  and  competition  to  keep  the  place  which  she 
has  hitherto  held.  Other  nations  press  us  with  their 
rivalries.  Expenses  increase,  manufactures  languish 
or  cease  to  profit.  Revenue,  once  so  expansive, 
becomes  stationary.  ‘ Business  ’ may,  probably  •will, 
blaze  up  again,  but  the  growth  of  it  can  no  longer  be 
regarded  as  constant,  while  population  increases  and 
hungry  stomachs  multiply,  requiring  the  three  meals  a 
day  whatever  the  condition  of  the  markets.  Hence 
those  among  us  who  have  disbelieved  all  along  that 
a great  nation  can  venture  its  own  fortunes  safely  on 
the  power  of  underselling  its  neighbours  in  calicoes 
and  ironwork,  no  longer  address  a public  opinion 
entirely  cold.  It  begins  to  be  admitted  that  were 
Canada,  and  South  Africa,  and  Australia  and  Nev/ 
Zealand,  members  of  one  body  with  us,  with  a free 
flow  of  our  population  into  them,  we  might  sit  secure 
against  shifts  and  changes.  In  the  multiplying 
numbers  of  our  own  fellow-citizens,  animated  by  a 
common  spirit,  we  should  have  purchasers  for  our 
goods  from  whom  we  should  fear  no  rivalry ; we 
should  turn  in  upon  them  the  tide  of  our  emigrants 
which  now  flows  away,  while  the  emigrants  them- 
selves would  thrive  under  their  own  fig-tree,  and  rear 
children  with  stout  limbs,  and  colour  in  their  cheeks, 
and  a chance  before  them  of  a human  existence. 
‘ Oceana  ’ would  then  rest  on  sure  foundations ; and 
her  navy — the  hand  of  her  strength,  and  the  symbol 
of  her  unity— would  ride  securely  in  self-supporting 
stations  in  the  four  quarters  of  the  globe.” 

[Some  views  taken,  by  Mr.  Froude’s  kind  per- 
mission, from  “ Oceana  ” were  exhibited  on  the 
screen  during  the  reading  of  the  paper.] 


DISCUSSION. 

Mr.  P.  L.  SiMMONDS  said  that  it  was  almost 
impossible  to  add  anything  to  the  excellent  paper 
just  read,  but  as  one  who  had  taken  a great  interest 
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in  the  colonies,  he  might  perhaps  be  permitted  to 
make  a few  observations.  A perusal  of  the  last  thirty- 
volumes  of  the  Journal  of  the  Society  of  Arts  would 
prove  that  he  had,  from  time  to  time,  advocated  the 
interests,  and  helped  to  promote  a knowledge  of  the 
resources  of  the  colonies.  Ten  years  ago,  when 
reading  a paper  before  the  Colonial  Institute  on 
“ Colonial  Aids  to  British  Prosperity,”  he  pointed 
out  the  literal  dependence  of  the  mother  country 
upon  the  colonies,  and  how  much  we  were  indebted 
to  them  for  raw  materials,  and  for  purchasing  so 
many  of  our  manufactures.  The  Australian  colonies 
alone  took  paper  of  us  to  the  value  of  three  millions 
yearly,  and  this  one  instance  was  sufficient  to  show 
that  England’s  best  customers  were  her  colonies.  As 
we  are  so  soon  to  have  a Colonial  Exhibition,  it 
may  not  be  out  of  place  to  mention  a few  figures  to 
show  the  progress  which  the  colonies  have  made  since 
the  Exhibition  of  1862.  Dr.  Mann  had  confined 
himself  chiefly  to  the  present  position,  but  those  who 
looked  back  could  see  the  progress  which  had  taken 
place  since  the  introduction  of  railways,  telegraphs, 
and  the  like.  In  1861,  the  aggregate  population  of  the 
colonies  was  8,948,297,  now  it  was  15,990,273 ; in 
1861,  the  revenue  was  ^14,058,129,  and  now  it  was 
^^42,534,180.  The  tonnage  entered  and  cleared  in 
1861  was  12,527,543;  while  now  it  was  70,774,436, 
Except  in  Canada,  railways  were  scarcely  known  in 
the  colonies  in  1861,  but  they  had  now  19,014  miles, 
and  39,102  miles  of  telegraph  wire.  With  regard  to 
the  trade,  the  total  value  of  imports  and  exports  was 
;^97, 815,131,  as  against  ;^i84, 116,545.  cattle 
and  sheep  there  was  a large  trade,  and  he  little 
thought  when  he  read  his  paper  before  the  Institute 
that  this  trade  would  have  increased  to  the  extent  it 
had  done.  In  Australia  the  number  of  cattle  in 
1861  was  4,039,839;  it  was  now  8,178,745;  in  the 
Cape  there  were  900,000  sheep  in  1861,  and  now 
there  were  12,100,000.  The  total  livestock  in  the 
colonies  in  1861  was  27,473,859,  as  compared  with 
96,024,699  at  the  present  time.  Flocks  and  herds 
were  not  only  increasing,  notwithstanding  the  severe 
droughts  which  had  taken  place,  but  the  quality  and 
quantity  of  the  wool  had  improved,  and  404,000,000 
tons  were  now  sent  home,  as  compared  with 
75,740,000  tons  in  1861.  The  trade  in  timber  had 
also  developed,  and  this  would  be  much  larger,  were 
it  not  for  the  excessive  rates  for  freight.  He  thought 
the  resources  of  the  colonies  would  surprise  many 
who  had  not  looked  into  the  matter  carefully,  and  he 
sincerely  hoped  that  one  result  of  the  Colonial 
Exhibition  would  be  the  establishment  of  a colonial 
museum  in  this  country.  It  would  seem  rather 
hard  if  the  tens  of  thousands  voted  by  the  colonies 
to  make  the  Exhibition  a success  were  to  be  thrown 
away,  instead  of  the  exhibits  being  preserved  for  the 
benefit  of  manufacturers  and  others. 

Mr.  C0RNISH  said  there  was  one  slight  error  in  the 
paper  worth  noticing,  viz.,  that  it  was  stated  that  the 
gold  fields  were  opened  in  Ballarat  forty  years  ago ; 


it  should  have  been  thirty-five  years  ago.  With 
regard  to  the  statement  that  the  produce  of  gold  only 
just  paid  expenses,  he  might  say  that  one-third  of  the 
gold  product  of  Victoria  had  paid  in  dividends  up- 
wards of  one  million  sterling. 

Dr.  Mann  said  the  statement,  made  upon  the 
authority  of  Mr.  Froude,  was  only  that,  at  the 
present  time,  gold  mining  in  Victoria  was  just  paying 
its  expenses. 

Mr.  Cornish  said  that  the  gold  fields  had  been 
the  means  of  calling  much  attention  to  the  Australian 
colonies,  and  gold  mining  was  one  of  the  greatest 
enterprises  which  England  could  support  in  the 
way  of  assisting  the  colonies.  At  present  there  were 
50,000  miners  in  this  industry,  26,000,000  sterling 
was  produced  annually,  and  150,000  miners  could  be 
at  once  put  to  profitable  employment,  provided  the 
requisite  capital  was  furnished  for  procuring  better 
machinery.  The  effect  on  English  commerce  would 
be  very  great  if  this  capital  was  provided.  He  did 
not  think  there  could  be  anymore  profitable  industry 
in  the  world  than  gold  mining.  He  should  be  sorry  if 
at  the  forthcoming  Exhibition  it  was  not  intended  to 
have  a battery  at  work  in  order  to  show  the  full 
operation  of  mining,  and  the  means  by  which  gold 
was  obtained,  as  he  thought  this  would  prove  the 
most  interesting  exhibit  in  the  Exhibition.  The 
timber  resources  of  the  colonies  had  as  yet  been  paid 
little  attention  to  in  England,  but  this  was  a subject 
well  worthy  of  attention,  for  in  Western  Australia 
alone  there  was  a class  of  timber  so  valuable  that  it 
had  only  to  be  known  in  order  to  come  at  once  into- 
extensive  use. 

Mr.  T.  DE  Meschin  suggested  that  in  the  forth- 
coming Exhibition  a small  map,  about  the  size  of  a 
post-card,  should  be  prepared  giving  the  particulars 
of  the  products  of  each  colony.  Such  a map  had 
been  prepared  for  the  Brussels  Museum,  and  much 
information  having  been  derived  therefrom,  it  was  to 
be  hoped  that  a similar  experiment  would  be  tried  at 
the  Colonial  Exhibition. 

Mr.  Liggins  said  he  was  old  enough  to  recoUect 
old  fashioned  ships  loading  at  the  docks  thirty  years 
ago  before  proceeding  on  a voyage  to  Australia.  At 
the  present  time  the  docks  had  been  greatly  enlarged. 
Ships  of  the  finest  class  were  now  loading  by  the 
dozen,  and  being  filled  with  manufactured  goods 
after  having,  in  the  neighbouring  import  dock,  dis- 
charged the  products  of  the  colony.  He  was 
sorry  to  say  that,  through  the  mismanagement 
of  the  Colonial-office,  the  colonies  were  being 
brought  to  ruin.  Anything  which  would  bring  the 
colonies  in  closer  contact  with  the  mother  country, 
would  put  wealth  and  prosperity  in  the  hands  of  the 
working  class,  and  do  away  with  the  large  number  of 
I unemployed  at  present  in  England.  He  thanked  Dr. 
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Mann  most  warmly  for  the  able  paper  which  he  had 
placed  before  them  that  evening. 

Mr.  Hyde  Clarke  said  that,  with  regard  to  the 
debts  of  a countr)%  it  must  not  be  forgotten  that 
statistics  were  often  misleading.  It  had  been  said 
that  the  debts  of  the  colonies  were  overweighting 
them  ; that  they  were  far  beyond  their  fair  propor- 
tion,  and  in  the  paper  Dr.  Mann  had  taken  the 
figures  from  the  usual  sources,  though  it  was  scarcely 
possible  to  compare  accurately  the  debts  of  various 
countries  from  common  figures.  In  a country  where 
the  railways  were  constructed  by  private  enterprise, 
if  you  took  what  was  called  the  national  debt,  which 
had  been  raised  for  general  purposes  of  war,  and  set 
it  against  the  debt  of  a country  where  the  debt  had 
been  raised  for  constructing  railways,  for  instance, 
no  adequate  comparison  could  be  drawn  between 
the  two.  He  had  always  been  exceedingly  anxious 
that  statistics  should  not  be  pushed  too  far,  for  it  was 
perfectly  useless  to  add  up  figures  which  were  in- 
compatible, or  to  compare  columns  of  figures  which 
had  no  real  relation.  It  had  been  represented,  for 
instance,  that  New  South  Wales  had  carried  raising 
of  public  loans  too  far,  but  the  real  truth  was  the 
contrar}\  Any  colony  which,  so  to  speak,  was  in  a 
desert  had  to  provide  itself  with  a national  outfit, 
and  consequently  that  outfit  cost  much  more  than  it 
formerly  did.  Railways  had  now  to  be  made,  and  the 
material  obtained  from  abroad  at  great  cost,  whereas 
formerly  roads  were  made  by  home  labour,  and 
the  circumstances  of  the  shipping  trade  had  altered 
materially.  Formerly  it  was  sufficient,  in  many 
places,  to  run  a ship  into  the  natural  ports,  but  now 
docks  had  to  be  constructed  capable  of  taking  enor- 
mous steamers.  In  fact,  the  whole  appliance  of 
civilisation  and  national  outfit  had  increased.  When 
these  considerations  were  applied  to  the  colonies,  it 
would  be  found  that  they  were  making  no  undue 
demands;  on  the  contrary  they  were  doing  their 
duty  to  themselves,  and  good  to  the  people  at 
home.  The  loans  which  had  been  raised  for  the 
colonies  had,  in  most  cases,  been  disbursed  here, 
not  like  some  foreign  loans  which  were  raised 
for  war  purposes,  and  disbursed  in  foreign  coun- 
tries. He  was  much  indebted  to  Dr.  Mann  for 
calling  attention  to  the  American  part  of  the  ques- 
tion. There  was  often  jealousy  on  the  part  of  some 
of  the  colonies  wnth  regard  to  the  United  States,  but 
it  was  impossible  to  consider  the  question  of  the 
colonies  without  introducing  in  their  proper  position 
the  United  States.  They  could  not  draw  the  line 
between  the  Dominion  of  Canada  and  the  United 
States,  as  they  were  continuous  for  certain  purposes. 
The  States  united  the  West  Indies  and  Canada,  and 
all  North  America  belonged  to  the  English-speaking 
community.  Further,  now  that  Canada  and  the 
United  States  touched  the  Pacific  shore,  they 
offered,  by  means  of  their  Pacific  railways,  new 
routes  to  the  Antipodes  and  a new  bulwark  to 
Australia.  His  own  opinion  was  that  England  had 


suffered  greatly  by  neglecting  the  United  States, 
and  by  showing  too  much  jealousy  towards  them, 
and  that  our  future  should  be  on  a different  policy. 

Mr.  S.  S.  Bromhead  said  he  should  be  glad  if 
Dr.  Mann  would  inform  them  whether  there  was 
any  great  opening  in  Cape  Colony  for  British 
capital. 

The  Chairman,  in  closing  the  discussion,  said 
there  was  a great  want  of  knowledge  with  regard  to 
the  colonial  possessions,  and  any  one  who  furnished 
information  which  was  likely  to  dissipate  that 
ignorance  was  a public  benefactor,  as  it  was  very 
desirable  that  the  people  of  England  should  know 
not  only  the  geography  of  their  own  empire,  but  the 
colonial  possessions  of  the  mother  country.  That 
had  been  very  clearly  shown  in  the  able  compilation 
submitted  to  them  that  evening.  With  regard  to 
the  suggestion  that  at  the  forthcoming  Exhibition 
a little  map  should  be  shown,  giving  information 
with  regard  to  the  products  of  the  country,  he  could 
not  exactly  see  how  this  was  to  be  done ; but  he 
might  say  that  pamphlets  would  be  issued  by  aU  the 
colonies,  containing  information  as  to  the  resources 
of  each,  and  attached  to  each  pamphlet  would 
be  a small  map.  There  was  no  doubt  that  the 
Exhibition  would  do  an  immense  deal  of  good,  as 
showing  the  raw  products  and  manufactures  of  the 
colonies,  and  would  be  of  more  service  than  any 
system  of  advertising  the  colonies  which  had  yet 
been  adopted.  There  was  a large  field  for 
emigration  in  Canada,  as  well  as  in  Australia, 
for  people  of  the  right  kind.  It  was  no  use  to 
send  out  people  who  were  not  willing  to  work, 
and  any  scheme  of  emigration  which  con- 
templated the  sending  out  of  people  indiscrimi- 
nately to  any  colony  would  end  in  failure,  and  only 
remove  the  distress  from  one  end  of  the  world  to  the 
other.  The  vast  progress  which  the  colonies  had 
made  was  indeed  something  for  men  to  think  of. 
People  were  apt  to  look  upon  Canada  as  the  greatest 
colony,  and  in  many  ways  it  was,  but  when  you  com- 
pare the  trade  of  Australia  with  that  of  Canada  it 
would  be  seen  that  the  trade  of  the  Australian  colonies 
was  three  times  that  of  Canada,  and  the  revenue  of 
Australia  was  ^^22, 000, 000  as  compared  with  the 
;!^7,ooo,ooo  of  Canada.  That  would  give  some  idea  of 
the  vast  progress  that  had  been  made  by  the  Austra- 
lian colonies  of  late  years.  He  fully  agreed  with  the 
remarks  that  had  been  made  as  to  the  importance  of 
the  gold  discovery,  and  Mr.  William  Charles  Went- 
worth, at  the  time  these  discoveries  were  made,  tersely 
said  the  effect  would  be  to  precipitate  Australia  into  a 
nation.  This  prophecy  had  been  carried  out  to  the 
letter.  In  conclusion,  he  proposed  a cordial  vote  of 
thanks  to  Dr.  Mann. 

Dr.  Mann,  in  expressing  his  appreciation  of  the 
vote  of  thanks,  said  that  the  question  asked  by  Mr. 
Bromhead  would  be  more  safely  and  efficiently 
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answered  by  Sir  C.  Mills,  the  Agent- General  for  the 
Cape  Colony,  than  it  could  possibly  be  by  himself, 
and  it  was,  therefore,  better  that  it  should  be  at  once 
referred  to  him. 


ELEVENTH  ORDINARY  ME  RUNG. 

Wednesday,  February  19,  1886  ; Professor 
W.  Grylls  Adams,  F.R.S.,  in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society ; — 

Bedford,  Duke  of,  K.G.,  81,  Eaton-square,  S.W. 
Fletcher,  Frederick  W.,  56,  Hamilton-ioad,  High- 
bury, N. 

Forth,  Hemy,  New  Basford,  Nottingham. 

Knightley,  Thomas  Edward,  106,  Cannon-street, 

E.C. 

Peebles,  Alexander,  23,  Marlborough-road,  St. 
John’s-wood,  N.W. 

Spray,  Henry  John,  23,  Arlington -square,  N. 

The  following  candidates  were  balloted  for 
and  duly  elected  members  of  the  Society  : — 

Blades,  Charles  Mountain,  Stanley  Mount,  North- 
^vich,  Cheshire. 

Corry,  John,  J.P.,  Rosenheim,  Park-hUl-road, 
Croydon. 

Plumbe,  Rowland,  13,  Fitzroy- square,  W. 
Thomason,  YeoviUe,  40,  Bennett’s-hiU,  Birmingham. 

The  paper  read  was — 

SOME  POINTS  IN  ELECTRICAL  DIS- 
TRIBUTION. 

By  Professor  George  Forbes. 

When  I had  the  honour,  just  a year  ago,  to 
give  a course  of  Cantor  Lectures  to  this 
Society,  on  the  distribution  of  electricity,  the 
subject  had  not  till  then  been  treated  in  a 
systematic  manner.  I had  then  occasion  to 
speak  in  strong  terms  of  some  of  the  methods 
habitually  adopted,  and  subsequent  expe- 
rience has  confirmed  me  in  the  justness  of 
my  criticisms.  I gave  a fairly  complete 
account  of  the  practical  systems  of  laying 
electric  mains  which  were  at  the  disposal  of 
the  engineer  when  designing  a system  of  dis- 
tribution ; but  in  the  course  of  only  three 
lectures  it  was  impossible  to  do  justice  equally 
to  all  systems.  When  I was  this  year  asked 
to  read  a paper  before  the  Society,  I eagerly 
availed  myself  of  the  opportunity  to  take  up 
the  straggling  threads,  and  say  a few  words 
on  the  subjects  which  were  previously  but 
inadequately  treated. 


Allow  me  to  remind  you  that,  in  my  lectures, 

I described  five  different  ways  of  laying  the 
mains,  each  one  depending  upon  a different 
method  of  connecting  the  dynamo  machines 
and  lamps.  Three  of  these  may  be  called 
direct  systems,  and  two  indirect.  Each  system 
has  special  advantages  when  applied  in  suit- 
able cases,  and  when  an  engineer  is  designing 
a scheme  of  distribution  he  carefully  considers 
the  ;pros  and  cons  of  each  system  as  applied 
to  the  special  case,  and  very  often  he  has  to 
go  through  the  whole  calculations  of  the 
scheme  according  to  several  different  systems. 
And  here  let  me  repeat,  wEat  I have  often 
stated  before,  that  no  amount  of  labour  and 
expense  in  these  preliminary  calculations 
should  be  grudged,  as  the  ultimate  saving 
effected  by  the  careful  selection  of  a suitable 
and  economical  system  may  easily  range  to 
50  per  cent,  or  more  on  the  total  cost  of  the 
installation. 

The  three  direct  systems  are  the  parallel, 
series,  and  parallel-series  methods  of  attach- 
ing lamps  to  the  main  conductors.*  The  two 
indirect  systems  are  with  the  use  of  secondary 
batteries  and  secondary  generators.  Each  of 
these  systems  is  capable  of  being  varied  in 
the  details  of  its  application,  and  each  is 
specially  applicable  to  particular  cases. 

In  a parallel  system,  each  lamp  is  attached 
by  wires  to  the  two  main  conductors,  and 
thus  to  the  two  terminals  of  the  dynamo. 
This  is  its  characteristic  feature— viz.,  that 
the  lamps  are  all  metallically  connected  with 
the  terminals  of  the  machines. 

In  the  series  system,  the  conductor  going 
through  the  district  has  its  two  ends  connected 
one  to  each  pole  of  the  dynamo.  But  wherever 
there  is  a lamp  the  conductor  is  severed,  and 
each  terminal  of  the  lamp  is  attached  to  one 
of  the  severed  ends. 

In  the  parallel-series  arrangement  the  dis- 
trict is  divided  into  sections.  The  first  section 
and  the  last  section  have  each  a conductor 
attached  to  one  terminal  of  the  dynamo.  The 
other  conductor  of  the  first  section  extends 
also  through  the  second  section  but  no  farther. 
Another  conductor  extends  through  the  second 
and  third  sections,  another  through  the  third 
and  fourth,  and  so  on.  In  each  section  the 
two  wires  from  each  lamp  are  attached  to  the 
two  conductors  of  that  section. 

The  first  or  parallel  system  is  generally  most 
suitable  for  small  installations,  but  the  cost  of 


* In  my  Cantor  Lectures  I used  the  terms  multiple  arc, 
series,  and  multiple  series.  I prefer  the  terms  now  advocated. 
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conductors  becomes  extravagant  when  the 
area  is  extended,  except  in  very  special  cases. 
The  series  system  is  at  present  only  used  for 
arc  lights,  sometimes  with  the  insertion  of  a 
few  glow  lamps  in  parallel  to  replace  an  arc 
lamp. 

The  third  system  is  admirably  suited  in 
every  case  where  the  number  of  lamps  in 
use  at  any  time  is  constant,  and  may  perhaps 
be  modified  so  as  to  be  applicable  to  other 
cases.  Smaller  conductors  can  be  used  on 
this  system  than  on  the  first,  and  this  effects 
a very  great  economy. 

Having  recalled  these  points  to  your  notice, 
I need  say  no  more,  as  I treated  these 
three  systems  and  their  modifications  very 
fully  in  my  Cantor  Lectures. 

I thought  I had  spoken  strongly  enough 
about  the  enormous  cost  of  the  main  con- 
auctors,  and  the  necessity  for  selecting  that 
size  of  conductor  which  is  the  most  economical. 
We  must  not  use  too  small  a conductor,  for 
then  the  waste  of  energy  in  heating  the  con- 
ductors w'ould  be  enormous.  Nor  must  we 
use  too  large  a conductor,  for  this  means 
buried  capital.  We  must  select  that  size 
which  balances  one  cause  of  loss  against 
the  other  so  as  to  give  the  maximum 
economy. 

I find,  however,  that,  while  this  axiom  has 
been  accepted  as  such  in  this  country,  some 
writers  from  America  still  try  to  uphold  the 
fallacious  views  which  have  hitherto  been  in 
vogue  there.  I have  noticed  more  than  one 
criticism  from  America,  by  people  asserting 
themselves  to  be  connected  in  some  way  with 
some  of  the  Edison  companies,  who  protest 
against  my  statement  that  the  three-wire 
system  effects  an  economy  of  copper  of  only 
25  per  cent,  over  a two-wire  system.  The 
difference  between  us  is  that  I start  with  the 
axiom  that  we  are  to  use  the  most  economical 
size  of  conductor.  My  critics  start  with 
the  assumption  that  they  shall  use  a con- 
ductor which  shall  waste  exactly  lo  per  cent, 
of  the  energy.  In  this  way  they  use  a con- 
ductor which  is  not  the  most  economical,  and 
they  show  a saving  of  62^  per  cent,  of  ccpper 
over  the  two-wire  system,  but  with  a possible 
extra  waste  of  energy  of  62^  per  cent.  I said 
in  my  Cantor  Lectures,  and  I repeat  it  this 
evening,  that  this  manipulation  of  figures  may 
suit  American  financiers,  but  it  is  not  elec- 
trical engineering. 

Before  proceeding  to  discuss  the  indirect 
methods  of  distributing  electricity,  which  is 
the  main  point  I wish  to  touch  upon  to-night, 


I wish  to  supplement  my  remarks  on  series 
lighting  by  a statement  of  what  has  been  done 
in  the  last  year.  I expressed  a hope  that  more 
attention  might  be  given  to  the  lighting  of 
houses  by  glow  lamps  in  series.  I further 
showed  that  it  was  only  by  means  of  a constant 
current  flowing  through  glow  lamps  in  series 
that  the  regulation  of  each  lamp  could  possibly 
be  effected  on  economical  principles.  This 
regulation  must  be  accomplished  by  altering 
the  length  of  the  filament  in  the  lamp.  This 
has  never  yet  been  done,  but  if  inventors  once 
realise  the  importance  of  the  object  to  be 
attained,  I feel  sure  that  we  shall  not  have 
long  to  wait  for  the  solution  of  the  problem. 
Now  I am  delighted  to  be  able  to  inform  you 
that  during  the  past  year  at  least  one  inventor 
has  been  applying  himself  to  the  placing  of 
glow  lamps  in  series.  Mr.  Bernstein,  who  has 
paid  so  much  attention  to  the  system  of  glow 
lamps,  has  worked  out  the  problem  of  using 
lamps  of  low  pressure  and  large  current  in 
series.  He  has  boldly  taken  extreme  measures, 
and  proposes  to  use  lamps  of  6 volts  and 
10  amperes.  And  here  he  has  got  over  a 
diflSculty  I referred  to  in  my  Cantor  Lectures. 
I said  that  there  was  no  economical  way  of 
preventing  a broken  lamp  from  extinguishing 
all  the  others  on  the  series.  Passing  part  of 
the  current  through  a shunt  whose  resist- 
ance is  100  times  that  of  the  lamp  would 
be  very  expensive  if  we  had  in  use  lamps  of 
the  ordinary  type,  but  with  a lamp  whose 
resistance  is  a fraction  of  an  ohm,  the  expense 
would  be  trifling.  When  the  lamp  breaks, 
the  current  in  the  shunt  is  increased  so  as  to 
release  a contact  which  short-circuits  both 
the  lamp  and  the  shunt. 

I still  think,  however,  that  the  loss  of  energy 
by  heat  conduction  at  the  terminals,  may  be 
very  great  in  lamps  of  so  low  a resistance  ; 
Mr.  Bernstein  tells  me  it  is  10  per  cent.  Still 
I can  well  foresee  that,  even  if  a very  sensible 
loss  of  energy  occurred,  the  economy  and  con- 
venience of  using  such  a system  might  be 
amply  sufficient  to  warrant  its  adoption  in 
many  cases. 

I congratulate  Mr.  Bernstein  on  his  work  in 
the  past,  and  would  urge  him  to  develop  this 
idea  more  fully,  and  I can  assure  him  that  I, 
for  one,  will  give  the  fullest  consideration  to 
the  system  when  preparing  the  plans  for 
electric  light  installations. 

I should  like  also  to  take  this  opportunity 
of  congratulating  other  makers  of  electrical 
appliances  on  the  advances  which  have  been 
made  since  the  date  of  my  Cantor  Lectures.  I 
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should  like  especially  to  congratulate  Mr.  Swan 
on  the  improvements  he  has  made  in  the  manu- 
facture of  glow  lamps ; the  Messrs.  Siemens 
and  Messrs.  Crompton  on  their  successful  con- 
struction of  very  large  dynamos ; Messrs. 
Elwell  and  Parker  on  their  great  improve- 
ments in  the  details  of  construction  of  dy- 
namos and  motors  ; and  the  Electrical  Power 
and  Storage  Company  on  the  continued  im- 
provements in  their  secondary  batteries.  I 
would  equally  congratulate  Messrs.  Willans 
and  Crompton  for  the  continued  improvements 
in  steam-engine  governors,  for  keeping  the 
current  from  a dynamo  or  the  pressure  at  any 
point  in  the  circuit  constant ; likewise  Mr. 
Ferranti  for  having  brought  out  an  electric 
current  meter  which  promises  to  fulfil  all  the 
wants  of  engineers  and  the  public  in  this 
direction  ; and  last,  but  by  no  means  least, 
Messrs.  Woodhouse  and  Rawson  for  various 
new  devices  which  will  go  far  to  assist  in 
designing  and  carrying  out  many  schemes  of 
lighting  ; and  I would  specially  mention  their 
automatic  cut-out,  adjustable  to  any  strength 
of  current,  which,  though  not  so  new  as  some 
other  devices,  has  only  been  brought  promi- 
nently to  my  notice  during  the  past  year,  and 
whose  simplicity  and  reliability  give  me  great 
confidence  in  employing  it.  I must  not  fail  to 
include  here,  as  a subject  for  congratulation, 
the  rising  esteem  in  wEich  secondary  gene- 
rators are  held,  and  the  improvements  which 
have  been  made  in  their  manufacture. 

When  I add  to  this  list  the  admirable  lamp- 
holder of  Mr.  Alfred  Swan,  Varley’s  adjust- 
able carbon  resistances,  and  other  small  but 
useful  accessories,  I think  you  will  agree  with 
me  that  the  facilities  at  the  disposal  of  the 
engineer  for  designing  a satisfactory  scheme 
of  electric  lighting,  and  which  have  been 
added  to  his  store  during  the  past  year,  are 
very  abundant. 

About  one  of  these  appliances  I should 
like  to  add  a few  words. 

First,  I may  say  that  the  Electric  Lighting 
Act  was  rendered  abortive,  if  for  no  other 
reason,  simply  for  the  want  of  an  electric 
current  meter  which  was  in  all  points  satis- 
factory. In  the  year  1882,  a patent  was  taken 
out  for  a meter  in  which  the  current  passing 
round  an  electro-magnet  created  a field  where 
mercury  was  placed,  which  rotated  when  the 
current  passed  through  the  mercury  from  the 
centre  to  the  exterior  of  the  field.  If  the 
magnetism  be  proportional  to  the  current,  and 
the  friction  be  proportional  to  the  square  of  the 
velocity,  then  the  number  of  turns  completed 


in  any  time  is  a direct  measure  of  the  total 
quantity  of  electricity  which  has  flowed  through 
the  meter  in  that  time.  The  marked  improve- 
ments introduced  into  this  meter  by  Mr. 
Ferranti  consist  in  the  perfection  of  the 
magnetic  circuit,  and  the  introduction  of  an 
almost  frictionless  mechanism  for  correcting 
the  revolutions  and  showing  them  on  dials  like 
a gas-meter. 

I have  many  of  these  appliances  on  the  table 
which  any  members  of  the  audience  may 
examine  at  the  conclusion  of  the  paper. 

In  referring  to  my  Cantor  Lectures,  let  me 
make  a few  remarks  about  a double  Table 
which  I introduced  to  assist  engineers  in 
calculating  the  size  of  mains  required  in  any 
installation.  These  Tables  have  been  copied 
into  a number  of  technical  journals  and  books 
of  reference,  but  in  nearly  every  case  there  is 
no  word  of  explanation  how  to  use  them.  I 
have  found  these  Tables  of  such  paramount 
convenience  that  I think  it  right  to  call  atten- 
tion to  them  once  more.  The  economical  size 
of  main  depends  upon  three  variable  factors — 
the  price  of  laying  down  a ton  of  copper  mains, 
the  interest  to  be  charged  on  the  capital  sunk 
in  mains,  and  the  value  of  an  electrical  horse- 
power for  the  number  of  hours  that  it  is  to  be 
utilised  during  the  year.  My  Table  is  divided 
into  two  parts.  Look  along  the  line  in  the 
second  part  which  relates  to  the  per-centage 
on  capital  which  you  propose  to  use,  until  you 
come  to  the  column  relating  to  that  price  of 
copper  which  you  propose  to  use,  and  you  then 
find  a number  printed  which  we  may  call  the 
auxiliary  number.  Now  take  the  first  part  of 
the  Table  and  look  along  the  line  which  relates 
to  that  value  of  a year-horse-power  which 
you  propose  to  use,  until  you  find  the  auxiliary 
number ; the  heading  of  that  column  of  figures 
tells  you  the  size  of  main  per  1,000  amperes 
which  is  most  economical  to  use  according  to 
the  data  you  have  employed. 

I will  now  remind  you  of  the  position  in 
which  we  were  left  after  a full  discussion  in 
the  Cantor  Lectures  of  the  three  direct  systems 
of  distribution.  The  parallel  system,  or  the 
three- wire  system,  is  admirably  adapted  in 
cases  where  the  farthest  lamp  of  the  district 
is  within  two  hundred  yards  of  the  central 
station.  So  soon  as  you  go  to  greater  distances 
the  cost  begins  to  increase  in  an  alarming 
ratio.  Hence  this  system  would  be  applicable 
to  a large  district  only  by  having  engines  and 
dynamos  put  down  at  a very  large  number  of 
small  stations.  Now,  a station  is  not  w^orked 
economically  unless  the  engine  driver  and 
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stoker  are  fully  employed,  and  the  maximum 
economy  cannot  be  reached  with  less  than 
about  1,000  horse-power.  Thus  the  parallel 
system  is  only  applicable  to  cities  so  densely 
populated  as  to  have  a consumption  of  about 
10,000  16-candle  power  lamps  in  a radius  of 
two  hundred  yards.  But  in  most  districts  of 
this  class  space  is  valuable,  and  a large 
number  of  such  stations  would  be  very 
expensive.  We  must  then,  in  the  parallel 
system  of  distribution,  be  content  to  work  at  a 
cost  which  is  above  that  of  the  ideal  of 
economy.  There  are  many  cases  where  the 
great  simplicity  of  such  a system  does  actually 
make  it  worth  while  to  sacrifice  this  ideal  of 
economy,  and  when  an  engineer  is  consulted 
on  such  matters,  it  is  his  duty  to  estimate  the 
exact  loss  from  not  strictly  following  the  ideal 
economical  rules  before  adopting  or  rejecting 
this  system.  In  order  to  make  a parallel 
system  effective,  the  central  station  must  use 
distributing  boxes,  the  methods  of  placing 
which  are  described  in  my  Cantor  Lectures. 

The  cure  for  all  these  evils  would  be  found 
if  a thoroughly  satisfactory  system  on  the 
parallel-series  plan  were  known.  In  that  case 
high  tension  electricity  might  be  used  involving 
smaller  conductors.  Thus  the  central  station 
might  be  at  a distance,  where  land  is  cheap, 
and  it  might  be  of  any  size,  so  that  all  the 
works  would  be  in  the  same  place,  as  they  are 
in  gas  distribution.  Here  the  only  departure 
from  the  ideal  of  economy  lies  in  the  length 
of  the  conductors  to  the  district  which  has  the 
supply.  But  these  conductors  are  compara- 
tively small,  and  no  engineer  would  recom- 
mend the  adoption  of  such  a system  unless  he  I 
found  that  the  economy  of  having  the  works 
out  of  the  expensive  district  counterbalanced 
the  extra  expense  in  mains. 

Now  I regret  to  be  compelled  to  say  that, 
after  discussing  all  the  ingenious  plans  on  the 
parallel  series  system  proposed  by  Mr.  Edison 
and  others,  I arrived  at  the  conclusion  that  at 
this  time  there  is  no  parallel-series  system  of 
distribution  which  is  quite  satisfactory.  I do 
not  say  that  such  a system  cannot  be  devised, 
but  I do  say  that  at  this  moment  no  such 
system  is  available  to  the  electrical  engineer, 
except  in  the  case  where  the  same  quantity  of 
electrical  energy  is  consumed  in  any  district  at 
all  hours  during  which  the  current  is  being 
used.  There  are  some  cases  where  it  will  pay 
to  insert  equivalent  resistances  when  lamps 
are  put  out.  These  cases  are  rare,  but  they 
must  not  be  lost  sight  of  by  the  engineer. 

Having  in  the  Cantor  Lectures  discussed  all 


the  direct  systems  of  distribution,  I will  com- 
plete my  outline  of  this  part  of  the  engineer’s 
profession  by  an  examination  of  the  two  in- 
direct methods  which  I formerly  touched  upon 
only  lightly,  viz.,  secondary  batteries  and 
secondary  generators. 

Secondary  Batteries. 

During  the  electric  boom  (as  Americans 
would  call  it)  of  1882,  the  secondary  battery 
took  a prominent  part,  not  so  much  for  what  it 
had  done  as  from  what  was  expected  it  would 
do.  It  was  said  that  since  no  one  would 
think  of  sending  gas  from  the  retorts  without 
storing  it  in  a gasholder,  so  the  same  must  be 
done  with  electricity.  Every  one  will  admit 
that  it  is  most  desirable  that  this  should  be 
done,  and  I am  glad  to  say  that  secondary 
batteries  have  been  improved  to  such  an  extent 
that  there  is  every  reason  to  hope  that  this 
will  be  done,  always  provided  that  the  com- 
panies who  supply  them  do  not  expect  the 
public  to  repay  them  for  the  hundreds  of 
thousands  of  pounds  which  may  have  been 
thrown  away  in  the  past. 

I have  been  given  to  test  about  a dozen 
different  kinds  of  secondary  batteries,  of 
which  I have  found  some  four  or  five  to  be 
good,  and  the  others  mostly  worthless.  I can 
say  this,  that  at  the  present  moment  secondary 
batteries  can  be  supplied  by  certain  makers 
which  are  to  be  relied  on  with  careful  usage, 
and  which  give  us  70  to  80  per  cent,  return 
for  the  energy  expended. 

Now  it  might  be  asked  what  are  the  ad- 
vantages of  storing  the  energy  if  you  lose 
25  per  cent,  by  doing  so.  The  first  advantage 
is  that  a breakdown  in  the  machinery  does 
not  then  interfere  with  the  supply.  The 
second  advantage  is  that  the  steadiness  of  the 
supply  does  not  depend  upon  the  speed  of 
moving  machinery.  The  third  and  great 
economical  advantage  is  that  your  expensive 
engines  and  dynamos  are  paying  interest 
twenty-four  hours  of  the  day,  instead  of  only  a 
few  hours,  by  doing  their  work  ; and  a smaller 
supply  of  engines  and  dynamos  suffices. 

Now  this  is  all  very  well,  so  far  as  having 
secondary  batteries  at  the  point  of  supply  is 
concerned,  but  it  does  not  help  us  much  so  far 
in  the  great  problem  which  we  have  attacked, 
viz.,  that  of  electrical  distribution.  But  the 
improvement  of  secondary  batteries  led  to 
great  hopes  of  a cheap  system  of  distribution. 
It  was  said  “ Put  your  generating  station  at  a 
distance,  on  cheap  ground,  carry  a curren 
with  high  potential  through  light  conductors 
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to  the  district  to  be  lighted.  Pass  the  current 
through  some  thousand  accumulators  in  series 
placing  these  in  batches  of  fifty  (say)  each,  in 
cellars,  to  light  up  a small  district.”  The 
original  idea  was  to  keep  the  service  wires 
permanently  attached  to  the  two  ends  of  each 
set  of  fifty  cells. 

Now  this  plan  is  very  beautiful  if  only  it 
would  work.  But  it  will  not  work.  The  con- 
sumption being  small  from  some  of  the  cellars 
and  large  from  others,  and  the  same  charging 
current  going  through  all  of  them,  the  cells 
become  overcharged  in  many  cases,  and  this 
is  injurious. 

Another  plan  was  proposedwhich  I described 
in  my  Cantor  Lectures.  This  was  to  introduce 
an  arrangement  to  indicate  when  the  cells 
were  fully  charged.  By  having  two  complete 
sets  of  batteries  in  each  cellar,  the  indicator 
caused  a rocking  switch  to  act  which  switched 
the  fully  charged  battery  off  from  the  charging 
mains  on  to  the  service  mains,  and  at  the  same 
time  switched  the  second  set,  which  had,  up  to 
that  time,  been  supplying  the  service  mains,  on 
to  the  charging  mains.  Here  I would  point 
out  that,  independently  of  the  fact  that  we 
have  no  reliable  indicator  to  show  when  the 
cells  are  fully  charged,  this  only  moves  the 
difficulty  back  one  step.  For  it  will  often 
happen  that  both  sets  are  fully  charged,  and 
yet  we  are  obliged  to  send  current  through  one 
of  them.  This  plan  was  tried  at  Colchester, 
but  of  course  it  had  to  be  abandoned.  If  we 
had  a true  indicator  to  show  when  the  cells  are 
fully  charged,  the  more  sensible  plan  of  using 
it  seems  to  be  to  cause  the  indicator  to  dis- 
connect the  cells  from  the  charging  mains  and 
connect  the  charging  mains  metallically. 
There  would  of  course  be  a great  fall  of  poten- 
tial in  lamps  immediately  after  switching  off 
the  supply  current,  but  the  charging  of  the 
cells  might  be  done  by  day  or  after  midnight, 
during  which  time  lamps  are  not  very  much 
used.  I think  that  even  this  small  difficulty 
might  be  got  over  by  causing  the  indicator 
when  it  acts  to  increase  the  number  of  cells 
which  lead  to  the  lamps. 

I suppose  the  most  reliable  indicators  which 
could  be  used  are  those  depending  upon  the 
specific  gravity  of  the  solution  or  the  weight 
of  the  negative  (oxydised)  plate.  Unfortu- 
nately, it  is  seldom  found  that  a number  of  cells 
working  in  series  become  charged  at  the  same 
time. 

In  fact,  it  is  not  very  generally  known 
that  the  most  satisfactory  plan  for  charging 
secondary  batteries  is  to  do  so  in  quantity  or 


parallel.  When  this  is  done,  every  cell  is 
fully  charged  exactly  at  the  same  time,  and 
all  give  off  gas  at  the  same  moment.  If  there 
be  any  possibility  of  short-circuiting,  however, 
fusible  plugs  or  other  cut-outs  must  be  in- 
serted.* 

To  have  a thoroughly  satisfactory  installa- 
tion, it  is  necessary  that  the  cells  may  be  left 
in  their  secluded  retreats  without  attention  for 
long  periods.  I think  I can  safely  say  that 
cells  can  be  so  left  if  fairly  treated.  But  the- 
question  is  whether  any  scheme  of  distribu- 
tion hitherto  considered  does  give  them  fair 
treatment.  If  attendants  have  to  be  con- 
tinually going  round  to  inspect  cells,  this 
expense  must  be  carefully  calculated  so  far  as 
is  possible,  and  taken  into  account. 

Now  let  me  say  a few  words  as  to  the 
improvements  in  secondary  batteries.  First, 
I may  say  that  there  is  now  no  doubt  that 
they  can  be  made,  and  are  made,  by  several 
makers  of  so  good  a construction  that  they 
can  be  used  for  years.  I will  not  fix  the 
number  of  years,  because  none  of  the  most 
perfect  ones  have  yet  failed.  Secondly,  it 
seems  to  be  conclusively  proved  that  not  only 
does  no  buckling  take  place,  but  there  is  no 
fluting  or  blistering  if  the  plates  are  originally 
good,  and  if  the  air  has  not  been  allowed  tO' 
reach  them.  Thirdly,  we  know  that  in  over- 
charging them  we  do  not  injure  them,  but 
merely  waste  current.  These  are  important 
facts,  and  are  all  we  want  for  an  installation 
where  the  state  of  the  cells  can  be  always 
under  examination.  For  central  station  lighting 
W2  want  something  more.  We  want  the  cells 
to  take  current  from  the  dynamos  when  they 
require  it.  For  this  we  must  have  an  indicator 
on  the  cells  to  work  a switch,  according  to  the 
state  of  charge  of  the  current.  Up  to  the 
present  no  satisfactory  master-cell  has  been 
devised.  Those  which  depend  on  the  gas 
given  off  do  not  act  equally  promptly  with 
currents  of  different  strength.  The  most  pro- 
mising system  is  one  in  which  the  state  of  the 
cell  is  shown  by  the  specific  gravity  of  the 
liquid.  Very  little  ingenuity  is  required  to 
develop  this  into  a satisfactory  system.  But 
we  cannot  depend  upon  one  master-cell  since 
it  is  only  when  charging  in  parallel  that  all 
cells  act  alike.  If  we  have  several  master- 
cells  in  each  battery,  all  of  which  must  act 
together  to  cut  off  the  dynamo,  I think  we 
might  depend  upon  their  action.  The  function 


* Even  in  this  case  we  may  have  a partial  short-circuit-, 
whichiwill  drain  the  current  and  yet  will  not  cut  out  the  cell. 
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of  the  switch  is — first,  when  the  E.M.F.  of  the 
battery  is  too  high,  to  cut  out  the  dynamo 
circuit  from  the  battery,  to  give  a through 
connection  to  the  dynamo  current,  and  to 
switch  in  two  additional  cells  to  the  lamp 
circuit;  second,  when  the  E.M.F.  of  the 
battery  is  too  low,  to  break  the  charging 
current,  to  connect  the  battery  to  it,  and  to 
cut  off  two  cells  from  the  lamp  circuit.  These 
are  all  ordinary  things  which  can  easily  be 
done. 

But  even  without  automatic  action  of  this 
sort  there  are  many  large  installations  where 
it  would  be  economical  to  use  secondary  bat- 
teries even  if  attendants  had  to  be  continually 
examining  the  state  of  the  cells.  The  engineer 
who  is  designing  an  installation,  if  he  does 
his  duty,  calculates  the  cost  of  every  method 
of  working  which  can  be  feasible. 

The  cost  is  of  course  an  important  item,  and 
were  it  not  that  this  system  introduces  a great 
saving  in  copper  conductors  and  machinery, 
it  would  often  be  too  expensive  to  work.  We 
may  take  the  cost  of  batteries  at  about  per 
lamp  of  60  watts.  The  saving  in  copper  con- 
ductors is  proportional  to  the  number  of  bat- 
teries put  in  series.  There  is  also  a saving 
in  dynamos  and  engines.  If  we  take  four 
hours  as  the  average  time  of  using  the  lamps, 
we  charge  them,  say,  for  six  hours  in  the  day 
time,  and  we  use  the  dynamos  as  well  as  the 
batteries  during  the  greater  part  of  the  night. 
Thus  we  require  batteries  and  dynamos  for 
only  about  one-half  of  the  number  of  lamps 
generally  in  use.  This  brings  the  cost  of  bat- 
teries down  to  £\  los.  per  lamp,  and  the  cost 
of  dynamos  and  engines  from  about  per 
lamp  (the  usual  cost  for  a direct  service)  to 
los.  per  lamp.  This  makes  a total  cost  of  ;^2 
per  lamp,  as  against  ;^i  by  a direct  service. 
When  we  have  made  a further  reduction  for 
diminished  size  of  conductors,  and  an  increase 
for  additional  attendance,  we  are  in  a position 
to  compare  the  two  systems.  But  these  figures 
vary  so  enormously  that  it  is  impossible  to 
estimate  them  unless  one  has  the  details  before 
him.  We  may  say  safely,  however,  that  in  large 
districts  there  is  economy  in  secondary  bat- 
teries, and  in  small  districts  in  a direct  service. 
But  the  advantage  of  not  being  dependent  on 
the  constant  perfection  of  machinery  is  very 
great,  and  avoids  the  necessity  for  so  complete 
a duplication  of  the  parts.  Of  course  the  cost 
of  w’orking  must  also  be  made  out,  allowing 
for  a loss  of  at  least  20  per  cent,  in  transform- 
ing through  the  secondary  batteries. 

The  number  of  ways  of  using  secondarv 


batteries  is  great,  but  there  are  no  engineering 
difficulties  in  the  distribution,  and  I may,, 
therefore,  content  myself  with  having  drawn 
attention  to  the  general  advantages  of  using 
them. 

Among  the  many  special  appliances  used  in 
this  kind  of  work,  I am  glad  to  be  able  to  show 
you  some  useful  things  supplied  by  the  Elec- 
trical Power  and  Storage  Company. 

Perhaps  the  most  important  of  these  is  a 
switch  for  large  currents,  in  which  a number 
of  concentric  tubes  have  a longitudinal  slot 
into  which  the  arm  of  the  switch  is  forced. 
The  split  tubes  have  a certain  amount  of 
spring,  and  literally  cut  into  the  arm  of  the 
switch,  and  so  make  good  metallic  contact. 
The  one  before  you  has  been  thoroughly  tested 
with  1,500  amperes  passing  through  it. 

Another  appliance  is  an  automatic  switch  tO' 
reduce  the  number  of  cells  in  the  lamp  circuit 
when  the  dynamo  is  charging  the  cells  and 
vice  versa. 

A third  is  a cut-out  to  prevent  damage  to  the- 
charging  dynamo  by  an  accidental  falling  off  of 
speed.  It  has  this  peculiarity,  that  it  puts  the 
battery  in  circuit  again  so  soon  as  the  dynamo 
resumes  its  functions. 

In  concluding  this  part  of  my  subject,  I 
would  draw  your  attention  to  the  scheme 
of  lighting  the  Vienna  opera  house.  The 
dynamos  are  by  Messrs.  Crompton,  of  72,000 
watts  each,  and  are  driven  by  direct  acting. 
Willans  and  Robinson  engines.  I am  told  that 
they  give  an  electrical  horse-power  for  37  lbs 
of  coal.  The  secondary  batteries  are  supplied* 
by  the  Electrical  Power  and  Storage  Company. 
The  three-wire  system  is  adopted,  no  cells 
are  ordinarily  in  use  with  each  circuit,  and  6 
additional  ones  are  available  to  keep  the 
electric  pressure  constant. 

Secondary  Generators. 

I now  come  to  speak  of  secondary  generators,^ 
and  since  the  principles  which  regulate  their 
action  are  rather  novel,  it  may  be  well  if  I 
spend  a little  more  time  in  describing  their 
action  than  I would  otherwise  do  in  a lecture- 
treating chiefly  of  the  manner  of  laying  maia 
conductors. 

Everyone  knows  the  principle  of  the  induc- 
tion coil.  It  consists  of  a core  of  iron  sur- 
rounded by  a coil  of  insulated  wire  called  the 
primary  coil,  and  by  another  one  of  insulated- 
wire  called  the  secondary  coil.  The  secondary 
usually  contains  a larger  number  of  turns  and 
finer  wire  than  the  primary.  The  current  in 
the  primary  is  alternately  made  and  broken  by 
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a simple  automatic  means.  This  magnetises 
and  demagnetises  the  iron  core.  This  is 
equivalent  to  introducing  and. ; withdraw- 
ing a magnet  into  and  out  of  the  secondary- 
coil,  and  sets  up  currents  in  the  secondary 
coil. 

The  electromotive  force  created  in  each  turn 
of  the  secondary  coil  is  measured  by  the 
number  of  magnetisations  per  second,  and  by 
the  strength  of  the  magnetisation.  The  latter 
is  generally  proportional  to  the  number  of 
turns  in  the  primary,  and  to  the  current  flowing 
through  it.  Thus  the  electromotive  force  in 
the  secondary  coil  depends  (i)  on  the  number 
of  turns  in  the  primary^;  (2),  on  the  number  of 
turns  in  the  secondary;  (3),  on  the  strength  of 
current  in  the  primary  ; and  (4),  on  the  number 
of  makes  and  breaks  in  the  primary  current. 
Thus  by  having  a large  number  of  turns  in  the 
secondary  coil,  and  a small  number  in  the 
primary,  a very  high  electromotive  force  can 
be  obtained  from  a small  battery  connected 
with  the  primary. 

If,  on  the  other  hand,  a high  tension  inter- 
rupted current  were  sent  through  the  fine  wire 
coil  we  could  get  a large  current  from  the 
thick  wire  coil. 

Now,  to  feed  a number  of  glow  lamps  in 
parallel,  we  require,  a large  current,  but  this 
requires  a large  conductor.  Here  it  was  pro- 
posed to  use  a high  tension  alternate  current 
(which  acts  just  like  an  interrupted  current) 
by  a thin  conductor  from  the  works  to  the 
place  of  consumption,  and  there  to  transform 
it  into  a current  of  large  quantity. 

Then,  again,  another  idea  was  thrown  out. 
This  was  to  carry  the  alternate  current  by 
a thin  conductor  round  a large  district,  and  at 
intervals  to  pass  it  through  the  first  coil  of 
induction  coils,  using  the  second  coil  to 
supply  the  lamps.  Thus  we  should  have  a 
high  tension  current  disconnected  from  the 
service  conductors,  and  furnishing  them  all 
with  a low  tension  current. 

Induction  coils  used  in  this  way  have  been 
called  secondary  generators  or  transformers. 
The  perfection  of  manufacture  of  such 
apparatus  consists  in  getting  a maximum  of 
induction  and  a minimum  of  heating.  This 
has  been  admirably  accomplished  in  the 
generators  of  Messrs.  Goulard  and  Gibbs. 
Instead  of  wire,  the  coils  are  made  of  copper 
discs,  or  flat  rings  split  at  one  point,  and  with 
ears  projecting  outwards  at  the  split.  These 
discs  alternately  belong  to  the  primary  and 
econdary  circuit,  and  successive  discs  of  each 
circuit  have  the  ears  soldered  together  in  such 


an  order  as  to  make  up  a spiral.  The  iron 
core  is,  of  course,  made  of  iron. 

Although  the  even  discs  belong  to  the 
primary  and  the  odd  ones  to  the  secondary,  it 
does  not  follow  that  alternate  discs  should  be 
coupled  together.  We  may  couple  the  ist, 
5th,  9th,  &c.,  together,  and  also  the  3rd,  7th, 
nth,  &c.,  so  as  to  form  two  secondary  circuits, 
which  may  be  combined  in  parallel.  The 
number  of  possible  modifications  of  this  sort 
is  very  great. 

When  the  primary  coil  is  magnetising  and 
demagnetising  the  iron  core,  the  latter  sets 
up  a counter  electromotive  force  in  the  coil, 
and  thus  the  current  is  largely  diminished. 
But  when  there  is  no  external  resistance  in 
the  secondary  coil,  that  coil  being  short 
circuited,  then  any  magnetisation  and  de- 
magnetisation of  the  core  starts  a current  in 
the  secondary  coil,  opposite  in  direction  to 
that  in  the  primary  and  almost  equal  to  it. 
Thus  the  iron  cannot  get  much  magnetised, 
for  it  is  surrounded  by  two  opposing  currents 
almost  equal  in  amount.  In  this  case,  there- 
fore, the  primary  has  little  or  no  counter 
electromotive  force  opposing  it,  and  con- 
sequently it  flows  more  freely.  This  explains 
a thing  which  often  puzzles  the  beginner,  viz., 
that  with  a constant  electromotive  force  in 
the  dynamo  the  current  in  the  primary  is 
stronger  when  the  secondary  circuit  is  closed 
than  when  it  is  open. 

Very  little  energy  is  expended  in  magnetising 
and  demagnetising  iron  wires.  Thus  there  is 
really  no  loss  of  energy  in  the  transformation, 
except  that  due  to  the  heating  of  the  con- 
ductors of  which  the  coils  are  constructed, 
which  is  equal  to  the  square  of  the  current 
multiplied  by  the  resistance.  The  loss  of 
energy,  which  could  not  be  accounted  for,  has 
been  shown  by  Professor  Ferraris  to'  be  less 
than  I per  cent.,  and  the  practical  efficiency 
of  the  generator  amounts  to  as  much  as  95  per 
cent. 

The  theory  of  the  secondary  generators 
is  very  like  that  of  the  alternate  current 
dynamo,  if  the  reversals  of  magnetism  of  the 
armature  were  given  by  reversing  the  currents 
in  the  field  magnets  instead  of  by  mechanical 
motion. 

Coming  now  to  distribution  by  secondary 
generators  we  find  we  must  use  the  same 
principles  as  in  direct  distribution. 

Parallel  Disiributio7t. — Let  us  take  this 
case  first.  To  do  this  economically  we  might 
lead  two  thin  wires  over  the  district  and  couple 
secondary  generators  to  them.  The  condition 
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of  being  able  to  have  constant  electric  pres- 
sure in  the  lamps  is  that  the  electric  pressure 
at  the  terminals  of  the  primary  should  be  con- 
stant. Here  we  meet  the  same  difficulty  as 
was  experienced  in  direct  supply.  Consider 
three  generators — i,  2,  3,  Fig.  i.  If  the  lamps 

Fig.  I. 


Main  Conductor 


Secondary  Generators  in  Parallel. 


are  all  on  in  all  three  cases,  then  the  pressure 
for  Xo.  3 is  less  than  for  No.  2,  and  that  again 
is  less  than  for  X"o.  i.  Suppose  you  try  to 
rectify  this  by  using  lamps  of  lower  pressure 
at  the  far  station.  In  this  case  suppose  the 
lamps  in  No.  2 are  extinguished,  then  the 
pressure  in  No.  3 will  go  up  and  tend  to  injure 
the  lamps.  If  you  try  to  correct  this  at  the 
central  station  you  will  lower  the  pressure  of 
No.  I till  perhaps  it  only  burns  red.  This 
difficulty  is  exactly  the  same  as  in  the  direct 
service.  The  remedy  is  of  the  same  kind. 
You  must  use  the  generators  as  distributing 
boxes  (see  my  Cantor  Lectures,  1885),  with 
separate  wires  from  the  engine  to  each  gene- 
rator, each  one  being  fed  with  a different 
pressure  from  the  engine  house.  Fig.  2 shows 


Fig.  2. 


Distributing  Boxes  replaced  by  Secondary 
Generators. 


this  arrangement.  There  is  no  objection  to  it 
except  (i)  that  you  must  use  a large  number 
of  conductors,  and  (2)  you  introduce  the  full 
pressure  of  the  high  tension  current  into  each 
house. 


Finally,  we  come  to  distribution  by  generators 
in  series.  Here  we  have  the  best  effect.  A 
single  wire  (Fig.  3)  goes  round  the  circuit ; if 


Fig.  3. 


a double  wire  is  used,  to  prevent  affecting 
telephones,  it  is  half  the  weight,  and  generators 
are  alternately  put  on  one  wire  and  the  other 
all  round  the  district,  and  each  pair  of  wires 
ends  at  a point  far  from  the  station.  Suppose 
we  use  10,000  volts,  we  may  have  100  generators 
in  series,  each  using  100  volts,  or  we  may 
make  any  other  arrangement.  If  it  were  done 
as  I say,  then  following  out  the  data  of  my 
Cantor  Lectures,  a wire  of  one  square  inch 
section  will  carry  current  enough  for  100,000 
lamps  each  consuming  60  watts. 

In  this  arrangement  we  must  send  a con- 
stant current  through  the  circuit.  This  is 
actually  done  by  the  introduction  of  resistances. 
It  ought  to  be  done  either  by  an  electric 
governor  on  the  steam-engine,  or  by  com- 
pound winding  the  alternate  current  machine, 
a matter  about  which  there  is  no  difficulty 
at  all. 

But  how  are  we  to  attain  to  constant  electric 
pressure  in  the  lamps  when  we  have  got  our 
constant  current  ? This  is  a problem  which 
has  puzzled  many  people,  and  many  have  come 
to  the  conclusion  that  it  is  impossible  to  do  it 
without  mechanism.  This  used  to  be  done  by 
automatically  introducing  the  iron  core  farther 
or  less  far  into  the  coils.  It  is  now  done  with- 
out any  relative  movement  of  the  parts.  This 
is  the  last  triumph  which  has  been  added  to  a 
series  of  laborious  experiments  which  year  by 
year  have  brought  us  nearer  to  a solution  of 
our  difficulties.  I am  not  at  liberty  to  explain 
the  modus  olerandi,  but  I have  seen  it  at 
work,  and  it  is  very  satisfactory. 

The  theory  of  secondary  generators  has 
been  so  little  studied,  except  by  specialists, 
that  I have  thought  it  might  be  advantageous 
to  many  if  I added  to  this  paper  the  formulae 
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which  represent  the  electric  current  and  pres- 
sure as  depending  upon  the  resistances  and 
mutual  induction  of  the  various  parts.  These 
data  will  be  found  in  an  Appendix  to  the  present 

ment  which,  in  my  opinion,  will  make  their 
system  even  more  perfect.  The  one  weak 
point  in  the  Grosvenor  Gallery  installation  is 
the  regulation  of  the  current  from  the  dynamo. 
Out  of  the  four  or  five  different  methods  by 

paper. 

I do  not  think  it  would  be  consistent  with 

means  of  which  this  can  be  done,  the  worst 

the  objects  of  this  paper  to  describe  the 

has  been  applied  up  to  this  time,  viz.,  hand- 

specific  differences  between  different  kinds  of 

regulation.  The  result  is  a frequent  flicker  in 

secondary  generators,  or  to  attempt  to  give 

the  lights.  Still,  when  we  consider  that  seven 

reasons  for  choosing  one  of  these  forms  rather 

miles  of  route  has  been  covered  by  the  wares 

than  another.  I would  merely  draw  attention 

of  this  small  association,  and  that  on  the 

to  the  brilliant  experiments  on  self-induction 

whole  great  satisfaction  is  expressed  by  the 

by  Professor  Hughes,  described  in  his  intro- 

users  of  the  light,  I must  say  that  Sir  Coutts 

ductory  address  as  president  to  the  Society  of 

Lindsay  and  his  friends  are  to  be  congratu- 

Telegraph Engineers  and  of  Electricians. 

lated  on  the  great  steps  they  have  made 

Professor  Hughes  has  discovered  a new  and 

towards  success. 

hitherto  unnoticed  source  of  waste  of  energy 
in  self-induction,  to  remedy  which  it  is  essential 

In  conclusion,  I wish  briefly  to  allude  to  the 
present  condition  of  electric  lighting,  and  the 

to  have  the  coils  of  the  secondary  generator 

prospects  of  economical  distribution  from 

made  of  discs. 

central  stations. 

I should  also  like,  before  leaving  the  subject. 

I have  always  maintained  that  there  w^ere 

to  dispel  a growing  error  from  the  minds  of 

three  causes  which  retarded  the  progress  of 

some  electricians.  In  speaking  of  different 

electric  lighting. — (i),  financial  speculation  ; 

secondary  generators,  some  persons  are  in  the 

(2),  the  Electric  Lighting  Act  of  1882  ; and 

habit  of  speaking  of  one  inventor’s  generator 
being  used  on  a parallel  system,  another  on  a 

(3),  the  unsuitability  of  the  schemes  of  electrical 
distribution  propounded  by  the  contractors.  I 

series  system.  This  distinction  is  quite  illusory. 

will  say  a few  words  on  each  in  turn. 

A generator  made  on  any  system  is  equally 

From  the  year  1881  to  1883  this  country  was 

suitable  for  all  kinds  of  distribution,  and  if  an 

the  scene  of  a most  senseless  speculation. 

inventor  states  that  his  generator  is  only 
suited  for  one  system  of  distribution  he.  dis- 

started by  clever  men  of  business,  who  took 
advantage  of  the  interest  in  electric  lighting 

plays  his  ignorance,  and  shows  that  he  has 

caused  by  the  Paris  and  Crystal  Palace  Exhi- 

yet much  to  learn  before  he  can  say  he  under- 

bitions, and  supported  by  dupes  whose  igno- 

stands the  theory  of  secondary  generators. 

rance  of  electrical  matters  was  only  equalled 

Last  year,  when  speaking  in  my  Cantor 

by  their  want  of  common  sense  as  business 

Lectures,  I said  that  the  Grosvenor  Gallery 

men.  These  men  combined  to  purchase  for 

installation  would  be  followed  with  interest  by 

large  sums  the  right  to  use  the  apparatus  of 

engineers.  I considered  that  it  was  a new 

some  particular  manufacturing  firm  in  a special 

test.  Up  to  that  time  the  method  had  been 

locality.  They  never  asked  any  competent 

applied  only  to  light  districts  where  the 

person  whether  this  firm’s  apparatus  was  better 

number  of  lamps  was  constant.  It  was  not 

or  worse  than  that  upon  which  there  were  no 

proved  that  the  method  was  suitable  to  the 

royalties  to  pay.  Those  who  were  not  clever 

cases  where  lamps  might  at  any  moment  be  ex- 

enough to  get  out  of  the  affair  before  the 

tinguished.  Two  things  were  necessary  for  this. 

bubble  burst  were  the  sufferers,  and  the  con- 

(i) regulation  of  the  current  from  the  dynamo. 

sequence  was  a panic  in  connection  with 

and  (2)  automatic  regulation  of  the  electric 

electric  lighting  which  has  hardly  yet  subsided. 

pressure  in  the  secondary  circuit.  Neither  of 

With  matured  knowledge  confidence  is  again 

these  had  then  been  accomplished  in  a manner 
which  satisfied  me,  and  I certainly  considered 

being  restored,  because  the  public  learn  from 
competent  and  disinterested  persons  that  eco- 

it was  a very  bold  step  on  the  part  of  Sir 

nomical  electric  lighting  can  be  accomplished 

Coutts  Lindsay  to  adopt  a system  which  was 
then  so  imperfect. 

I am  satisfied  now  that  self-regulation  of  the 
secondary  circuit  is  sufficiently  perfect  for 

without  the  necessity  for  paying  the  heavy 
royalties  formerly  demanded. 

I trust  that  the  warning  of  1882-3  will  not 
be  lost  on  financiers,  and  that  they  will  not  be 

practical  purposes,  even  when  the  generators 

misled  by  untried  but  tempting  schemes  un- 

are in  series ; and  I have  pointed  out  to 

supported  by  capable  men  of  science. 

Messrs.  Gaulard  and  Gibbs  a further  develop- 

The  next  cause  which  has  deterred  electric 
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lighting  is  the  Act  of  1882.  This  is  an  Act  to 
give  undertakers  the  right  to  break  up  streets 
in  order  to  lay  conductors,  under  certain  con- 
ditions. It  is  these  conditions  which  are  so 
unjust.  Some  of  our  legislators,  looking  at 
the  monopolies  which  exist  in  gas  supply,  are 
afraid  that  electric  lighters  will  raise  another 
monopoly.  Consequently,  they  determined 
to  hamper  the  electric  lighting  industry  with 
conditions  different  to  those  imposed  upon 
gas,  and  more  stringent.  They  succeeded 
well,  for  they  laid  down  such  conditions  that  no 
sane  man  would  invest  in  such  a speculation. 
You  would  have  thought  it  natural,  I doubt 
not,  that  if  the  gas  monopoly  was  truly  so  very 
irksome,  the  encouragement  of  a rival 
illuminant  would  have  been  the  best  cure  for 
the  evil,  whereas  our  legislators  acted  as  if 
they  were  parties  interested  in  maintaining  the 
gas  monopoly,  for  they  imposed  such  restric- 
tions as  rendered  it  impossible  for  electricity 
to  be  supplied  to  the  public.  Let  me  name 
one  of  their  wise  provisions.  At  the  end  of 
2 1 years  the  local  authorities  can,  if  they  please, 
buy  from  the  company  supplying  electricity 
the  whole  of  their  plant  at  the  price  of  old 
material,  without  paying  a farthing  for  good- 
will or  future  profits,  or  past  expenses  in  ex- 
perimental and  unprofitable  work. 

If  then  a company,  after  21  years,  were  just 
making  headway,  and  paying  a dividend  of 
5 per  cent,  on  their  capital,  the  corporation 
would  buy  them  up  for  perhaps  a third  of  that 
capital,  and  get  15  per  cent.  But  the  case  is 
even  worse  if  the  company  is  not  yet  earning 
a fair  dividend,  for  then  the  corporation  may 
hang  over  the  company  like  a usurer  over  his 
victim,  and  each  seven  years  it  has  the  right 
to  purchase  the  plant  or  not,  and  on  the  same 
terms  as  before. 

Now,  I agree  with  those  who  contend  that  elec- 
tricity should  be  allowed  to  compete  with  gas 
under  the  same  disabilities,  and  with  the  same 
advantages.  This  is  not  doubling  a monopoly  ; 
it  is  splitting  it  into  two,  and  destroying  the 
monopoly,  by  allowing  competition.  If  our 
legislators  are  not  tr}dng  to  uphold  the  gas 
monopoly,  they  must  take  this  view.  In  any 
case  the  public  have  shown  that  they  will  not 
submit  to  be  deprived  by  legislation  of  this 
illuminant.  The  Board  of  Trade,  I hear,  have 
perceived  their  error,  and  are  prepared  to 
yield  a little  ; but  if  they  do  not  enable  us  to 
have  electricity  supplied  to  us,  we,  the  public, 
must  force  their  hand. 

Still  electric  lighting  is  not  quite  de- 
pendent on  this  Act.  Local  authorities  have 
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no  penalties,  and  I would  strongly  urge  them 
to  take  the  matter  up,  for  we  have  now  arrived 
at  a stage  when  it  is  safe  and  profitable  to 
establish  electric  lighting  on  a large  scale. 

Again,  you  must  remember  that  the 
disabilities  of  the  Act  apply  only  to  those  who 
lay  their  conductors  underground  and  wish  to 
break  up  the  street.  Sir  Coutts  Lindsay  has 
taught  us  how  to  defy  the  Electric  Lighting 
Act  by  passing  the  wires  overhead.  Those 
wires  do  not  suffer  like  telegraph  wires  in 
snow  storms,  for  the  electric  current  melts  the 
snow. 

The  third  cause  which  deterred  the  pro- 
gress of  electric  lighting,  was  the  unsuitability 
of  schemes  of  distribution  which  were  pro- 
posed. I was  impressed  with  this  weak  point 
at  an  early  date.  Sir  William  Thomson  was 
the  first  to  touch  on  the  matter  when  he 
announced  his  law  of  the  economical  size  of 
conductors.  But  the  engineer  had  no  Tables 
to  guide  him  as  to  the  safety  of  these 
sizes  of  conductors  in  the  matter  of  heating. 
I attacked  this  problem  first  in  order  to  clear 
the  way  for  scientific  methods  of  dealing  with 
distribution.  In  a paper  read  before  the 
Society  of  Telegraph  Engineers  and  of  Elec- 
tricians, in  1883,  I computed  from  the  facts 
well  known  to  physicists,  the  heating  of 
different  sized  conductors  with  different 
currents,  whether  the  conductors  were  bare, 
insulated,  or  buried.  I had  already,  in  a 
communication  to  the  British  Association  in 
1882,  shown  by  experimental  evidence,  that 
the  generally  accepted  laws  required  modifica- 
tion when  we  dealt  with  small  wires. 

The  way  being  thus  cleared,  I attacked  the 
problem  of  distribution  generally,  studying 
the  various  schemes  which  had  been  proposed 
or  put  in  practice.  My  conclusions  were  pub- 
lished in  the  Cantor  Lectures  in  1885,  and  the 
most  useful  result  was  to  announce  a series  of 
definite  rules  which  must  be  attended  to  in  order 
to  provide  an  economical  distribution.  Since 
then  some  progress  has  been  made,  and  the 
present  paper  will,  I hope,  bring  the  subject 
pretty  well  up  to  date. 

The  work  which  I undertook  has  been 
laborious,  but  it  has  been  a very  humble  effort. 
I have  brought  forward  hardly  a single  fact 
which  could  not  have  been  foreseen  by  the 
competent  engineer.  But  I think  I have  saved 
others  from  wasting  their  energy  in  repeating 
much  of  the  work  which  is  laborious  ; and  I 
also  trust  that  the  outcome  is  a set  of  rules  to 
guide  those  engineers  whose  purely  scientific 
knowledge  may  be  a little  defective  from 
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falling  into  the  gross  errors  which  have  been 
so  apparent  in  nearly  all  attempts  at  lighting 
by  electricity  on  a large  scale  which  have  been 
made  in  the  past. 

I now  close  the  subject  for  a time,  and  if  the 
labour  I have  bestowed  upon  it  leads  in  any 
slight  measure  to  establishing  one  department 
of  electrical  engineering  on  a sound  scientific 
basis,  I shall  feel  that  in  the  work  I have 
undertaken  I have  been  of  some  little  use  to 
my  generation. 


APPENDIX. 

The  following  formulae  give  the  currents  and 
electromotive  forces,  on  the  assumption  that 
the  magnetism  of  the  core  varies  as  the  sum 
of  the  currents  in  the  two  coils. 

The  E.M.F.  of  the  dynamo  is  assumed  as  being — 
E sin.  mt 

Then  the  primary  current  = I sin.  [jnt  -f-  7) 
secondary  current  zr  I'  sin.  {rjit  -j-  7' ) 

C2  -}- 

12  = E2 

^2  2 (r  -j-  F)2  C 

C2 

I'2  = E2 

^2  “h  (^  + F)2  C" 

Where  C is  a constant ; 

r = resistance  of  primary  circuit ; 
r'  'zz  ,,  secondary  circuit. 

Also  the  potentials  at  primary  terminals  = -v ; 
and  ,,  „ secondary  terminals  = z;' ; 

where  v zzY  sin.  {mt  <p) 
v'  sin.  {mt  -j-  <p') 

p2  ^'2  ^ ^ yy  C2 

V2  =E2 

r'2  (r  >1“  C® 

(P  + p'f  C2 

V'2  =r  E2 : 

r' 2 ^ {rJp.  r'f  C2 

p and  p'  being  the  resistances  of  the  primary  and 
secondary  coils. 


DISCUSSION. 

Prof.  Hughes,  F.R.S.,  said  in  his  latest  researches 
he  had  found  that  the  maximum  induction  in  iron  took 
place  when  the  iron  was  in  the  round  form.  If  it 
was  flattened,  so  that  the  contiguous  portions  of  the 
current  became  separated  from  each  other,  the  current 
was  very  weak  ; it  had  not  one- tenth  of  its  previous 
capacity.  In  the  case  of  copper  wire  flattened,  the 
reduction  in  the  self-induction  was  about  50  per  cent. 
Taking  iron  wire  and  passing  a current  through  it,  if 
you  wished  to  have  a secondary  current  parallel  to  it, 
the  self-induction  prevented  the  current  acting  on  the 


secondary  coil ; in  fact,  the  force  of  the  electric  current 
was  used  up  in  doing  internal  work.  By  flattening  it, 
it  re-acted  on  another  wire  to  its  full  force,  so  that  the 
energy  which  would  have  been  used  in  self-induction, 
was  transformed  into  the  secondary  current.  He 
had  not  the  slightest  doubt  that  if  this  method  were 
adopted,  enormously  more  power  could  be  obtained 
from  the  secondary  cod.  When  two  wires  were 
flattened,  the  portions  contiguous  to  each  other  did 
not  re-act  on  each  other  with  the  same  strength,  but 
re-acted  on  any  portion  near ; consequently,  when 
ihere  was  another  flattened  sheet  superposed,  you 
had  it  in  the  nearest  possible  proximity.  It  was 
very  remarkable  that  the  same  results  at  which  he 
had  arrived  theoretically  should  have  been  worked 
out  experimentally  by  Messrs.  Gaulard  and  Gibbs,  and 
they  had  arrived  at  the  best  possible  conditions  he 
could  conceive  for  constructing  a secondary  coil.  He 
had  only  one  fault  to  find  with  it ; the  generator 
itself  seemed  perfect,  but  it  required  intermittent 
currents,  and,  therefore,  it  seemed  to  him  there  must 
be  a loss  in  the  line.  He  had  been  much  interested 
in  the  paper,  and  hoped  Professor  Forbes  would 
continue  his  investigations  on  this  subject  which  he 
had  made  peculiarly  his  own. 

Mr.  Gaulard  (who  spoke  in  French)  thanked 
Professor  Forbes  for  his  remarks  upon  the  actual  con- 
ditions and  future  prospects  of  the  apparatus  with  which 
he  was  associated.  He  also  thanked  Professor  Hughes 
for  his  expressions  respecting  the  mode  of  construction 
adopted,  and  in  answer  to  the  objection  as  to  the 
great  loss  caused  by  the  use  of  alternate  currents  for 
leads  of  great  length,  he  said  he  could  rely  upon  the 
experiments  made  with  their  apparatus,  and  reassure 
Professor  Hughes  entirely  on  this  subject.  Their 
apparatus  was  constructed  with  two  parallel  circuits, 
forming  spirals  in  the  same  direction.  In  order 
to  obtain  in  the  secondary  circuit  a variable  electro- 
motive force,  they  had  contrived  to  unite  in  parallel 
and  inverse  directions  the  two  circuits,  and  they  had 
found  that  if  in  these  conditions  they  sent  through 
them  an  alternating  current,  the  difference  of 
potential  at  the  ends  of  the  spirals  was  directly 
proportioned  to  the  resistance  in  the  leads.  If, 
on  the  other  hand,  they  interposed  in  one  of  the 
connections  a resistance,  they  found  that  the  difference 
of  potential  at  the  two  ends  of  the  secondary  circuit 
was,  to  a certain  extent,  directly  proportioned  to  that 
resistance.  From  these  observations  it  followed  that 
if  the  leads  consist  of  two  parallel  wires,  and  currents 
in  opposite  directions  are  sent  through,  not  only 
no  phenomenon  of  induction  on  the  outer  external 
circuit  can  appear,  but  no  self-induction  on  these 
two  leads  can  exist  any  more.  As  a practical  demon- 
stration of  these  results  he  quoted  the  experiments 
made  in  1884,  near  Turin,  on  a line  of  80  kilometres, 
which  the  kindness  of  the  Telegraph  Administrators  of 
the  Government  had  allowed  them  to  establish  on  their 
telegraph  poles.  By  reason  of  the  limited  space,  the 
two  wires  (out  and  home)  were  placed  at  a distance  of 
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15  centimetres  from  each  other,  and  at  the  same 
distance  from  the  telegraph  wires.  When  properly 
insulated,  the  telegraph  engineers  ascertained  that 
their  apparatus  had  not  been  affected  by  any  induction, 
and  the  jurj’,  in  determining  the  loss  by  the  resistance 
in  the  leads,  likewise  ascertained  that  this  loss  was 
equal  to  the  produce  of  the  square  of  the  intensity  of 
the  current  in  the  lead  by  its  own  resistance. 

Mr.  Kapp  said  he  did  not  know  much  about  the 
distribution  of  electricity,  but  he  should  like  to  add 
one  more  to  the  list  of  improvements  which  had  been 
placed  at  the  service  of  the  electrical  engineer,  and 
that  was  the  reduction  which  had  been  made  in  the 
speed  of  the  dynamo.  If  electricity  were  to  be  dis- 
tributed for  domestic  use,  you  must  be  quite  sure 
that  there  should  be  no  breakdown ; that  was  an 
imperative  necessity,  and  the  best  way  to  ensure  that 
was  not  to  drive  the  machine  at  too  high  a rate  of 
speed.  Within  the  last  few  years  the  tendency  had 
been  to  reduce  the  speed  of  dynamos  by  designing 
them  in  a more  scientific  way,  making  use  of  stronger 
fields,  and  of  altogether  better  mechanical  construc- 
tion. Machines  were  now  running  at  half  the  speed 
of  those  constructed  a few  years  ago,  and  in  this  way 
the  chances  of  failure  were  enormously  reduced. 

Mr.  B.  Drake  remarked  that  Professor  Forbes  had 
drawn  attention  to  the  different  ways  in  which  elec- 
tricity might  be  distributed  for  lighting  purposes,  but 
had  not  fully  compared  the  relative  advantages  and 
disadvantages  of  the  different  systems.  On  behalf 
of  secondary  batteries,  he  would  claim  advantage  in 
the  practical  impossibility  of  totally  extinguishing  a 
district  through  the  failure  of  a single  wire.  No 
doubt  there  were  many  points  which  might  be  claimed 
on  behalf  of  secondary  generators,  such  as  the  first 
cost  being  less,  and  there  being  stronger  metals  in 
use  which  would  be  likely  to  last  longer  than  lead 
plates,  but  at  the  same  time  the  contingency  of  a 
station  being  extinguished  all  at  once  was  an  im- 
portant consideration,  and  the  fact  of  the  engine 
having  to  be  run  to  its  full  power  whenever  all  the 
lights  were  required  would  more  than  balance  the 
small  extra  cost  of  the  accumulators  in  the  first 
instance.  The  question  had  been  raised  as  to 
the  different  details  of  apparatus  necessary  in 
connection  w’ith  secondary  batteries;  they  had 
been  experimenting  with  every  kind  of  apparatus  for 
the  last  18  months,  with  a view  to  ascertain  how  far 
it  was  really  w’orth  while  to  complicate  the  system  by 
putting  in  automatic  contrivances,  and  after  design- 
ing all  sorts  of  apparatus,  they  had  come  to  the 
conclusion  that  the  whole  thing  ought  to  be  kept 
as  simple  as  possible.  For  instance.  Professor 
Forbes  had  referred  to  an  apparatus  by  which,  when 
the  dynamo  started  charging,  the  number  of  cells  in 
circuit  might  be  reduced.  That  was  a very  easy 
mechanical  problem  to  solve,  and  such  an  apparatus  had 
been  made ; it  was  designed  specially  for  train  lighting, 
where  an  accumulator  was  to  be  placed  in  each  carriage 
and  charged  in  series,  so  that  a train  might  be  split  up 


without  difficulty,  and  accumulators  charged  in  this 
way  would  really  be  a model  of  what  was  required 
on  a larger  scale  for  district  lighting.  Then  they 
had  to  face  the  question  of  cutting  off  an  extra  cell 
as  soon  as  the  dynamo  was  put  into  the  circuit ; but 
it  was  found  that  the  question  of  the  accumulators 
being  either  fully  charged  or  practically  empty  made 
so  much  difference  to  the  electromotive  force  between 
the  terminals,  that  to  cut  off  any  fixed  number  of  cells 
was  practically  barely  worth  the  trouble.  When  a cell 
was  practically  empty,  you  required  only  2*2  volts,  to 
charge  it  with  a certain  current,  whereas  to  get  the 
same  current  through  it  when  the  cell  was  full  required 
over  2*5  ; the  cutting  off  of  a definite  number  of  cells 
was  therefore  practically  not  worth  the  cost  of  the 
apparatus.  It  was,  however,  found  advisable  to 
introduce  some  kind  of  automatic  switch  in  any 
installation  where  the  attendant  ever  had  to  leave  the 
engine.  There  was  again  the  question  of  the  regularity 
of  the  light.  If  the  engine  power  varied  at  all 
where  secondary  generators  were  used,  that  variation 
was  transmitted  throughout  the  whole  district ; if  a 
bearing  ran  hot,  all  the  lights  felt  it ; and  in  addition 
to  that,  there  was  the  variation  which  Professor 
Forbes  now  said  had  been  nearly  overcome,  which 
was  due  to  varied  consumption  at  different  points  of 
the  circuit.  AVith  secondary  batteries  none  of  these 
evils  occurred,  and  if  some  apparatus  could  be  made 
reliable  for  cutting  them  in  and  out  w^hen  fully 
charged,  it  seemed  to  him  the  solution  of  the  problem 
would  be  complete.  He  agreed  with  Professor 
Forbes  that  the  specific  gravity  was  the  right  principle 
to  adopt  in  cutting  out  the  accumulators,  and  that 
the  master  cell  system  would  be  much  improved  by 
having  two  master  cells  which  would  have  to  be 
completed  before  the  automatic  cut-out  would  work. 
The  difficulty  with  the  specific  gravity  apparatus  was 
this.  The  carrier  which  carried  the  whole  apparatus 
had  to  float  as  well  as  the  hydrometer,  and  in  order  to 
do  that,  the  cell  containing  it  had  to  be  enlarged.  In 
that  way  the  bulk  of  the  acid  was  enlarged,  and 
consequently,  the  range  in  specific  gravity  became  so 
extremely  small,  that  you  could  practically  do  nothing 
with  the  small  variation  of  the  hydrometer.  On  the 
other  hand,  with  the  extremely  small  space  which  was 
necessary  to  get  any  appreciable  variation,  you  had 
to  employ  such  a small  apparatus,  that  you  could 
hardly  rely  on  its  working  properly.  The  only  way 
to  get  any  results  was  by  a system  of  relays,  and 
that  was  difficult  near  accumulators,  because  the 
contacts  got  corroded  by  the  acid.  No  doubt  the 
advocates  of  the  other  system  would  be  able  to  point 
out  objections  to  secondary  batteries,  and  he  should 
be  much  interested  in  hearing  them. 

Mr.  Shoolbred  said  it  had  been  stated  that  the 
difficulty  of  knowing  the  state  in  which  secondary 
batteries  were,  when  they  were  fully  charged,  and 
when  they  were  getting  exhausted,  had  been  got  over 
by  the  use  of  hydrometers.  He  should  lilte  to  know 
if  this  had  proved  really  successful. 
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Mr.  Drake  said  lie  had  just  been  explaining  that 
the  great  dificulty  was  the  confined  space.  He  did 
not  know  of  any  case  where  they  had  been  used  j 
practically  for  actuating  switches  automatically.  ; 

Mr.  Mosjdey  thought  the  carbon  resistance  guage  ! 
■shown  was  very  similar  to  that  which  had  been  made 
for  years  by  the  Brush  Corporation,  consisting  of  a 
series  of  small  carbon  plates  in  a case,  \vith  a screw 
•or  lever  arrangement  to  enable  the  resistance  to  be 
varied  by  alteration  in  the  pressure.  The  principle  1 
had  been  used  by  !Mr.  Brush  in  his  automatic  regu- 
lator, The  original  principle  he  believed  was  due  to 
M.  Clerat,  who  communicated  it  to  Professor  Hughes 
in  1867.  THth  regard  to  lamps  of  low  resistance,  he 
might  say  that  on  some  circuits  at  Eastbourne 
and  also  at  Brighton,  the  plan  had  been  in 
operation,  not  with  so  low  a resistance  as  Mr. 
Bernstein  used,  but  so  low  as  to  allow  of  three 
lamps  in  a group  being  used,  instead  of  eight 
or  nine ; each  lamp  taking  a current  of  3 3 amperes, 
the  normal  working  current  being  10  amperes.  The 
manipulation  of  a group  of  lamps  was  very  much 
simphfied  when  the  number  was  reduced ; and  if  it 
could  be  reduced  to  one,  and  a constant  current  ; 
could  be  maintained  through  the  circuit,  the  per-  ■ 
fection  of  simplification  would  be  attained  ; but  even  ' 
where  three  had  been  used  in  a group,  with  about  j 
1 5 volts  at  the  terminals,  the  manipulation  of  each  j 
group  was  not  a serious  matter.  PvTiere  people  em-  : 
ployed  a large  number  of  Hghts,  they  might  object  to  j 
turn  out  eight  or  ten,  but  the  same  objection  did  not  j 
apply  to  a group  of  three.  He  should  like  to  ask  j 
if  there  was  any  advantage  in  using  secondaiy  ■ 
generators  in  the  manner  shown  in  the  diagram 
in  parallel ; it  seemed  to  him  that  all  the  efi'ect  thus 
obtained  could  be  obtained  much  better  by  the 
ordinary  direct  supply.  The  cost  of  leads  and  the  i 
whole  of  the  problems  connected  with  the  question 
would  be  much  the  same  in  each  case.  Another  ; 
point  in  connection  with  secondary  batteries  was  of  > 
great  scientific  interest,  and  that  was  as  to  the  actual 
loss  of  energy  in  the  iron  of  the  core  due  to  the  rapid 
magnetisation  and  demagnetisation.  There  had  been 
a great  deal  of  discussion  of  late  years  as  to  whether 
any  energy  was  really  lost  in  this  way,  and  it  was  a 
very  dificult  subject  to  work  at,  because  it  was  almost 
impossible  to  eliminate  the  effect  due  to  eddy  currents,  j 
and  that  due  to  the  turning  over  of  the  molecules,  as 
Professor  Hughes  would  call  it.  In  an  ordinar\” 
<l}'namo  machine,  where  the  reversal  of  polarity  was  ^ 
not  so  rapid,  only  400  or  500  revolutions  a minute,  ' 
and  the  molecules  only  required  to  be  tured  over  Soo 
or  1,000  times  a minute,  the  difficult}*  was  not  felt, 
but  in  secondar}-  generator  coils,  where  the  reversal 
of  magnetism  took  place  thousands  of  times  in  a 
minute,  it  would  be  veiy  different,  and  he  should  hke 
to  know  if  the  actual  loss  had  been  ascertained, 

Mr.  Gaulard,  in  answer  to  the  observations  of 
lilr.  Drake  respecting  the  great  loss  which  might 


result  from  the  retardation  in  the  molecular  vibra- 
tions, produced  by  a veiy  great  number  of  alterna- 
tions— an  opinion  based  upon  certain  facts  observed 
in  the  use  of  a current  having  1,000  alternations 
per  minute — he  would  point  out  again  that,  in  the 
experiments  made  by  the  international  jury  of  Tiirin 
upon  the  secondary  generators  by  the  most  exact 
method,  the  calorimetric  method,  the  current  used 
had  16,000  alternations  per  minute ; the  \deld  had 
been  proved  to  be  95  per  cent.  This  is  the  greatest 
number  of  alternations  obtained  till  now,  by  an 
alternate  current  machine  of  the  largest  type  known, 
and  perfectly  sufficient,  he  thought,  for  producing  the 
highest  electromotive  force  which  may  be  wanted 
from  a practical  point  of  riew. 

The  Chairman  drew  attention  to  the  several 
points  which  had  been  raised  by  Prof.  Forbes,  and 
which  had  been  brought  out  in  the  discussion,  such 
as  the  relation  of  the  size  of  conductor  to  the  mode 
of  distribution,  and  especially  the  part  played  by 
secondar}’  batteries,  and,  again,  the  important  appli- 
cations of  secondary  generators  so  ably  explained  by 
M.  Gaulard.  Xow  that  electric  lighting  was  not 
going  forward  with  such  hot  haste  as  it  was  two  or 
three  vears  ago,  those  who  were  connected  with  it 
had  more  time  to  think  about  the  best  and  most 
efficient  methods  of  doing  the  work,  and  the  lull 
would  be  found  to  be  a time  of  great  profit  to  electric 
lighting.  We  may  be  thankful  to  Professor  Forbes 
for  making  the  question  of  the  size  and  arrangement 
of  conductors  so  much  his  own,  and  for  giving  us  the 
benefit  of  his  researches  in  this  direction.  "We  must 
also  thank  him  for  so  ably  bringing  before  us  in  the 
Cantor  Lectures,  and  in  his  paper  this  evening,  the 
results  of  a great  deal  of  thought  and  experiment  on 
the  different  systems  of  fighting.  Thanks  to  his 
and  other  researches,  we  may  say  that  electric 
fighting  is  on  a much  more  stable  basis  than  it 
was  three  years  ago.  When  it  was  stated  that 
you  could  depend  on  getting  out  of  storage  batteries 
70  or  Soper  cent,  of  the  energy  employed,  it  was  evident 
that  a great  step  had  been  made  during  the  last  three 
vears.  Coming  to  the  question  of  secondary  gene- 
rators, a very  successful  experiment  had  been  made — 
indeed,  it  was  almost  more  than  an  experiment — by 
Sir  Coutts  Lindsay.  He  might  also  refer  to  the  experi- 
ment made  some  time  ago  by  Messrs.  Gaulard  and 
' Gibbs,  in  which  theyfighted  up  part  of  the  Metropolitan 
Railway— from  the  Edgware-road-station  to  Aldgate 
in  one  direction,  andXotting-hiLl-gate  in  the  other — 
j from  one  central  station.  The  apparatus  exhibited 
! this  evening  showed  that  even  then  they  had  made 
very  great  progress,  and  that  they  had  gone  far  ahead 
of  the  position  to  which  they  had  then  attained. 

Professor  Forbes,  in  reply,  said  some  of  the  points 
raised  had  been  already  answered.  M.  Gaulard  had 
replied  to  Professor  Hughes  by  teUing  him  of  the 
effect  of  the  double  fine  ; and  he  would  observe  that 
in  doubling  the  line  it  was  not  necessary  to  double 
the  quantity  of  metal,  because,  as  shown  in  the 
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S'ketch  of  the  series  arrangement,  when  you  doubled 
the  line,  you  tapped  both  wires,  and  therefore  made 
the  wires  half  the  section  they  would  otherwise  have 
■been.  He  ought  to  have  congratulated  ]Mr.  Kapp 
on  the  improvements  he  had  effected,  but  he 
should  congratulate  him  on  increasing  his  magnetic 
induction  and  the  capacity  of  his  machine,  more  than 
on  diminishing  its  speed.  It  was  perfectly  true  there 
might  be  less  chance  of  failure  in  a machine  when 
running  at  half  speed  than  at  the  speed  it  used  to  run, 
but  at  what  a tremendous  cost  that  safety  was  obtained. 
The  machine  ought  to  do  double  the  amount  of 
work  it  did  at  that  reduced  speed.  When  there  was 
a central  station  to  light,  the  dynamo  must  be  run  at 
a reduced  speed,  but  it  must  be  made  up  for  in 
another  way  by  increasing  the  size.  When  there  were 
large  districts  to  light,  it  would  be  economical  to  have 
large  machines  going  at  comparatively  slow  speeds. 
When  Mr.  Drake  came  to  look  at  the  paper,  he  thought 
he  would  find  that  he  had  given  full  credit  to  the 
advantage  he  had  mentioned  of  a district  never  being 
put  in  darkness  through  one  wire  breaking.  He  was 
•sorry  to  hear  that  the  sum  total  of  eighteen  months 
work  was,  that  they  could  not  leave  the  batteries 
alone  to  automatic  appliances  to  work  themselves, 
and  he  trusted  that  Mr.  Drake  would  reconsider  that 
question.  He  hoped  to  see  secondary  batteries 
largely  used  in  central  station-lighting,  but  if 
it  involved  the  necessity  of  attendants  going  round 
to  look  after  them  and  switch  them  in  and  out,  it 
would  be  a serious  drawback  to  their  introduction. 
He  ought  to  have  mentioned  that  it  was  Mr.  Drake 
who  originally  suggested  to  him  the  use  of  two 
master  cells.  He  could  not  give  Mr.  Shoolbred  any 
more  information  with  regard  to  the  use  of  hydro- 
meters than  Mr.  Drake  had  furnished.  In  reply  to 
I^Ir.  Mordey,  of  course  he  did  not  mean  to  say  that 
the  use  of  carbon  plates  as  aa  adjustable  resistance 
was  new,  but  he  drew  attention  to  this  instrument  of 
Mr.  Varley’s  because  he  believed  it  was  new,  and  it 
possessed  advantages  he  had  not  seen  in  any  previous 
arrangement.  It  was  perfectly  adjustable  by  the 
screw,  and  did  not  require  knocking  on  the  table  to 
shake  the  pieces  apart,  as  he  had  found  with  jNIr. 
Brush’s  apparatus.  With  regard  to  the  advantage 
of  using  secondary  generators  in  parallel,  he  would 
point  out  that  if  the  station  were  at  a greet 
distance,  very  thin  conductors  might  be  used  to  the 
generators.  You  might  use  a primary  circuit  of  any 
series,  and  take  as  the  secondary  coil  a number  of 
discs  in  parallel,  and  so  use  a high  tension  current, 
thousands  of  volts  in  the  primary,  and  yet  have  only 
Joo,  or  whatever  was  required,  in  the  house,  and 
bave  all  the  economy  of  thin  conductors.  With 
regard  to  the  loss  of  energy  in  magnetising  and  de- 
magnetising, he  agreed  with  M.  Gaulard  that  it  was 
an  extremely  minute  quantity  which  could  not  be 
detected  ; the  loss  when  a core  of  iron  wire  was  used 
was  very  small  indeed. 

The  Chairman  then  proposed  a vote  of  thanks  to 
Professor  Forbes,  which  was  carried  unanimously. 


Miscellaneous. 

♦ 

COLONIAL  AND  INDIAN  EXHIBITION. 

From  the  very  nature  of  this  Exhibition,  it  was 
evident  to  its  promotors  that  ample  time  would  be 
needed  for  its  organisation.  On  the  24th  of 
November,  1884,  H.R.H.  the  Prince  of  AVales — who 
took  upon  himself  the  Executive  Presidentship  of 
the  Royal  Commission,  which  had  been  gazetted  on 
the  i8th  of  that  month,  and  which  consists  of  120 
noblemen  and  gentlemen — issued  an  invitation  to 
India,  to  Canada,  and  to  the  whole  of  the  British 
Colonies  to  come  forward,  and,  by  participation  in 
the  Exhibition,  to  give  to  the  inhabitants  of  the 
British  Isles,  to  foreigners,  and  to  one  another, 
practical  demonstration  of  the  wealth  and  industry 
of  the  British  Empire. 

The  hearty  response  which  was  given  to  his  Royal 
Highness’s  appeal  shows  the  wide-spread  interest  in 
Imperial  affairs  which  exists  throughout  the  colonies, 
and  argues  well  for  the  success  of  the  Exhibition. 
With  but  few  exceptions  Newfoundland, 

Tasmania,  Heligoland  and  Gibraltar),  the  whole  of 
the  British  Colonies  will  contribute  their  share 
towards  the  Exhibition,  which  is  to  be  opened  early 
in  May. 

The  remoteness  of  many  of  the  colonies  obviously 
precluded  protracted  correspondence.  The  Royal 
Commission,  therefore,  allotted  at  the  outset  to  each 
colony  that  portion  of  the  buildings  which  appeared 
most  suitable  to  its  requirements.  By  the  kind  pei- 
mission  of  Sir  Philip  Cunliffe-Owen,  the  Secretaiy 
to  the  Royal  Commission,  a copy  of  the  plan  of  the 
Exhibition  is  issued  as  a supplement  to  to-day’s 
Joitr7ial.  But  few  words  will  be  needed  to  render 
this  plan  readily  understood ; and  to  those  who  are 
familiar  with  the  buildings  at  South  Kensington, 
it  will  perhaps  be  not  impossible  to  picture  in  fancy 
the  courts  of  the  Colonial  and  Indian  Exhibition  of 
1886. 

The  whole  of  the  South  Galleries  are  devoted  to 
India  and  Ceylon  ; while  the  Dominion  of  Canada 
will  be  located  in  the  Central  Gallery  and  part  of 
the  Eastern  Gallery.  Between  them  is  situated  the 
Australian  Courts,  subdivided  amongst  the  five 
divisions  of  the  island  continent,  flanked  on  the  west 
by  New  Zealand,  and  on  the  east  by  the  West  Indies, 
which  are  placed  in  the  southern  halves  of  the 
Western  and  Eastern  Galleries,  respectively.  Be- 
tween the  West  Indies  and  Queensland  lie  Malta  and 
Cyprus ; and  to  the  north  are  British  Guiana  and 
Hong  Kong,  which  appropriately  finds  a place  in  the 
old  Chinese  Court.  In  the  Queen’s-gate  Annexe 
will  be  found  representations  of  all  that  belongs  to 
England  in  Africa — the  Cape  of  Good  Hope,  Natal, 
the  Gold  Coast,  Lagos  and  the  West  Africa  settle- 
ments; while  the  remaining  smaller  colonies  have 
been  placed  in  the  Eastern  Arcade. 
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The  structural  alterations  which  circumstances  ; 
have  rendered  necessar}'  are  few  in  comparison  with  I 
those  caused  by  the  last  two  Exhibitions.  The 
principal  are  the  addition  of  the  Central  Annexe, 
which  affords  more  space  to  Australia,  and  the  South 
Annexe,  which  has  been  erected  to  meet  the  require- 
ments of  the  Indian  Commission. 

Every  week  now  sees  ships  entering  the  port  of 
London,  bearing  freight  from  distant  colonies  des- 
tined for  the  Exhibition. 

Every  colony  has  now  appointed  its  Executive 
Commissioner,*  and  many  of  them  are  now  actively 
superintending  the  preparation  of  their  courts. 
Amongst  recent  arrivals  are  the  Honourable  ^Malcolm 
Fraser,  Executive  Commissioner  for  Western  Aus- 
tralia ; Mr.  Thomson,  the  Secretary  to  the  Victorian 
Commission  ; Mr.  Cowper,  Secretary  to  the  Cape  of 
Good  Hope  Commission;  and  Mr.  Trevenen,  the 
Assistant  Commissioner  for  the  Straits  Settlements. 
VTien  it  is  mentioned  that  the  High  Commissioner 
represents  the  Dominion  of  Canada,  and  that  the 
Agents- General  perform  a like  function  for  their 
colonies,  sufficient  guarantee  has  been  given  that  the 
result  will  be  worthy  of  the  occasion,  and  that  the 
force  of  the  Exhibition’s  motto,  Corunu?n,  via  tcna, 
■will  be  fully  realised. 

A glance  at  the  record  of  attendances  at  last  year’s 
Exhibition  is  sufficient  to  show  that  directly  the  fine 
weather  broke  up  and  gave  way  to  wet  and  cold,  the 
•visitors  grew  fewer.  This  may,  probably,  in  some 
measure  be  attributed  to  the  fact  that  most  of  the 
visitors — who  came  more  for  the  sake  of  listening  to 
the  bands  in  the  gardens  than  for  studying  machinery 
of  a complex  character— found  that,  when  driven 
indoors  by  stress  of  weather,  there  was  no  promenade 
of  sufficient  width  to  render  locomotion  agreeable. 
This  consideration  has  led  the  authorities  to  leave  a 
broad  promenade — twenty-three  feet  in  -width — 
straight  do-wn  the  Middle  Court  of  the  Southern 
Galleries.  On  each  side  of  the  path  -will  be  a series 
of  elaborately  carv^ed  screens  contributed  by  the 
principal  provinces  and  native  States  of  India ; and  if 
those  which  are  to  come  fulfil  the  earnest  which  is 
given  by  those  already  erected,  this  Indian  Avenue 
will  be  one  of  the  most  remarkable  features  of  the 
Exhibition.  Mention  must  specially  be  made  of  a 
splendid  screen  from  Baroda,  which  is  most  pleasing 
in  architectural  design  and  rich  in  carved  detail. 
Across  the  eastern  end  of  this  gallery  -will  run  a fine 
screen  from  Jeypore,  surmounted  by  a small  kiosk. 
Under  each  screen,  the  -visitor  will  be  able  to  enter 
into  a small  court  allotted  to  the  particular  province 
or  State : and  he  will  then  be  able  to  study  the  wealth 
of  India,  from  its  gold  and  silver  ware  of  rich  tracery, 
its  pottery,  beautiful  ahke  in  colour  and  form,  and 
its  silks  of  wondrous  softness,  to  the  instructive, 
albeit  somewhat  dull,  raw  products  which  -will  be 
placed  in  the  South  Court.  Here  the  latest  of 
Britain’s  acquisitions  -will  be  represented  ; and 

• A list  will  be  found  above  the  plan  issued  as  a supple- 
ment to  this  number. 


amongst  other  exhibits  -will  be  seen  large  logs  ol 
teak  sent  by  the  Bombay  and  Burma  Trading  Cor- 
poration which  played  a not  unimportant  part  in  the 
causes  which  led  to  the  annexation  of  Theebaw’s 
dominion.  Xot  the  least  attractive  feature  in  the 
Indian  Court  -will  be  a jungle  scene,  which  -will  be 
placed  in  the  north-east  comer,  and  which  owes  its 
origin  to  the  hberahty  of  the  Maharajah  of  Kuch 
Behar.  Plants,  grasses,  and  reeds  have  beenforwarded 
from  India,  together  with  the  necessary  skins,  which 
are  being  prepared  by  Mr.  Rowland  Ward.  The 
main  incident  -will  be  the  attack  on  an  elephant  by 
several  tigers,  while  in  another  portion  of  the  jungle 
-will  be  grouped  smaller  animals  and  birds. 

To  the  north  of  the  Indian  Court,  and  on  the  ate 
of  the  old  Royal  Pavilion,  is  being  erected  an  Indian 
Palace,  in  the  forecourt  of  which  there  -will  be  a 
bazaar,  wherein  native  artificers  -will  foUow  their  re- 
spective trades.  The  entrance  to  the  Palace  -will  be 
through  a carved  stone  gateway  from  Gwalior,  which 
the  Maharajah  Scindia  has  recently  presented  to  the 
South  Kensington  Museum,  and  which  is  being 
erected  in  strange  vis-a-vis  to  the  Bishop’s  Gate  of 
“ Old  London.” 

The  Indian  Court  is  more  advanced  at  present 
than  any  of  the  colonies,  and  the  remaining  space 
at  disposal  -will  only  permit  a short  accoimt  of  a few 
of  the  many  attractive  features  which  may  be  ex- 
pected from  the  colonies. 

There  are  to  be  a wonderful  trophy  of  gold 
nuggets,  a fern  gully  and  an  aviary  -with  birds 
of  brilliant  plumage  from  Victoria ; orchids  of 
wondrous  growth,  and  diamonds  of  marvellous  size 
from  the  Cape ; of  a native  house  -with  native  in- 
habitants just  arrived  from  Singapore ; and  of  a 
family  of  weavers  from  Cypms.  The  Valetta  Gate- 
way at  ^^lalta  -will  be  reproduced  as  the  entrance  to 
the  Maltese  Court ; and  the  Aquarium  -will  possess 
additional  interest  from  the  fact  that  it  -will  contain 
Indian  and  Canadian  fishes,  which  -will  -visit  these 
isles  alive — many  of  them  for  the  first  time  ; nor  -will 
the  turtle  from  the  West  Indies  be  wanting. 

After  the  ceaseless  whirl  of  last  year’s  Exhibition, 
there  -will  be  a marked  absence  of  machinery — as, 
•with  but  slight  exceptions,  Canada  alone  -will  show 
machinery  in  motion.  This  is,  doubtless,  due  partly 
to  the  great  expense  which  the  transport  of  heavy 
machinery  would  have  entailed,  and  partly  to  the 
fact  that  the  colonies  still  trust,  in  great  measure,  to 
the  mother  coimtry  to  make  finished  articles  of  their 
raw  produce.  Above  the  southern  entrance  to  the 
Central  Annexe  -svill  be  placed  a large  coloured  map 
of  the  two  hemispheres,  on  which  the  various  countries 
which  make  up  the  British  Empire  -will  be  pro- 
minently marked ; the  map  -will  be  surmounted  by  a 
series  of  five  clock  faces,  which  -will  simultaneously 
proclaim  the  time  at  Greemvich,  Calcutta,  Ottawa, 
Sydney  and  Cape  To-wn — overtopped  by  a colossal 
figure  of  Britannia. 

As  the  visitor  arrives  at  the  main  entrance  at 
Prince’s- gate,  he  -will  find  himself  in  the  vestibule,  on 
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whose  walls  he  will  see  representations  of  colonial 
cities,  surmounting  carefully-prepared  statistics  of 
population,  area  and  other  matters.  Round  the 
statue  of  H.R.H.  the  Prince  of  Wales  will  be 
grouped  models  of  ships  trading  between  England 
and  her  dependencies  across  the  seas. 

Cases  and  pedestals  of  native  woods  and  stones 
may  be  expected  from  those  colonies  which  possess 
trees  and  quarries  suitable  for  the  purpose. 

The  colonial  frozen  meats  and  Indian  and  Colonial 
fruits  and  vegetables  will  not  be  forgotten,  and 
arrangements  have  been  made  by  the  Royal  Com- 
mission for  the  due  representation  of  Indian  and 
Colonial  produce  of  all  kind.  The  Royal  Albert 
Hall  will  again  form  a part  of  the  Exhibition,  and 
advantage  will  be  taken  of  its  cellars  to  place  in  them 
wines  which  New  South  Wales,  Victoria  and  the 
Cape  are  sending  over  ; and  in  the  gallery  will  be 
hung  pictures  of  all  kinds  painted  by  hond  fide 
British  colonists,  together  with  pictures  representing 
objects  bearing  on  colonial  history,  and  portraits  of 
colonial  and  Indian  celebrities,  notably  those  of 
several  of  the  Rajahs. 

The  supply  of  motive  power  for  the  internal 
lighting  of  the  Exhibition  has  been,  as  at  the  three 
former  Exhibitions,  entrusted  to  Messrs.  Davey,  Pax- 
man  and  Co.,  of  Colchester,  while  the  actual  lighting 
of  the  buildings  has  been  placed  in  the  hands  of 
five  well-known  firms.  ^Messrs.  Galloway  and  Sons, 
of  Manchester,  take  the  place  of  Messrs.  Siemens 
Brothers  as  contractors  for  the  garden  lighting.  Sir 
Francis  Bolton  will  again  preside,  from  the  clock 
tower,  over  the  fountains,  from  which  novel  features 
may  be  expected. 

On  entering  the  buildings  in  the  evening,  one  will 
miss  the  myndads  of  little  star-like  lamps  which 
formerly  met  the  gaze  in  the  southern  galleries,  and 
wdll  find  in  their  place  fewer  but  more  powerful  arc 
lamps.  The  whole  of  the  electric  lighting  is  under 
the  superintendence  of  a committee,  appointed  by 
the  Executive  President,  of  which  Sir  Frederick  Abel 
is  chairman. 

A novel  feature  in  this  year’s  Exhibition  will  be 
the  presence  of  hundreds  of  flags  suspended  from  the 
roofs  of  the  different  galleries,  and  bearing  on  them 
the  badges  of  the  colonies  in  whose  courts  they  hang. 

As  in  the  case  of  previous  Exhibitions,  a guarantee 
fund  has  been  raised  to  meet  preliminary  expenses,  and 
it  is  highly  satisfactory  to  think  that  so  deep  an  interest 
is  taken  in  the  Exhibition,  that  this  fund  has  now 
reached  upwards  of  £200^000.  This  is,  in  some 
degree,  doubtless  due  to  the  fact  that  hitherto  these 
guarantees  have  resulted  in  nothing  more  than  the 
signing  of  a form. 

It  was  felt  at  the  outset  that  it  would  be  im- 
possible to  draw  up  a classification  that  would  either 
embrace  or  do  justice  to  the  very  varied  products  of 
the  different  colonies ; and  it  was  therefore  decided 
to  allow  every  Colonial  Commission  to  prepare  a 
classification  best  suited  to  its  own  requirements. 
This  same  feeling — together  with  the  consideration 


(as  expressed  by  H.R.H.  the  Executive  President  at 
the  first  meeting  of  the  Royal  Commission)  “That, 
as  some  colonies  from  their  age  and  circumstances 
were  more  advanced  than  others,  those  in  their 
infancy  should  not  be  placed  at  an  undue  disadvantage 
in  an  Exhibition  from  which  all  thoughts  of  trade 
rivalry  should  be  excluded  ” — doubtless  suggested  the 
abandonment  of  the  jury  system  of  former  years, 
which  will  be  replaced  by  a series  of  reports  pre* 
pared  by  experts.  Each  colony  will,  if  it  wish  it, 
publish  a catalogue  of  the  exhibits  in  its  own  court  ; 
but  the  Royal  Commission  will  issue  a general 
catalogue  of  the  whole  Exhibition ; and,  moreover, 
a general  handbook  of  the  British  Indian  and 
Colonial  empire,  with  special  reference  to  the  objects 
in  the  Exhibition,  will  be  published  at  a compara- 
tively low  price.  Conferences  also  will  be  held  on 
matters  of  colonial  importance. 

Following  an  idea  which  was  carried  out  during 
1851  in  connection  wdth  the  Great  Exhibition,  a 
scheme  of  workmen’s  clubs  has  been  inaugurated 
throughout  the  United  Kingdom.  The  mayors  and 
principal  authorities  of  nearly  all  the  large  towns 
have  expressed  their  willingness  to  co-operate  with 
H.R.H.  the  Executive  President,  with  a view  to- 
affording  to  artisans  and  workpeople,  as  well  as  to 
their  wives  and  families,  an  opportunity  during  the 
present  year  of  visiting  the  Exhibition,  as  much 
for  the  purposes  of  instruction  as  for  those  of 
entertainment.  In  many  towns  steps  are  being 
taken  to  establish  clubs,  to  which  during  the 
earlier  months  of  the  year  workpeople  will 
periodically  subscribe  small  sums.  At  any  time 
which  may  be  convenient  to  them  after  the  21st  June 
next,  the  members  of  such  clubs  will  be  able  to  with- 
draw their  subscriptions  (which  in  certain  cases  will 
be  aided  by  grants  from  sympathetic  donors)  and  will 
be  able  to  proceed,  with  members  of  their  families,  to 
London  for  one  or  more  days : but  in  no  case  can  the 
stay  in  the  metropolis,  under  the  terms  of  club 
membership,  exceed  twelve  days.  The  proprietors 
of  all  respectable  hotels,  lodging-houses,  &c.,  v'h© 
may  be  disposed  to  offer  accommodation  to  the 
classes  indicated,  are  requested  to  send  in — not  later 
than  the  30th  April — a statement,  to  the  Official 
Agent  of  the  Royal  Commission,  at  the  City  offices, 
96,  London-wall,  London,  E.C.,  specifying  in  detail 
the  sum  they  will  be  prepared  to  charge  per  head  for 
bed,  breakfast,  dinner,  and  tea  or  supper  for 
adults  and  for  children,  for  one  or  more  days, 
not  exceeding  twelve.  After  due  inquiries  have 
been  made  as  to  the  respectability  of  applicants, 
their  names  and  addresses,  and  the  rates  they 
propose  to  charge  will  be  printed  in  a list  which 
will  be  supplied  to  all  local  clubs.  The  appli- 
cants will  be  deemed  to  agree  to  make  only  such 
charges  as  are  indicated  in  their  letter  of  application. 
Any  complaints  made  to  the  Royal  Commission  by 
visitors  will  be  inquired  into  ; and,  if  they  prove  to 
be  well  founded,  the  names  of  those  persons  who 
have  given  grounds  for  such  complaints  will  be  re- 
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moved  from  the  list,  with  an  intimation  of  the 
reasons  for  such  a course  of  procedure.  Each 
member  of  a club  will  be  supplied  with  a ticket, 
properly  indorsed  by  the  Exhibition  and  the  local 
authorities,  as  a means  of  identification,  and  as  a 
proof  of  his  right  to  the  special  terms  indicated  on 
the  lists  supplied  to  the  clubs.  The  Royal  Commis- 
sion limits  its  responsibility  to  all  parties  to  the 
action  above  described. 

At  this  early  date,  it  is  obviously  impossible  to  do 
more  than  allude  in  the  most  general  terms  to  the 
nature  of  the  displays  which  may  be  expected  to 
meet  the  eyes  of  visitors  in  May,  and  to  treat  other- 
wise than  in  a most  superficial  manner  the  arrange- 
ments which  are  in  course  of  organisation  for  the  in- 
struction and  amusement  of  visitors.  But  it  is  pro- 
posed, from  time  to  time,  to  point  out  more  in  detail 
some  of  the  important  features  of  the  coming 
Exhibition. 


INQUESTS  ON  FIRES. 

The  following  extract  from  a communication  on 
ihe  subject  of  fire  inquests,  which  has  recently  been 
addressed  by  Captain  Shaw,  Captain  of  the  Metro- 
politan Fire  Brigade,  to  the  Gas  and  Water  Com- 
mittee of  the  Corporation,  is  taken  from  the  Times : — 

“The  question  of  official  investigation  into  the 
•causes  of  fires  arises  periodically  in  England,  but 
aiothing  is  ever  done  with  it ; a few  articles  appear 
in  the  newspapers,  and  there  the  matter  ends.  The 
fact  is  that  investigations  cost  money,  and  that 
heavily- taxed  communities  are  unwilling  to  increase 
their  expenses.  They  seem  to  prefer  an  occasional 
growl  against  some  imaginary  authority  (really  them- 
selves) to  a payment  in  cash  to  an  actual  rate  col- 
lector; and,  taking  all  the  circumstances  into  con- 
sideration, is  it  quite  possible  that  they  may  not  be 
altogether  wrong.  Certainly  an  increase  of  paid 
■officials,  merely  for  the  purpose  of  investigating  the 
■causes  of  fire,  without  in  any  way  reducing  the 
material  losses  resulting  from  it,  would  be  a serious 
matter,  unless,  as  some  affirm,  not  without  reason, 
the  existence  of  such  officials  would  itself  act  as 
a deterrent  to  the  fraudulent  or  criminal,  and  as 
a stimulant  to  the  negligent  or  thoughtless.  As 
it  is,  almost  everything  is  left  to  chance ; no 
public  official  hss  the  right  even  to  investigate 
beyond  a certain  point,  and  doubtless  many 
■criminals  escape.  Something,  however,  is  done^ 
The  Fire  Brigade  officer  in  charge,  before  leaving 
the  scene  makes  every  possible  inquiry  in  order  to 
discover  the  circumstances  that  led  to  the  fire,  but 
the  result  is  in  many  cases  without  effect,  the  number 
of  fires  in  London  for  which  a cause  can  with  any 
certainty  be  assigned  being  only  about  80  per  cent, 
of  the  total  number,  leaving  some  20  per  cent,  un- 
accounted for.  Many  have  recommended  that  a 
strict  investigation  should  be  made  by  responsible 


officials  having  power  to  examine  witnesses  on  oath  ; 
but  a careful  consideration  of  the  subject  will  show 
that  the  universal  adoption  of  such  a course  would 
be  surrounded  by  many  difficulties.  The  time 
occupied  in  these  inquiries  and  the  consequent 
expense  would  be  simply  enormous,  and  the  money 
might  perhaps  be  more  profitably  laid  out  on  stations, 
firemen,  engines,  and  extinguishing  appliances  of 
every  kind.  The  constant  trials  would  absorb  the 
whole  time  of  all  concerned,  both  sufferers  and  fire- 
men, and  would  occasion  an  almost  complete  stoppage 
of  their  business.  Perhaps  it  ought  to  be  explained 
that  the  term  ‘ sufferer  ’ is  applied  by  firemen  to  the 
owner  of  property  damaged  or  destroyed  by  fire, 
and  the  term  ‘ customer  ’ to  those  who  have  had 
more  than  one  fire.  There  are  undoubtedly  many 
members  of  every  community  whose  private  business 
would  not  bear  the  light  of  an  official  inquiry. 
The  persons  concerned  might  be  perfectly  innocent 
of  any  unlawful  action  in  connection  with  the  fire, 
but  they  might  all  the  same  be  irretrievably  ruined 
by  the  exposure  of  their  affairs.  The  curiosity  aroused 
might  also  prove  disagreeable,  and  there  would  be 
great  danger  of  such  inquiries  being  made  use  of  for 
the  pecuniary  ends  of  those  commercially  interested 
in  opposition — in  short,  their  rivals  in  trade.  Many 
would  take  such  an  opportunity  for  bringing  forward 
any  unpleasant  circumstances  concerning  the  career 
of  the  sufferer,  and,  under  cover  of  giving  evidence, 
of  spreading  slanderous  reports.  In  the  City  of 
London  and  the  borough  of  Southwark  in  1845 
special  fire  inquests  were  held  by  the  coroner  on  the 
causes  of  all  fires  which  were  thought  to  be  doubtful 
in  their  origin.  These  inquiries  were  carried  on 
until  the  beginning  of  the  year  1850,  and  were  then 
discontinued,  as  it  was  found  by  the  authorities  that 
the  amount  of  money  expended  far  exceeded  the 
importance  of  the  results,  and  there  was  understood 
to  be  some  doubt  as  to  the  strict  legality  of  the  pro- 
ceedings, or  of  the  payments  rendered  necessary  by 
them.  It  was  said  at  the  time  that  although  perhaps 
inquests  might  legally  be  held,  there  was  no  fund  out 
of  which  the  expenses  could  be  paid  except  in  the 
event  of  loss  of  life.  From  the  year  1845  to  1850,  71 
fire  inquests  were  held,  with  the  result  that  nine 
fires  were  found  to  have  been  wilfully  caused,  34 
to  have  been  accidental,  and  in  28  cases  no  conclu- 
sion at  all  could  be  arrived  at.  In  four  out  of  the 
nine  cases  the  persons  implicated  were  prosecuted  ; 
but  out  of  the  four  there  was  only  one  conviction. 
All  who  have  ever  studied  the  subject  have  given 
their  opinion  that  a power  of  some  kind  should  exist 
for  holding  investigations  concerning  the  origin  and 
circumstances  of  fires  ; but  no  satisfactory  solution  of 
the  difficulties  surrounding  the  question  has  been 
proposed.  An  investigation  into  every  case  would 
prove  an  unmitigated  nuisance,  and  involve  pro- 
digious expense.  Taking,  for  instance,  London, 
with  over  2,000  fires  in  the  year,  and  allowing  the 
very  moderate  cost  of  ^^50  for  each  investigation, 
there  would  be  an  annual  expenditure  of  more  than 
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1 00,000,  which  nearly  equals  that  of  the  existing 
brigade.  But,  on  the  other  hand,  if  an  investigation 
is  not  to  take  place  concerning  every  fire,  where 
should  the  line  be  drawn  ? Should  an  authority  be 
appointed  to  decide  as  to  the  necessity  for  investi- 
gating special  cases  } Should  this  authority  be  a Court, 
a jury,  an  individual,  or  a consulting  committee  of 
police,  firemen,  and  others  ? And,  in  the  event  of  its 
being  a Court,  should  it  be  a fixed  or  a movable 
Court  ? What  should  be  the  result  of  their  action 
in  the  event  of  their  deciding  that  an  investigation 
should  be  held  ? What,  in  the  event  of  this  decision 
being  acted  on,  and  proving  to  have  caused  damage 
to  an  innocent  person  ? And,  lastly,  should  any  limit 
be  imposed  on  the  power  of  the  Court  to  compel  ware- 
house keepers,  dock  owners,  wharfingers,  and  other 
agents  to  disclose  the  affairs  of  their  customers  ? 
These  are  only  a few  of  the  formidable  difficulties 
which  seem  to  have  overwhelmed  every  one  who 
has  hitherto  attempted  to  deal  with  the  subject  of 
investigation.  Probably  the  simplest  solution  of 
the  matter  -w’ould  be  to  appoint  a salvage  corps, 
with  a recognised  authority,  in  conjunction  either 
\vdth  the  Fire  Brigade  or  the  police  ; but  the  expense 
of  such  an  arangement  would  also  be  appreciable, 
and  the  service  rendered  \vould  be  on  behalf  not  of  the 
ratepayers  who  pay  for  it,  but  more  frequently  of  the 
persons  who,  whether  innocently  or  not,  cause  the 
fires.  It  may  seem  strange  that  such  a city  as 
London  should  never  have  had  a salvage  corps;  but 
when  it  is  remembered  that  in  the  event  of  a fire 
there  are  at  present  several  forces  working  inde- 
pendently, it  will  be  seen  that  those  who  have  had 
experience  would  naturally  hesitate  to  add  another. 
There  are  now  the  police,  the  water  companies,  the 
insurance  companies’  private  salvage  corps,  and  the 
Fire  Brigade,  and  the  addition  of  a public  salvage 
corps  might  only  cause  confusion  ; but  there  can  be 
no  doubt  that  the  time  is  coming  when  it  will  be 
absolutely  necessary  that  some  arrangement  shall  be 
made  for  the  enormous  quantity  of  uninsured  pro- 
perty, which  is  stated  by  the  insurance  companies  to 
amount  to  four-fifths  of  the  whole,  although  other 
authorities  estimate  it  only  at  one-half.  But,  what- 
ever the  proportion  may  be,  there  can  be  no  doubt 
that  the  value  of  uninsured  property  in  such  a city  as 
London  is  enormous,  and  that  there  ought  to  be 
some  recognised  body  intrusted  with  the  duty  of 
guarding  and  otherwise  protecting  it  during  and 
after  fires,  and  with  the  power  of  investigating  all 
circumstances  connected  with  fire.” 


TRAM^VA  Y SI  A TISTICS. 

A report  is  given  in  the  Economiste  Franfais  of 
the  9th  January  last,  of  a speech  on  the  development 
of  tramways,  delivered  by  M.  Clermont,  Director- 
General  of  the  Railways  of  Liege- Maestricht,  at  a 
meeting  of  the  Engineers’  Association  of  Gand.  M. 


Clermont,  after  reviewing  their  origin  and  history  up 
to  the  present  time,  said  that  of  all  the  countries  in 
Europe  Holland  is  the  one  in  which  the  greatest 
impetus  has  been  given  to  tramway  enterprise.  This 
has  been  in  a great  measure  due  to  the  action  of  the 
Netherlands  Government,  in  granting  concessions  to> 
tramway  companies  on  the  most  favourable  terms„ 
On  the  31st  December,  1884,  the  total  length  of  the 
Dutch  lines  amounted  to  388  miles,  and  the  number 
of  tramway  locomotives  to  166.  The  rolling  stock 
consisted  of  712  passenger  carriages  and  305  gooda 
waggons.  The  number  of  passengers  carried  during 
the  year  1883  was  24,269,000,  and  the  receipts  from 
them  amounted  to  ^,^250,540,  and  from  goods  to 
;i^i  1,912.  In  the  course  of  last  year  several  new  lines 
were  opened.  In  England,  where  in  the  year  187& 
there  were  only  158  miles  of  tramway  lines,  there 
existed  on  the  30th  June,  1884,  751  miles  ; and  over 
these  lines  nearly  331,000,000  passengers  were  carried 
in  1884.  As  regards  Germany,  the  development  is 
equally  remarkable.  The  first  urban  tramway  line 
laid  down  in  that  country,  that  of  Berlin- Charlotten- 
burg,  was  opened  in  1865  ; the  pecuniary  results 
were  at  first  far  from  satisfactory,  and  it  was  only 
after  considerable  time  that  the  public  became 
reconciled  to  the  new  system  of  conveyance.  At  first 
the  German  Government  hesitated  to  allow  tram- 
way lines  to  be  laid  down  in  the  more  frequented 
thoroughfares,  and  it  has  only  been  during  the  last 
ten  years  that  any  marked  development  has  taken 
place  in  the  system  in  Germany,  and  at  the  present 
time  it  is  the  exception  for  a town  of  any  importance 
to  be  without  tramways,  as  they  are  now  considered 
to  be  indispensable.  In  Berlin  alone  76,000,000 
persons  used  the  tramways  in  1884.  In  the  1879-, 
there  were  only  24  towns  in  Germany  provided  with 
tramways,  with  a total  length  of  line  amounting  to  30a 
miles;  in  1883  this  extent  had  increased  to  561  miles, 
distributed  among  48  towns  and  43  companies,  with 
8,100  horses  and  69  locomotives,  while  the  totai 
capital  amounted  to  ;!^5,ooo,ooo  sterling.  The  fore- 
going only  relates  to  these  tramways  in  the  interior 
of  German  towns.  The  number  of  passengers  carried 
over  the  whole  of  the  German  lines  amounted  tO' 
164,000,000  in  1883,  and  190,000,000  in  1884.  In 
the  Austrian  capital  tramways  conveyed  36,000, ooo> 
of  passengers  in  1884,  as  compared  with  30,000,00a 
in  1881.  America  may  be  termed  the  cradle  oS 
tramways  ; nowhere  in  the  world  are  so  many  to  be- 
met  with  as  in  that  country.  In  North  America  there 
are  3,000  miles  of  urban  tramway  lines.  In  the 
State  of  New  York  alone,  at  the  end  of  1884,  there 
were  490  miles  of  tramway  lines,  in  Massachusetts- 
310  miles,  and  in  Pennsylvania  533  miles.  As  regards 
South  America,  it  is  stated  that  there  are  more 
than  900  miles  of  line,  chiefly  in  Buenos  Ayres.  In 
American  towns  in  1882,  1,212,000,000  of  passengers 
were  carried  over  the  various  tramw’ay  lines,  and  the 
number  of  horses  and  carriages  amounted  to  100,000 
and  18,000  respectively.  In  France,  out  of  a total 
concession  of  440  miles,  397  are  actually  in  working 
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order  in  the  various  towns,  of  which  155  miles, 
worked  by  5,000  horses,  are  in  Paris.  In  Italy  there 
has  been  a great  impetus  given  to  steam  tramway 
enterprise  in  the  rural  districts,  and  at  the  present 
day  the  extent  of  lines  is  about  621  miles,  but  in  the 
towns  the  system,  since  1879,  not  been  largely- 
extended.  It  is  stated  that  there  are  only  124  miles 
of  lines,  distributed  principally  between  the  cities  of 
Turin,  Milan,  and  Naples,  and  the  traction  in  these 
cities  is  done  by  horses  and  mules,  and  very  rarely  by 
locomotives.  In  Greece,  a tramway  line  is  being 
constructed  between  Athens  and  the  Pir^us.  Turkey 
is  represented  by  the  Constantinople  tramway. 
Russia  owns  373  miles  of  tramway  lines.  In 
Spain  there  is  an  extent  of  62  miles  of  lines  in 
the  towns ; while  in  Portugal  there  is  only  one 
city  supplied  with  tramways,  that  is  Lisbon.  The 
extent  of  Belgian  urban  lines,  which  amounted  in 
1874,  to  38  miles  had  increased  in  1882  to  about 
93  miles  of  single  line.  Brussels  alone,  in  1882,  had 
an  extent  of  44  miles,  and  Liege  had  10  miles,  ex- 
clusive of  the  Liege -Jemmapes  tramway,  which  had 
a total  length  of  4 miles.  There  are  also  tramways 
at  Gand,  Antwerp,  and  Louvain,  and  trains  called 
tramway  trains  on  the  lines  from  Liege  to  Vise. 
In  Australia,  in  1884,  the  colony  of  New  South 
Wales  was  represented  by  a total  length  of  22  miles 
of  tramway  lines. 


INDUSTRY  AND  COMMERCE  OF  SERVIA. 

The  production  of  wool  in  Servia  is  one  of  the 
most  important  sources  of  wealth,  and  especially  in 
the  mountainous  districts,  the  annual  production 
being  estimated  at  about  1,500,000  kilogrammes. 
Rugs,  gold  embroidery  and  linen,  also  form  an  im- 
portant branch  of  manufacture.  In  some  cases 
machinery  is  used  for  the  production  of  these  articles, 
and  every  encouragement  has  been  given  by  the 
Servian  Government  to  foreign  workmen  being  em- 
ployed in  order  to  instruct  those  of  that  country  in 
all  manufacturing  processes.  Goods  are  shipped  to 
France  by  the  Danube  steamers  to  Galatz,  and  from 
thence  are  carried  to  Marseilles  by  those  of  the 
Messageries  Maritimes.  The  exports  to  Germany 
and  Switzerland  go  up  the  Danube  by  steamer  as  far 
as  Passau,  and  from  thence  are  forwarded  to  their 
destination  by  rail. 

In  1881,  between  60,000  and  80,000  hectolitres  of 
wine  were  exported  from  Servia.  The  wine  pro- 
ducers of  that  country  are  looking  forward  to  the 
completion  of  the  railway  from  Belgrade  to  Risch 
Pirot  and  to  Nisch  Vranga.  A bottle  of  good 
Negotine  wine  costs  at  Belgrade  from  1*87  to  2*50 
francs.  Servia  is  without  any  regular  port,  but  has 
numerous  stopping  places  on  its  rivers,  the  principal 
being  Belgrade,  Labrech,  Obrenovatz,  and  Chabatz 
on  the  Sava ; Semendria,  Kladovo,  Dobrovitza, 
Polaravaz,  and  Radnievaz  on  the  Danube,  at  which 


towns  annual  fairs  or  periodical  markets  are  held, 
which  form  an  important  means  of  exchange  of 
merchandise  of  every  description,  and  for  providing 
the  small  traders  in  the  interior  with  goods. 

The  towns  of  Semendria,  Nisch,  Vranja,  are  the 
principal  marts  for  the  products  of  the  valley  of  the 
Morava,  whilst  the  agricultural  products  of  the  de- 
partments of  Nigotine,  Ovijtz,  and  Tohatchats,  are 
sent  to  Labrech  and  Chabatz,  which  is  at  the  same 
time  an  outlet  for  those  of  Drine  and  Eastern  Bosnia. 

Amongst  the  products  which  rank  next  in  import- 
ance to  wool  may  be  mentioned  leather,  and  staves 
for  casks  and  barrels ; those  for  the  wine  barrels  used 
at  Bordeaux  are  always  in  great  demand,  and  for 
the  small  casks  used  in  Servia,  Hungary,  and  neigh- 
bouring wine  districts.  The  price,  however,  is  sub- 
ject to  great  oscillation. 

The  principal  towns  in  the  interior  no  longer  de- 
pend upon  Belgrade  for  communication  with  other 
countries,  but  have  direct  intercourse  with  the 
bordering  states.  With  regard  to  the  import  trade, 
Vienna  supplies  principally  manufactured  goods. 
Pest  the  iron  and  window  glass,  Shesia  linen  and 
spun  goods  ; cloth  and  woollen  goods  are  supplied 
from  Bohemia,  whilst  Trieste  funrishes  groceries, 
and  Germany  hardware  of  every  description. 


Correspondence. 


COMMERCIAL  MUSEUMS  OF  INDUSTRIAL 
EXAMPLES. 

My  attention  has  been  directed  to  a letter  which 
appeared  in  the  Journal  of  January  22nd,  relative  to 
“Museums  of  Trade  Patterns,”  from  Mr.  Lewis  F. 
Day,  who  states  that  such  a museum  would  obviously 
be  of  great  advantage  to  manufacturers,  whose  pro- 
per business  it  would  be  to  provide  it,  and  no  one 
else’s,  and  this  they  are  unwilling  to  do.  But  that 
such  a collection  could  be  formed  by  manufacturers 
in  a casual  way  (and  unless  a collection  were  perfect 
it  would  be  of  little  use),  a very  brief  examination  will 
show  to  be  next  to  impossible. 

Producers  might,  or  might  not,  as  they  felt  inclined, 
send  their  own  productions  to  a museum,  as  is  the 
case  at  the  one  established  at  Mulhouse,  where 
greater  liberality  of  feeling  for  the  common  good 
exists,  and  less  trade  jealousy  is  felt  than  unfortu- 
nately obtains  in  most  manufacturing  towns  in  Eng- 
land ; but  it  would  certainly  not  belong  to  the 
province  of  any  one,  or  several  manufacturers,  to 
busy  himself  or  themselves  con  amove  in  procuring 
all  the  patterns  that  are  necessary  to  be  obtained  to 
form  such  a collection  from  abroad  or  elsewhere,  and 
holding  themselves  responsible  for  its  proper  manage- 
ment; but  it  must  become  the  business  of  a person 
who  has  his  heart — so  to  speak — in  the  work  of 
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making  an  effective  collection,  for  if  left  to  chance 
efforts  or  spontaneous  good  will,  it  would  be  easy 
enough  to  foretell  the  ultimate  inefficiency  of  any 
museum  formed  under  such  auspices. 

Nor  do  I consider  the  whole  subject  was  properly 
grasped  upon  the  occasion  when  I had  the  honour  of 
reading  my  paper  to  the  meeting,  the  main  idea 
that  was  uppermost  in  the  minds  of  the  speakers 
being  that  it  was  a collection  of  designs  or  patterns 
that  was  chiefly  suggested  to  be  made. 

So  far  as  mere  designs  are  concerned,  I think  we  are 
well  abreast  with  the  times,  and  have  no  deficiency  here 
to  complain  of ; the  South  Kensington  Museum,  with 
its  drawing  classes  and  other  arrangements,  having 
successfully  stimulated  this  department  to  a greater 
extent  than  credit  is  commonly  given  to  it,  in  which 
I heartily  concur  with  my’old  friend  Mr.  AVallis ; but 
the  main  usefulness  of  such  museums,  from  a com- 
mercial  point  of  view,  would  be  found  in  the  collec- 
tion of  industrial  examples,  fabrics,  or  trade  specimens 
themselves,  which  would  often  be  valuable  irrespective 
of  design — in  short,  that  commercial  or  trade  museums 
should  be  erected  which  would  afford  business  infor- 
mation quite  distinct  from  art,  though  of  course 
the  latter  is  to  be  by  no  means  overlooked. 

To  give  an  instance  of  my  meaning,  I may  point  out 
that  recently,  at  a special  meeting  of  the  Wolver- 
hampton Chamber  of  Commerce,  an  address  on  the 
effects  of  continental  competition  upon  the  English 
hardware  trades  in  the  colonies,  was  delivered  by 
^fr.  W.  W.  Walker,  of  the  firm  of  Messrs.  T.  W. 
and  T.  Walker,  hardware  merchants,  Wolver- 
hampton; the  President  of  the  Council  (Mr.  T.  C. 
Tildesley)  stating  that  the  Germans  were  pushing 
English  makers  very  hard,  not  only  in  ourown  colonies, 
but  also,  he  was  sorry  to  say,  in  their  own  district. 

After  giving  statistics  proving  that  Germany  did 
a greater  trade  with  some  of  the  continental  countries 
than  England,  Mr.  Walker  drew  attention  to  the 
formidable  increase  in  the  production  of  German  iron 
and  steel  wire.  The  imports  of  this  material  from 
the  United  Kingdom  had  decreased  from  86,653  tons 
in  1882  to  52,968  in  1884,  whilst  those  of  Germany 
increased  from  32,000  in  1877  to  212,794  in  1884,  In 
this  latter  year,  Germany  exported  to  England  57,314 
tons  of  wire.  After  similar  instances  of  an  analogous 
kind,  Mr.  Walker  remarked  that  there  was  not  a 
man  within  fifty  miles  of  Birmingham  who  could 
make  a spring  divider ; and  there  were  only  about 
two  men  who  could  make  wrought-iron  vices.  In 
fact,  for  tools  which  required  clever  handiwork,  the 
rising  generation  were  not  filling  their  fathers’  places. 
As  to  brass  cabinet  locks  (Mr.  Walker  continued) 
the  trade  of  South  America,  and  other  markets,  was 
going  into  German  hands.  The  rim  and  padlock 
trade,  he  was  pleased  to  say,  was  still  maintained  by 
English  firms.  As  to  the  quality  of  the  German 
goods  there  could  be  no  doubt.  They  had  intro- 
duced the  best  machinery,  and  their  workmen  had 
received  good  technical  instruction. 

Mr.  Walker  added  that,  when  in  Australia,  he  had 


seen  German  fencing-wire,  which  was  coated  with  a 
transparent  varnish  and  neatly  packed  in  kegs,  sold 
as  much  as  2s.  6d.  per  ton  below  English  quotations. 
The  wire  was  mech  preferred  by  the  colonists.  Sofa 
springs  were  much  below  EnglisE  prices,  and  German 
brass  locks,  splendidly  finished,  were  sold  for  7s.  qd. 

I am  quite  ignorant  of  the  details  of  the  hardware 
business,  my  kno  vledge  being  confined  mainly  to  the 
textile  branches,  which  are  subjected  to  the  most  severe 
competition  of  any ; but  it  will  be  very  clear  to  any- 
one that,  if  a collection  of  patterns — a museum  of 
trade  examples — were  founded  at  Wolverhampton, 
so  that  those  interested  might  obtain  information, 
and  see  for  themselves  what  was  brought  against 
their  own  production  from  other  markets,  it  would 
be  the  means  of  rendering  the  district  a very  valuable 
assistance,  and  set  ingenuity  and  contrivance  at  work 
that  now  needs  to  be  stimulated. 

That  others  are  of  my  way  of  thinking  may  also  be 
gathered  upon  the  occasion  referred  to,  for  at  the 
suggestion  of  Mr.  S.  Theo.  Mander,  the  Chairman 
promised  that  the  consideration  of  the  establishment 
of  a museum,  to  contain  specimens  of  foreign  work- 
manship, should  be  brought  before  the  Council. 

It  has  been  brought  forward  as  an  argument  that 
manufacturers  would  naturally  be  unwilling  to  assist  in 
bringing  about  a competition  in  what  they  were  doing 
themselves  by  officiously  exhibiting  their  own  pro- 
ductions, or  samples  of  them.  This  of  course  may 
be  assumed;  but,  on  the  other  hand,  it  appears  to  me 
that  it  would  be  much  more  undesirable — nay,  even 
unfair — to  make  colourable  imitations  of  objects 
registered  in  the  office  of  the  Registrar  of  Designs  in 
Chancery-lane,  which  it  has  been  suggested  would 
answer  the  same  purpose  as  a museum  of  patterns — 
limited  in  scope  and  intent  as  it  is — for  this  would  be 
an  unjustifiable  interference  with  the  special  rights  of 
individuals  protected  by  fees  paid  for  such  protection, 
and  which  it  would  be  neither  fair  nor  right  to  infringe. 

William  H.  Ablett. 


COLONEL  BEAUMONT'S  COMPRESSED- 
AIR  ENGINE. 

My  attention  has  been  called  to  an  error  in  the 
figures  which  I had  obtained  from  the  Report  of  the 
Jury,  and  which  I gave  in  my  paper  upon  the  results 
of  the  competition  between  tramway  motors  at  the 
Antwerp  Exhibition.  I should  feel  obliged  by  your 
allowing  me  to  correct  the  error  from  revised  figures 
which  I have  to-day  received  from  Brussels. 

The  quantity  of  coke  consumed  to  warm  the 
compressed-air  as  it  escaped  from  the  cylinders  on 
the  motor  is  stated  to  have  been  0*49  kilogrammes  per 
kilometre  run,  and  the  coke  employed  was  a very 
cheap  gas  coke. 

Douglas  Galton. 

12,  Chester-street,  Grosvenor-place,  S.W., 

9th  February,  i885. 
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My  attention  has  been  drawn  to  Captain  Douglas 
Galton’s  paper  on  the  recent  tramway  trials  at 
Antwerp,  and  especially  to  the  consumption  of  fuel 
by  the  compressed-air  and  electric  engines,  respect- 
ively ; the  figures  given  appeared  to  me  to  be  so 
contrary  to  facts,  that  I wrote  to  Captain  Galton, 
who  at  once  said  that,  as  regards  electricity,  they 
were  only  estimates  ; after  which  I have,  of  course, 
nothing  to  say,  except  to  regret  that  this  was  not 
made  clear  in  the  paper. 

I have  had  no  official  copy  of  the  Jury’s  report,  but 
I am  sure  I am  right  in  saying  that  the  amount  of 
fuel  supplied  to  the  electric  car,  adjoining  the  com- 
pressed-air shed,  was  about  the  same,  and  as  the  air- 
engine  was  taking  nearly  twice  as  much  weight  as 
the  electric  car,  the  fuel  consumed  in  proportion  to 
work  done  should  certainly  have  been  less  for  air 
than  electricity.  The  coke  stated  to  have  been  con- 
sumed in  heating  the  air  is  simply  unintelligible  to 
me,  as  the  small  boiler  I had  could  not  have  burnt 
the  quantity,  viz.,  3 lbs.  per  mile,  and,  as  regards  the 
water,  it  runs  back  into  the  boiler,  after  it  has  been 
used  in  warming  the  cylinders.  Respecting  the 
total  coal  consumption,  the  compressors  were  too 
large  for  one  car,  and  were  of  a temporary 
character.  The  air-engines  were  sent  to  Antwerp 
to  demonstrate  one  fact  only,  viz.,  the  quantity 
of  air  required  to  do  a given  amount  of  work  on  a 
tramway,  and  on  this  point  the  report  is  entirely 
satisfactory,  viz.,  34  lbs.  of  air  moved  a gross  load 
of  13  tons  one  mile,  including  many  stoppages. 

It  is  a matter  of  ordinary  calculation  what  fuel  is 
necessary  to  raise  34  lbs.  weight  of  air  from  the  pressure 
of  I atmosphere  to  68,  and  this  with  properly  con- 
structed engines,  will  be  found  to  be  about  8 lbs. 
This  estimate  is  borne  out  by  returns  of  running  on 
an  extended  scale  on  the  Liverpool  tramways. 

The  trials  at  Antwerp  were  made  under  conditions 
which  are  not  obtained  in  England,  and  the  absence  of 
inclines  made  any  results  utterly  useless  as  proving 
that  the  engines  could  work  ordinary  English  traffic, 
under  our  Board  of  Trade  regulations,  and  without 
showing  steam. 

I think  it  likely  that  further  trials  wiU  be  made, 
perhaps  in  Liverpool ; it  is  most  desirable  that  they 
should  be,  and  when  they  they  are  concluded  I feel 
quite  certain  a totally  different  complexion  will  be 
put  on  the  merits  of  the  different  systems  tried  at 
Antwerp. 

Fred.  Beaumont,  Col.  R.E. 

SufFolk-house,  5,  Laurence  Pountney-hill, 

Cannon-street,  E.C., 

Feb.  15,  1886. 


M A CHINE R Y IN  MINES. 

Mr.  Shone  has  expressed  doubt  as  to  the  value 
of  some  facts  I gave  in  my  paper,  and  assumes 
that  the  low  efficiency  of  the  air  experiments 
was  due  to  defective  mechanism.  I must  say  that 
Mr.  Shone  is  absolutely  and  totally  wrong  in  his 


assumption.  I attempted  in  my  paper  to  give  the 
general  results  of  collective  experience,  and  net  the 
result  of  any  experiment  got  up  to  support  any  “fad’^ 
of  my  own,  and  I challenge  Mr.  Shone  to  prove  that 
I am  wrong.  My  paper  was  intended  to  be  a brief 
record  of  ascertained  facts,  and  it  would  be  more  to 
the  purpose  if  Mr.  Shone  would  meet  my  arguments 
by  facts  instead  of  by  vague  generalisations  expressed 
in  involved  arithmetic.  I shall  not  uselessly  occupy 
your  space  by  giving  cuttings  from  text-books,  but  I 
would  commend  to  Mr.  Shone  the  following  con- 
sideration. The  heat  of  compression  in  air  expresses, 
in  Joule’s  equivalent  (772),  the  work  done  in  com- 
pressing the  air,  and  that  work  is  totally  lost  if  the 
air  is  used  without  expansion  after  it  has  been  cooled 
down  to  the  normal  temperature.  To  take  an 
example  approximately.  One  pound  (13  cubic  feet) 
of  air  heated  by  compression  980°  Fahr.  absorbs  232 
units  of  heat,  232  X 772  = 179,104  foot-pounds. 
Thirteen  cubic  feet  of  air  at  60  lbs.  absolute  pressure 
without  expansion,  would  perform  in  foot- pounds, 
144  X 13  X (60—15)  = 84,240  foot-pounds  only ; 
there  is,  therefore,  about  50  per  cent,  less  of  efficiency, 
due  to  compression  alone,  in  that  particular  case. 
With  water  pressure  that  loss  would  not  occur, 
because  neither  the  temperature  nor  the  volume  of 
water  are  sensibly  altered  by  compression. 

It  is  not  for  me  to  say  what  the  efficiency  of  Mr. 
Shone’s  system  is.  He  speaks  of  what  it  might  hey 
but  it  would  be  more  interesting,  and  much  more  to 
the  purpose,  if  he  would  tell  us  what  it  is  from 
practical  trials. 

Henry  Davey. 


I am  not  answerable  for  the  correctness  of  the 
report  of  what  was  said  in  the  discussion  on  Mr. 
Davey’s  paper.  If,  however,  Mr.  Shone  had  been 
desirous  of  asserting  the  truth,  he  could  not  have 
overlooked  the  fact,  which  appears  in  the  report, 
that  the  loss  by  compression  of  air  heated  260^  was 
stated  by  me  to  be  33  per  cent.,  which  of  course 
implies  that  the  heat  developed  increased  the  air  by 
one-third,  and  not  three  times  as  reported.  Again, 
when  I compared  water  at  400  lbs.  with  air  at  40  lbs. 
pressure,  it  was  simply  to  show  that  \\  times  as 
much  power  was  required  to  transmit  power  by  air 
through  a pipe  of  the  same  size  as  by  water  of  the 
stated  pressure.  What,  therefore,  becomes  of  the 
pretty  little  calculation  intended  to  show  that  the 
useful  effect  was  no  per  cent.,  a proposition  that 
nobody  but  a lunatic  would  propound  } 

With  reference  to  the  figures  Mr.  Shone  quotes 
referring  to  Warrington,  in  that  case  air  of  27  lbs. 
pressure  was  used  to  lift  the  sewage  10  feet,  and  the 
result  of  this  experiment  was  reported  to  a public 
Board,  not  by  me,  but  by  a member  of  the  Institution 
of  Civil  Engineers  who  witnessed  it.  Now,  as  the 
Shone  ejector  does  not  work  expansively,  the  enor- 
mous loss  was  at  once  apparent  in  this  case. 

Up  to  the  present  time  no  reliable  results  of  the 
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cost  of  the  Shone  system  have  been  made  public, 
and  being  veiy^  desirous  that  authentic  information 
should  be  forthcoming,  I may  say  that  I communi- 
cated with  Mr,  Shone,  who  subsequently  wrote  to 
me  on  the  20th  November,  1883,  as  follows  : — “To 
set  at  rest  the  question  as  to  the  loss  of  power  in- 
volved in  the  application  of  my  system,  I hereby 
offer,  on  behalf  of  the  sole  licensees  of  the  system,  to 
demonstrate  to  you,  and  anybody  else  of  your  mind, 
in  the  presence  of  Mr.  Hawkesley,  C.E.,  and  in  the 
presence  of  Messrs.  Simpson  and  Co.,  of  Grosvenor- 
road,  Pimlico,  S.W.  (the  eminent  manufacturers  of 
pumping  machinery’),  the  fact  that  I can  get  66  per 
cent.,  and  not  20  per  cent,  as  you  state,  of  the  engine- 
power  employed  to  compress  air,  for  utilising  upon 
my  system  ....  provided  you  will  undertake  to 
subscribe  towards  the  cost  such  a sum  as  will  be 
sufficient  or  reasonable  under  the  circumstances  to 
enable  the  licencees  to  undertake  the  expenditure 
without  serious  loss,  in  the  event  of  my  demonstra- 
tion proving  a success,  and  not  a failure.  Otherwise 
the  whole  cost  will  be  borne  by  the  licencees.” 

To  this  offer  I replied  on  the  27  th  November, 
1883  : — “I  am  quite  willing  for  you  to  make  your 
own  experiments  if  you  will  give  me  an  opportunity 
of  testing  the  results.  Now  as  such  experiment  need 
not  be  an  expensive  affair — for  I presume  you  still 
have  the  experimental  apparatus  fixed  at  Wrexham, 
which  I had  the  opportunity  of  seeing  at  work— and 
as  such  authoritative  experiment,  if  it  corroborates 
}’Our  views,  must  naturally  be  an  advantage  to  you, 
while  it  cannot  be  any  possible  advantage  to  me 
from  a pecuniary  point  of  view,  I am  quite  willing 
to  concur  in  your  suggestion  that  Messrs.  Simpson’s 
men  should  take  charge  of  the  apparatus  for,  say,  a 
week’s  experiment,  and  that  Mr.  Thos.  Hawkesley, 
C.E.,  shall  determine  the  efficiency  of  the  apparatus, 
and  that  you  and  your  assistants  shall  be  present, 
and  I and  my  assistants  shall  also  be  present,  simply 
to  take  notes,  and  under  these  conditions  I am  quite 
willing  to  subscribe  fifty  pounds  towards  the  cost  of 
the  experiment,  provided  I am  supplied  with  the 
authoritative  results.” 

I may  add  that,  up  to  the  present  time,  Mr.  Shone 
has  not  had  the  experiment  he  proposed  made,  and 
until  it  is  done  I shall  continue  to  believe  that  air  is 
the  most  extravagant  of  all  modes  of  transmitting 
power  for  raising  sewage. 

In  conclusion,  allow  me  to  say  that,  in  reference 
to  the  authorities  Mr.  Shone  quotes  in  his  communi- 
cation, in  the  Birmingham  report  by  Mr.  Sturgeon 
and  others,  the  useful  effect  of  cold  air  without  ex- 
pansion at  40  lbs.  pressure  is  stated  to  be  27-1  per 
cent.  What,  therefore,  becomes  of  the  calculation 
showing  that  air  at  54  lbs.  gives  a useful  effect  of 
45  per  cent.,  for  the  higher  the  pressure  the  greater 
is  the  loss  ? 

Baldwin  Latham. 
M.Inst.C.E.,  E.G.S.,  &c. 

7,  Westrainster-chambers,  S.W., 

Qth  February',  i885. 


A R TIS  TIC  BR  ON ZE  CA  S TING. 

The  method  of  making  moulds  for  the  Cera 
-berduta  process  appears  to  me  to  be  antiquated 
and  by  no  means  simple,  or  likely  to  give  certain 
results.  The  material  used  for  the  cores,  i.e.,  plaster 
of  Paris  and  brickdust  or  loam,  although  firm  when 
set,  becomes  friable  and  weak  after  firing,  causing 
great  liability  to  waste  and  risk  of  sandy  dirty  cast- 
ings. A certain  amount  of  plaster  is  necessary  for 
constructive  purposes,  but  some  binding  material, 
such  as  soda  or  other  flux,  should  be  mixed  with  the 
core  to  bind  it  together,  when  burnt ; the  venting  of 
the  cores  may  be  greatly  assisted  by  adding  saw- 
dust to  the  mixture,  which  burns  out,  leaving  the 
core  porous,  and  assisting  its  strength  by  the  fusible 
salts  contained  in  the  wood. 

For  the  outer  mould  a first  layer  of  very  fine  loam, 
ground  in  petroleum  oil,  should  be  applied  with  a 
brush,  and  over  this  a few  coats  of  a mixture  of  fine 
sawdust  and  loam,  to  which  has  been  added  a pro- 
portion of  short  fibrous  asbestos,  the  outer  casing 
being  made  of  the  same  mixture  but  coarser.  Eaeh 
coating  must  be  put  on  in  such  a manner  by  the 
point  of  the  brush  as  to  leave  a rough  surface,  which 
readily  binds  and  adheres  to  the  next  coating,  and  it 
will,  of  course,  be  understood  that  the  asbestos  fibre 
must  be  mixed  by  hand;  if  ground  in  a mill  the  fibre 
is  destroyed,  and  the  asbestos  becomes  useless.  A 
mould  made  in  this  manner  can  be  done  rapidly, 
dries  in  a short  time,  and  will  never  crack  ; in  fact,  it 
is  strong  enough  to  stand  the  pressure  of  the  fused 
metal  in  small  work  without  binding  or  any  external 
assistance,  and  there  is  no  risk  in  handling  the 
moulds  without  any  special  care.  I have  lifted  a block 
of  this  material  between  30  and  40  lbs.  weight  when 
half  dried,  by  one  corner,  and  dropped  it  a distance  of 
3 ft.  without  a crack  appearing.  The  system  of 
pouring  the  metal  from  underneath  is  not  so  import- 
ant with  these  moulds,  they  are  as  firm  as  an  ordinary 
Bath-brick,  at  the  same  time  it  is  always  advisable 
for  artistic  work  where  fine  surfaces  are  necessary ; 
the  air  outlets  may  be  formed  by  thin  sticks  of  wax 
as  they  can  be  numerous  and  very  small,  but  the 
“ gate  ” or  inlet  for  the  metal  is  usually  much 
better  for  large  surface  work  if  made  wide  and 
very  narrow,  and  if  of  this  shape  it  can  usually 
be  placed  where  it  can  be  cut  off  and  no  finishing 
is  necessary. 

There  is  one  method  of  pouring  which  is  only 
practised  for  some  special  purposes,  but  which  would 
give  perfect  results  in  figure  casting,  as  the  metal 
flows  calmly  in  without  any  rush  or  disturbance.  In 
this  method  the  gate  or  inlet  is  at  one  side  near  the 
bottom,  the  basin  or  “sow”  is  immediately  below 
it,  and  the  basin  and  mould  are  fastened  together  and 
mounted  on  a swivel.  As  soon  as  the  melted  metal 
is  placed  in  the  basin  the  whole  is  gradually  tilted 
over,  the  metal  flowing  quietly  from  the  basin  into 
the  mould,  the  vents  and  riser  being  of  course  on  the 
same  side  as  the  gate  or  inlet,  so  that  when  the 
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mould  is  turned  completely  over  all  the  openings  are 
on  the  upper  side. 

Many  castings  are  liable  to  be  spoilt  through 
deficiency  of  metal ; this  can  always  be  obviated  by 
taking  a known  bulk  or  weight  of  modelling  wax  for 
the  work,  and  weighing  the  remainder  after  the  work 
is  done.  A little  simple  calculation  will  enable  the 
correct  quantity  of  metal  to  be  ascertained,  and  an 
allowance  of  about  25  per  cent,  additional  will  cover 
all  necessary  for  gate,  riser,  and  vents. 

Thos.  Fletcher. 

Thynne- street,  Warrington. 


Notes  on  Books. 

♦ 

Report  on  the  Exhibits  relating  to  the 
Chemical  Industries  in  the  International 
Inventions  Exhibition,  1885.  By  Watson 
Smith.  Manchester.  1885. 

This  pamphlet  is  a reprint,  with  additions,  from 
the  Journal  of  the  Society  of  Chemical  Industry. 
It  contains  an  account  of  the  various  chemical  pro- 
cesses, and  the  machinery  used  for  those  which  were 
shown  at  the  Exhibition,  also  a description  of  the 
materials  exhibited.  A tabulated  list  of  dyes,  &c., 
discovered  and  manufactured  by  the  Badische- Anilin- 
und-Soda-Fabrik,  is  added. 


God  and  Mammon.  By  James  Platt.  London  : 
Simpkin,  Marshall,  & Co. 

This  work,  by  the  author  of  Essays  on  Business, 
Morality,  Money,  and  Economy,  is  intended  to 
exhibit  a theory  of  life  by  which  it  is  possible  to 
serve  both  God  and  Mammon. 


A General  History  of  Music  from  the 
Infancy  of  the  Greek  Drama  to  the 
Present  Period.  By  W.  S.  Rockstro. 
London.  Sampson  Low,  Marston,  Searle,  and 
Rivington.  1886.  8vo. 

The  object  which  the  author  set  before  him  in  the 
production  of  this  book  was  to  provide  in  a single 
volume  of  moderate  size  an  account  of  the  entire 
history  of  music.  The  works  of  Burney  and 
Hawkins,  although  full  of  valuable  information,  are 
both  cumbrous  and  expensive,  and  several  of  the 
modern  works  on  the  subject  are  written  in  French 
and  German,  and  are  not  to  be  obtained  in  English 
translations.  This  work  is  divided  into  six  books. 
The  first  treats  of  the  music  of  the  Greeks  and  of  the 
Early  Christians  ; the  second  of  music  in  the  Middle 
Ages.  Music  in  the  seventeenth  century  is  the  sub- 
ject of  the  third  book,  and  chapters  are  devoted  to 
the  invention  and  early  history  of  the  opera  and 
oratorio.  In  the  chapter  devoted  to  the  English 


school  of  the  Restoration  there  are  illustrative  ex- 
tracts from  the  Diaries  of  Pepys  and  Evelyn,  and  an 
account  of  the  re-organisation  of  the  choir  of  the 
Chapel  Royal,  under  the  famous  Captain  Henry 
Cooke.  Dr.  William  Child,  Dr.  Christopher 
Gibbons,  and  Edmund  Low,  were  among  his 
colleagues,  and  three  of  his  first  set  of  choristers, 
Pelham  Humphrey,  John  Blow,  and  Michael  Wise, 
became  leaders  of  the  new  English  school.  Henry 
Lawes,  whose  association  with  Milton  has  made  his 
an  undying  name,  was  appointed  “ Clerke  of  the 
Checke,”  and  Henry  and  Thomas  Purcell,  father  and 
uncle  respectively  of  the  great  Purcell,  were  among 
the  gentlemen  of  the  Chapel  Royal.  Of  these  men, 
and  of  Purcell  and  his  successors,  the  author 
writes  : — “ The  names  of  these  worthies  are  still 
venerated  in  every  cathedral  choir  in  England,  and 
by  their  earnest  efforts  and  sincere  love  for  art,  the 
traditions  of  the  school  of  the  Restoration  were  kept 
alive  in  England,  until  the  arrival  of  Handel  in  the  year 
1710.”  In  the  fourth  book  is  an  account  of  music  in  the 
eighteenth  century,  and  notices  of  the  Seven  Lamps  or 
bright  luminaries  whose  influence  upon  art  is  in- 
effaceable. These  are  Palestrina,  Handel,  Bach, 
Gluck,  Haydn,  Mozart,  and  Beethoven.  In  the  fifth 
book  the  reader  is  introduced  to  the  seven  lesser 
lights,  Schubert,  Weber,  Spohr,  Mendelssohn, 
Schumann,  Cimarosa,  and  Cherubini.  Chapters  are 
devoted  to  the  condition  of  dramatic  music  in  Italy  and 
France  during  the  closing  years  of  the  eighteenth 
century,  and  in  the  fifth  book  to  the  German,  the 
French,  and  the  English  schools  of  the  nineteenth 
century.  The  consideration  of  the  present  condition 
of  music,  and  its  probable  influence  upon  the  future, 
occupies  the  sixth  book,  a chapter  of  which  is  specially 
devoted  to  Wagner.  In  an  appendix  there  is  an 
Epitome  of  the  Technical  History  of  Music  from  the 
earliest  ages  to  the  present,  and  united  with  the 
index  is  a chronological  table  of  the  chief  matters 
treated  of  in  the  book ; thus  the  births  and  deaths  of 
the  composers,  the  musicians,  and  singers  are  given, 
and  the  dates  of  the  chief  compositions.  There  are 
illustrations  of  a Stradivari  violin,  Handel’s  harpsi- 
chord, spinets,  a clavichord,  and  the  Haarlem  organ, 
and  small  portraits  of  the  great  composers. 


Le  Clerge  Francais  refugie  en  Angleterre. 

Par.  F.  X.  Plasse.  Paris.  1886.  2 vols.,  8vo. 

This  is  a history  of  the  exile  in  England  of  the 
large  number  of  French  ecclesiastics  who  came  to 
this  country  during  the  troubles  of  the  great  French 
Revolution.  There  were  three  great  currents  of 
emigration,  the  first  in  1792-93,  the  second  in  1794-95, 
and  the  third  in  1797-99.  Canon  Plasse  has 
drawn  from  a large  mass  of  authentic  documents  a 
full  account  of  these  currents  of  emigration.  He 
then  traces  the  movements  of  the  various  individuals 
in  London,  Jersey,  Winchester,  Reading,  Ipswich, 
and  many  other  places.  At  the  end  of  the  second 
volume  is  a table  of  the  emigrant  clergy,  giving  their 
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names,  titles,  and  residences  in  England.  There  is 
also  an  account  of  the  chapels  built  in  various  parts 
of  the  country-  for  these  priests  and  through  their 
influence.  The  book  is  fully  illustrated  with  views 
of  the  places  of  most  note  where  the  emigrants  were 
settled. 


General  Notes. 

♦ 

Exports  of  Staves  for  Barrels  from  Italy. 
— A considerable  quantity  of  staves  and  hoops  for 
barrels  are  exported  annually  from  Italy  to  the  French 
ports  in  the  Department  of  the  Alpes  Maritimes.  In 
1884,  1,780  tons  of  staves  and  288|  tons  of  hoops 
were  shipped  to  the  four  ports,  viz.,  Nice,  Cannes, 
Antibes,  and  Mentone,  against  1,263^  tons  of  staves 
and  244  tons  of  hoops  in  the  previous  year.  The 
principal  Italian  ports  which  carry  on  this  trade  are 
Castellamare  di  Stabia,  Granatello,  Tetri,  Leghorn, 
Civitavecchia,  Savona,  and  Finale  Marina. 

Corinth  Canal. — During  the  past  autumn  the 
works  of  the  canal  through  the  isthmus  of  Corinth 
have  been  pushed  forward  vigorously.  In  August, 
150,690  cubic  metres  of  earth  were  excavated,  and  in 
September,  143,309  cubic  metres,  or  302,999  cubic 
metres  for  the  two  months,  being  20,000  in  excess  of 
that  excavated  during  the  preceding  two  months.  It 
is  anticipated  shortly  that  the  contractors  will  be  in  a 
position  to  excavate  not  less  than  200,000  cubic 
metres  per  month.  The  foundations  for  the  railway 
bridge,  which  will  cross  the  canal,  are  now  com- 
pleted. This  bridge  will  be  of  iron,  with  stone  piers 
and  abutments. 

The  Merchant  Navy  of  the  World. — The 
Bureau  Veritas  publishes  the  following  statistics 
respecting  the  merchant  navy  of  the  world  in  1885, 
The  total  number  of  sailing  vessels  in  existence  that 
year  was  43,692,  with  an  aggregate  tonnage  of 
12,867,375;  that  of  steamers  was  8,394,  with  a 
tonnage  of  6,719,101,  making  a total  of  52,086 
vessels,  and  19,586,476  tons.  The  largest  fleet, 
naturally,  is  that  of  England,  with  4,852  steamers, 
with  a tonnage  of  4,159,003,  and  14,939  sailing 
vessels,  of  4,714,746  tons.  Next  follows  France,  with 
505  steamers,  of  498,646  tons,  and  2,173  sailing 
vessels,  of  398,561  tons.  Germany  possesses  509 
steamers,  with  a tonnage  of  110,064,  2,424 

sailing  vessels,  with  863,611  tons.  With  regard  to 
the  importance  of  their  steam  navy,  the  maritime 
countries  are  classified  as  follows  : — England,  France, 
Germany,  United  States,  Spain,  Holland,  Italy, 
Russia,  and  Norway,  which  last  country  owns 
103U92  tons  of  steam  shipping.  With  regard  to 
sailing  vessels,  the  classification  as  regards  import- 
ance is  as  follows:  — England,  United  States, 
Norway,  Germany,  Italy,  France,  Russia,  Spain, 
Sweden,  and  Hollanl. 


Forests  in  France.— From  a recently  published 
report  of  the  Administration  of  Forests,  it  appears 
that  the  area  covered  by  woods  and  forests  in  France 
is  8,396,131  hectares;  of  which  1,012,688  hectares 
belong  to  the  Government ; 1,967,846  hectares  are 
communal;  and  the  remaining  5,415,567  hectares 
are  private  property ; an  hectare  being  equal  to 
2 acres,  i rood,  35  poles.  Between  the  years  1826 
and  1884,  465,038  hectares  were  cut  down,  and 
37,267  hectares  replanted  with  trees.  The  value  of 
the  Government  forests  is  estimated  at  1,300,000,000 
francs,  and  the  annual  revenue  derived  from  hem 
between  30,000,000  francs  and  35,000,000  francs.  For 
the  present  year  the  sum  of  35,582,600  francs  figures 
in  the  budget  as  the  revenue  from  this  source.  The 
cost  of  administration  and  maintenance,  however,  is 
very  great,  and  for  the  present  year  will  be  17,772,000 
francs,  or  nearly  half  the  gross  revenue,  and  leaves 
barely  19,000,000  francs  of  net  revenue,  which  only 
represents  about  i|  per  cent,  on  the  capital,  or 
19  francs  per  hectare,  whilst  woods  and  forests 
belonging  to  private  persons  yield  from  28  francs 
to  30  francs.  It  must  be  mentioned  that  these 
figures  include  the  amounts  paid  for  right  of  shooting, 
which  in  many  cases  is  leased  at  high  prices. 


MEETINGS  OF  THE  SOCIETY. 
Ordinary  Meetings. 
Wednesday  evenings,  at  Eight  o’clock  : — • 
February  24. — “The  employment  of  Auto- 
graphic Records  in  Testing  Materials.”  By  Prof. 
W.  C.  Unwin. 

March  3. — “ Calculating  Machines.”  By  C.  V. 
Boys. 

March  10. — “ The  Experiments  with  Lighthouse 
Illuminants  at  the  South  Foreland.”  By  Price 
Edwards.  Lord  Rayleigh,  Secretary  of  the  Royal 
Society,  will  preside. 

March  17. — “ Domestic  Electric  Lighting.”  By 
W.  H.  Preece,  F.R.S. 

April  14. — “The  Treatment  of  Sewage.”  By 
Dr.  C.  Meymott  Tidy. 


Foreign  and  Colonial  Section. 
Tuesday  evenings,  at  Eight  o’clock  : — 
March  2. — “ Bechuanaland  and  Austral  Africa.’^ 
By  John  Mackenzie,  late  Deputy  Commissioner  of 
Bechuanaland. 

March  23. — “ The  Commercial  Progress  of  New 
South  Wales.”  By  Edward  Combes,  C.M.G. 
April  13  ; May  18. 

Applied  Chemistry  and  Physics  Section. 
Thursday  evenings,  at  Eight  o’clock  : — 
February  25. — “ Photography  and  the  Spectro- 
scope in  their  Application  t®  Chemical  Analysis.’ ' 
By  Professor  W.  N.  Hartley,  F.R.S.  Professor 
Sir  Henry  E.  Roscoe,  F.R.S.,  M.P.,  will  preside. 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


[Feoruarjf  19,  1886. 


March  ii. — “Film  Photography.”  By  L. 
Warnerke.  Captain  Abney,  F.R.S.,  will  preside. 

March  25,—  “ Certain  Methods  for  the  Utilisation 
of  Refuse  and  Dust  Fuels.”  By  Walter  G. 
McMillan,  F.C.S.,  Demonstrator  of  Metallurgy, 
-King’s  College,  London. 

April  8. — 

May  13. — “The  Scientific  Development  of  the 
Coal  Tar  Colour  Industry.”  By  Professor  R. 
Meldola,  F.C.S. 


Indian  Section. 

Friday  evenings,  at  Eight  o’clock  ; — 

February  19. — “Historical  and  Recent  Indian 
Famines.”  By  F.  C.  Danvers,  F.S.S.,  Registrar 
and  Superintendent  of  Records,  India-office.  J.  M. 
Maclean,  M.P.,  will  preside. 

March  19. — “ Experiences  on  the  Afghan 
Frontier.”  By  William  Simpson.  Col.  Henry 
Yule,  C.B.,  will  preside. 

April  2. — “Archaeology  in  India.”  By  James 
Gibbs,  C.S.I.,  C.I.E.,  late  Member  of  the  Viceroy’s 
Council. 

May  7,  21. 

The  above  dates  are  liable  to  alteration. 


Cantor  Lectures. 

The  Third  Course  will  be  on  “ Science 
Teaching.”  By  Prof.  F.  Guthrie,  F.R.S. 

Lecture  II. — February  22.  — Knowledge  about 
Common  Stuffs  and  Things. 

Lecture  III. — March  i. — Teaching  Physics. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  Feb.  22.. .SOCIETY  OF  ARTS,  John  - street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Prof.  F. 
Guthrie,  F.R.S.,  “Science  Teaching.”  (Lecture 
II.) 

Surve}'ors,  12,  Great  George-street,  S.W.,  8 p.m. 

Mr.  Wm.  Woodward,  “ London  Remodelled.” 
Geographical,  University  of  London,  Burlington- 
gardens,  W.,  8^  p.m.  Mr.  Alex.  Hosie,  “A 
Journey  in  South-Western  China,  from  Ssuchuan 
to  Western  Yunnan.” 

Actuaries,  The  Quadrangle,  King’s  College,  W.C., 
7 p.m. 

Medical,  ii,  Chandos-street,  W.,  8J  p.m. 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m. 
Mr.  J.  C.  Morison,  “ English  Life  in  the  XV. 
Century,  as  depicted  in  the  Paston  Letters.” 
Tuesday,  Feb.  23. ..Royal  Institution,  Albemarle-street,  W., 
3 p.m.  Mr.  C.  T.  Newton,  “ The  Unexhibited 
Portion  of  the  Greek  and  Roman  Sculptures  in  the 
British  Museum.”  (Lecture  II.) 

Medical  and  Chirurgical,  53,  Berners-street,  Oxford- 
street,  W.,  8^  p.m. 


Civil  Engineers,  25,  Great  George-street,  S.W., 

8 p.m.  Discussion  on  Mr.  L.  F.  Vernon-Harcourt’s 
paper,  “The  River  Seine.” 

Anthropological,  3,  Hanover-square,  W.,  8^  p.m. 
I.  Mr.  A.  W.  Howitt,  “Australian  Medicine 
Men.”  2.  Mr.  Adolphus  Mann,  “ The  Numerals 
of  the  Yoruba  Nation.” 

Wednesday,  Feb.  24. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Professor  W.  C.  Unwin, 
“The  Employment  of  Autographic  Records  in 
Testing  Materials.” 

Geological,  Burlington-house,  W.,  8 p.m.  i.  Rev. 
P.  B.  Brodie,  “ Two  Rhaetic  Sections  in  Warwick- 
shire.” 2.  Mr.  E.  Witchell,  “ The  Basement-beds 
of  the  Inferior  Oolite  of  Gloucestershire.”  3.  Mr. 
Percy  F.  Kendall  and  Mr.  Robert  G.  Bell,  “ The 
Pliocene  Beds  of  St.  Erth  ” 

Patent  Agents,  55,  Chancery-lane,  W.C.,  ']\  p.m. 
I.  Mr.  G.  G.  M.  Hardingham,  “ Patent  Applica- 
tionswithProvisionalSpecifications.”  2.  IMr. Ernest 
de  Pass,  “Is  it  Expedient  to  Continue  the  Practice 
of  lodging  Provisional  .Specifications?” 

Rojml  Society  of  Literature,  4,  St.  Martin’s-place, 
W.C.,  8 p.m. 

Civil  and  Mechanical  Engineers,  7,  Westminster- 
chambers,  S.W.,  7 p.m.  Mr.  B.  Haughton,  ‘ ‘Wave 
Motion.” 

Thursday,  Feb.  25. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m  (Chemical  and  Physical 
Section.)  Prof.  W.  N.  Hartley,  “ Photography 
and  the  Spectroscope  in  their  Applications  to 
Chemical  Analysis.” 

Royal,  Burlington-house,  W.,  4I  p.m. 

Antiquaries,  Burlington-house,  W.,  8^  p m. 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m. 

Mr.  R.  A.  Proctor,  “ Volcanoes.” 

Royal  Institution,  Alberaarle-street,  W.,  8 p.m. 
Prof.  W.  Boyd  Dawkins,  “ The  Ancient  Geo- 
graphy of  Britain.”  (Lecture  I.) 

Telegraphic  Engineers  and  Electricians,  25,  Great 
George-street,  S.W.,  8 p.m.  Resumed  Discussion 
on  Professor  D.  E.  Hughes’s  paper,  “ The  Self- 
Induction  of  an  Electric  Current  in  Relation  to  the 
Nature  and  Form  of  its  Conductor.” 

Social  Science,  Prince’s-hall,  Piccadilly  ii  a.m. 
Conference  on  Temperance  Legislation. 

Friday,  Feb.  26.. .United  Service  Institute,  Whitehall-yard, 
3 p.m.  Lieutenant-General  Sir  Gerald  Graham, 
“Fire  Discipline,  Fire  Tactics,  and  the  use  of 
Square  Formation.” 

Social  Science,  Prince’s-hall,  Piccadilly,  ic^  a.m. 

Conference  on  Temperance  Legislation  continued. 
Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Weekly  Meeting,  9 p.m.  Mr.  A.  A.  Common, 
“ Photography  as  an  Aid  to  Astronomy.” 

Civil  Engineers,  25,  Great  George-street,  S.W.,  7J 
p.m.  (Students’  Meeting.)  Mr.  Henry  A.  Cutler, 
“ Stability  of  Voussoir  Arches.” 

Quekett  Microscopical  Club,  University  College, 
W.C.,  8 p.m. 

Clinical,  53,  Berners-street,  W.,  8^  p.m. 

Browning,  University  College,  W.C.,  8 p.m.  Mr. 
Albert  Fleming,  “A  Broken  Life— Andrea  del 
Sarto.” 

Saturday,  Feb.  27... Physical  Science  Schools,  South  Ken- 
sington, S.W.,  3 p.m.  I.  Professor  W.  C.  Unwin, 
“ Notes  on  the  Thermodynamic  Relations  in  the 
paper  of  Messrs.  Ramsay  and  Young.”  2.  Mr. 
Walter  Baily,  “ A Map  of  the  World  in  which  the 
Proportion  of  Areas  is  Preserved.” 

Botanic,  Inner  Circle,  Regent’s-park,  N.W.,  3I  p.m. 
Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Rev.  C.  Taylor,  “ The  History  of  Geometry.  The 
Greek  and  the  Modern.”  (Lecture  I.) 
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All  communtcaiions  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelpht,  London,  W.C. 


NOTICES. 

♦ 

CANTOR  LECTURES, 

Professor  Guthrie,  F.R.S.,  delivered  the 
second  lecture  of  his  course  on  “Science 
Teaching,”  on  Monday  evening,  22nd  inst. 

The  lectures  will  be  printed  in  the  Journal 
during  the  Easter  recess. 


Proceedings  of  the  Society. 


INDIAN  SECTION 

Friday,  February  19th,  1886;  J.M.  Macleax, 
M.P.,  Member  of  Council,  in  the  chair. 

The  paper  read  was — 

HISTORICAL  AND  RECENT  FAMINES 
IN  INDIA. 

By  F.  C.  Danvers. 

In  recent  times  the  famines  that  have,  at 
somewhat  irregular  inter\'als,  visited  different 
parts  of  India,  may  be  said  to  have  been  due 
to  failure  of  the  periodical  rains  upon  which 
the  cultivation  of  the  soil  is,  in  most  parts, 
entirely  dependent.  In  historic  times,  how- 
ever, local  famines  have  sometimes  been 
caused,  and  at  others  greatly  aggravated,  by 
the  devastation  arising  from  hostile  incursions. 
The  latter  cause  has  now,  happily,  ceased  as  an 
element  to  be  taken  into  consideration  in  con- 
nection with  the  subject  before  us.  With 
regard  to  the  former,  some  few  preliminary 
observations  may  be  of  interest. 

The  map  on  the  wall  shows,  by  density  of 


colour,  the  average  annual  rainfall  in  four 
different  degrees.  The  dark  blue  represents 
the  moist  zone,  where  there  is  a rainfall  of 
seventy  inches  and  upwards  in  the  year ; 
light  blue,  the  intermediate  zone,  a rainfall  of 
from  thirty  to  seventy  inches  ; purple,  the  dry 
zone,  of  from  fifteen  to  thirty  inches ; and 
light  brown,  the  arid  zone,  having  a rainfall  of 
less  than  fifteen  inches.  Of  the  area  in  which 
the  rainfall  is  below  fifteen  inches,  it  may  be 
said  that  it  is  either  actually  desert,  or  that 
agriculture  is  impossible  without  artificial 
irrigation  ; and  hence  it  follows  that  where  the 
rain  is  least  copious  the  population  has  made 
itself  in  a great  degree  independent  of  the 
local  rainfall.  In  the  opposite  direction  it  is 
also  generally  true  that,  where  the  rain  is 
most  abundant,  exceeding  forty  or  fifty  inches, 
the  occurrence  of  such  droughts  as  will  cause 
serious  scarcity  is  rare.  The  region  in  which 
the  average  rainfall  is  between  twenty  and 
thirty-five  inches  is  that  which  suffers  most 
from  droughts,  and  this  includes  the  western 
and  southern  parts  of  the  North-Western 
Provinces,  and  that  portion  of  the  Punjab 
territory  which  lies  east  of  the  Sutlej  ; the 
western  and  northern  states  of  Rajputana,  and 
of  the  central  plateaux  which  border  on  the 
North-Western  Provinces ; the  districts  of 
Bombay  above  the  Western  Ghauts,  and  the 
districts  of  Madras  above  the  Eastern  Ghauts, 
together  with  the  southern  and  western  region 
of  Hyderabad,  and  all  Mysore  except  the 
strip  lying  close  to  the  Western  Ghauts  ; and 
the  districts  of  Madras  along  the  east  coast, 
and  at  the  extremity  of  the  peninsula. 

A strongly  marked  yearly  periodicity  is 
everywhere  observed  with  regard  to  the  dis- 
tribution of  rain  over  the  year.  The  chief  fall 
occurs,  with  few  exceptions,  in  the  summer 
months,  between  May  and  October,  in  the 
season  commonly  known  as  the  south-west 
monsoon.  On  a part  of  the  Madras  coast,  on 
the  east  of  the  peninsula,  heavy  rain  falls  after 
the  cessation  of  these  summer  rains,  in  the 
months  of  November  and  December,  at  the 
beginning  of  what  is  termed  the  season  of  the 
north-east  monsoon.  In  the  more  northern 
provinces,  again,  a well-marked  season  of 
winter  rain  occurs,  commencing  about  Christ- 
mas, and  extending  to  February,  but  its 
effects  hardly  reach  south  of  the  tropics,  and  it 
has  no  sensible  influence  on  the  agriculture  of 
Southern  India.  The  droughts  and  famines 
during  the  past  hundred  years  have  been 
mainly  due  to  the  failure  of  the  south-west 
monsoon.  The  drought  of  1865-6  in  Orissa 
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and  Behar,  and  some  of  the  earlier  scarcities 
in  Madras,  arose  from  failures  of  the  rain  of 
the  north-east  monsoon  on  the  east  coast. 
The  famine  of  1873-4  in  Northern  Bengal  was 
exceptional,  and  is  an  instance  of  a great 
scarcity  arising  in  a region  of  abundant  aver- 
age rainfall  owing  to  a premature  cessation  of 
the  rain,  apparently  due  to  an  abnormal  ex- 
tension to  the  eastward  of  the  margin  of  the 
comparative!}’'  dry  area  of  North-Western 
India.  The  map  on  the  wall,  on  which 
the  principal  droughts  during  the  past 
hundred  years  are  shown  collectively,  illus- 
trates the  parts  of  India  subject  to  such 
visitations.  The  smaller  maps  show  the  areas 
of  those  famines  separately. 

With  these  preliminary  observations,  I now 
proceed  to  give  a brief  account  of  52  famines 
f'(regarding  which  I have  been  able  to  trace 
^any  record),  extending  over  a period  of  from 
■2,300  to  2,400  years,  of  which  30  occurred  in 
the  historic  period,  and  22  in  recent  years,  that 
is,  within  the  last  100  years  or  so. 

It  must  not  be  supposed  that  the  list  of 
historic  famines  here  given  is  a complete 
record  of  those  that  occurred  previously  to  the 
year  1769,  but  it  contains  the  dates  of  all 
regarding  which  I have  been  able  to  trace 
particulars.  The  absence  of  any  reference  to 
Tamines  by  most  native  historians  may  probably 
■be  accounted  for  by  the  fact  that  these  con- 
fined themselves  principally  to  a narration  of 
the  deeds  of  emperors,  and  took  but  little 
account  of  the  economic  condition  of  the 
country,  except  in  so  far  as  it  was  aifected  by, 
or  had  any  influence  upon,  the  actions  of  the 
ruling  sovereign. 

In  the  present  paper,  I have  carefully  avoided* 
any  questions  bearing  upon  the  policy  adopted, 
from  time  to  time,  by  the  Government  of  the 
day  in  dealing  with  these  national  af&ictions. 
Even  had  it  been  deemed  desirable  to  deal 
with  that  question,  the  time  at  our  disposal 
would  have  effectually  prevented  any  satis- 
factory treatment  of  that  branch  of  the  subject, 
which,  therefore,  if  thought  suitable  for  dis- 
cussion, should  properly  form  the  topic  of  a 
separate  paper.  I have  also  not  thought  it 
necessary  to  refer  to  what  is  known  as  the 

sun-spot”  theory  in  connection  with  famines 
in  India,  the  evidence  on  this  subject  being 
still  too  incomplete  for  any  practical  deductions 
therefrom. 

From  the  circumstance  that  accounts  of 
famines  occur  in  some  of  the  earliest  histories 
of  India,  by  native  authors^t  it  would  appear 
that  that  country  has  always  been  subjected 


to  those  visitations.  The  scanty  particulars 
generally  given  by  these  writers,  however, 
do  not  enable  any  approximate  area  even  to 
be  ascribed  to  them,  and  other  details  are,  for 
the  most  part,  either  wholly  wanting,  or  only 
very  scantily  supplied.  Seasons  of  drought 
were  evidently  well  known  in  India,  as  in  other 
Eastern  countries,  at  a very  early  date,  and 
allusion  is  made  to  them  in  the  Ramayana, 
where  it  is  stated  that  “in  the  Raj  of  Anga 
there  was  a great  drought,  because  of  the 
wickedness  of  Lomapada,  who  was  the  Raja 
of  Anga.”  No  date  can  be  assigned  to  this 
event,  and  the  account  may  indeed  be  treated, 
at  least,  as  apocryphal. 

Ferishta  states  that  during  the  reign  of  Jei- 
chund,  who  was  Emperor  of  India  between 
the  years  503  and  443  B.C.,  a famine  and 
pestilence  happened,  and  that  the  Emperor 
himself  was  addicted  to  indolence  and 
pleasure.  After  this  there  is  a period  of  about 
1,500  years  within  which  none  of  the  early 
historians  have  recorded  the  occurrence  of  any 
similar  calamity  in  India ; but  from  the 
frequency  of  their  visitations  since  then,  it 
would  not  be  reasonable  to  suppose  that  the 
country  was  altogether  free  from  them  during 
that  time. 

The  year  1033  was  remarkable  for  a great 
drought  and  famine  in  many  parts  of  the 
world,  and  it  was  especially  severe  in  Persia 
and  India,  in  which  entire  provinces  were 
depopulated.  It  was  succeeded  by  a pestilence, 
which  swept  away  thousands  of  human  beings. 

The  earliest  famine  in  the  Deccan,  of  which 
any  information  has  been  obtained,  is  stated 
to  have  occurred  in  the  year  1200,  and  to  have 
lasted  for  twelve  years,  during  which  time  a 
great  number  of  people  died,  and  measures  of 
relief  are  stated  to  have  been  adopted  by  the 
Delhi  Government. 

The  year  1291  was  one  of  severe  famine  in  India, 
in  which  thousands  perished,  and  the  eldest  son 
of  the  Emperor  (Feroze  II.)  fell  a victim  to  an 
epidemic  that  followed.  It  is  stated  that  no 
rain  fell  for  a whole  year,  and  the  price  of 
grain  in  Delhi  rose  to  a jital  per  seer,  or  about 
ten  times  its  normal  price.  In  the  Siwalik, 
also,  the  dearth  was  greatly  felt,  and  the 
Hindus  of  that  country  flocked  into  Delhi  with 
their  families.  The  Sultan  and  nobles  did  all 
they  could  to  help  the  poor  distressed  people, 
but  thousands,  it  is  stated,  daily  died  in  the 
streets  and  highways,  and,  in  the  extremity  of 
hunger,  whole  families  drowned  themselves  in 
the  river  Jumna. 

The  next  famine  regarding  which  I have 
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^raced  any  record,  occurred  after  an  interval 
of  about  fifty  years,  in  1345,  during  the  reign 
of  Muhammed  Tughlak.  This  emperor  caused 
great  distress  by  reason  of  the  heavy  taxation 
imposed  upon  the  people  to  meet  the  expenses 
of  his  military  expeditions.  By  reason  of  these 
the  poor  became  beggars,  the  rich  became 
rebels,  and  many  of  the  farmers  were  forced  to 
fly  to  the  woods,  and  to  maintain  themselves 
by  rapine.  The  lands  were  left  uncultivated, 
and  grain  consequently  became  scarce,  famine 
began  to  desolate  whole  provinces,  and  the 
sufferings  of  the  people  obliterated  from  their 
minds  every  idea  of  government  and  subjection 
to  authority. 

The  great  Doorga  Deevee  famine  is  said  to 
have  taken  place  in  A.D.  1396,  and  spread  over 
the  whole  of  Hindustan.  Particulars  of  this 
calamity  are  wanting  beyond  the  circumstance 
that  it  is  stated  to  have  lasted  twelve  years, 
and  to  have  extended  over  the  entire  peninsula 
of  India,  and  depopulated  whole  districts.  It 
arose  from  a total  want  of  seasonable  rain. 
It  cannot  be  ascertained  whether  any  measures 
of  relief  were  adopted  at  the  time.  During 
its  occurrence  Delhi  was  again,  in  1398,  the 
centre  of  scarcity,  owing  apparently  to  war 
rather  than  to  any  abnormal  condition  of  the 
seasons.  Many,  it  is  stated,  died  of  sickness, 
and  many  perished  vdth  hunger,  and  for  two 
months  Delhi  was  desolate. 

Fourteen  years  later  (1412-13)  Delhi  was 
again  subjected  to  a similar  visitation,  but  on 
this  occasion  it  was  aggravated  by  a drought. 
There  is  nothing  recorded  to  show  either  the 
extent  of  the  drought  or  the  length  of  its 
continuance. 

The  next  in  order  of  date  is  the  famine  in 
the  Deccan,  said  to  have  occurred  about  the 
year  1460,  and  the  memory  of  which  has  been 
perpetuated  by  a popular  poetical  legend, 
known  as  “ Damajee  Punt’s  Akhyan.”  This 
famine,  which  was  the  result  of  want  of  rain, 
lasted  for  a year,  and  is  said  to  have  been  felt 
in  the  Deccan  and  Southern  India. 

The  Orissa  Commissioners  of  1867  refer  to 
a notable  famine  in  1471,  but  I have  been 
unable  to  trace  any  mention  of  it  in  the 
histories  of  India  I have  consulted,  or  in  any 
official  reports.  As  this  date  falls  within  the 
twenty-six  years  during  which  the  royal  house 
of  Jaunpore  was  contending  with  Behlol  Lodi, 
it  may  very  probably  have  happened  that 
scarcity  was  one  of  the  evils  attendant  on  this 
protracted  war. 

About  the  year  1495  another  famine  occurred^ 
about  which,  however,  the  information  avail- 


able is  but  scanty.  A great  dearth  is  reported 
to  have  occurred  in  Hindustan  at  this  time, 
but  we  are  told  that,  all  duties  being  taken  off 
by  the  king’s  order,  that  calamity  was  in  a 
great  measure  mitigated.  This  reference  to 
steps  taken  by  the  ruling  power  to  afford  relief 
to  the  people  naturally  leads  to  the  conclusion 
that  this  was  a scarcity  of  some  extent  and 
severity,  which  may  be  classed  amongst  the 
great  famines  of  India. 

A famine  of  equal  extent  and  duration  to 
that  of  1460  is  said  to  have  occurred  about, 
the  year  1520.  It  is  alleged  to  have  been, 
caused  by  successions  of  military  hordes . 
destroying  the  crops  and  plundering  every-- 
thing  that  came  in  their  way.  No  measures 
of  relief  appear  to  have  been  adopted  in  this 
case. 

The  earliest  famine  in  Sind  regarding  which' 
Information  is  procurable  is  stated  to  have  • 
occurred  in  1527,  when  Mirza  Shah  Beg 
Aghoon  conquered  the  province.  Jam  Ninda, 
then  ruler  of  Sind,  directed  that  all  grain 
should  be  burnt,  in  order  that  it  might  not  fall 
into  the  hands  of  the  conqueror.  This  famine 
lasted  for  six  months. 

The  next  famine  occurred  in  1540.  Mirza_ 
Shah  Hunun,  the  ruler  of  Sind,  hearing  that 
Shah  Humayun,  who  had  been  lately  defeated 
by  Shere  Shah  at  Lahore,  was  about  to  invade 
Sind,  directed  that  no  crops  should  be  grown 
on  either  bank  of  the  river,  and  he  also  pro- 
hibited the  import  of  grain.  This  famine 
lasted  three  years,  and  is  said  to  have  been 
particularly  severe. 

About  the  year  1554,  a dreadful  famine  is 
said  to  have  raged  in  the  western  provinces  of 
Hindustan,  especially  in  Agra  and  Delhi, 
owing  to  a failure  of  the  rains  following  upon 
two  years  of  uninterrupted  war.  Grain  rose  in 
price  to  two  and  a half  tankas*  the  seer,  and 
the  people  perished  in  large  numbers.  The 
common  people  fed  upon  the  thorny  acacia, 
upon  dry  herbage,  and  on  the  hides  of  the 
cattle  which  the  wealthy  slaughtered  and  sold. 
After  a few  days,  swellings  rose  on  their  hands 
and  feet,  and  they  died.  The  date  of  this 
calamity  is  represented  by  the  words  Khashm- 
i-izad  or  ‘‘Wrath  of  God.”  The  whole 
country  became  a desert,  and  no  husbandmen 
remained  to  till  the  ground.  Insurgents  also 
plundered  the  cities  of  the  Mussulmans. 

The  year  1577  was  one  of  great  famine  in 
Kutch,  and  even  the  well-to-do  succumbed  to 
its  influences.  I have,  however,  been  unable 

* It  is  not  quite  clear  what  was  the  value  of  the  tanka  in 
those  days. 
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to  find  any  details  regarding  its  cause  and 
extent. 

Owing  to  a failure  of  the  usual  rains,  a fear- 
ful famine  raged  over  Hindustan  in  1596,  which 
is  said  to  have  continued  for  three  or  four 
years.  The  king  (Akbar)  ordered  alms  to  be 
distributed  in  all  the  cities  ; public  tables  were 
spread,  and  the  army  was  increased  in  order 
to  afford  maintenance  to  the  poorer  classes.  A 
plague  also  added  to  the  general  distress.  In 
consequence  of  the  dearth  of  grain,  and  the 
necessities  of  hunger,  men  ate  their  own  kind. 
The  streets  and  roads  were  blocked  up  with 
dead  bodies,  and  no  assistance  could  be 
obtained  for  their  removal. 

After  the  country  had  suffered  for  two  years 
from  a deficiency  of  rain  and  famine,  a dread- 
ful plague  broke  out,  in  1615,  in  many  parts 
of  Hindustan.  It  began  in  the  Punjab,  and 
extended  through  Sirhind  and  the  Doab  to 
Delhi  and  its  dependent  districts,  which 
' became  reduced  to  a miserable  condition,  and 
many  Muhammadans  and  Hindus  died. 

A famine  occurred  in  parts  of  the  Bombay 
Presidency,  in  the  year  1623,  when  the  distress 
is  described  as  having  been  very  great,  and 
it  is  stated  that  the  people  were  driven  to 
cannibalism.  In  order  to  afford  relief,  Lungur- 
khanas  were  opened  in  Ahmedabad,  Surat, 
and  Burhanpur,  at  which  sufficient  food  was 
distributed  to  meet  all  wants.  The  famine 
arose  from  want  of  rain,  and  the  ryots,  being 
much  distressed,  the  Badshah  assisted  them, 
both  this  year  and  the  next,  with  land  and 
money. 

The  famine  of  1629-31  is  conspicuous  as  the 
first  famine  in  India  regarding  which  any 
-really  definite  information  has  been  handed 
down  as  to  the  particular  districts  affected  in 
other  parts  than  the  immediate  vicinity  of 
Delhi.  During  1629  there  was  no  rain  at  all 
in  some  districts,  and  a deficiency  in  others. 
The  drought  was  felt  principally  in  the  Deccan 
and  Guzerat,  but  it  is  said  also  to  have  ex- 
tended throughout  India,  and  over  a great 
part  of  Asia.  Notwithstanding  the  liberality 
of  the  Emperor  (Shah  Jehan),  who  ordered 
Lungur-khanas  to  be  established  for  the  poor 
and  destitute,  it  seems  to  have  been  impossible 
to  reach  a great  part  of  the  distress.  Money 
could  not  purchase  bread,  and  a prodigious 
mortality  ensued;  disease  followed  famine, 
and  death  ravaged  every  corner  of  India.  For 
a long  time  dog’s  flesh  was  sold  as  goat’s 
flesh,  and  the  pounded  bones  of  the  dead  were 
mixed  with  flour  and  sold.  Destitution  at 
length  reached  such  a pitch  that  men  began 


to  devour  each  other.  Those  who  had  suffi- 
cient strength  emigrated  to  other  countries ; 
and  those  lands  which  had  been  famous  for 
their  fertility  and  plenty  retained  no  trace 
of  productiveness.  Taxes  of  every  description 
were  abolished  for  two  years,  and  70  lacs  of 
rupees  are  said  to  have  been  so  remitted. 

Mill,  in  his  “ History  of  British  India,” 
states  that  between  1640  and  1655,  a dreadful 
famine  prevailed  through  India  and  a great 
part  of  Asia,  owing  to  the  several  successive 
years  of  drought,  at  which  time,  also,  the 
calamities  of  war  overwhelmed  the  inhabitants 
of  the  Deccan.  I have,  however,  found  no 
reference  to  this  famine  in  other  authors,  and 
therefore  imagine  that  he  may  have  confounded 
it  with  the  one  previously  described,  owing  to 
an  error  of  date. 

A famine  is  stated  to  have  occurred  in 
Guzerat  in  the  year  1650,  of  which  nothing  is 
known  save  that  it  was  one  of  great  suffering, 
lasting  over  a period  of  several  years. 

The  famine  of  1661  appears  to  have  been 
both  excessively  severe  and  wide  spread,  and 
was  brought  about  by  a combination  of  war 
and  drought.  In  1659  the  movement  of  large 
armies  through  the  country  during  the  two 
preceding  years,  and  a scarcity  of  grain  in 
some  parts,  had  combined  to  make  food  dear. 
To  assist  the  people,  the  emperor  (Aurungzebe) 
remitted  several  tolls,  cesses,  taxes,  and  other 
imposts,  to  the  extent  of  some  crores  of  rupees  ; 
but  the  orders  to  this  effect  seem  to  have  been 
evaded  by  the  tax  collectors.  In  1660,  the 
rainfall  was  also  unfavourable,  the  crops  were 
burnt  up,  and  a prodigious  famine  prevailed 
in  different  parts  of  India.  Many  districts 
lay  entirely  waste,  and  crowds  of  people  from 
all  parts  made  their  way  to  the  capital. 
Immense  sums  were  expended  in  the  purchase 
of  grain,  which  was  resold  at  less  than  cost 
price,  while  the  poorer  people  were  sup- 
plied, at  fixed  places,  with  a certain  quantity 
free  of  charge.  Other  means  of  supplying 
relief  were  also  ordered  by  the  emperor,  owing 
to  which  assistance  was  carried  into  every 
corner  of  his  dominions,  whole  provinces  were 
delivered  from  impending  destruction,  and 
many  millions  of  lives  were  saved. 

After  an  interval  of  about  twenty-five  years 
there  was  a partial  famine  in  the  Deccan, 
owing  to  a scarcity  of  rain  accompanied  by 
war.  In  1686,  Aurungzebe  was  laying  siege  to 
Hyderabad,  in  which  city  the  distress  seems 
to  have  been  most  severe.  A pestilence  also 
broke  out  which  carried  off  many  men. 

In  the  year  1718,  a famine  occurred  in 
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Guzerat,  known  as  the  “ Chowtro.”  The 
price  of  grain  rose  to  four  annas  per  seer. 
Numbers  of  people  died  of  hunger  and  sick- 
ness, and  children  were  sold  for  one  or  two 
rupees  each.  No  information  is  given  as  to 
the  extent  of  country  affected.  It  is  said  that 
grain  was  imported  from  other  countries,  but 
it  is  not  clear  whether  this  was  a measure  of 
relief  adopted  by  the  Government  of  the  time, 
or  a speculation  of  private  individuals. 

The  spring  of  1739  was  a time  of  acute 
suffering  to  the  inhabitants  of  Delhi  and  its 
neighbourhood,  for  this  was  the  year  of  Nadir 
Shah’s  invasion,  who  left  a famine  in  his  train 
wherever  he  went. 

In  1746-47,  a great  famine  visited  Kutch 
and  Guzerat.  Maha  Rao  Shree  Desuljee  was 
then  alive,  but  the  affairs  of  the  Kutch  State 
were  conducted  by  Rao  Luckphutjee,  who, 
with  a view  to  relieve  the  poor  of  their  suffer- 
ings, caused  food  to  be  cooked  in  large 
quantities  near  the  Bid  gate,  and  allowed 
every  one  who  came  there  to  satisfy  his 
hunger,  and  to  take  home  with  him  sufficient 
food  for  one  other  person.  This  he  continued 
until  the  rain  fell.  The  following  particulars 
regarding  the  effects  of  a famine  in  Guzerat 
are  taken  from  the  records  of  a former  Pad- 
shahee  Dewan  at  Ahmedabad.  Few  such 
famines  he  said,  can  ever  have  occurred  in 
which  not  a drop  of  rain  fell,  nor  did  a blade 
of  grass  grow.  On  this  occasion  the  people 
turned  out  for  three  days  to  pray  for  rain,  but 
without  effect.  A rupee  would  purchase  only 
three  or  four  seers  of  grain.  The  people  died 
in  numbers,  as  did  also  the  cattle.  Many  ate 
the  flesh  of  cattle  which  had  so  died.  Tanks 
and  rivers  were  dried  up.  The  people  in  the 
villages,  becoming  restless  like  fish  for  want 
of  water,  left  their  homes  and  wandered  from 
jungle  to  jungle,  numbers  also  going  into 
Malwa  and  other  places.  No  estimate  could 
be  formed  of  the  numbers  who  perished,  and 
the  villages  then  depopulated  were  never 
again  inhabited.  The  rain  failed  also  in  the 
following  year. 

The  Mamlutdar  of  Purantej,  reporting  on 
his  own  district  for  the  same  year,  ascribed 
the  calamity  to  an  excessive  rainfall.  Common 
grain  was  there  sold  for  eight  or  ten  seers  the 
rupee,  while  ghee  was  even  cheaper ; cattle 
thriving  unusually  well  owing  to  the  abundance 
of  grass.  Prices  remained  high  during  seven 
years,  common  kinds  of  grain  never  falling 
lower  than  twenty  seers  the  rupee.  During 
these  seven  years  the  people  were  free  from 
sickness,  which,  however,  prevailed  for  two 
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months  afterwards,  during  which  many  people 
died.  The  people  were  in  no  way  assisted  by 
the  Government  of  the  time,  and  it  does  not 
appear  that  any  measures  of  relief  were 
adopted. 

In  another  account,  it  is  stated  that  this 
famine  was  called  Talotray  or  Tankia  Kal. 
In  the  year  1746-47,  the  grass  did  not  grow 
at  all  for  want  of  rain.  The  Subedar 
Jawan  Murda  Khan  went  into  the  jungle  with 
his  followers  and  offered  prayers,  but  without 
success.  Grain  was  sold  at  three  or  four  seers 
the  rupee.  People  ate  the  roots  of  trees, 
plants,  and  sometimes  even  dead  cattle  and 
human  flesh.  Wells,  tanks,  and  rivers  were 
without  water.  Many  persons  went  to  Malwa 
and  returned  subsequently,  whilst  others  lost 
their  lives. 

The  drought  extended  eastward  to  Rewa 
Kanta,  where,  it  is  stated,  hardly  any  rain  fell 
in  the  year,  and  the  crops  did  not  ripen.  Many 
people  died,  but  the  wild  inhabitants  kept 
themselves  and  their  cattle  alive  on  forest  roots 
and  locusts,  which  latter  abounded  at  the  time. 
The  drought  extended  also  southward  to  Surat, 
and  the  famine  was  very  severe.  Cultivators 
fled  to  Malwa  for  food,  but  Government  called 
them  back,  and  made  remissions  of  rent, 
besides  giving  advances  in  the  shape  of 
tuccavee.  During  this  year  of  great  distress, 
the  then  Government  distributed  grain  free  of 
charge,  notwithstanding  which  some  parts 
were  desolated. 

The  year  1756  was  one  of  scarcity,  high 
prices,  and  distress  in  Rajputana,  but  further 
particulars  on  the  subject  are  wanting. 

There  was  a famine  in  Sind  in  the  year 
1759,  which  was  caused  by  war,  but  it  was 
neither  severe  nor  of  long  duration.  It  was 
felt  in  Guzerat,  where  the  scarcity  was  due 
to  war,  and  partly  also  to  a deficiency  of  rain  ; 
grain  was  sold  at  one  seer  per  rupee  in  the 
Emperor’s  army,  and  one  and  a half  seer  in 
that  of  the  Mahratta’s.  Other  people  could 
get  two  or  three  seers  for  the  rupee.  It  is 
stated  that  60,000  men  died  in  the  Emperor’s 
army  for  want  of  food.  No  measures  of  relief 
seem  to  have  been  adopted  for  the  people. 

The  year  1761  was  also  one  of  scarcity,  high 
prices,  and  distress  in  Rajputana;  but,  as  in 
the  case  of  the  year  1756,  details  are  not 
forthcoming. 

With  the  famine  in  Bengal  and  Behar,  in 
1770,  we  enter  upon  the  period  with  which 
commences  the  history  of  past  famines  con- 
tained in  the  Report  of  the  late  Indian  Famine 
Commission.  Although  the  account  of  thi 
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famine  given  in  that  report  is  limited  to  exactly 
two  lines,  details  regarding  it  are  contained  in 
no  less  than  seven  different  histories  and 
reports.  But,  it  may  be  observed  that  whilst 
it  was  not  one  of  the  objects  of  the  Commis- 
sion to  give  histories  of  former  famines,  the 
brief  accounts  given  by  them  of  those  that 
have  occurred  during  the  past  century  only 
has  encouraged  the  belief,  if  it  has  not 
actually  given  rise  to  it,  that  famines  in  India 
are  of  comparatively  recent  occurrence,  fol- 
lowing, if  not  actually  caused  by  (as  some 
would  seem  to  imply),  the  introduction  of 
British  administration.  Against  these  errors 
it  is  impossible  too  often  or  too  vigorously  to 
contend. 

The  crops  are  said  to  have  been  scanty 
throughout  Bengal  in  December,  1768,  and 
this  was  followed  by  a bad  season  in  the 
following  spring,  when  a great  inundation 
destroyed  the  crops  on  the  low  lands.  The 
main  or  late  rice  crop  of  1769  also  failed  in  an 
excessive  degree,  owing  to  the  premature  ces- 
sation of  the  rains.  The  first  alarm  of  famine 
came  from  Behar,  where  two  bad  seasons  had 
been  experienced  in  succession.  So  early  as 
February,  1769,  the  Resident  in  Behar  reported 
very  grezt  distress  among  the  ryots,  in  conse- 
quence of  long-continued  drought ; he  accord- 
ingly found  it  necessary  to  make  large  abate- 
ments of  revenue.  In  the  autumn  the  distress 
became  greater,  and  Government  resolved  to 
import  rice,  for  the  relief  of  Behar,  from  the 
eastern  districts.  In  northern  Bengal  also 
the  scarcity  was  said  to  be  greater  than  had 
before  occurred  within  the  memory  of  the 
oldest  men.  Grain  became  so  scarce  in 
Bengal  that  it  was  found  impossible  to  send 
supplies  to  Madras,  in  compliance  with  an 
application  to  that  effect,  in  consequence  of 
a scarcity  prevailing  also  in  that  presidency. 
To  prevent  hoarding,  strict  injunctions  were 
published  against  buying  or  selling  it  other- 
wise than  in  the  public  market. 

The  drought  continuing,  distress  became 
very  severe  by  1770,  and  besides  remissions, 
free  distributions  of  rice  were  made  in  certain 
places.  The  first  deaths  from  starvation  were 
reported  from  Behar,  in  December,  1769.  By 
March,  1770,  the  whole  country  became 
parched  up ; numbers  of  people  died,  and 
others  subsisted  on  leaves  and  the  bark  of 
trees.  In  the  country  the  highways  and  fields 
are  said  to  have  been  strewed,  and  in  towns 
the  streets  and  passages  choked,  with  the 
dying  and  the  dead.  At  last  people  fed  on 
forbidden  and  abhorred  animals,  the  child  on 


its  dead  parent,  and  the  mother  on  her  child. 
Above  one-third  of  the  inhabitants,  or  tera 
millions,  are  stated  to  have  died  during  this 
calamity. 

The  last  famine  recorded  by  the  Padshahee 
Dewan,  of  Ahmedahad,  is  said  to  have 
occurred  in  the  same  year,  1770.  No  informa- 
tion regarding  it  has  been  obtained  from  any 
other  source  ; but,  from  his  description,  the 
country  seems  to  have  suffered  more  from 
pestilence  than  famine,  and  thousands  of 
people  died  from  its  effects. 

The  Carnatic  had  been  devastated  by  Hyder 
Ali’s  incursions  in  1780-81,  and  his  ravages 
had  driven  crowds  of  inhabitants  from  all 
parts  of  the  country  to  seek  refuge  in  Madras, 
at  the  same  time  that  that  settlement  was 
reduced  to  great  straits  for  food,  as  the  whole 
country  was  suffering  from  a general  scarcity. 
Accordingly,  in  May,  1781,  a “Grain  Com- 
mittee” was  appointed  to  superintend  the 
distribution  of  grain  in  such  manner  “that 
the  stock  in  hand  might  not  be  expended 
before  the  month  of  September,  when  fresh 
supplies  might  be  expected.”  By  January, 
1782,  the  pressure  of  the  distress  had  become- 
much  more  severe ; famine  raged  in  all  its 
horrors,  and  multitudes  were  daily  perishing 
from  want.  A public  subscription  was  raised 
for  the  relief  of  the  poor,  towards  which  the 
Government  contributed ; and  this  was  the 
origin  of  the  existing  institution  for  the  relief 
of  the  native  poor,  known  as  the  Monegar 
ChottUry.  The  settlement,  and  the  army  in 
the  field,  were  entirely  dependent  upon  the 
imported  rice  from  Bengal.  To  relieve  the 
pressure,  numbers  of  people  were  sent  away 
to  the  Northern  Circars,  where  they  were 
provided  with  occupation.  Government  took 
the  trade  in  grain  into  their  own  hands,  and 
fixed  the  price  at  which  it  should  be  bought 
and  sold.  Matters  were  now  made  worse,  by 
a prohibition  against  the  export  of  rice  from 
Bengal,  owing  to  an  uncommon  drought  in- 
the  Western  Provinces.  The  scarcity  of  grains 
continued,  and  the  price  gradually  rose  up  to- 
the  conclusion  of  peace  with  Tippoo  (nth 
March,  1784),  after  which  it  fell  50  per  cent, 
in  value,  and  Government  wrote  “ there  is  now 
such  plenty  in  the  bazaars  that  we  do  not 
apprehend  any  sudden  scarcity.” 

At  the  same  time  that  Madras  was  enduring 
privations  and  scarcity,  Sind  was  visited  by  a 
famine  which  extended  also  over  the  Thar  and 
Parkar  districts.  This  was  caused  by  the- 
burning  of  crops  and  the  suspension  of  culti- 
vation during  a period  of  hostilities.  There 
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was,  at  the  same  time,  no  rainfall  for  two 
years. 

In  1783-84,  Upper  India  was  again  visited 
by  a severe  famine,  owing  to  an  extraordinary 
drought  which  prevailed  for  two  years.  The 
distress  also  extended  to  Rajputana  and 
Bengal.  All  duties  were  taken  otf  grain  ; the 
severest  punishments  denounced  against  any 
who  might  attempt  to  obstruct  its  free  trans- 
port ; an  embargo  was  laid  on  the  exportation 
of  rice  by  sea,  and  a grain  committee  ap- 
pointed, who  were  to  construct  solid  masonry 
g’olahs  to  serve  as  granaries.  As  the  famine 
increased,  death  made  great  havoc,  and  the 
administration  appears  to  have  been  helpless 
to  stem  the  distress.  This  famine  made  a 
deep  impression  on  the  popular  mind,  and 
was  distinguished  by  the  name  of  Chaleesa. 
The  price  to  which  food  rose  has  been  said  to 
be  partly  conceivable  by  English  readers  if 
they  will  imagine  the  quartern  loaf  at  four 
shillings,  and  butchers’  meat  in  proportion. 

In  the  year  1787,  a failure  of  rain  and 
famine  are  stated  to  have  occurred  in  the 
Deccan ; but  I have  been  unable  to  trace  any 
confirmation  of  the  event  in  either  historical 
or  official  sources  of  information.  The  same 
5'ear  was  one  of  most  extraordinary  and  per- 
sistent disturbance  in  Bengal,  of  a character 
the  opposite  of  that  of  drought.  From  the 
beginning  to  the  end  of  the  season  there  was 
one  continued  succession  of  excessive  rains, 
floods,  and  storms,  so  that  cultivation  was 
rendered  almost  impossible.  In  the  eastern 
districts,  the  inhabitants  were  driven  from 
their  homes,  their  cattle  were  drowned,  and 
general  alarm  and  scarcity  prevailed.  The 
duties  on  grain  were  suspended,  and  its  ex- 
portation by  sea  prohibited.  Government 
imported  grain  into  Dacca  to  be  distributed 
at  cheap  rates  to  the  poor.  In  some  parts 
there  was  a great  mortality.  By  June,  1788, 
the  distress  began  to  abate. 

Seven  years  had  scarcely  elapsed  since  the 
last  famine  in  Madras,  when  another  serious 
dearth  took  place  in  the  northern  districts  of  the 
Presidency,  and  the  pressure  was  apparently 
felt  for  two  years,  viz.,  from  November,  1790, 
to  November,  1792,  This  was  caused  by  a 
drought.  All  duties  on  grain  were  suspended, 
and  food  was  gratuitously  distributed  to  the 
poor  in  Vizagapatam  and  Ganjam,  whilst,  in 
the  latter  place,  2,000  were  employed  on  public 
works,  who  received  their  wages  in  grain  from 
the  Government  stores.  The  numbers  of  people 
so  employed  rose  to  3,000,  at  which  number  it 
remained  for  some  time.  By  September,  1793, 


the  distress  had  considerably  abated,  and  the 
people  were  enabled  to  leave  the  works  and 
return  to  their  lands  and  other  occupations. 

The  years  1791  and  1792  witnessed  also  a 
very  severe  famine  in  the  Bombay  Presidency 
extending  over  Guzerat,  the  Deccan,  and  the 
Concan,  throughout  which  districts  there  was  an 
unusual  drought.  This  famine  was  known  as 
the  Surtala,  and  the  phrase  Surtala  710  kal 
(the  season,  47,  i.e.  1847  Sumvat)  became  com- 
mon in  Guzerat ; it  implied  scarcity,  and  was 
used  as  a sort  of  imprecation  when  too  high 
prices  were  charged.  An  almost  total  failure 
of  rain  was  the  cause  of  this  calamity.  Men 
and  cattle  died  in  numbers,  and  many  migrated 
to  Malwa.  The  price  of  grain  rose  from  four 
annas  to  two  rupees  per  maund,  and  it  is 
reported  that  in  some  instances  people  sold 
their  children  in  the  extremity  of  their  despair. 
The  Government  gave  assistance  by  the  distri- 
bution of  money  and  the  employment  of  people 
on  public  works.  In  many  parts  people  were 
reduced  to  feeding  on  the  leaves  and  barks  of 
trees,  dead  animals,  and  in  some  instances  on 
human  flesh.  The  deaths  in  various  parts  were 
very  numerous. 

In  the  Report  of  the  Commissioners  appointed 
to  inquire  into  the  famine  in  Bengal  and 
Orissa,  in  1866,  mention  is  made  of  a great 
famine  in  Orissa  in  the  year  1792-93,  but  it 
appears  to  rest  on  local  tradition  only,  and  no 
details  are  given. 

In  1802,  there  was  a failure  of  rain,  severe  in 
the  Bombay  Presidency  and  in  Hyderabad, 
but  partial  in  the  northern  districts  of  Madras  ; 
this  was  followed  next  year  by  famine  in  the 
former  case  and  by  scarcity  in  the  latter.  In 
1803  a similar  failure,  but  more  decided, 
occurredin  the  North-Western  Provinces,  which 
led  to  a very  serious  and  widely  extended 
famine  in  1804.  In  Bombay  the  effects  of  the 
drought  were  greatly  enhanced  by  the  ravages 
of  the  army  of  Jaswant  Rao  Holkar  and  the 
Pindaris  in  his  train.  In  the  Deccan  the  dis- 
tress was  very  severe  ; people  ate  rotten  wheat, 
leaves,  and  vegetables  mixed  with  earth  ; men 
are  said  to  have  destroyed  and  devoured  their 
infants ; little  innocent  girls  were  sold  for  a 
few  rupees  to  professional  prostitutes  ; high 
class  Hindus  ate  of  the  flesh  of  the  sacred  cow, 
and  Mussulmans  devoured  the  detestable  pig. 
Thousands  died  of  unwholesome  food,  and  tens 
of  thousands  by  starvation.  Grain  was  im- 
ported by  the  Government  into  Bombay  and 
sold  at  a fixed  price  to  the  public,  exportation 
being  prohibited  ; and  public  works  and 
hospitals  were  started  for  the  relief  of  these 
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who  flocked  into  the  towns  of  Bombay  and 
Surat. 

In  the  North-West  Provinces  the  tract 
severely  visited  was  that  known  as  the  Ceded 
Provinces  of  Oudh.  Here  a lengthened  drought 
fell  upon  a poverty-stricken  people,  who  had 
but  just  been  released  from  the  yoke  of  a 
sovereign  whose  oppression  and  tyranny  had 
already  brought  them  to  the  verge  of  ruin. 
Government  granted  remissions,  and  made 
taccavi  advances  to  the  people ; they  also 
offered  a bounty  on  all  grain  imported  into 
Benares,  Allahabad,  Cawnpore,  or  Fatehgarh. 
By  the  beginning  of  1804  the  distress  had 
become  very  severe,  and  people  began  to 
emigrate.  In  June  and  July  rain  fell  again, 
and  prospects  appeared  brighter,  whereupon 
the  emigrants  slowly  returned  to  their  home- 
steads, and  Government  made  them  large 
advances  for  the  purchase  of  seed,  and  for 
replacing  bullocks  and  implements,  and  this 
enabled  many  to  profit  by  the  favourable 
season.  Altogether,  the  remissions  made 
amounted  to  20,67,000  rupees,  and  suspensions 
to  10,14,000  rupees.  No  information  exists  on 
which  to  form  any  idea  of  the  number  of 
deaths  (which  must  have  been  great),  the  cost 
of  relief  to  the  starving,  the  probable  value  of 
the  crops  that  perished,  or  of  the  loss  to  the 
trading  classes  and  agriculturists. 

In  1806,  there  was  a widespread  failure  of 
rain  in  the  Madras  Presidency,  especially  in 
the  tract  known  as  the  Carnatic,  and  in  the 
parts  round  Madras,  though  the  northern  or 
Deccan  districts  were  less  heavily  visited. 
During  the  winter  of  1806,  and  the  early  part 
of  1807,  the  distress  caused  by  this  drought 
grew  to  be  very  severe.  Large  crowds  of 
emaciated  people  flocked  into  the  town  of 
Madras,  attracted  thither  by  the  existence  of  a 
charitable  institution  (the  Monegar  Choidtry), 
and  by  the  hope  of  obtaining  gratuitous  help. 
There  was  a good  deal  of  discussion  as  to  the 
proper  measures  to  be  taken,  some  authorities 
advocating  the  opening  of  works  to  give  em- 
ployment to  the  people  close  to  their  homes, 
others  advocating  the  importation  of  grain  by 
Government  into  the  interior ; but  the  mortality 
among  the  cattle  prevented  the  adoption  of 
the  latter  plan.  Employment  was  given  to 
some  extent  on  the  repair  of  roads  and  tanks, 
and  it  was  determined  to  pay  the  people  in 
money,  and  not  in  grain.  The  Government 
at  the  outset  declared  against  any  interference 
with  private  trade,  but  in  the  end  they  con- 
ceived it  necessary  to  purchase,  guaranteeing 
a minimum  price  to  ^importers ; when  the 


famine  came  to  an  end,  through  the  plentiful 
rainfall  of  1807,  large  stocks  were  left  on  hand, 
and  had  to  be  disposed  of  at  a loss.  The  loss 
of  revenue  to  Government  by  this  famine 
amounted  to  18,49,457  star  pagodas.  No 
complete  record  is  obtainable  of  the  number 
of  deaths  which  took  place,  but  the  mortality 
is  believed  to  have  been  very  serious. 

After  a succession  of  two  unusually  good 
seasons,  the  year  1811  set  in  unfavourably  in 
some  of  the  southern  districts  of  the  Madras 
Presidency,  and  the  price  of  grain  rose  con- 
siderably. Government  exempted  from  duty 
all  grain  imported  into  the  affected  districts, 
but  declined  to  interfere  with  the  ordinary 
trade  channels  of  supply,  or  to  import  on 
Government  account.  On  this  occasion  Go- 
vernment sanctioned  disbursements  on  account 
of  ceremonies  for  rain  to  be  performed  in  the 
principal  pagodas  in  Cuddapah.  The  large 
stock  of  grain  remaining  from  harvests  of 
former  years  greatly  mitigated  the  distress 
that  must  otherwise  have  occurred.  Govern- 
ment granted  taccavi  advances,  and  employed 
the  poorer  people  on  the  construction  of  public 
works.  Many  people  died,  and  there  occurred 
a considerable  mortality  amongst  the  cattle. 
The  distress  continued  until  the  autumn  of 
1813. 

In  the  same  years  there  was  also  scarcity  ex- 
perienced in  parts  of  the  Bombay  Presidency. 
Marwar  was  said  to  have  been  entirely  depopu- 
lated in  consequence  of  several  seasons  of 
drought.  In  Kattywar  this  was  the  severest 
famine  on  record  since  1791  ; men  here  sold 
their  children  for  food,  and  many  respectable 
and  well-to-do  persons  poisoned  themselves  as 
a release  from  the  pangs  of  hunger  which  they 
were  no  longer  able  to  bear  ; and  others  died 
from  want  of  that  grain  which  their  riches 
could  not  purchase,  whilst  others  deserted 
their  villages  and  went  to  more  favoured 
districts.  In  Kutch  the  distress  was  almost 
equally  great.  Both  from  here  and  Guzerat 
numbers  of  people  emigrated  to  Sind.  The 
Bombay  Government  refused  to  import  or 
otherwise  interfere  with  the  ordinary  grain 
trade  ; they  gave  taccavi  advances,  and 
commenced  some  public  works  for  the  em- 
ployment of  the  poor.  The  same  years 
witnessed  also  a partial  failure  in  parts 
of  the  North  - Western  Provinces,  but  it 
does  not  appear  to  have  been  very  serious 
there. 

In  1819-20  there  was  again  a drought  and 
scarcity  in  several  districts  of  the  North- 
Western  Provinces  and  Bombay,  but  it  was 
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not  very  severe,  and  can  hardly  be  considered 
to  have  resulted  in  a famine. 

In  1820  there  appears  to  have  been  a very 
severe  famine  in  Upper  Sind,  caused  by  an 
extraordinarily  high  inundation,  which  washed 
away  all  the  crops  in  the  district.  The  Amirs 
met  the  distress  by  throwing  open  the  Govern- 
ment granaries,  selling  grain  at  reduced  rates, 
granting  remissions  of  revenue,  and  making 
advances  on  liberal  terms. 

There  was  a general  failure  of  rain  in  the 
autumn  of  1823  in  several  districts  of  the 
Madras  Presidency  and  Mysore,  which  caused 
the  price  of  grain  to  rise  to  double  its  usual 
figure.  Inducements  were  held  out  to  mer- 
chants to  import  grain  from  Bengal ; advances 
were  made  for  the  construction  of  wells,  and 
orders  were  given  for  the  employment  of  people 
on  public  works.  Numbers  of  poor  flocked  to 
the  presidency,  where  a serious  grain  riot  took 
place.  Establishments  were  erected  for  feeding 
them  under  the  management  of  a local  com- 
mittee. In  1824  the  famine  increased,  and 
deaths  from  starvation  became  of  frequent 
occurrence.  The  loss  to  Government  caused 
by  this  famine  through  decrease  in  collections 
in  different  branches  of  revenue  amounted  to 
34,64,000  rupees. 

There  was  a severe  drought  in  parts  of  the 
North-Western  Provinces  in  1824-25,  and  in  the 
following  year  it  extended  over  an  increased 
area.  The  consequent  scarcity  was  increased 
by  the  fact  that  the  existing  settlement  being 
on  the  point  of  expiry,  the  landlords  were 
lessening  the  cultivation  on  their  estates  and 
rack-renting  their  tenants,  in  the  hope  of  a 
reduction  of  ju7?i7na  on  re-settlement.  The 
distress,  however,  does  not  seem  to  have  been 
very  great,  and  no  measures  of  relief  seem  to 
have  been  necessary  beyond  comparatively 
small  remissions  and  suspensions  of  revenue, 
and  liberal  advances. 

In  the  same  year,  1824,  there  was  also  a 
drought  of  long  continuance  in  the  Bombay 
Presidency,  particularly  in  the  Deccan  and  in 
Western  Guzerat,  and  serious  apprehensions 
were  entertained  of  a scarcity  or  even  famine. 
The  export  of  grain  from  the  affected  districts 
was  accordingly  prohibited,  and  measures 
were  directed  to  be  taken  for  digging  wells 
wherever  it  could  be  done  with  advantage. 
Numbers  of  people  flocked  to  Bombay  in 
search  of  food,  and  it  became  necessary  to 
commence  the  construction  of  public  works  in 
order  to  find  them  employment.  The  following 
year  was  also  unpropitious,  but  the  distress 
does  not  appear  to  have  been  very  aggravated. 


In  1827,  there  was  also  a scarcity  in  the 
Saugar  and  Narbada  territories,  brought 
about  by  blight  and  excessive  storms,  which 
beat  down  and  destroyed  the  crops.  In  the 
same  year  there  was  a drought  beyond  the 
Jumna,  in  parts  of  the  Hissar  district. 

The  Madras  Presidency  was  the  seat  of  the 
next  great  famine — that  of  1833,  though,  on 
this  occasion,  the  northern  districts  suffered 
most,  and  especially  the  Gantur  district,  in 
which  the  mortality  was  so  terrible  that  this 
was  known  as  the  Gantur  famine.  On  this 
occasion  the  Government  appears  to  have 
been  taken  by  surprise,  and  the  severity  of  the 
calamity  was  not  recognised  till  too  late.  Very 
little  was  done  to  relieve  distress,  except  by 
the  gratuitous  distribution  of  cooked  food  in 
the  towns  to  which  the  sufferers  flocked.  It 
was  estimated  that  200,000  persons  died  in 
Gantur  out  of  a population  of  500,000.  The 
adjacent  parts  of  Bombay,  Mysore,  and 
Hyderabad,  also  shared  in  the  calamity, 
though  to  a lesser  degree.  There  was  also  a 
drought,  the  same  year,  in  the  North-Western 
Provinces,  which  produced  scarcity  but  not  a 
famine. 

After  a succession  of  indifferent  seasons 
since  1832,  a serious  drought  in  1837,  over 
nearly  the  whole  of  the  North-Western  Pro- 
vinces, caused  one  of  the  severest  famines 
since  the  beginning  of  the  century.  Consider- 
able grain  riots  occurred  in  various  parts. 
Wherever  there  was  a large  demand  for 
employment  public  works  were  ordered  to  be 
opened,  and  at  the  same  time  relief  com- 
mittees were  formed,  and  subscriptions  invited 
to  feed  those  who  were  unable  to  work.  Re- 
missions and  suspensions  of  revenue  were 
freely  granted,  and  the  former  amounted  to 
95,000,000  rupees,  or  nearly  half  the  land 
revenue  demand  in  the  affected  tract.  The 
deaths  on  this  occasion  have  been  estimated 
at  800,000,  a figure,  however,  which  is  be- 
lieved to  be  considerably  under  the  mark.  The 
extremity  of  suffering,  endured  by  the  popula- 
tion, was  such  as  to  leave  behind  a widespread 
and  lasting  recollection  of  the  horrors  of  the 
famine ; and  it  was  some  years  before  its 
effect  ceased  to  be  legible  in  the  lessened 
figures  of  the  land  revenue. 

In  1838,  considerable  distress  appears  to 
have  prevailed  in  the  provinces  of  Kutch  and 
Kattiwar,  owing  to  scarcity  of  food,  but  there 
are  no  records  to  show  what  measures  of  relief 
were  adopted  by  the  native  Governments. 
Numbers  of  families  emigrated  in  search  of 
food,  and  upwards  of  two  thousand  souls  took 
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refuge  in  the  Bombay  Presidency,  where  em- 
ployment was  found  for  them  on  the  roads  and 
other  public  works. 

Though  occasional  partial  scarcities  occurred 
in  some  localities,  between  1833  1854,*  it 

was  not  until  the  latter  year  that  any  district 
of  the  Madras  Presidency  was  again  visited 
by  famine,  and  then  it  was  fortunately  almost 
entirely  local  in  its  effects,  being  principally 
restricted  to  the  Bellary  district.  Owing  to 
drought  the  harvest  did  not  yield  more  than 
half  an  average  crop,  and  prices  were  double 
the  usual  rates.  It  was  accordingly  found 
necessary  to  give  employment  to  the  poorer 
classes  to  save  them  from  starvation,  and  at 
one  time  97,000  people  were  so  employed. 
There  is  no  definite  information  as  to  mortality 
among  the  people,  but  four-fifths  of  the  village 
cattle  are  said  to  have  died.  The  expenditure 
on  relief  works  amounted  to  about  16  lacs, 
and  the  loss  of  land  revenue  and  other  income 
42  lacs  of  rupees. 

The  seasons  immediately  following  the 
Mutiny  were  unfavourable  in  the  North- 
Western  Provinces,  and  in  i860  the  monsoon 
was  so  indifferent  that  the  autumn  harvest 
was  to  a great  extent  lost.  The  winter  rains 
also  were  entirely  wanting,  and  a severe 
famine  was  consequently  experienced,  chiefly 
in  the  country  between  Agra  and  Delhi. 
About  half  a million  of  people  emigrated. 
Government  opened  ten  large  relief  works> 
and  minor  works  were  started  for  the  employ- 
ment of  those  unable  to  travel.  Altogether 
about  12^  lacs  of  rupees  were  so  expended, 
and  some  35,000  persons  employed  daily  for  a 
period  of  ten  months  on  these  works.  Gratui- 
tous relief  was  also  given  to  about  80,000 
persons  daily  for  nine  months,  at  a cost  of 
about  14  lacs  of  rupees.  Although  no  facts 
as  to  the  numbers  who  died  in  this  famine  are 
available,  the  mortality  was  no  doubt  exces- 
sive, and  has  been  estimated  to  have  reached 
200,000,  or  about  8 per  cent,  of  the  population 
of  the  parts  mostly  affected. 

The  drought  of  1865  was  felt  along  the 
whole  eastern  coast  of  India  from  Madras 
upwards,  and  it  extended  to  some  distance 
inland,  visiting  Mysore,  the  districts  of  Madras 
above  the  Eastern  Ghats,  Hyderabad,  the  hill- 

* In  1845,  great  distress  arose  in  Candeish.  It  lasted  only 
a short  time,  but  such  were  its  effects  that  fears  were  enter- 
tained regarding  the  preservation  of  the  public  peace.  This 
distress  was  the  result,  for  the  most  part,  of  a combination 
among  the  grain  dealers,  who  would  not  bring  sufficient  grain 
into  the  market,  though  there  was  no  scarcity  of  it,  their 
object  being  to  reap  as  large  profits  as  possible  at  the  expense 
of  the  poorer  classes. 


country  in  the  south-west  of  Bengal  and 
Behar;  but  it  was  most  intense  along  the 
coast  in  the  districts  of  Ganjam  and  Orissa. 
In  the  following  year  the  rainfall  was  also  late 
and  deficient,  and  prices  rose  to  an  extra- 
ordinary height.  In  Madras,  assistance  was 
afforded  by  relief  works,  relief  houses,  and  the 
gratuitous  distribution  of  cooked  food.  The 
drought  fell  with  far  greater  intensity  on 
Orissa,  but  the  depth  of  the  calamity  was  not 
realised  till  suddenly  the  province  was  found 
to  be  almost  bare  of  food.  Owing  to  the 
monsoon  and  the  want  of  communications  by 
land,  it  was  next  to  impossible  to  import  food. 
By  great  exertions  and  enormous  cost.  Govern 
ment  threw  in  about  10,000  tons  of  food,  which 
was  given  away  gratuitously,  or  sold  at  low 
rates,  or  distributed  in  wages  to  the  starving 
population,  but  the  relief  came  so  late  and 
the  distribution  was  so  ineffective,  that  nearly 
a third  of  the  population,  or  about  one  million 
persons,  died.  The  following  year  was  also  a 
disastrous  one  in  Orissa  on  account  of  floods. 
The  total  amount  spent  by  Government  in 
this  Orissa  famine  was  about  14,500,000 
rupees. 

In  Behar  also  it  was  necessary  to  start  relief 
works,  and  make  a gratuitous  distribution  of 
grain.  There  was  no  record  of  mortality 
kept,  but  the  police  reported  that  about  135,000 
persons  died  of  starvation  and  of  diseases 
arising  from  want. 

A year  after  the  cessation  of  the  above- 
mentioned  famine,  the  rains  failed  again  over 
the  greater  part  of  Western  and  North- 
Western  India,  and  the  drought  was  followed 
by  one  of  the  most  widespread  and  grievous 
famines  on  record,  extending  as  it  did  over 
Rajputana  and  Central  India;  great  parts  of 
the  North-Western  Provinces  and  Punjab,  as 
well  as  parts  of  the  Central  Provinces  and 
Bombay.  Enormous  numbers  emigrated  from 
the  native  States  affected  where  no  system  of 
relief  existed,  and  this  aggravated  the  evil  in 
British  territories  where  the  ordinary  systems 
of  relief  were  speedily  established.  Great 
numbers  are  known  to  have  died  from  starva- 
tion and  disease,  but  owing  to  the  imperfection 
of  statistics  at  that  date,  the  actual  extent  of 
loss  of  life  from  these  causes  cannot  be 
stated. 

In  1873,  the  rains  in  Northern  Bengal  and 
parts  of  the  North-Western  Provinces  and 
Oudh  failed,  and  it  became  necessary  to  adopt 
the  ordinary  means  of  giving  relief  to  the 
suffering  population.  About  340,000  tons  of 
grain  were  disposed  of  in  the  relief  operations 
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in  Behar  alone,  where  the  cost  of  the 
measures  adopted  by  the  Government  reached 
millions  sterling,  or  as  much  as  the 
total  expenditure  on  all  past  famines  in  all 
parts  of  India  from  the  beginning  of  the 
century  to  that  time.  The  result  of  the  in- 
quiries specially  made  on  the  subject  was  to 
indicate  that  no  mortality  whatever  was  due 
to  the  famine. 

The  great  famine  in  Southern  India  of 
1876-78,  was,  in  respect  of  the  area  and  popu- 
lation affected,  and  the  duration  and  intensity 
of  the  distress,  the  most  grievous  calamity  of 
its  kind  ever  experienced  in  British  India 
since  the  beginning  of  the  centur}\  The 
failure  of  the  rains  extended  over  about  half 
of  the  Madras  Paesidency,  nearly  the  whole 
of  Mysore,  the  southern  half  of  the  Hydera- 
bad State,  and  all  the  Deccan  districts  of  the 
Bombay  Presidency.  At  the  same  time  the 
registered  rainfall  in  part  of  the  Central  Pro- 
vinces, in  the  North-Western  Provinces,  and 
in  part  of  the  Punjab,  was  less  than  any  ever 
before  recorded.  The  calamitous  season  of 
1877  was  accompanied  by  an  extremely  high 
range  of  prices  all  over  India,  due  partly  to 
the  deficient  harvest,  and  partly  to  the  reduc- 
tion of  the  food  stocks  through  export  from 
the  Northern  Provinces  to  the  south  and  to 
Europe.  These  causes  prolonged  the  distress 
in  Madras,  Mysore,  and  part  of  Bombay  over 
a second  year,  and  created  great  suffering 
among  the  poorer  classes  in  the  Upper  Pro- 
vinces. The  principle  laid  down  by  the 
Supreme  Government  for  adoption  was  that 
no  efforts  were  to  be  spared  “ to  save  the 
population  of  the  distressed  districts  from 
starvation,  or  from  an  extremity  of  suffering 
dangerous  to  life,”  but  not  to  “ attempt  the 
task  of  preventing  all  suffering,  and  of  giving 
general  relief  to  the  poorer  classes  of  the  com- 
munity.” “Everyone,”  it  was  said,  “admits 
the  evils  of  indiscriminate  private  charity,  but 
the  indiscriminate  charity  of  a Government  is 
far  worse.”  Extraordinary  measures  were 
adopted  with  the  view  of  meeting  this  unpre- 
cedented calamity.  The  average  number  em- 
ployed daily  on  relief  works  was  877,024, 
whilst  446,641  were  in  daily  receipt  of  gra- 
tuitous relief,  involving,  together,  a cost  to 
Government  of  2,08,49,200  rupees ; whilst  the 
loss  in  land  revenue  amounted  to  193,60,000 
rupees.  The  total  cost  of  this  famine  to  the 
State  w'as  no  less  than  1 1,19,43,200  rupees.  The 
Famine  Commission  estimated  that  during  the 
famine,  on  a population  of  190  millions,  the 
mortality  in  tw’o  years  was  5I  millions  in  excess 


of  the  deaths  that  would  have  occurred  had 
the  seasons  been  ordinarily  healthy.  This 
figure,  of  course,  includes  not  only  deaths 
from  starvation,  but  also  from  fevers  and  other 
diseases  which  ordinarily  attack  systems 
weakened  by  long  periods  of  insufficient  or 
unwholesome  food. 

With  this,  the  last  and  most  dreadful 
calamity  of  its  kind  that  has  visited  India  in 
recent  years,  I close  my  record  of  drought, 
dearth,  destitution,  disease  and  death.  What 
must  have  been  the  consequences  had  India, 
during  the  past  century,  been  under  native 
government,  little  advanced  in  civilisation 
beyond  what  they  were  one  hundred  years 
ago,  and  possessed  of  none  of  the  modern 
means  of  communication,  if  visited  by  such 
calamities  as  I have  just  recorded,  may  be  to 
some  extent  realised,  if  the  fact  be  borne  in 
mind  that  even  so  recently  as  1865  no  system 
of  relief  was  afforded  by  the  native  States 
then  visited  by  famine.  If,  with  all  the 
wealth  and  resources  of  Western  civilisa- 
tion, it  has  hitherto  proved  impossible  to  do 
more  than  mitigate  the  evils  of  famines, 
some  conception  may  be  formed  of  the  horrors 
that  must  have  accompanied  such  visitations 
under  native  administration,  when  the  country 
was  almost  destitute  of  means  of  communica- 
tion. It  cannot,  perhaps,  be  expected  that 
India  will  cease  to  be  visited  by  these  periodical 
droughts  which  have  been  the  main  cause  of 
such  famines,  but,  under  the  present  system  of 
government,  each  year  will  find  the  country 
better  prepared  to  meet  such  emergencies,  by 
the  extended  mileage  of  her  railways  and 
increased  area  brought  within  the  means  of 
artificial  irrigation,  by  which  certain  areas 
may  be  protected  from  drought,  and  greater 
security  from  its  effects  afforded  to  others ; 
whilst  the  means  of  rapidly  conveying  the 
surplus  crops  of  one  district  to  another  will 
tend  to  check  any  sudden  and  abnormal  rise 
in  prices,  and  enable  the  ordinary  trade 
channels  better  to  supply  the  wants  caused  by 
local  failure  of  crops  than  has  heretofore  been 
possibly. 

What  has  recently  been  effected  in  India, 
owing  to  British  administration,  has  made  that 
country  one  of  the  greatest  marvels  of  the 
present  century.  In  an  almost  exclusively 
agricultural,  and,  therefore,  a poor  country, 
within  the  past  half  century,  upwards  of  two 
hundred  millions  sterling  have  been  spent  on 
railways  and  irrigation  works.  The  railways 
completed  or  under  construction  amount  to  no 
less  than  15,000  miles,  that  being  in  excess  of 
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the  open  mileage  in  Russia,  and  exceeded  only 
by  the  United  States,  France,  Germany,  and 
the  United  Kingdom.  And  withal  India 
remains  still  the  lightest  taxed  country  in  the 
world. 

The  labours  of  the  late  Famine  Commission 
have  resulted  in  the  establishment  of  a code  of 
rules ' adapted  to  meet  the  circumstances  of 
various  degrees  of  scarcity  or  famine,  by  which 
the  administration  will  be  guided  in  future 
emergencies.  The  advantages  of  a settled 
line  of  policy  at  the  commencement  of  a famine 
cannot  be  too  strongly  insisted  upon  ; these 
have  now  been  ensured,  and  every  year  that 
the  next  visitation  is  deferred  will  find  the 
country  better  prepared  to  cope  with  it,  until 
the  time  shall  arrive  when,  by  the  existence  of 
a perfect  system  of  internal  communications 
and  the  fuller  development  of  the  resources  of 
the  country,  all  that  human  art  can  accom- 
plish shall  have  been  done  to  avert  the  possi- 
bility of  such  occurrences  as  have  happened  in 
the  past,  when  a hope  may  be  fervently 
expressed  that  famines  may  become  as  rare  in 
British  India  as  they  have,  happily,  now  be- 
come in  Western  Europe. 


DISCUSSION. 

General  Rundall,  C.S.I.,  said  that,  were  it  not  for 
the  concluding  sentences,  in  which  were  enumerated 
what  had  been  done  by  the  Government  towards 
averting  these  calamities,  one  would  scarcely  know 
how  to  discuss  this  paper,  which  was  characterised 
by  the  lecturer  himself  as  a melancholy  record  of 
drought,  dearth,  destitution,  disease  and  death,  and 
of  which  the  last-mentioned  case  was  the  worst  of  all. 
He  was  rather  surprised  that  Mr.  Danvers  had  not 
gone  into  the  question  of  the  policy  pursued  by  the 
Government  with  reference  to  works  for  averting 
famine,  but  he  could  understand  that,  from  the 
position  he  held  in  the  India-office,  it  might  perhaps 
have  been  not  quite  in  form  for  him  to  have  entered 
on  a discussion  of  that  kind.  Not  long  ago,  he  was 
present  when  a paper  was  read  in  another  place  on 
water  storage  and  canals  in  India,  and  how  far  they 
were  preventative  of  famine,  and  he  said  he  wished 
that  that  paper  had  followed  this  one,  because  it 
would  have  shown  in  what  degree  the  Government 
had  succeeded  or  failed  in  its  duty  towards  the 
country.  Having  been  an  eye-witness  of  more  than 
one  famine,  and  during  the  greater  part  of  his  Indian 
career  been  engaged  in  designing  or  superintend- 
ing works  for  averting  famine,  he  might  say  a few 
words  about  what  had  been  done.  His  instances 
would  be  taken  from  the  Aladras  Presidency,  where 
the  last  and  greatest  famine  had  occurred.  The  total 
sum  expended  on  irrigation  works  throughout  India 


was  _;,^24,5oo,ooo,  while  in  the  Famine  Commissioners^ 
Report  the  total  loss  the  Government  had  sustained 
in  successive  famines  was  stated  as  500,000. 
The  irrigation  works,  after  paying  the  interest  on  the 
total  capitalexpended,  returned  upwards  of  5 per  cent., 
but  the  sum  spent,  and  hopelessly  spent,  in  trying 
to  mitigate  famine  returned  nothing,  and  10,000,000 
of  lives  were  lost  during  the  century'.  According 
to  the  official  reports,  the  Godavery  works,  after  35 
years,  had  netted  ;^i, 400,000,  or  double  the  whole 
capital  outlay  ; the  Kistna  works,  after  25  years,  had 
netted  ^{’28r,ooo,  which  was  perhaps  half  of  what 
they  had  actually  cost ; and  these  two  works  irrigated 
563,700  acres  and  303,000  acres  respectively.  The 
Tanjore  works  were  yet  more  remunerative,  but  he 
would  not  say  more  about  them,  as  they  consisted 
rather  of  improvements  on  existing  works  founded  by 
the  native  Governments,  and  it  might  be  a question 
what  those  had  originally  cost.  In  Behar,  the 
Punjab,  and  the  North-West  Provinces,  all  the 
irrigation  works  had  prospered  more  or  less,  but 
he  must  not  forget  to  mention  those  which  had 
not  been  prosperous.  Two  especially  were  always 
brought  forward  as  failures,  the  Kumool  works, 
and  those  in  the  province  of  Orissa.  He  was 
responsible  for  the  latter,  and  could  only  say  he  was 
sorry  the  Government  had  not  reaped  the  interest  on 
their  money;  but  so  far  as  the  people  were  con- 
cerned, the  works  had  not  been  a failure,  for  the 
country  had  been,  to  a great  extent,  preserved  from 
future  famine,  provided  with  cheap  water  com- 
munication, the  revenue  was  easily  collected,  and 
the  exports  had  risen  from  ;i^6o,ooo  a year  to 
;i^i,50o,ooo.  The  expenditure  on  the  Orissa  works 
was  just  equal  to  the  outlay  incurred  in  the  great 
famine,  which  was  powerless  to  save  800,000  lives. 
In  speaking  of  irrigation  schemes  he  did  not  mean 
simply  the  supply  of  water  for  agricultural  purposes  ; 
they  also  comprehended  protection  from  floods, 
drainage,  and  above  all,  water  transit.  This  last 
item  was  of  the  utmost  importance.  Air.  Danvers 
had  spoken  of  the  15,000  miles  of  railway  in 
India.  They  had  unquestionably  rendered  great 
service,  for  they  had  been  constructed  cheaply, 
were  worked  still  more  cheaply,  and  the  rates 
were  in  some  instances  very  low,  as  low  as  f of 
a penny  per  ton  per  mile  for  minerals ; but  con- 
sidering the  enormous  distances  to  be  traversed 
in  India,  that  was  not  sufficiently  low  to  ensure 
the  transport  of  bulky  articles  of  small  value. 
One  important  question  in  connection  with  famines 
was  the  loss  of  cattle,  which  meant  diminished 
power  for  agricultural  purposes  for  the  next  season. 
Whatever  the  railways  might  be  able  to  do  in  the 
transport  of  food  for  human  beings,  he  questioned 
their  capacity  to  carry  food  for  cattle.  This  last 
necessity  was  an  argument  for  increasing  the  out- 
turn of  food  in  every  province  where  it  could  be 
effected,  and  also  for  providing  additional  means  of 
transport  of  the  cheapest  character.  He  hoped  that 
m*^^^  attention  would  be  given  to  the  establishment 
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of  new  lines  of  water  carriage,  and  to  the  perfecting 
of  those  which  already  existed,  so  as  to  make  them 
not  merely  isolated  schemes,  but  links  in  one  grand 
line  of  communication. 

Mr.  J.  Gibbs,  C.S.I.,  said  he  was  a member  of  the 
Government  of  Bombay  during  the  famine  of  1876-7. 
At  the  beginning  of  that  famine  they  had  to  fumble  in 
the  dark,  ha\ing  no  fixed  rules  to  go  by ; but  as  time 
went  on  they  saw  their  way  pretty  clearly,  and 
all  who  were  engaged  in  the  work  were  pretty  well 
agreed  on  the  rules  to  be  laid  down  for  guidance  in 
future.  The  question  of  irrigation  versus  railways 
had  been  fought  out  very  ably  on  both  sides,  and 
having  gone  over  it  himself  to  a certain  extent,  he 
had  come  to  the  conclusion  that  no  system  of 
canals  could  take  the  place  of  railways  in  trans- 
porting food  from  one  part  of  the  countiy  to 
another.  At  the  same  time,  irrigational  works 
w’ere  equally  important  locally  if  not  nationally.  In 
a country  hke  the  Deccan,  for  instance,  wherever  a 
large  storage  of  water  could  be  secured  so  as  to  make 
the  flow  in  the  canals  perennial,  they  should  be  ex- 
tensively adopted.  But  it  was  on  railways  they  must 
chiefly  depend  for  moving  grain  from  one  part  of  the 
country  to  another,  whilst  a system  of  canals  should 
be  carried  out  to  turn  the  dry  and  unproductive  parts 
of  the  country’  into  good  arable  land.  Another 
question  of  considerable  importance  was,  what  was 
the  duty  of  the  Government  with  regard  to  supplying 
the  people  wnth  food.  In  the  Bengal  famine  of  1874, 
the  moment  scarcity  was  reported  the  Government 
set  to  work  buying  grain  right  and  left,  and  sent  it 
all  over  the  country,  buying  also  large  numbers  of 
ponies,  camels,  and  even  elephants  to  carry  it.  At 
length,  when  the  famine  ceased,  there  was  a large 
stock  of  grain  lying  rotting,  and  a large  number  of 
animals  who  were  of  no  use  except  to  eat  the  grain. 
AVhen  the  famine  broke  out  in  the  Bombay  Presi- 
dency, certain  experienced  officers  again  urged  the 
purchase  of  grain  by  the  Government,  but  he  was  one 
of  those  who  took  the  opposite  view,  and  considered 
that  the  right  course  was  to  give  every  assistance  to 
the  railways  to  enable  them  to  carry  the  grain,  but  to 
t ust  to  the  merchants  to  supply  it.  This  course  was 
adopted,  and  turned  out  to  be  the  right  one,  and  the 
trade  supplied  aU  the  food  that  was  wanted.  But  that 
was  not  so  much  a famine  of  food,  it  was  a famine  of 
money.  He  was  of  opinion  from  the  beginning  that 
public  works,  at  w’hich  people  could  earn  money  to 
buy  food,  were  required  more  than  food  itself.  The 
great  difficulty  was  to  find  employment  for  the  people. 
One  party  were  anxious  that  there  should  be  a num- 
ber of  small  works  round  the  different  villages,  so 
that  the  people  should  not  have  to  travel  to  a dis- 
tance, and  in  one  or  two  places  it  went  to  the  absurd 
extent  of  a suggestion  that  one  set  of  people  should 
dig  holes  along  the  side  of  the  road,  and  another  set 
should  fill  them  up  again.  He  and  some  others, 
however,  thought  that  such  works  could  not  but 
have  a demoralising  effect,  and  urged  the  importance 


of  having  large  works  of  public  utility  undertaken. 
Fortunately,  there  were  in  the  Public  Works  Depart- 
ment many  excellent  schemes  both  for  canals  and 
railways,  and  after  much  pressure  some  of  them 
were  commenced,  one  particularly,  a chord  railway 
which  avoided  going  down  one  set  of  ghauts  and  up 
another,  in  the  transit  from  Calcutta  to  Madras. 
All  the  earth- work  on  that  line  was  made  during 
the  famine.  Several  large  tanks,  and  one  or  two 
canals  were  also  undertaken.  There  was  another 
important  point.  It  was  very  difficult  to  manage 
the  population  of  India,  who  were  quite  unlike 
the  labourers  of  this  country ; they  were  callous 
of  life,  and  would  rather  lie  down  and  die  than 
take  a little  trouble.  For  instance,  a woman  was 
found  at  the  roadside,  almost  at  the  last  gasp,  and 
though  taken  into  the  hospital  and  cared  for,  she 
only  lived  two  days.  On  her  was  found,  afterwards, 
a bag  with  16  rupees,  showing  that  she  could  have 
supported  herself  well  for  some  time  to  come.  Other 
cases  of  a similar  kind  could  be  quoted,  and  it  became 
a question  whether  the  people  should  not  be  treated 
more  as  children,  and  be  taken  to  work.  In  his 
opinion,  founded  on  his  own  experience,  he  thought 
it  was  justifiable,  and  often  the  only  way  to  save 
their  lives.  It  might  savour  to  people  here  like  an 
interference  with  the  liberty  of  the  subject,  but  to 
his  knowledge  it  had  been  done,  and  successfully, 
and  it  seemed  to  him  preferable  to  letting  them  lie 
down  by  the  side  of  the  road  and  die. 

Sir  William  R.  Robinson,  K.C.S.I.,  said  he 
would  not  attempt  to  follow  the  previous  speaker’s 
confessions,  as  to  the  authorship  of  much  which  he 
could  not  recall  to  mind  without  a feeling  of  the 
deepest  pain  and  disapproval.  Results,  he  held,  did 
not  testify  in  favour  of  any  management  of  famines 
on  those  lines.  He  rose  with  another  object,  how- 
ever. He  should  like  to  ask  General  Rundall  whether 
there  were  any  statistics  showing  to  what  extent  the 
districts  of  Tanjore,  Kistna  and  Godavery  assisted 
in  feeding  the  population  of  other  districts  which 
were  not  irrigated.  He  did  not  recollect  that 
much  grain  was  sent  from  these  irrigated  areas  into 
non-irrigated  districts ; his  impression  was  that  they 
were  almost  entirely  dependent  on  rail-carried  grain. 
Even  irrigated  districts  do  not,  under  conditions  of 
real  famine — drought — do  much  more  than  support 
their  own  people. 

General  Rundall  said  he  could  not  answer  the 
question  with  authority,  but  a reference  to  the  trade 
returns  from  the  Godavery  district  for  the  years  in 
question  would  show  whither  the  grain  was  carried. 
There  was  a large  export  of  grain  to  Madras  from  the 
Godavery  district,  and  a surplus,  though  not  so  large, 
from  the  Kistna. 

Mr.  Martin  Wood  said  there  were  no  exact 
statistics  on  this  point,  but  he  remembered  an  officer 
who  had  travelled  through  the  delta  districts  testifying 
to  the  considerable  surplus  they  enjoyed,  by  whioh 
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not  only  was  the  population  proper  kept  in  good 
condition,  but  also  thousands  who  flocked  in  from 
elsewhere,  and  large  sums  were  expended  on  building 
works  which  they  had  been  waiting  to  do  for  years. 
He  had  witnessed  several  of  these  famines,  and  felt  a 
strong  interest  in  the  subject,  but  it  was  much  too 
large  a one  to  be  thoroughly  discussed  then.  There 
was  a good  deal  of  ancient  history  in  the  paper  which 
was  made  more  interesting  by  the  diagrams,  but  still 
he  thought  there  were  some  gaps  which  might  per- 
haps have  been  filled  up.  He  happened  to  call  at  the 
Poona  Duftar  when  the  inquiries  were  first  made 
into  past  famines.  Colonel  Etheridge,  who  was  asked 
to  make  the  report,  was  at  a loss  how  to  begin, 
but,  as  a Hindoo  official  suggested,  the  first  thing 
to  do  was  to  look  at  the  records  and  see  when  there 
had  been  large  remissions  of  revenue.  Mahratta 
accounts  were  aU  kept  very  fully,  and  no  doubt  in 
that  way  valuable  information  could  be  obtained. 
The  only  part  of  the  paper  which  invited  discussion 
was  the  conclusion,  where  the  author  asked,  “ What 
must  have  been  the  consequences  if  India  during 
the  last  century  had  been  under  native  government 
and  so  on.  He  did  not  think  that  this  general 
rhetorical  way  of  treating  the  matter  was  conducive 
to  sound  conclusions ; it  was  really  to  a large  extent 
begging  the  question.  Mr.  Danvers  stated  that  in  the 
native  States  there  was  no  system  of  relief,  but  yet  in 
the  earlier  part  of  the  paper,  in  nearly  every  instance 
of  real  famine,  it  was  recorded  that  relief  was  afforded. 
It  might  be  in  a clumsy  rule  of  thumb  way,  but  it  was 
evident  that  the  native  rulers  did  exert  themselves  to 
relieve  those  famines.  It  was  to  be  noticed  that  in 
many  of  these  instances  the  writer  had  not  discrimi- 
nated sufficiently  between  famines  and  devastation 
caused  by  war.  The  subject  of  famines  might  be 
•divided  into  two  parts — the  cause  and  the  means  of 
mitigation.  The  cause  of  famine,  allowing  for 
exceptional  instances  ©f  floods,  where  the  crops  were 
washed  away,  was — drought.  It  might  be  said  that 
this  was  the  natural  result  of  the  climate  and  situation 
of  India,  and  that  you  could  only  take  measures  to 
relieve  it  when  it  came.  But  he  did  not  agree  with 
that  indolent  way  of  looking  at  the  matter.  It  was 
remarkable  that  in  all  those  parts  were  the  rain  was 
most  scanty,  the  population  had  provided  against  it 
by  irrigation.  Of  course  they  could  only  do  so 
where  the  means  were  available,  but  that  applied 
exactly  to  the  case  of  Sind,  where,  though  there 
was  no  rain,  there  was  no  famine.  Coming  eastward 
you  came  to  the  great  desert,  which  some  regarded  as 
irreclaimable  ; but  it  should  not  be  beyond  the  reach 
of  modern  science  to  make  Rajputana  and  even  the 
great  desert  comparable  to  Sind.  A general 
argument  was  deducible  from  that  single  instance ; 
the  drought  was  combatted  in  those  particular 
districts ; famine  was,  caused  by  drought,  and  the 
way  to  meet  it  was  to  supply  the  want  of  water. 
Now,  taking  the  whole  surface  of  India,  there  was 
enough  and  more  than  enough  water  to  meet  the 
devastating  drought  which  must  come  at  times.  Of 


course  this  question  included  the  very  serious  one  of 
re-affbrestation.  With  regard  to  the  mitigation  of 
distress,  they  had  heard  of  some  of  the  difficulties, 
and  that  brought  it  back  to  the  great  question 
whether  it  were  better  to  afford  substantial,  per- 
manent mitigation,  or  the  temporary  mitigation 
afforded  by  railways.  There  was  the  contrast.  By 
railways  you  could  take  grain  from  one  part  to 
another  when  the  people  were  starving  ; but  how  in- 
comparably better  it  would  be  to  provide  by  other 
means  that  in  no  part  of  the  country  should  this 
excessive  destitution  occur.  That  he  contended  was 
perfectly  practicable.  Not  one-fourth  of  the  amount 
expended  on  railways  had  been  applied  to  the 
distribution  of  water.  He  feared  that  people  in 
England,  where  the  distances  were  so  small,  and 
railways  were  so  thoroughly  developed,  did  not 
realise  the  immense  difference  of  conditions  in  India, 
and  understand  what  railways  could  do,  and  what 
water  could  do,  over  such  distances.  With  regard 
to  the  contrast  between  ancient  and  modem  times, 
he  would  point  out  that  during  the  period  of  about 
1,500  years — ^between  400  or  500  B.c.  and  the 
Mohammedan  invasion — there  were  scarcely  any 
records  of  famine.  This  was  accounted  for  by  saying 
that  the  historians  of  those  days  were  more  accus- 
tomed to  record  the  doings  of  emperors  and  armies 
than  the  social  condition  of  the  people.  But  just 
before  that  period  there  was  an  instance  of  a famine 
being  recorded,  and  one  immediately  after  it,  so  that 
he  thought  it  must  be  assumed  that,  if  ever  there  was 
a golden  age  in  the  history  of  India,  it  must  be  that 
time.  Coming  to  more  recent  times,  there  was 
again  a great  contrast.  In  the  fifty-two  years  ending 
1854,  there  was  a record  of  thirteen  or  fourteen 
famines,  with  a probable  loss  of  life  of  five  millions  ; 
but  in  the  period  of  only  eighteen  years— from 
1860-78 — there  were  sixteen  famines,  with  a loss  of 
life  of  nearly  twelve  millions. 

Sir  Juland  Danvers,  K.C.S.I.,  said  the  last 
speaker  appeared  to  complain  of  the  historical  charac- 
ter of  the  paper,  but  he  thought  the  public  were  in- 
debted to  any  one  who  would  give  the  history  of  the 
past  on  any  subject,  for  it  was  only  by  a wise  con- 
sideration of  the  past  that  we  could  be  guided  for  the 
future.  Although  the  writer  very  properly  refrained 
from  going  into  the  question  of  policy,  the  meeting 
was  not  precluded  from  discussing  it.  It  seemed  to 
him  that  neither  railways  nor  canals  should  be  ex- 
clusively looked  to,  but  the  two  together  ought  to 
make  famines  almost  impossible  in  the  future.  With 
proper  organisation,  a suitable  system  of  railways  and 
canals,  and  an  improved  method  of  fertilising  the  land, 
it  would  yield  much  more  than  it  would  produce  other- 
wise; and  provision  could  be  made  not  only  for 
ordinary  times,  but  for  famine  when  it  occurred.  It 
was  a curious  fact  that  two  or  three  famines  generally 
occurred  in  successive  years.  He  did  not  think  any 
periodic  law  could  belaid  down,  but  the  longer  they  had 
been  without  a famine  the  nearer  probably  they  were 
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to  the  next ; therefore  precautions  should  be  taken  in 
due  time,  and  with  the  means  now  available  this  could 
be  done  with  a great  assurance  of  success.  The  Govern- 
ment were  now  sensible  of  the  importance  of  both 
these  works,  and  were  anxious  to  extend  in  all 
directions  the  means  both  of  communication  and 
irrigation.  There  were  places  in  India  which  even  in 
ordinary  times  were  over-populated,  and  did  not 
provide  the  means  or  life  for  the  inhabitants  ; but  by 
means  of  education  and  railways  it  was  not  impossible 
that  that  instinctive  dread  of  leaving  their  homes 
which  the  natives  possessed  would  be  overcome,  and 
they  would  see  the  necessity  of  migrating  to  other 
parts  where  they  could  find  employment  and  food.  By 
cultivating  more  land,  exports  would  he  able  to  be 
sent  to  this  country  and  to  Europe.  Trade  would 
improve,  the  whole  country  would  become  more 
wealthy,  and  such  a change  would  be  introduced  into 
the  social  condition  of  the  people  that  they  would 
not  only  become  free  from  famine,  but  altogether  an 
improved  race. 

Mr.  W.  G.  Pedder  said  he  spent  a great  part  of 
his  time  and  service  in  India  in  the  pro\’ince  of 
Khandeish,  which  suffered  as  much  as  any  part  of  the 
Deccan  from  the  famine  of  1802.  That  great  famine 
so  completely  devastated  the  province,  which  was 
before  extremely  prosperous  and  fertile,  that  to  this 
day  it  had  not  entirely  recovered.  Some  parts  were  still 
covered  with  jungle,  hiding  the  remains  of  old  towns 
and  villages  which, had  never  been  inhabited  since  1802. 
Compare  that  with  the  famine  of  1876-8.  Xo  one  who 
was  in  India  at  that  time  but  could  testify  to  the  fearful 
sufferings  of  the  people,  but  in  two  years  scarcely  any 
traces  of  the  calamity  were  left.  He  himself  was  in 
charge  of  a district  which  suffered  severely,  but  after 
five  or  six  consecutive  good  years  the  traces  of  famine 
had  entirely  disappeared.  This  was  shown  from 
the  stock  returns  which,  as  had  been  already  pointed 
out,  were  ver>'  important.  Stock  was  lost  in  very 
large  quantities,  in  some  parts  half  the  stock  died, 
and  the  other  half  was  only  saved  by  being  driven 
away  to  distant  forests,  but  there  was  now  15  or  20 
per  cent,  more  stock  than  before  the  famine.  That 
showed  the  strong  recuperative  power  which  there 
was  at  the  present  time.  They  knew  very  little 
about  these  old  famines,  but  as  far  as  he  had  seen 
of  the  old  records,  the  general  form  of  statement 
was  that  grain  rose  to  so  much ; and  in  fact, 
at  the  present  time,  the  Government  looked  on 
an  extraordinary  rise  in  the  price  of  grain  as  the 
principal  indication  of  a famine.  It  appeared  that  in 
some  famines  the  price  rose  to  4 annas  the  seer ; whilst 
in  the  bad  famine  of  1791  it  is  stated  to  have  risen 
only  to  2 rupees  a maund,  or  i rupee  for  20  seers. 
We  really  knew  very  little  about  prices  in  India, 
but  it  was  a subject  which  well  deserved  atten- 
tion, and  he  hoped  some  competent  person  would 
take  it  up.  He  would  point  out,  with  regard  to 
irrigation,  that  there  were  some  parts  of  India 
where  it  would  be  practically  useless  as  a safe- 


guard against  famine.  No  one  was  a greater  advo- 
cate for  irrigation  where  practicable,  but  the  in- 
stances adduced  by  General  Rundallwere  those  con- 
nected with  the  Ganges,  and  in  the  north-west, 
which  being  snow-fed  from  the  Himalayas,  were 
absolutely  secure  from  failure  of  supply,  or  those  in 
the  deltas  of  Madras,  fed  by  the  large  rivers  Godavery 
and  Kistna.  In  the  parts  with  which  he  was  best 
acquainted,  the  Deccan  and  Central  India,  there 
were  very  few  such  rivers ; the  irrigation  works 
there,  which  were  very  useful  in  many  respects, 
were  fed  by  small  rivers  or  tanks.  When  it  rained 
these  sources  were  full,  but  they  did  not  want  the 
water ; when  it  did  not  rain  the  rivers  and  tanks 
were  empty.  It  would  be  unwise,  therefore,  to  lay 
down  that  famines  could  be  entirely  prevented  by 
unlimited  works  of  irrigation.  On  the  other  hand, 
experience  taught  that  the  whole  of  India  never 
suffered  from  famine  at  one  time,  and  with  railways 
and  sufficient  means  of  communication  the  surplus 
grain  from  one  province  might  be  taken  to  feed  the 
starving  population  in  another.  He  was  afraid  Sir 
Juland  Danvers  was  too  sanguine  when  he  said 
famines  would  become  impossible.  Anyone  who  had 
been  in  India  in  a famine  year,  and  seen  day  after  day 
and  week  after  week  the  heavens  as  brass  and  the 
earth  as  iron,  and  a burning  sun  instead  of  fertilising 
rain,  and  that  an  enormous  proportion  of  the  crops 
must  be  ruined,  would  feel  that  it  was  too  much  to. 
hope  to  ever  abolish  famines. 

Surgeon- IMajor  Pringle  said  the  last  time  he 
met  General  Rundall  was  in  Orissa,  where  he  was 
engaged  in  the  construction  of  the  Orissa  irrigation 
canals,  and  he  was  pleased  to  hear  of  the  benefits 
derived  from  them.  There  was  a statement  in  the 
paper  that  when  the  famine  occurred  it  was  dis- 
covered that  the  stores  were  empty.  Of  course  they 
were.  How  was  it  possible  in  India,  except  in  large 
towns  like  Calcutta  or  Bombay,  for  the  district  officer 
to  know  what  the  stores  contained.  He  could  not  get 
at  the  truth  from  his  subordinates,  for  some  of  them 
were  grain  merchants.  The  fact  was,  the  whole  of 
the  grain  was  being  sent  out  of  the  country  for  some 
years  previous  to  the  famine.  He  was  in  Orissa  in 
1855,  when  a million  maunds  of  grain  were  lost  by 
floods ; but  nobody  felt  it,  and  a few  years  after  a 
large  export  trade  took  place,  and  thus  any  one  could 
see  what  the  famine  was  due  to.  The  people  lived 
for  years  on  the  Sumbulpore  rice  that  came  down 
the  river.  On  one  occasion  they  got  such  prices  that 
they  even  di'ew  on  their  seed  rice — it  was  anything 
for  money — and  after  paying  debts,  it  all  went  on 
the  women’s  arms  in  bangles.  When  the  Sumbul- 
pore rice  failed,  and  the  country  was  dependent  on 
local  supplies,  then  the  inquiry  was — where  are  the 
stores  of  grain } They  were  all  in  the  French 
market.  Sir  Cecil  Beadon  incurred  much  oppro- 
brium on  account  of  these  empty  stores,  when  he 
had  no  more  to  do  with  them  than  the  Governor- 
General.  With  reference  to  inigation,  he  knew 
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nothing  about  the  Godaveiy,  but  he  knew  a great 
deal  about  the  Ganges,  and  he  thought  the  subject 
would  soon  have  to  be  brought  to  the  notice  of  the 
public.  It  was  all  very  well  to  talk  of  the  benefits 
irrigation  conferred,  but  there  was  such  a thing  as 
paying  too  high  a price  for  them,  as  w'ould  be  seen 
when  the  death  rate  of  the  countries  on  the  Ganges 
canal  was  told,  and  when  they  heard  of  the  popu- 
lation being  decimated  in  certain  localities,  and  the 
land  in  some  places  absolutely  rotted.  In  the 
Derbund  Doab  there  was  not  till  lately  an  acre  of 
irrigation  except  from  wells,  and  this  district  for 
twenty  years  knew  nothing  of  famine,  and  the  death- 
rate  was  remarkably  low.  The  deaths  from  famine 
were  not  to  be  compared  to  those  from  pestilence. 
In  four  districts,  with  a population  of  4,000,000, 
400,000  people  were  carried  off,  and  last  year  200,000 
died  from  small-pox  in  the  North-West  Provinces 
and  Oudh.  People  had  no  idea  of  the  density  of  the 
population  in  some  parts  of  India,  500  to  the  square 
mile.  How  were  they  to  live  if  sickness  or  scarcity 
occurred  ? Naturally,  the  deaths  would  be  enormous. 
He  had  never  before  heard  the  expressions  a famine 
of  money  and  a famine  of  food,  but  he  could  under- 
stand them,  and  the  full  depth  of  their  meaning. 
The  famine  in  Orissa  was  one  of  food,  but  there  was, 
comparatively  speaking,  lots  of  money.  In  Bengal 
there  was  a famine  of  money ; the  people  could  not 
buy  what  they  wanted,  and  had  thus  to  be  fed.  If  a 
time  were  to  come  when  there  would  be  no  more 
famines,  they  would  have  to  alter  the  metereological 
arrangements  of  one  of  the  most  extraordinary  coun- 
tries in  the  world.  On  the  loth  October,  1877,  a 
shower  of  rain  fell  over  an  expanse  of  country  of 
nearly  600  miles  square,  and  thus  saved  the  crops 
over  the  whole  North-West  Provinces  and  Oudh, 
part  of  the  Punjaub,  and  the  Central  Provinces.  It 
was  almost  impossible  to  explain  what  a good  crop 
in  India  was.  You  saw  a man  scratching  on  what 
looked  like  a sand-hill,  and  putting  in  wheat,  and 
if  it  were  a good  season,  that  barren-looking  place 
produced  the  most  luxuriant  crop.  Then  the  storage 
of  grain  had  been  referred  to  ; very  few  knew  how 
utterly  useless  the  best  harvest  was  unless  it  could  be 
stored.  He  had  seen  grain  almost  given  away  be- 
cause the  rain  was  so  great  it  could  not  be  stored 
on  account  of  the  dampness  of  the  air,  and  the  damp 
condition  of  the  ground.  In  1883  there  was  one  of 
the  finest  crops  ever  seen — enough  to  feed  the  people 
for  two  years  without  the  sowing  of  an  acre — and  it 
was  a splendid  season  for  storage,  but  the  railway 
carried  away  all  but  enough  for  immediate  wants. 

The  Chairman,  in  proposing  a vote  of  thanks, 
said  the  great  value  of  the  paper  was  in  its  being  so  - 
far-reaching.  It  had  gone  over  a very  large  space  of 
time,  and  had  shown  the  fallacy  of  the  idea,  which 
had  become  pretty  general  in  England,  that  famines 
in  India  were,  in  some  way  or  other,  the  result  of 
British  rule.  It  had  been  shown  that  they  had 
extended  over  many  centuries,  as  far  as  records  could 


reach,  and  that  they  were  due  to  climatic  conditions 
which  were  unchanging  and  unchangeable.  In  this 
respect  the  paper  conveyed  a warning,  for  it  showed 
that  famines  must  be  expected  to  recur  probably  at 
frequent  intervals ; it  also  gave  a warning  against 
drawing  rash  conclusions  from  recent  statistics  of 
famine.  One  speaker  had  remarked  that  Anglo- 
Indians  were  rather  too  optimist  in  the  views  they 
took  of  the  results  of  our  administration  of  that 
country,  but  he  did  not  think  that  was  a charge  which 
could  be  reasonably  brought  against  them.  In  his 
view  they  were  rather  inclined  to  criticise  a little  too 
freely ; in  fact,  we  were  far  too  conscientious  in  our 
administration  of  our  dependencies  abroad  for  our 
own  comfort  and  reputation.  There  existed  in 
British  dependencies  a class  of  critics  not  to  be  found 
in  the  dependencies  of  other  countries.  Russians, 
Italians,  and  Frenchmen  were  always  eager  to  speak 
up  for  what  they  considered  the  honour  of  their 
country,  and  to  conceal  any  little  weaknesses  of 
administration;  but  there  was  a class  of  critics  in 
India  who  seemed  to  take  a perverse  delight  in 
running  down  the  administration  of  their  own 
countrymen,  and  contrasting  it  unfavourably  with 
that  of  the  native  States.  These  gentlemen 
seemed  to  forget  that  the  science  of  comparative 
statistics  was  a modem  invention,  and  that  such  an 
indifference  to  human  life  existed  in  all  Eastern 
countries  up  to  a very  recent  time,  that  it  was  im- 
possible to  get  any  accurate  knowledge  of  the  loss  of 
life  caused  by  famine  in  former  times.  Now,  on  the 
contrary,  everything  was  most  carefully  tabulated, 
and  there  was  a keener  sympathy  with  human 
sufferings,  and  a higher  conception  of  the  duty  of 
the  State  towards  the  people  who  suffered  in  times 
of  famines,  and,  therefore,  the  calls  on  the  adminis- 
tration in  these  days  were  very  much  greater  than 
they  had  ever  been  before.  All  these  things  ought 
fairly  to  be  borne  in  mind  when  people  came  forward 
and  furnished  statistics  of  the  enormous  loss  of  life 
in  recent  famines.  They  knew  how  often  bad  years 
followed  one  another  successively,  for  we  had  had 
recent  experience  of  the  same  thing  even  in  England. 
So  in  India  there  was  a period  of  15  or  20  years 
during  which  there  were  frequent  famines,  but  now 
for  a period  of  8 years  there  had  been  none.  It  was 
exceedingly  misleading,  therefore,  to  take  a short 
period  and  say — Look  at  the  great  loss  of  life  in 
that  time,  it  must  be  the  result  of  bad  administra- 
tion. He  was  not  there  to  apologise  for  aU  the 
mistakes  which  might  have  been  committed  by  the 
Government  of  India,  but  he  should  like  to  point  out 
what  seemed  to  him  the  principal  cause  of  such  loss 
of  life  as  took  place  during  the  terrible  famine  of 
1876-8.  During  the  Bengal  famine  in  1874,  a very 
large  sum  of  money  was  needlessly — as  was  now 
admitted — expended  for  the  prevention  of  suffering  by 
famine.  Many  people  seemed  to  think  the  State  had 
an  unlimited  treasury  — some  fund  of  its  own  into 
which  it  could  dip  its  hand  and  take  the  money  out. 
But  the  State  had  no  money  except  what  it  took  out 
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of  the  pockets  of  the  taxpayers,  and  its  most  sacred 
duty  was  to  consider  their  interests.  If  it  spent 
money  too  freely  in  the  relief  of  distress  or  on  public 
works,  it  naturally  had  to  increase  the  taxation  of 
those  who  were  able  to  pay  it,  and  so  the  suffering 
was  distributed  throughout  the  population  in  another 
way.  If  the  Government  of  India  had  in  1876-8 
spent  money  as  freely  as  it  did  in  1874  it  would  have 
been  compelled  to  impose  very  heavy  taxes  on  the 
people,  and  the  very  men  who  came  forward  and  said 
how  scandalous  it  w’as  that  lives  were  not  saved, 
would  have  said  what  an  inhuman  thing  it  was  to 
place  such  burdens  on  the  people.  It  was  this  exces- 
sive regard  for  the  interests  of  the  taxpayers  which 
perhaps  led  the  Government  of  India  at  that  time  to 
take  too  narrow  a view  of  the  duty  it  owed  to  the 
suffering  people  throughout  the  country.  But  there 
were  other  considerations  to  be  taken  into  account. 
During  a long  period  of  peace  and  settled  Govern- 
ment the  population  had  greatly  increased,  and 
when  a famine  overtook  a large  extent  of  the  country, 
there  were  enormous  masses  of  people  who  were 
perfectly  helpless,  w’ho  would  not  move  from  their 
own  doors,  and  whom  it  was  almost  impossible  for 
the  most  energetic  Government  to  relieve,  so  that 
there  should  be  no  loss  of  life.  It  was  quite  possible 
that  to  some  extent  the  Government  in  1876-8  failed 
to  overtake  that  calamity  as  it  would  have  wished  to 
do,  but  this  was  far  from  being  due  to  any  want  of 
good  intention,  or  of  sympathy  with  the  people. 
The  work  of  the  Famine  Commission  had  been  done 
most  thoroughly,  and  he  did  not  believe  that  what- 
ever famines  might  hereafter  occur,  they  would  not 
be  able  to  cope  with  them  successfully.  During  the 
discussion  there  had  been  a repetition  of  the  old  feud 
between  railways  and  irrigation  works.  People  in 
India  not  being  divided  into  political  parties,  were 
apt  to  take  sides  about  questions  of  public  works ; 
men  who  believed  in  railways  would  not  admit  that 
there  was  any  good  in  irrigation,  and  on  the  other 
side,  men  who  thought  irrigation  valuable,  said  rail- 
ways were  only  a costly  nuisance.  There  was  a good 
deal  of  exaggeration  on  both  sides,  and  Mr.  Pedder, 
than  whom  no  one  was  better  able  to  speak  on  this 
subject,  had  put  the  case  very  fairly.  Railways  and 
irrigation  works  were  both  very  useful  in  their  way. 
Mr.  Martin  Wood  remarked  that  railways  were  only  of 
occasional  value,  when  famines  broke  out,  in  bring- 
ing food  into  certain  districts,  whereas  irrigation 
works  were  of  permanent  value,  but  that  was  not  a 
fair  description,  for  wherever  railways  went  there 
was  a belt  of  cultivated  country'  along  the  track,  and 
that  belt  was  continually  increasing,  and  more  land 
being  taken  into  cultivation.  He  felt  convinced  that 
whatever  had  been  the  case  in  the  past,  the  Govern- 
ment of  India  now  had  not  only  the  desire,  but  the 
requisite  knowledge  and  means  for  preventing  the 
famines  which  would  occur,  from  being  as  disastrous 
in  the  future  as  they  had  been  in  the  past. 

The  vote  of  thanks  having  been  passed. 


Mr.  Danvers,  in  reply,  said  he  did  not  think  he 
had  omitted  any  famine  from  his  list  which  was 
recorded  anywhere.  He  had  not  omitted  the  question 
of  policy  because  he  was  in  the  India-office,  but 
simply  because  the  policy  of  the  past  was  a thing  of 
the  past ; and  since  the  completion  of  the  labours  of 
the  Famine  Commission,  which  had  resulted  in  the 
laying  down  of  rules  for  administration  in  future  emer- 
gencies, there  had  been  no  famine,  and  therefore 
there  had  been  no  opportunity  of  testing  the  value  of 
those  rules.  There  had  now  been  eight  years  without 
famine,  and  during  that  time  great  progress  had  been 
made  in  public  works  of  all  kinds,  which  he  held 
must  be  of  immense  value  if  another  famine  occurred. 
He  had  no  intention  of  putting  forward  an  optimistic 
view  of  the  situation.  With  the  extension  of  railways 
it  would  always  be  possible  to  throw  grain  into  dis- 
tressed provinces ; and  although  drought  and  con- 
sequent distress,  to  a certain  extent,  could  not  be 
avoided,  yet  he  hoped  the  dreadful  results  which  had 
happened  before  might  be  considered  a thing  of  the 
past. 


Mr.  Hyde  Clarke  writes: — As  several  gentlemen 
of  Indian  experience  were  called  upon  to  speak  on 
the  19th  inst.,  which  left  me  no  opportunity,  I beg 
to  offer  a few  remarks  on  matters  which  come  within 
my  scope  of  observation.  First,  with  regard  to  the 
criticism  on  the  list  of  ancient  Indian  famines,  given 
by  Air.  Danvers.  In  so  doing  he  rendered  a material 
service,  and  supplied  us  with  a chief  element  for 
determining  what  have  been  the  climatic  and 
economic  conditions  of  the  country  in  all  times.  I 
state  this  because  I differ  from  him  in  his  remarks  on 
the  “sun-spot  ” law.  As  is  known,  the  short  period  of 
10- 1 1 years  \vas  discovered  by  myself,  afterwards  it 
was  seen  that  it  coincided  with  the  “ sunspot  ” 
period  obsers'ed  by  Herschel  and  others,  and  the 
notion  of  the  “ sun-spot  ” period  being  a cause 
instead  of  a concurrent  effect,  seized  hold  of  the 
minds  of  men  of  science  and  the  public.  Professor 
Stanley  Jevons  was  struck  by  remarkable  coinci- 
dences in  prices  at  Delhi,  and  he  was  led  into 
expressions  of  great  enthusiasm.  At  the  time  of  his 
unfortunate  death  he  had,  in  correspondence  with 
me,  arrived  at  a greater  agreement  with  regard  to 
the  phenomena.  Aly  results  were  based  on  the 
weather  phenomena,  but  particularly  in  reference 
to  their  effect  on  the  crops.  They  were  obtained 
from  the  data  with  regaid  to  England  since  A.d.  1000, 
and  a comparison  with  similar  data  for  France  and 
other  countries.  Therefore  they  cover  the  latter 
period  of  Mr.  Danvers’s  from  that  time,  and  throw 
light  on  his  materials.  Aly  data  may  be  usefully 
collated  with  those  given  by  Prof.  Thorold  Rogers 
in  his  laborious  history  of  prices.  Now,  so  far  from 
there  being  no  law  on  the  subject,  we  have  ample 
materials  for  ascertaining  the  history  of  the  meteoro- 
logical conditions  of  the  globe.  In  a general  sense, 
the  phenomena  are  uniform  in  their  general  character 
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n all  observed  epochs,  and,  it  is  to  be  inferred,  in  all 
time.  They  are,  however,  subject  to  fluctuations 
evidently  under  the  influence  of  cosmic  laws.  One 
of  these  produces  the  short  period  of  10- ii  years; 
but  there  are  longer  periods,  so  far  as  I have  been 
able  to  ascertain,  of  26J-27  years,  and  104  years.  It 
is  probable  there  are  still  longer  periods.  It  is  these 
longer  periods  which  prevent  us  from  forecasting 
what  a short  period  is  to  produce.  This  is  why,  with 
all  that  has  been  written  by  physical  philosophers  as 
to  sunspots  in  India,  it  is  impossible  to  foretell. 
This  may,  perhaps,  account  for  the  phrase  used  by  Mr. 
Danvers,  but  the  real  lesson  to  be  learned,  is  one 
inculcated  by  himself,  that  in  India,  as  elsewhere, 
we  shall  always  be  subject  to  these  fluctuations  of 
weather,  and  therefore  we  must  always  be  on  the 
look-out  and  be  prepared  beforehand.  Famines 
in  India  are  no  more  due  to  the  English  Govern- 
ment than  the  formation  of  Goodwin  Sands  is 
due  to  Tenterden  steeple.  The  scanty  evidence  of 
the  seventeenth  and  eighteenth  centuries  is  quite 
sufficient  to  show  a general  range  of  famines.  If  we 
want  to  know  what  the  condition  of  India  was  before 
English  rule,  we  may  take  into  account  the  corres- 
ponding period  in  the  record  of  Professor  Rogers 
from  1000  to  1750.  The  accounts  in  the  chronicles 
of  this  country  are  identical  with  those  partial  details 
we  have  as  to  India,  and  with  what  must  have 
occurred.  It  was  only  exceptionally  that  a Govern- 
ment took  any  precautions,  and  that  for  a reason 
which  is  patent  enough  and  yet  has  not  been  taken 
into  account.  Pestilence  and  famines  are  held  by 
priests,  in  all  ages  and  climes,  to  be,  as  described  in 
the  beginning  of  the  “Iliad,”  examples  of  divine 
vengeance.  The  proper  remedy  is  suitable  sacrifice  of 
a human  being,  of  an  animal,  or  emblematically.  A 
ruler  neglecting  this  great  law,  and  propounding 
secular  methods,  was  in  danger  of  being  denounced  as 
profane,  and  the  author  of  the  calamity.  In  our 
chronicles,  as  in  the  Indian,  the  price  of  grain  is  to  be 
found  as  a safe  test  of  the  condition  of  the  countr}^ 
From  time  to  time  there  are  periods  of  famine  of 
greater  intensity,  and  these,  as  Mr.  Danvers  observes, 
came  together,  because  they  are  mostly  caused 
by  a long  continuance  of  a change  of  the 
atmospheric  conditions.  Thus,  in  the  middle  of  the 
last  century,  it  will  be  seen  from  the  tables  in  Adam 
Smith’s  “ Wealth  of  Nations”  that  this  country  ex- 
pected grain  every  second  year.  There  was  favourable 
weather  in  Europe  and  favourable  crops,  and  thus  the 
French  Revolution  was  staved  off.  The  horrors  of  that 
revolution,  and  of  the  wars  that  accompanied  it,  were 
aggravated  by  the  severe  cycle  of  weather  at  the  end  of 
the  last  century  and  the  beginning  of  this ; 1 786  was  a 
severe  year,  like  this.  It  is  totally  impossible  that  the 
famines  in  previous  centuries  can  have  been  milder  in 
India  than  those  of  late  years,  but  it  is  perfectly  con- 
ceivable that  in  the  great  famine  the  deaths  were 
augmented  by  the  enormous  increase  of  population 
which  has  taken  place  under  the  protection  of 
English  rule,  and  which  will  be  promoted  by  the 


development  of  railways.  This  leads  to  the  discus- 
sion of  the  relative  merits  of  railways  and  hydraulic 
works  of  irrigation  and  navigation.  It  is  a most 
astonishing  thing  still  to  hear  that  railway  expen- 
diture should  be  abolished  in  India  and  appropriated 
to  water  enterprises.  All  these  statements  rest  upon 
an  imagination  that  India  is  a country  under  condi- 
tions totally  different  from  all  others  in  this  planet,, 
and  that  it  can  be  treated  like  as  if  it  were  in  the 
moon,  without  reference  to  mundane  experience. 
India,  with  the  Ganges  and  the  Indus,  has  its 
parallel  in  North  America  with  the  Mississippi  and 
St.  Lawrence.  The  water  communication — natural 
and  artificial — in  North  America  differs  in  this 
respect  from  India — that  it  is  much  more  effective. 
Nevertheless,  in  the  United  States  and  Canada 
a full  provision  of  railways  has  been  made,  in  com- 
parison with  which  the  15,000  miles  of  Indian  rail- 
ways are  contemptible.  So  far  from  the  Government 
of  India  being  entitled  to  praise,  it  is  exposed  ta 
censure,  as  the  Governments  of  China  and  India  are 
most  backward  with  regard  to  railways.  The  United 
States  Government  has  expended  enormous  sums  in. 
the  Mississippi  far  beyond  what  we  have  in  the 
Ganges,  while  the  Canadian  Dominion  has  been 
careful  for  the  St,  Lawrence.  They  look  after  rail- 
ways and  water  too.  The  other  countries  having  old) 
waterways,  England,  Holland,  Belgium,  Lombardy,. 
Egypt,  Russia,  and  France,  maintain  their  water- 
ways, but  have  to  rely  for  carriage  mainly  on  rail- 
ways. The  reason  is  an  economical  one.  Transport 
is  a great  element  in  the  price  of  an  article  at  a 
market.  Indeed,  it  may  be  prohibitory.  Water 
transport  on  the  Mississippi,  Ganges,  St.  Lawrence,, 
and  Rhine,  is  very  valuable,  but  the  railway  has 
peculiar  qualities,  and  is  found  most  usefully  to 
supplement  it,  and  in  many  cases  to  supersede  it. 
No  power  of  wishing  will  get  over  these  conditions,, 
and  we  must  go  on  to  supply  India  with  the  re- 
quisite railways,  not  forgetting  water  enterprises, 
and  not  allowing  an  unbusinesslike  system  of  finance 
and  public  accounts  to  keep  us  from  doing  in  India. 
what  every  other  country  in  the  world  has  done.  With, 
every  defect  and  early  mismanagement.  North  America,. 
England,  France,  Germany,  Belgium,  Holland,  Russia, 
and  other  countries,  have  not  been  ruined  by  pro- 
viding railways,  but  have  been  very  greatly  benefited. 
So,  too,  the  reason  why  so  large  a proportion  of 
money  has  been  devoted  to  railways,  and  so  small  a. 
proportion  to  water  industry  in  India,  is  a simple 
one,  and  should  be  understood.  It  was  the  existing 
produce  of  all  India  which  had  to  be  provided  for 
and  had  to  be  provided  for  by  railway  transit;  an 
amount  so  enormous  that  the  existing  railway  system, 
is  utterly  inadequate.  Waterways  cannot  effect  what  is 
wanted.  Already  the  benefit  of  railways  is  vast ; and 
by  help  in  the  improved  distribution  of  food  means 
have  been  provided  for  the  maintenance  of  a larger 
population,  and  for  the  better  protecting  the  whole 
population  against  the  ravages  of  pestilence  and 
famine.  As  irrigation  and  canal  works  and  wells  are 
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extended,  so  they  will  create  a further  demand  for 
railway  extension.  There  is  no  amount  of  discussion 
and  of  pamphlets  which  can  prevent  China  and 
India  from  being  provided  with  railways.  The 
economic  operations  of  the  world  tend  to  create 
economic  laws,  which  the  talk  of  no  bazaar  in  India 
can  control  or  resist ; and  the  sooner  the  facts  are 
recognised  the  better  will  it  be  for  the  welfare  of 
India,  and  of  the  empire  at  large. 


^Ir.  Wm.  Digby  writes  : — Of  the  paper  itself,  as 
a narrative  of  famines  in  India,  I have  nothing  to 
say,  except  in  terms  of  praise  of  the  concise  and 
interesting  manner  in  which  the  author  has  gathered 
together,  from  various  sources,  so  large  a mass  of 
information.  But,  the  paper  seems  to  me  to  be 
wanting,  inasmuch  as  there  is  not  appended  to  it  a 
summary’  of  the  facts,  indicating,  in  pointed  manner, 
the  result  of  the  investigations  recorded.  I have 
worked  out  such  a summary  for  myself,  and,  gene- 
rally, have  analysed  the  paper.  I found,  reckoning 
the  last  great  famines  (those  of  1876  to  1878)  not  as 
one,  which  Mr.  Danvers  has  done,  but  as  three,  viz., 
the  famine  in  Southern  India,  the  famine  in  Bombay, 
and  the  famine  in  the  North-West  Provinces,  that 
during  the  eighty-five  years  which  have  elapsed  of 
this  century,  Mr.  Danvers  records  twenty- two 
famines  as  having  occurred  in  India.  In  the  three 
previous  centuries,  i.e.,  the  i6th,  17th,  and  i8th, 
there  were  only  the  same  number  of  famines,  and 
several  of  these  (probably  one-third)  were  due  to 
wars,  and  devastation  and  insecurity  accompaying  a 
warlike  condition  of  things.  From  devastation  and 
insecurity,  by  our  rule,  we  have  preserved  India,  and 
yet  the  appalling  fact  is  stated  by  an  Indian  official 
on  unimpeachable  evidence,  that  famine  is  now  four 
times  more  frequent  than  it  has  been  during  the 
300  years  preceding  the  commencement  of  the 
present  century — that  is  prior  to  the  general  exten- 
sion and  consolidation  of  British  rule  in  India.  This 
fact  does  not  in  the  slightest  degree  surprise  me ; it 
is  in  accordance  with  the  conclusions  which,  some- 
time ago,  I worked  out  for  myself.  To  my  mind 
the  fact  is  of  so  terrible  a character,  and  involves 
consequences  of  so  frightful  a kind,  that  I much 
I regret  Mr.  Danvers,  with  all  the  wealth  of  informa- 
I tion  in  the  India- office  available  to  him,  has  not 
I carried  his  investigations  further,  and  has  not  drawn 
the  inevitable  conclusions  which  his  paper  supplies. 
At  the  least  I hold  he  should  have  endeavoured  to 
explain  how  and  why  such  a condition  of  things  exists 
as  this — that  in  the  period  of  most  extended  British 
rule  and  improved  means  of  railway  and  other  com- 
I munication  some  of  the  most  frightful  famines  known 
to  history  have  occurred.  The  following  Table 
drawn  from  the  authority  to  which  Mr.  Danvers  owes 
many  of  his  most  interesting  statements  is  of  serious 
I omen ; — 

Period.  Number  of  Famines.  Mortality. 

1800  to  i8ro  3 __ 

I 1811  to  1820  3 __ 


Period.  Number  of  Famines. 

1821  to  1830  3 

1831  to  1840  3 

1841  to  1850  O 

1851  to  i860  O 

1861  to  1870  6 

1871  to  1880  6 


Mortality. 


4,585,000- 

6,736,420 


The  last  two  decades  were  pre-eminently  years  of 
the  railway  era.  In  certain  districts  traversed  by 
railways  the  mortality  in  1877  and  1878  was  zziths. 
per  cent.,  in  districts  not  traversed  by  railways  only 
20|ths  per  cent.  To  my  mind  the  frequency  of 
famines  now  occurring  in  India  is  due  entirely  to  the 
system  of  rule  existing  in  that  country.  This  is,  to 
me  as  an  Englishman,  a most  sorrowful  conclusion. 
That  we,  the  English  rulers  of  India,  without 
ever  intending  anything  of  the  kind — indeed,  on 
the  contrary,  desiring  to  do  that  which  we  hoped 
would  be  the  best  for  the  people  of  India — 
are  responsible  for  an  amount  and  an  intensity  of 
suffering  unparalleled  during  the  present  century  in 
any  part  of  the  world,  is  most  distressful,  and  creates, 
in  my  mind  feelings  of  the  most  painful  character. 
Had  I been  present  at  the  meeting  I should  have 
endeavoured  — by  producing  chapter  and  verse 
from  India-office  records — to  prove  the  truth  of  my 
contentions.  To  do  this,  however,  with  anything 
like  adequacy  would  have  taken  up  far  more  time 
than,  under  the  conditions  upon  which  papers  are 
read  and  discussions  follow  at  the  Society  of  Arts, 
the  chairman  could  possibly  have  allowed  to  me. 
Furthermore,  a consideration  of  the  matters  I should 
have  urged  would  have  led  me  to  speak  in  terms  of 
strong  indignation  respecting  a system  of  rule  which 
could  possibly  be  attended  with  such  consequences. 
Probably  the  expression  of  the  feelings  engendered 
in  my  heart  by  a study  of  this  question  would  have 
carried  me  beyond  the  decorum  of  your  gatherings. 


TWELFTH  ORDINARY  MEEIING. 

Wednesday,  February  24,  1886  ; Professor 
F.  Guthrie,  F.R.S.,  in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society  : — 

Adderley,  Augustus  J.,  C.M.G.,  Davenport,  Bridg- 
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Doxford,  William  Theodore,  Grindon-hall,  Sunder- 
land. 

Lydall,  William  Hawthorne,  60A,  Watling-street, 

E.C. 

Parry,  Sydney  Gambier,  3,  ClareviUe-grove,  South 
Kensington,  S.W. 

Steel,  Robert  Elliot,  M.A , Spring  Cliffe-house, 
Heaton-road,  Bradford. 

Thorpe,  Thomas  Wells,  Albion  Brewery,  White- 
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The  following  candidates  were  balloted  for 
and  duly  elected  members  of  the  Society  : — 

Beadle,  Charles,  Belvedere,  Kent. 

Wheen,  Francis, 21,  Norfolk-square,  W. 

White,  John  Samuel,  Clarence-house,  East  Cowes- 

park.  Isle  of  Wight. 

The  paper  read  was — 

THE  EMPLOYMENT  OF  AUTOGRAPHIC 
RECORDS  IN  TESTING  MATERIALS. 

By  W.  C.  Unwin,  M.Inst.  C.E. 

In  the  ordinary  use  of  materials  of  con- 
struction, which  are  deformed  by  the  loads  to 
which  they  are  subjected,  there  is  a very 
simple  relation  between  the  stress  and  the 
deformation.  According  to  Hooke’s  law,  the 
stress  and  the  strain  are  proportional.  For 
instance,  if  a bar  is  subjected  to  a longitudinal 
pull,  and  if  is  the  tension  per  unit  of  area, 
and  A the  extension  per  unit  of  length, 

^ = E A 

where  E is  a modulus  or  coefficient  of  elasticity 
for  the  material  of  the  bar,  a material  for 
which  this  law  is  exactly  satisfied  is  called  a 
perfectly  elastic  material. 

Now,  materials  like  cast-iron  and  cast- 
brass  are  never  in  their  initial  condition 
perfectly  elastic,  but  they  are  very  nearly  per- 
fectly elastic  for  moderate  stresses.  Materials 
which  have  been  rolled  or  hammered  are 
generally  almost  perfectly  elastic  up  to  some 
limit  of  stress,  which  we  call  the  elastic  limit 
for  the  material,  but  beyond  that  limit  the 
elongations  increase  enormously.  For  an 
ordinary  mild  steel  bar  the  elongations  up  to 
the  elastic  limit  may  be  i -500th  of  an  inch  in  10 
inches.  With  half  a ton  more  load  the  ex- 
tension may  beq-ioths  in  10  inches,  or  200  times 
as  much. 

The  deformations  which  occur  within  the 
elastic  limit  are  almost  entirely  temporary. 
If  the  load  is  removed , the  deformation  vanishes . 
We  infer  naturally  that  the  bar  is  not  injured 
by  the  load.  On  the  other  hand,  if  the  load 
exceeds  the  elastic  limit,  the  deformation  is 
chiefly  permanent.  The  bar  does  not  recover 
its  original  condition  when  the  load  is  removed. 
The  bar  has  certainly  been  altered ; whether  it 
has  been  injured  requires  further  investigation. 

Up  to  some  limit  of  stress  not  at  present  very 
definitely  known,  a bar  becomes  more  perfectly 
elastic  by  the  imposition  of  a load.  If  ten  tons 
is  the  elastic  limit  of  a bar,  then  a load  of 
twelve  tons  will  permanently  stretch  it,  but 


SOCIETY  OF  ARTS. 


afterwards  it  will  be  almost  perfectly  elastic  up 
to  twelve  tons.  The  elastic  limit  will  have 
been  raised,  at  least  for  stress  of  the  same 
kind.  It  would  seem,  therefore,  at  first  sight, 
that  we  could  improve  the  materials  of  con- 
struction by  loading  them.  We  can  certainly 
raise  very  much  the  elastic  limit  above  its 
primitive  value.  Having  raised  the  elastic 
limit,  we  might  adopt  higher  working  stresses 
with  the  assurance  that  they  would  not  produce 
permanent  deformations  of  our  structures. 

But  it  is  easy  to  see  that  such  an  artificial 
raising  of  the  elastic  limit  is  not  practicable  in 
large  structures.  An  ordinary  boiler  plate 
three  feet  wide  and  half  - inch  thick  would 
require  a load  of  360  tons  to  raise  its  elastic 
limit  to  20  tons.  It  is  not  convenient  even  if 
it  be  possible  to  apply  such  a force.  And  hence 
the  boiler-plate  must,  practically  speaking,  go 
into  the  boiler  with  whatever  elastic  limit  it 
happens  to  have  been  endowed  when  it  left  the 
rolls.  It  is  for  this  reason  that  the  primitive 
elastic  limit  of  a material  is  an  important  point 
to  observe  in  testing,  at  all  events  in  testing 
such  materials  as  wrought-iron  and  steel, 
because  practically  it  fixes  the  greatest  allow- 
able working  stress. 

For  let  us  see  what  would  happen  if  we 
loaded  a structure  built  of  mild  steel  plates 
beyond  the  elastic  limit.  Suppose  we  have 
to  build  a 100  feet  span  bridge.  With  the 
ordinary  proportions  of  such  a bridge,  with 
stresses  of  about  5 tons  to  the  square  inch,  for 
instance,  it  takes  a deflection  as  the  load 
passes  over  it  of  about  an  inch,  and  recovers 
itself  when  the  load  goes  off.  Suppose  we 
doubled  the  ordinary  load ; the  deflection 
would  still  be  only  about  2 inches  in  the 
100  feet  span.  But  with  a little  more  than 
double  the  ordinary  load,  the  bridge  would  be 
loaded  beyond  the  primitive  elastic  limit  of 
the  plates,  and  then  the  bridge  would  suddenly 
deflect  something  like  20  feet.  I do  not  know 
that  it  would  be  less  strong  to  resist  future 
loads  than  before,  but  a deflection  of  20  feet 
would  be  awkward  for  the  trains. 

Of  course  this  is  putting  the  case  a little 
crudely.  To  be  exact,  the  bridge  must  be 
supposed  so  exactly  designed  that  all  parts 
are  equally  stressed.  But  still  it  puts  broadly 
the  case  that  in  actual  large  structures  we 
have  to  deal  with  the  primitive  elastic  limit, 
and  that  if  the  working  stresses  exceed  that 
limit,  there  will  be  relatively  enormous  de- 
formations. We  shall  see  presently  that  auto- 
graphic diagrams  mark  for  us  the  elastic 
limit  of  a material  very  conveniently. 
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There  are  other  materials  which  are  altered 
in  shape  by  very  small  forces.  The  clay 
moulded  by  the  potter  shapes  itself  to  the 
slightest  touch.  We  call  such  materials 
plastic  materials,  and  the  arts  concerned  with 
the  use  of  them  the  plastic  arts. 

Iron  and  steel,  and  some  other  materials, 
become  plastic  at  high  temperature,  and  all 
the  operations  of  rolling  and  forging  take 
advantage  of  that  property.  But  it  is  due 
to  the  experiments  of  a veiy  distinguished 
Frenchman,  M.  Tresca,  that  we  know  that 
iron  and  steel,  and  many  other  materials 
which  are  elastic  under  ordinary  conditions, 
are  plastic  under  sufficiently  severe  stresses, 
even  when  cold. 

If  lead  is  placed  in  a cylinder  with  a hole 
in  it,  and  pressure  applied  by  a plunger,  the 
lead  will  flow  out  like  water,  if  the  pressure  is 
sufficiently  intense.  The  pressure  at  which 
this  kind  of  flow  is  produced,  M.  Tresca  calls 
the  pressure  of  fluidity.  Under  this  pressure, 
and  without  any  increase  of  pressure,  the  lead 
will  continue  to  flow.  In  other  words,  the 
amount  of  deformation  is  unlimited ; the 
deformation  goes  on  without  increase  of 
stress. 

I believ’e  it  was  Prof.  Cotterill  who  first 
pointed  out  that  in  the  crushing  of  iron  and 
steel  cylinders  in  ordinary  testing,  the  pres- 
sure of  fluidity  is  reached.  As  the  cylinder 
crushes  down,  in  this  case,  it  enlarges  in 
diameter,  consequently  the  load  must  be  in- 
creased to  continue  the  deformation.  But 
Prof.  Cotterill  showed  that  the  stress  per 
square  inch  of  the  cylinder  was  nearly  con- 
stant. While  the  load  increased  from  167  to 
41  tons,  and  the  cylinder  crushed  down  from 
0*62  to  *50  inches  in  height,  the  stress  only 
increased  from  38  to  51  tons.  Table  I.  shows 
the  results  of  an  experiment  011  a lead  cylinder 
by  Prof.  Kick. 

Table  I. 


Load  in 


O 

2- 9 

3- 25 
3‘35 
3-45 

3-95 

5-65 


Height  in  ram. 

Stress  per  sq.  in. 
in  tons. 

64-4 

0 

57-8 

•82 

i 

•74 

42-9 

•69  j 

40-9 

•67 

34-4 

•64 

28*2 

•74 

J 

The  relation  between  the  stress  and  deforma- 
tion in  such  a case  as  this  is  not  difficult  to 
obtain.  For  when  the  deformation  is  so  large, 
we  may  neglect  any  small  change  of  density 
in  the  material.  Hence  if  Pi  is  the  load  on 
the  specimen  when  the  length  is  A and  area 
«i,  and  P2  the  load  when  the  length  is  4 and 


area  «2, 

(til  0)2 


the  pressure  of  fluidity.  And,  since  the  density 
is  constant, 

Ctii  4 = 0)2  4. 

Hence 


4 


or  if  / is  the  length  with'  the  load  P,  which 
produces  plastic  yielding,  and  / + A the  length 
with  another  load  Pi 

/ 


Pi  = P 


/ + A. 

Intermediate  between  bodies  which  are  per- 
fectly elastic  or  perfectly  plastic  are  bodies 
which  extend  or  compress  at  an  increasing 
rate  as  the  load  increases,  but  which  gain 
rigidity  in  the  process,  so  that  they  do  not  go 
on  indefinitely  yielding  with  any  given  load, 
and  recover  part  of  the  deformation  if  the  load 
is  removed.  Thus  the  following  Table  shows 
the  behaviour  of  india-rubber  ; — 


Table  II. 


Load, 
kil.  per 
cubic  cm. 

Relative  elon- 
gation or 
contraction. 

Stress 

per 

square  inch. 

( 

1 

—3 

-•185 

2*4 

1 

Compression  ■{ 
1 

— 2 

—•159 

17 

1 

1 

— I 

— -076 

0*9 

0 

0 

0*0 

( 

I 

•I2I 

1*12 

2 

•316 

2*6 

3 

•548  ■ 

4*6 

Tension  . . . . 

1 

1 

4 

•859 

75 

1 

5 

1*309 

1 1*6 

1 

6 

I-79I 

16  7 

The  law  for  these  bodies  is  not  known.  But 
A 

approximately  p = E according  as  the 

I + A 

stress  is  tensile  or  compressive. 
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Further,  bodies  of  this  kind  do  not  generally 
take  their  whole  elongation  when  the  load  is 
first  put  on.  They  go  on  elongating  for  some 
time  with  a given  load.  But  the  increase  of 
elongation  is  not  indefinite ; it  reaches  a limit, 
and  stops. 

Graphic  Representation  of  the  Rela- 
tion OF  Stress  and  Strain  in  a Bar. 
Suppose  a bar  placed  in  a testing  machine 
and  subjected  to  a stress  increased  regularly 
till  the  bar  breaks.  For  every  value  of  the 
stress  there  will  be  a corresponding  value  of 
the  strain  or  deformation.  We  may  plot  the 
strains  as  abcissse,  and  the  stresses  as  ordi- 
nates, and  obtain  a curve  which  maybe  called 
a stress  and  strain  diagram  for  the  bar. 

Now,  for  a perfectly  elastic  bar  the  stresses 
are  proportional  to  the  strains,  and  the  stress 
and  strain  diagram  is  a straight  line  : — 

Fig.  I. 

TENSIONS 


We  may  set  otf  compressions  to  the  left, 
extensions  to  the  right,  tensions  upwards,  and 
thrusts  downwards.  Then  a single  straight 
line  through  the  origin  would  give  the  rela- 
tion of  stress  and  strain  both  for  compression 
and  tension  in  a perfect  elastic  material. 

For  a plastic  material  the  stress  and  strain 
diagram  would  be  quite  different.  The  load 
on  the  bar  would  have  to  reach  some  limit,  P, 
before  the  pressure  of  fluidity  was  reached.  In 
a bar  in  compression  the  bar  would  thicken 
laterally  by  compression,  and  the  load  would 
have  to  increase  to  continue  the  compression. 
In  a bar  in  tension  the  bar  would  contract,  and 
the  load  would  have  to  diminish  in  order  that 
the  stress  might  not  exceed  the  resistance. 
Hence,  curves  for  a plastic  material  would  be 
such  as  C D or  E F. 


Figure  2 shows  a plotting  of  Professor 
Kick’s  experiment  on  a lead  cylinder.  The 
lead  was  almost  perfectly  plastic  in  the  later 
part  of  the  experiment,  and  the  plastic  part  of 
the  curve  is  very  well  shown. 

Fig.  2. 


M / 

COMPRESSIONS  /M-  LOAD 


Autographic  Diagrams. 

It  can  now  be  seen  that  if  a testing  machine 
could  be  made  itself  to  draw  an  autographic 
diagram  of  this  kind — a stress-strain  diagram 
— we  should  have  a very  interesting  record  of 
the  quality  of  the  bar.  Not  only  would  such  a 
diagram  show  the  elastic  limit,  if  there  was  one, 
and  the  breaking  load,  but  it  would  show 
completely  the  mode  of  variation  of  the  exten- 
sion with  the  stress,  and  enable  us  to  draw 
conclusions  as  to  the  amount  of  elasticity  and 
amount  of  plasticity  of  the  material.  An  auto- 
graphic record  of  this  kind  has  other  advan- 
vantages.  From  sufficiently  detailed  measure- 
ments during  the  test,  we  could  plot  the  dia- 
gram afterwards.  There  are  some  hundreds  of 
such  plotted  diagrams  in  the  Report  of  the 
United  States  Testing  Board.  But  this  is 
laborious,  and  it  is  very  convenient  to  have  it 
done  mechanically.  Further,  the  autographic 
diagram  is  a trustworthy  record — free  from 
personal  bias,  and  free  from  accidental  errors 
of  record.  Mr.  Wicksteed,  indeed,  thinks  that 
it  is  so  trustworthy  that  an  autographic  dia- 
gram taken  in  the  absence  of  the  inspector  of 
materials  might  be  relied  on  as  if  the  inspector 
had  been  present.  That  is,  however,  claiming 
far  too  much  for  autographic  apparatus,  for  it  is 
easy  to  see  that  a diagram  can  be  tampered 
with.  The  datum  line  is  easily  displaced  if  we 
want  to  increase  the  loads,  and  a finger  on  the 
pencil  will  increase  the  extension  recorded. 
Still,  without  putting  the  autographic  apparatus 
in  the  place  of  an  inspector,  as  a check  on  the 
manufacturer,  it  may  be  conceded  that  a per 
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fectly  continuous  autographic  record  of  a test, 
showing  ever>dhing  that  has  happened  to  a bar, 
is  extremely  useful. 

Thurston’s  Autographic  Testing 
Machine. 

Mr.  Thurston  was  the  first  to  use  a test- 
ing machine  which  drew  autographically  a 
stress  and  strain  diagram.  The  machine 
was  a small  torsion  machine  (Fig.  3.)  capable 
of  twisting  short  specimens  of  about  half 
an  inch  in  diameter.  The  specimen,  s,  is 
held  in  two  jaws,  one  of  which  is  con- 
nected with  a worm  and  wheel,  w,  by  which 
the  twisting  moment  is  produced  ; the  other 


is  connected  with  a heavy  pendulum,  the 
angular  movement  of  which  bears  a definite 
relation  to  the  twisting  moment.  To  get  an 
autographic  record,  Professor  Thurston  made 
this  ingenious  arrangement.  The  clip  at  the 
worm  wheel  end  of  the  specimen  carries  a 
drum,  D,  on  which  is  a sheet  of  section  paper. 
To  the  arm  of  the  pendulum  is  attached  a light 
lever,  carrying  a pencil,  P,  which  marks  the 
paper.  As  the  drum  turns  through  the  same 
angle  as  one  clip,  and  the  pencil  the  same 
angle  as  the  other  clip,  the  difference  of  these 
angles  is  the  twist  of  the  specimen  ; and  the 
pencil  will  draw  a circumferential  line  on  the 
paper,  the  length  of  which  is  proportional  to 


Fig.  3. 


the  amount  of  twist  of  the  specimen.  To  get 
a stress  and  strain  diagram,  however,  the 
pencil  must  have  another  movement  at  right 
angles  proportional  to  the  twisting  moment. 
To  get  this  there  is  a fixed  guide  curve,  G,  on 
the  frame  of  the  machine.  The  pencil  moves 
relatively  to  this  fixed  curv'e  through  the  same 
angle  as  the  pendulum,  which  balances  the 
twisting  moment.  The  guide  curve  is  of  such 
a form  that  it  forces  the  pencil  to  move  parallel 
to  the  axis  of  the  drum  a distance  proportional 
to  the  twisting  moment  for  every  position  of 
the  pendulum. 

Hence,  the  pencil  draws  a curve  on  the 


paper  the  abscissae  of  which  are  the  strains, 
and  the  ordinates  the  twisting  moments. 
Fig.  4 (p.  340)  shows  one  of  these  curves.  The  use 
of  the  machine,  says  Professor  Thurston,  is  to 
compel  the  metal  to  tell  its  own  story,  and  to 
give  a permanent  record  and  graphical  repre- 
sentation of  its  strength,  elasticity,  and  every 
other  quality  brought  into  play  during  its  test, 
and  thus  to  exhibit  all  its  peculiarities. 

Now  Professor  Thurston’s  machine  is  un- 
doubtedly very  ingenious,  and  though  very 
small,  it  at  once  enabled  its  designer  to  detect 
the  peculiarity  in  the  behaviour  of  certain 
materials,  that  when  a load  is  applied  to  a 
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specimen,  taken  off,  and  reapplied,  the  elastic 
limit  is  found  to  have  been  raised.  The 
material  is  elastic  not  only  up  to  the  stress 
previously  applied,  but  it  is  elastic  up  to  a 
stress  a little  beyond  the  stress  previously 
applied.  Probably  we  must  use  the  term 
elastic  limit  a little  loosely  in  stating  this,  but 
that  there  is  a marked  effect  of  this  kind  will 
be  shown  presently. 

Professor  Thurston’s  machine,  besides  its 
smallness,  has  some  defects.  It  is  not  usual, 
or  generally  convenient,  to  use  a torsion  test, 
and  it  is  a defect  of  principle  that  the  instru- 
ment takes  its  movements  from  the  clips  which 
hold  the  specimen,  and  not  from  the  specimen 
itself.  Any  crushing  of  the  ends  of  the  speci- 
men gets  registered  as  twist,  which  is  in- 
accurate. There  are  irregularities  in  Prof. 


Thurston’s  diagrams  which  look  like  irregu- 
larities of  record. 

Professor  Ewing’s  Apparatus. 

Amongst  the  earliest  attempts  to  take  auto- 
graphic diagrams,  I should  mention  those  of 
Professor  Ewing.  While  Professor  of  Engineer- 
ing in  Japan,  Professor  Ewing  made  some 
experiments,  in  1880  on  the  tension  of  wires. 
The  wire  suspended  in  a strong  frame  carried 
a tank  capable  of  holding  100  kilos,  of  water. 
By  running  water  into  the  tank  the  stress  on 
the  wire  could  be  increased,  and  by  running  it 
out  the  stress  could  be  diminished.  The  load 
was  proportional  to  the  height  of  the  water  in 
the  tank,  the  weight  of  the  tank  being  inde- 
pendently balanced.  A float  in  the  tank  drew 
a sheet  of  paper  transversely  to  the  wire 


Fig.  4. 

GUN  METAL. 

FT.LBS.  (THURSTON.) 


distances  proportional  to  the  load,  and  a 
pencil  attached  to  the  wire  moved  distances 
proportional  to  the  elongation.  With  this  com- 
paratively rude  and  small  apparatus  Professor 
Ewing  obtained  some  very  interesting  dia- 
grams. 

With  annealed  iron  wire,  and  with  a regular 
admission  of  water,  that  is  a constant  rate  of 
increase  of  load,  the  diagram  was  of  a form 
showing  a well  marked  elastic  line,  followed 
by  a curve  becoming  nearly  horizontal.  This 
corresponds  to  a partially  plastic  stage. 

Now,  suppose  that  while  drawing  this  line 
the  flow  into  the  tank  was  stopped,  and  the  load 
left  on  the  bar  for  forty-five  hours,  and  then 
again  the  load  regularly  increased.  A very 
singular  kink  is  produced  in  the  curve.  While 
the  load  remains  steady,  the  elongation  slowly 
increases,  and  the  pencil  draws  a horizontal 
line.  But  during  the  time  the  load  is  steady 


the  bar  gains  rigidity,  so  that  for  a more  or 
less  considerable  increase  of  load  very  little 
further  elongation  occurs,  and  the  pencil  then 
draws  a nearly  vertical  line,  strictly,  an  elastic 
line.  At  some  increase  of  load,  the  new  elastic 
limit  is  passed,  and  the  line  again  tends  to 
become  horizontal,  showing  a rapid  increase  of 
elongation. 

Professor  Ewing  next  tried  the  effect  of  re- 
moving and  replacing  the  load  (Fig.  5).  As 
the  load  is  removed  the  pencil  draws  a straight 
nearly  vertical  line,  showing  that  nearly  all  the 
elongation  is  permanent.  On  replacing  the 
load  the  pencil  retraverses  this  line,  as  might 
be  expected.  But  what  is  very  singular  is 
that  this  straight  elastic  line  now  extends  not 
only  above  the  old  elastic  limit,  not  only  up  to 
the  previous  load,  but  to  a point  higher  than 
either  of  these.  I am  inclined  to  attribute 
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this  rise  of  the  elastic  limit  above  the  greatest 
previous  stress  to  vibrations  during  the  un- 
loading and  reloading.  But  it  is  certainly  a 
curious  phenomenon. 

Fig.  5. 


The  Polmever  Autographic  Apparatus. 

In  1882,  I saw  at  Dortmund  a 50-ton  testing 
machine,  designed  by  Professor  Polmeyer, 
expressly  for  autographic  testing.  It  is  a 
pendulum  machine  with  a very  long  pendulum, 
having  a ton  weight  at  the  end.  As  one  end 
of  the  specimen  is  pulled  by  an  hydraulic 
press,  the  other  pulls  on  the  pendulum,  and 
the  stress  is  related  to  the  angular  rise  of  the 
pendulum.  It  is  easy  to  see  that  a paper  con- 
nected by  one  wire  to  the  pendulum,  and  a 


pencil  connected  by  another  wire  to  the  speci- 
men, can  be  so  arranged  as  to  draw  a true 
autographic  diagram. 

Fairbank’s  Autographic  Apparatus. 

In  Mr.  Abbott’s  little  treatise  on  testing 
machines  there  is  described  in  considerable 
detail  a large  testing  machine,  constructed  by 
Messrs.  Fairbanks,  in  America,  with  an 
autographic  apparatus  attached.  The  machine 
is  a lOO-ton  machine,  and  adapted  for  tension, 
compression,  bending,  and  other  tests.  It  is 


Fig.  6. 


duced  it  is  weighed  by  the  steel-yard  connected 
with  the  platform. 

Now  to  effect  the  adjustment  of  counterpoise 
on  the  steel-yard  to  the  stress  on  the  specimen, 
a very  ingenous  electrical  arrangement  is  used 
As  the  steel-yard  rises  or  falls  against  its  stops 
it  completes  an  electric  circuit,  which  starts 
an  electro-magnetic  engine,  which  moves  the 
poise.  Thus,  if  the  lever  rises,  showing  that 
the  stress  exceeds  the  load  applied  by  the 
steel-yard,  the  electro-magnetic  engine  moves 
outwards  the  counterpoise  till,  balance  being 
restored,  the  circuit  is  broken.  Geared  to  the 
arrangements  for  moving  the  counterpoise  is  a 
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-drum  or  cylinder  on  which  the  record  is  made, 
and  the  rotation  of  this  drum  is  therefore 
exactly  proportional  to  the  movement  of  the 
counterpoise  on  the  steel-yard.  Consequently, 
a pencil  held  fixed  over  the  drum  would  trace 
•a  line  the  length  of  which  is  proportional  to  the 
load  on  the  specimen. 

The  pencil,  however,  has  a second  motion 
parallel  to  the  axis  of  the  cylinder,  derived  from 
a thin  flexible  steel  tape  attached  to  two  clips 
on  the  specimen.  This  is  led  off  over  pullies, 
so  as  to  pull  the  pencil  exactly  along  the 
cylinder.  The  defect  of  the  arrangement  is 
that  the  elongation  is  not  magnified,  and  the 
tape  is  so  long  that  it  is  hardly  possible  it  can 
give  the  pencil  a quite  true  movement  free  from 
any  error  due  to  slack  in  the  tape.  It  is  stated, 
however,  that  the  error  does  not  exceed  r^th 
inch. 

Mr.  Wicksteed’s  Autographic  Appa- 
ratus. 

Mr.  Wicksteed’s  apparatus  (Fig.  7.*)  differs 
from  any  other  autographic  apparatus  in  this, 
that  it  is  absolutely  independent  of  the  lever  and 
poise  weight.  Mr.  Wicksteed  gets  the  motion 
of  the  pencil  proportional  to  the  load,  precisely 
as  in  the  ordinary  steam-engine  indicator. 
One  end  of  the  specimen  is  held  by  the  ram  of 
the  hydraulic  press,  F,  which  is  used  to  take  up 
the  elongation  of  the  specimen,  and  keep  the 
lever  floating.  Apart  from  friction,  the  pres- 
sure in  the  ram  cylinder  is  proportional  to  the 
load  on  the  specimen.  A pipe  from  the 
hydraulic  press  is  led  to  a cylinder  with  a 
piston  about  i inch  area,  controlled  by  a 
somewhat  powerful  spring,  15  inches  long 
when  unloaded,  and  5 inches  long  when  loaded 
with  22  cwt.,  the  full  load  which  comes  on  the 
small  piston,  with  50  tons  on  the  specimen. 
As  the  load  on  the  specimen  increases,  the 
spring  is  compressed,  and  moves  horizontally 
a distance  proportional  to  the  load.  Simul- 
taneously with  this,  a wire  virtually  attached 
to  one  clip  on  the  specimen,  S,  and  passing  over 
a pulley  on  another  eight  or  ten  inches  distant, 
pulls  round  the  indicator  barrel  a distance  pro- 
portional to  the  extension.  Hence  the  pencil 
traces  on  the  paper  a stress  and  strain  diagram. 

Now,  there  is  no  doubt  a considerable  prac- 
tical convenience  in  taking  the  load  record 
from  the  hydraulic  press,  for  it  is  then  quite 
independent  of  the  manipulation  of  the  lever. 
Whatever  stress  is  put  on  the  specimen  is 
shown  in  some  way  on  the  diagram.  But  a 

* This  figure  has  been  kindly  lent  by  the  Editor  of 
E ugi  neerinij. 


very  obvious  objection  to  the  method  is  that 
the  pressure  in  the  hydraulic  cylinder  is  not, 
in  fact,  at  all  exactly  equal  to  the  load  on  the 
specimen.  Putting  aside  other  forces,  the 
pressure  in  the  hydraulic  press  consists  of 
these  parts  : — 

Tension  of  specimen. 

Unbalanced  part  of  counterweight. 

Friction  of  cup  leather. 

Friction  of  guides  of  shackles. 

Inertia  of  the  mass  of  parts  consisting  of 
shackles,  counterweight,  ram,  and  adjusting 
screws,  if  there  is  any  change  of  speed  of  ram. 

The  most  important  of  these  are  the  frictional 
resistances  to  the  movement  of  the  ram,  and 
especially  the  cup  leather  friction.  Mr.  Wick- 
steed states  that  this  friction  does  not  exceed 
16  per  cent,  of  the  whole  load  on  the  ram,  and 
that  so  long  as  the  ram  is  kept  moving,  it  is 
proportional  to  the  load  on  the  specimen. 
Hence,  if  the  diagram  be  marked  at  two 
points,  say  at  one  ton  and  with  the  maximum 
load,  the  lever  being  then  floating,  the  scale 
of  the  diagram  can  be  determined. 

I am  bound  to  admit  that  I thought  origin- 
ally that  the  want  of  proportionality  of  the 
friction  to  the  load  would  prove  a greater 
obstacle  to  getting  accurate  diagrams  than  it 
has  actually  proved.  Mr.  Wicksteed  has 
shown  that  he  can  take  diagrams  in  which  the 
scale  of  loads  is,  for  all  practical  purposes, 
exact.  By  some  adjustments  of  the  counter 
weight  of  the  ram  and  of  the  initial  tension, 
the  scale  of  equal  parts  is  exact  from  one  ton 
up  to  the  breaking  weight.  But  I think  it  is  a 
difficulty  with  this  apparatus  that  these  adjust- 
ments are  necessary,  and  I have  still  some 
doubt  whether  greater  wear  in  one  part  of  the 
ram,  or  deposit  on  the  ram  from  the  water, 
may  not  destroy  that  accuracy  in  a sensible 
degree  in  course  of  time.  At  any  rate,  Mr. 
Wicksteed  would  admit  that  the  diagram 
would  not  remain  accurate  unless  the  main 
ram  were  kept  moving  in  one  direction. 

Mr.  Wicksteed  takes  diagrams  sometimes 
in  this  way.  He  runs  the  jockey  weight  out 
to  the  end  of  the  lever  so  that  it  never  floats 
during  the  test.  He  then  pumps  water  into 
the  ram  cylinder  till  the  specimens  breaks. 
He  thinks  that  as  the  ram  is  continually 
moving  forward,  the  friction  of  the  ram  is  as 
constant  as  possible,  and  so  produces  no 
irregularities  in  the  scale  of  the  diagram. 
Further,  as  the  movement  of  the  ram  is  at 
uniform  speed,  no  effects  of  inertia  can  be 
produced.  To  a great  extent,  no  doubt  this  is 
so.  But  it  is  to  be  noted  that  the  mass 
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attached  to  the  ram  is  very  considerable — two 
tons  or  more.  Then  the  whole  system  of  water 
column,  press  cylinder,  links,  and  so  on,  is 
elastic.  So  that  if  sudden  changes  occur,  as 
I think  they  do  occur,  in  the  resistance  of  the 
specimen,  these  may  set  up  oscillations  of  the 
elastic  system  between  the  specimen  and  the 
recording  pencil.  I have  seen  no  autographic 
apparatus  yet  in  which  the  effect  of  inertia 
appeared  to  me  to  be  quite  eliminated. 

I now  come  to  speak  of  two  arrangements 
which  Mr.  Wicksteed  has  introduced,  without 
which  I do  not  think  his  apparatus  would  have 
proved  successful.  The  friction  of  the  small 
indicator  piston  is  really  much  more  serious 
than  that  of  the  main  ram.  For,  if  it  is  a much 
smaller  force,  it  also  must  be  overcome  by 
pressure  on  a much  smaller  area,  and  hence 
it  would  produce  a greater  effect  on  the  motion 
of  the  pencil  than  the  friction  of  the  main  ram. 
More  than  this,  the  indicator  piston  is  not 
always  moving  in  one  direction ; so  that  the 
friction  would  sometimes  increase,  sometimes 
decrease,  the  height  of  the  diagram.  To  get 
fid  of  the  friction  of  the  indicator  piston  as 
much  as  possible,  Mr.  Wicksteed  keeps  it  in 
continuous  rotation,  and  that  the  friction  is 
not  at  all  inconsiderable  may  be  judged  from 
this,  that  he  estimates  that  it  takes  one  horse- 
power to  keep  this  little  piston  revolving.  It 
is  well  known  that  the  coefficient  of  friction  at 
a tolerably  high  speed  is  very  small,  and  it  is 
to  this  diminution  of  the  coefficient  of  friction, 
and  to  the  condition  of  vibration  in  which  the 
piston  is  kept,  that  I attribute  the  very  great 
sensitiveness  of  the  pencil  to  the  changes  of 
pressure  in  the  main  cylinder. 

The  next  ingenious  arrangement  is  this, 
Mr.  Wicksteed’ s machine  being  somewhat 
large,  and  it  being  necessary  to  take  a belt  to 
it,  it  is  convenient  to  place  it  some  distance 
from  the  specimen.  Then  the  wire  which  gives 
the  motion  to  the  barrel  proportional  to  the 
extension  would  be  liable  to  give  false  motion, 
partly  on  account  of  slack  in  the  wire,  partly 
because  of  movement  of  the  specimen  relatively 
to  the  fixed  autographic  machine.  By  leading 
the  wire  over  two  radius  bars,  G,  a perfectly 
exact  motion  of  the  indicator  barrel  is  obtained. 

The  greatest  objection  to  Mr.  Wicksteed’s 
plan  of  taking  the  load  indication  from  the 
hydraulic  cylinder  is  that  it  necessarily  leads 
to  making  the  autographic  apparatus  large, 
heavy,  and  expensive.  Merely  to  draw  a 
pencil  line  two  or  three  inches  long,  Mr. 
Wicksteed  has  an  apparatus  which  weighs 
nearly  a ton.  It  will  be  seen  presently  that 


much  simpler  apparatus  can  be  used,  if  we 
adopt  another  principle. 

Professor  Kennedy’s  Machine. 

Prof.  Kennedy  has  constructed  a machine 
on  a quite  different  and  extremely  interesting 
principle.  In  some  forms  of  testing  machine 
it  is  difficult  to  get  a motion  from  the 
weights  which  load  the  lever.  It  is  easy  in 
machines  in  which  a single  jockey  weight 
moves  along  the  lever  or  steel  yard,  but  diffi- 
cult if  part  of  the  load  is  due  to  weights  hung 
at  the  end  of  the  lever.  Besides  this,  if  the  in- 
dication of  the  stress  is  taken  either  from  the 
lever  or  the  hydraulic  press,  some  effects  of 
inertia  of  these  heavy  parts  affect  the  diagram, 
if  the  resistance  of  the  specimen  changes  at 
all  suddenly. 

Now  a straight  well-turned  bar  which  has 
been  subjected  to  a load  is  a very  perfectly 
elastic  spring.  Its  elongations  are  practically 
exactly  proportional  to  any  less  load.  Hence, 
Professor  Kennedy  has  thought  of  taking  the 
elongations  of  such  a prepared  bar  to  give  the 
motion  to  the  pencil  which  is  proportional  to 
the  load.  The  test  bar  and  the  master  bar  are 
connected  and  placed  in  the  testing  machine 
so  that  they  are  both  subjected  to  the  same 
stress.  Near  them  is  placed  a smoked  glass 
plate,  which  has  a horizontal  motion  pro- 
portional to  the  elongation  of  the  test  bar. 
Simultaneously,  a point  moves  on  the  glass 
plate  in  an  arc  of  a circle,  its  motion  being 
proportional  to  the  elongation  of  the  master 
bar,  and,  therefore,  to  the  stress  in  the  test  bar. 


Fig.  8. 


The  elongations  of  the  master  bar,  being  all 
within  the  elastic  limit,  are  extremely  small. 
They  must  be  greatly  magnified  by  mechanical 
means  to  give  adequate  motion  to  the  tracing 
point.  Professor  Kennedy,  I believe,  magni- 
fies the  extensions  of  the  master  bar  about  200 
times,  and  those  of  the  test  bar  about  twice, 
getting  a diagram,  roughly  speaking,  about 
three  inches  square  for  ordinary  test  bars. 

The  mode  of  getting  the  magnification  of 
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the  elongation  of  the  master  bar  is  perfect  in 
principle.  Without  explaining  exactly  Prof. 
Kennedy's  arrangement,  the  method  can  be 
explained  very  simply  by  the  rough  diagram 
Fig.  8.  Suppose  a small  roller,  having  its 
centre  fixed  relatively  to  one  point  on  the 
bar,  is  turned  by  frictional  contact  with  a 
finger  fixed  relatively  to  another  point  of  the 
bar  ten  or  twelve  inches  distant.  The  circum- 


Fig.  9. 
IRON  BAR 

(KENNEDY) 


ference  of  the  roller  will  turn  through  a dis- 
tance equal  to  the  elongation  of  the  ten  or 
twelve  inches  of  the  master  bar.  Now  if  the 
rDller  is  small,  and  carries  a long  light  radius 
bar,  at  the  end  of  which  the  tracing  point  is 
fixed,  the  elongation  will  be  magnified  without 
any  lost  time. 

It  is  a small  but  not  serious  objection  that 
the  load  ordinates  are  circular  instead  of 
straight  in  Professor  Kennedy’s  diagram.  The 
great  merit  of  the  machine  is  the  very  perfect 
registration  of  the  stress  free  from  errors  due 
to  any  action  of  the  machine.  It  is  rather  a 
delicate  instrument  for  scientific  research  than 
an  instrument  for  daily  use,  and  if  Professor 
Kennedy  gets  rid  of  difficulties  in  one  direc- 
tion, the  larger  mechanical  magnification  he 
is  obliged  to  adopt  introduces  difficulties  of 
another  kind. 

The  Author’s  Apparatus. 

In  1882,  when  selecting  a testing  machine 
f for  Cooper’ s-hill  College,  the  author  perceived 


that  Mr.  Wicksteed’s  type  of  testing  machine 
lent  itself  very  conveniently  to  the  application 
of  autographic  apparatus,  and  of  autographic 
apparatus  of  a simple  kind,  which  would  not 
interfere  with  any  of  the  ordinary  operations 
of  testing.  One  apparatus  on  a rather  large 
scale  was  constructed,  and  afterwards  a more 
compact  one,  which  is  on  the  table.  The  chief 
merit  of  the  apparatus  is  its  extreme  simplicity, 
but  at  the  same  time  it  is  quite  accurate  in 
principle,  and  gives  as  perfect  a record  as  is 
possible  in  a small  diagram  three  or  four 
inches  square. 

In  the  Wicksteed  type  of  testing  machine 
the  stress  is  weighed  by  a steelyard,  on  which 
there  is  a travelling  jockey  weight  weighing 
one  ton.  This  is  driven  by  a large  screw, 
consequently  the  rotations  of  the  screw  are 
exactly  proportional  to  the  movement  of  the 
weight,  and  to  the  stress  on  the  specimen. 
It  is  from  this  screw  that  a vertical  paper 
cylinder  is  driven.  A small  catgut  belt  drives 
a worm,  acting  on  a worm  wheel  of  200  teeth 
on  the  paper  cylinder.  As  the  resistance  of 
the  paper  cylinder  is  very  small,  the  motion 
given  by  the  belt  is  quite  accurate,  and  it  has 
this  convenience,  that  by  means  of  a stepped 
pulley  several  scales  are  available  for  the 
diagram.  Necessarily,  the  specimens  vary  in 
size  and  strength,  and  it  is  extremely  con- 
venient to  enlarge  the  load  scale  of  the 
diagram  for  small  specimens,  and  diminish  it 
for  large  ones.  The  pencil  slides  on  guides 
parallel  to  the  axis  of  the  paper,  and  it  is 
connected  to  the  specimen  by  a very  fine  wire^, 
kept  strained  by  a counter  weight.  The  wire 
is  so  fine  that  a counter  weight  of  two  or  three 
ounces  is  quite  sufficient  to  keep  the  wire  taut, 
and  overcome  the  friction  of  the  slides. 

On  the  specimen  are  two  clips,  the  con- 
struction of  which  is  so  arranged  that  they 
are  perfectly  rigid  in  position  on  the  bar,  and 
which  define  exactly  the  length  in  which  the 
elongation  is  taken,  and  do  not  become  slack 
as  the  bar  contracts.  It  is  extremely  con- 
venient to  magnify,  more  or  less,  the  elonga 
tion,  so  as  to  get  a larger  diagram.  The 
author  has  tried  several  plans.  That  most 
generally  convenient  is  very  simple.  The  thin 
wire  is  attached  to  the  top  clip,  taken  over  a 
pulley  on  the  bottom  clip,  again  over  a pulley 
on  the  top  clip,  and  then  horizontally  to  the 
guide  pulley  on  the  autographic  apparatus.  In 
this  way  the  extension  is  exactly  doubled. 

At  first  it  was  feared  that  movements  of  the 
specimen  would  affect  the  record  of  extension, 
and  the  author  adopted  a plan  of  taking  tw 
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wires  from  the  specimen,  one  neutralising  any 
error  in  the  motion  of  the  other.  He  has  since 
found  that,  by  properly  placing  the  apparatus, 
and  leading  off  the  wire  from  the  specimen 
parallel  to  the  knife-edge  of  the  testing 
machine,  no  measurable  error  is  introduced 
due  to  motions  of  the  specimen. 

Parallel  to  the  knife-edge  the  specimen  has 
no  motion.  It  has  a small  vertical  motion, 
due  to  variation  of  position  of  lever,  slipping 
in  clips,  &c.  But  the  greatest  possible  motion 
-of  this  kind  would  not  introduce  an  error  in 
the  diagram  of  i-iooth  inch. 

Electric  Semi-Automatic  Autographic 
Apparatus. 

All  the  ordinary  forms  of  autographic  appa- 
Tatus  fail  to  register  in  any  useful  way  the 
•small  strains  which  occur  within  the  elastic 
limit.  The  strains  are,  it  is  true,  indicated  on 
the  diagram,  but  on  a scale  too  small  to  be 
measured  accurately  enough  for  practical  pur- 
poses. It  would  at  first  seem  easy  to  overcome 
this  difficulty  by  mechanical  magnification  of 
the  extensions.  I have  tried  a lever  arrange- 
ment increasing  the  extensions  five  times,  but 
a much  greater  magnification  than  this  is 
required  for  the  strains  within  the  elastic  limit, 
and  with  increase  of  magnification  the  diffi- 
culty and  the  liability  to  error  rapidly  in- 
crease. Hence  I have  been  driven  to  adopt  a 
totally  different  method,  which  may  in  some 
cases  be  useful  in  facilitating  the  registration 
of  the  small  strains.  A large  paper  cylinder 
is  connected  with  the  jockey  weight,  so  as  to 
turn  accurately  a circumferential  distance  pro- 
portional to  the  load  on  the  specimen.  A 
pencil  moves  along  a slide  parallel  to  the  axis. 
To  give  motion  to  the  pencil  there  is  an 
electro  magnet  and  ratchet-wheel,  so  arranged 
that,  on  sending  a current,  the  pencil  moves 
one  step  along  the  slide. 

If  now  a scratch  on  the  test  bar  is  observed 
■through  a micrometer,  the  moment  when  each 
extension  of  i-iooo  inch,  or,  if  necessary,  of 
I -10000  inch,  can  be  observed — if,  then,  from 
•each  such  extension  a current  is  sent  by  the 
observer,  the  pencil  will  mark  a step  on  the 
paper  cylinder.  For  the  paper  cylinder  is 
turning  proportionately  to  the  increase  of 
stress.  Hence  we  get  on  the  paper  cylinder 
a stepped  figure,  the  angles  of  which  are 
points  on  the  stress  and  strain  curve.  The 
use  of  such  an  arrangement  is  that  a series  of 
readings  are  taken  and  registered  rapidly, 
without  needing  to  stop  and  read  the  load,  and 
write  down  the  results. 


I have  now  only  to  point  out  some  of  the 
peculiarities  of  diagrams  which  have  been 
taken.  A cast-iron  bar  gives  a smooth  curve, 
nearly  straight  for  some  distance  from  the 
origin,  but  curving  gradually  away,  the  bar 
breaking  before  any  considerable  plasticity  is 
developed.  It  is  the  type  of  a brittle  material. 
Brass  also  gives  a curve,  but  much  flatter  than 
that  of  cast-iron  in  the  later  part.  With  brass, 
the  general  contraction  of  the  bar  is  prolonged 
up  to  fracture,  and  there  is  often  no  marked 
local  contraction.  Wrought-iron,  an  almost 


Fig.  10. 
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straight  line  up  to  the  elastic  limit ; then  the 
line  curves  slightly,  and  at  a point  a little 
beyond  the  elastic  limit  there  is  often  a more 
or  less  well  marked  breaking  down  point ; 
that  is,  the  material  yields  plastically  without 
increase  of  stress.  Then  the  curve  follows  a 
law  somewhat  similar  to  that  of  India-rubber, 
the  extensions  being  very  large  and  mostly 
permanent.  Finally  the  load  has  to  be 
reduced  as  the  rate  of  local  contraction  be- 
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comes  more  rapid  than  the  increase  of 
cohesion. 

Steel  gives  a curve  similar  to  that  of  wrought 
iron.  When  the  steel  is  hard  there  is  no 
marked  breaking  down  point.  With  soft  steel 
the  breaking  down  point  is  generally  extremely 
well  marked,  the  elongation  during  a very 
small  increase  of  load  being  sometimes  200 
times  the  whole  extension. 


Fig.  II. 


LOWMOOR  IRON  PLATES 


Fig.  10  shows  an  attempt  made  to  ex- 
plain the  breaking  down  point.  Through  Mr. 
Halpin’s  kindness  I obtained  some  pieces  from 
the  ends  of  rails  rolled  150  feet  long.  My 
idea  was  that  the  end  last  passing  through 
the  rolls  must  be  colder,  and  therefore 
would  give  a different  breaking  point  from 
the  other  end.  The  steel  is  so  hard,  how- 


ever, that  the  breaking  down  point  is  not 
well  marked ; but  the  diagram  shows  that 
the  two  ends  of  the  rail  are  different  in 
quality. 

Fig.  II  shows  the  curves  for  pieces  of 
Lowmoor  iron,  strained  in  the  direction  of 
rolling,  and  across  it.  The  difference  of 
character  of  the  bars  is  distinctly  indicated. 

Fig.  12  shows  the  effect  of  pauses  during 
the  imperfectly  plastic  stage  of  the  exten- 
sion. The  bar  pulls  out  during  the  three 
minute  pause,  and  the  part  of  the  curve  next 
following  is  almost  vertical. 


Fig.  12. 
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DISCUSSION. 

Professor  Hearson  said  he  had  listened  with 
much  pleasure  to  the  complete  account  of  the 
testing  of  materials,  and  of  the  autographic  re- 
cord of  stress  and  strain,  and  could  not  but  con- 
gratulate those  who  were  new  to  the  subject  on 
having  had  the  subject  so  thoroughly  explained. 
Having  charge  of  the  testing  machine  at  Cooper’s- 
hill,  he  had  endeavoured  to  get  autographic  re 
cords  from  it  in  the  following  manner.  In  the 
instruments  described,  the  elongation  had  been 
magnified  but  little,  if  at  all,  and  the  record 
was  very  incomplete,  and  of  little  value  until  the 
metal  became  approximately  in  the  plastic  condition; 
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but  it  was  in  the  early  part  of  the  extension,  while 
the  material  was  more  or  less  completely  elastic,  that 
it  was  behaving  as  it  was  intended  to  behave  in 
actual  use,  and  it  was  its  behaviour  then  of  which 
complete  knowledge  was  most  desirable.  He  thought 
therefore,  that  the  extensions  ought  to  be  magnified 
many  times  in  that  part  of  the  experiment ; but  if 
that  were  done,  and  the  same  thing  were  continued 
when  the  material  was  drawing  out,  in  the  plastic 
condition  it  would  require  a veiy  elongated  diagram. 
It  therefore  occurred  to  him  that  the  magnification 
might  be  effected  many  times  up  to  a certain  point, 
and  then  the  scale  might  be  changed,  and  the  record 
completed  with  but  little  magnification,  or  none  at 
all.  For  that  purpose  he  had  devised  an  instrument 
of  which  he  drew  a rough  sketch  on  the  board. 
There  was  a lever  resting  on  a knife-edge  affixed  to 
the  top  clip,  and  a similar  knife-edge  was  affixed  to 
the  bottom  clip,  and  on  this  rested  one  member  of  a 
compound  lever,  connected  with  the  top  lever,  and 
s©  arrange  1 that  by  altering  a thumb-screw  it  would 
multiply  three,  five,  or  fifteen  times.  In  a similar 
way,  by  an  arrangement  of  pulley  blocks  and 
cord,  the  instrument  could  be  adapted  to  register 
the  operation  of  a weight  of  100  tons,  or  of  2 or 
3 tons.  As  Professor  Unwin  had  said,  it  was 
the  behaviour  up  to  the  elastic  limit  which  was 
of  importance  in  actual  practice,  and  he  had  re- 
ferred to  the  case  of  a bridge  sinking  20  ft.,  if 
that  limit  were  exceeded ; but  he  would  remark  that 
if  there  were  such  an  elongation  it  would  take  place 
in  some  local  bar  which  would  relieve  itself  of  the 
excessive  stress  to  which  it  was  exposed,  and  throw 
it  on  to  the  other  bars  of  the  bridge,  and  only 
after  a repetition  of  such  a strain  on  the  whole  of 
the  bars  successively  would  there  be  a sinking 
and  deformation  of  the  centre  of  the  bridge.  In 
actual  machinery  such  a case  seldom  occurred,  and 
remembering  that  a bar  only  lengthened  a small 
amount,  which  would  hardly  be  observable  unless 
there  were  such  a multiplication  as  he  had  mentioned, 
it  occurred  to  him  that  where  a bar  broke  that  must 
have  happened.  Now  if  the  load  were  relieved, 
and  then  it  were  repeated,  the  material  would  be 
more  or  less  completely  elastic  up  to  the  point  which 
was  before  sufficient  to  break  it  down.  If,  after 
many  applications  of  the  load,  there  were  no  perma- 
nent increase  of  length,  then  the  bar  would  stand 
the  repetition  of  that  strain  indefinitely^,  and  it 
was  that  capability  of  taking  an  infinite  number  of 
excessive  stresses  which  was  the  really  valuable 
quality  of  the  bar;  and  it  was  as  to  this  quality 
that  information  was  required ; with  a view  to 
know  whether,  when  the  elastic  limit  was  passed 
and  the  strain  relieved,  there  was  an  increase  of 
permanent  set.  If  the  apparatus  were  so 
designed  that  it  magnified  those  elongations 
which  were  within  the  elastic  limit  so  much  that 
one  could  be  certain  there  was  no  further  increase, 
it  would  give  valuable  information  about  the 
material. 


Mr.  W.  WoRLY  Beaumont  said  Professor 
Hearson  would  like  to  get  a record  of  what  to  3k 
place  in  a piece  of  iron  subject  to  a great  num- 
ber of  repetitions  of  stress,  A number  of  experi- 
ments had  been  made  by  Mr.  Baker,  the  engineer 
of  the  Forth  Bridge,  the  result  of  which  was  that 
he  had  come  to  the  conclusion  that  a piece  of 
iron,  instead  of  indefinitely  increasing  in  its  elastic 
strength,  decreased  very  rapidly  after  a cei  tai  1 
number  of  those  applications.  When  the  number  of 
applications  was  enormous,  it  would  be  rather  difficult 
to  get  them  recorded  on  a diagram  of  this  kind,  on 
account  of  the  time  it  would  take.  He  noticed  in 
the  diagram  that  the  bar  of  brass  gave  a very  different 
curve  to  that  of  any  other  material ; and  in  an  early  part 
of  the  paper  Professor  Unwin  spoke  of  the  behaviour 
of  iron  and  steel  as  to  local  contraction,  and  a Iso 
as  to  the  particular  curve  obtained  in  testing  mild 
steel.  He  believed  that  drop  was  obtained  with  some 
of  the  soft  irons,  but  not  in  so  pronounced  a degree 
as  was  shown  on  the  mild  steel  diagram.  It  might 
be  worth  the  consideration  of  those  who  were  study- 
ing this  subject,  whether  there  might  not  be  some 
connection  between  the  composition  of  the  materials 
and  their  behaviour  in  this  respect ; for  instance,  brass 
did  not  behave  in  that  way  in  the  slightest  degree, 
while  mild  steel  did  in  an  excessive  degree.  Steel, 
it  would  seem,  had  a local  extension  when  it  began 
to  give  way,  while  brass  showed  this  extension 
throughout  its  whole  length.  An  explanation  had 
been  offered,  assuming  the  material  to  be  composed 
of  bundles  of  fibrous  crystals,  and  that  these  got 
into  a certain  position  after  a certain  stress  was 
brought  to  bear  upon  them,  and  in  which  they  were 
better  able  to  withstand  the  stress  than  before  it  was 
put  on,  and  he  thought  this  was  to  some  extent  sup- 
ported by  the  way  in  which  the  material  behaved  under 
repeated  stresses.  With  regard  to  the  instruments 
which  had  been  described,  he  thought  that  of  Pro- 
fessor Unwin  recommended  itself  by  its  simplicity 
and  directness  of  action.  It  was  an  independent 
apparatus,  with  the  pencil  so  arranged  that  there 
could  be  no  slack  in  the  wire  which  operated  it,  this 
being  always  under  a slight  tension.  Again,  he 
could  very  simply  arrange  it  so  as  to  have  the  vertical 
scale  drawn  on  any  scale  he  chose,  and  it  occurred  to 
him  that  by  altering  the  speed  at  which  the  dium 
revolved  he  might  change  the  form  of  the  curve,  and 
by  giving  an  earlier  movement  to  the  barrel,  he  could 
show  the  peculiarities  in  the  elastic  part  of  the  curve 
which  were  not  visible  in  the  vertical  straight  line. 
If,  for  instance,  it  were  so  arranged  that  the  r.o 
alteration  line,  instead  of  being  vertical,  were  slightly 
at  an  angle,  steps  would  be  observable  which  would 
perhaps  indicate  the  point  Professor  Hearson  men- 
tioned as  to  a permanent  extension  taking  place 
within  the  mean  elastic  limit.  The  instrument  of 
Professor  Kennedy,  as  shown,  seemed  to  be  very 
simple,  but  it  imported  a possible  source  of 
error  by  having  tv70  different  materials  in  series, 
as  Professor  Kennedy  put  it,  and  a connecting 
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medium  between  the  test  piece  and  the  master 
bar.  On  the  whole,  he  thought  Professor  Unwin’s 
apparatus  recommended  itself  by  its  simplicity  in 
preference  to  some  of  the  other  very  costly  ones 
described. 

Mr.  Ashcroft,  being  called  upon,  said  all  he 
could  have  done  would  have  been  to  describe  Pro- 
fessor Kennedy’s  machine,  but  this  had  already 
been  done  in  a way  which  he  could  not  improve 
upon.  He  might  say,  however,  in  answer  to 
the  last  speaker,  that  the  error  he  had  refen ed 
to,  occasioned  by  the  distance  piece  between  the 
two  bars,  was  compensated  for  by  an  arrangement 
of  levers,  not  shown  in  the  diagram,  but  which 
he  should  be  happy  to  point  out  on  the  model  and 
explain. 

The  Chairman  said  he  had  no  special  knowledge 
of  this  subject,  but  one  or  tw’o  points  had  suggested 
themselves  to  him  as  a physicist.  In  the  first  place, 
as  Professor  Hearson  had  pointed  out,  it  was  the 
commencement  of  the  strain  which  it  was  most  im- 
portant to  record.  In  all  cases  of  clutching  and 
clipping  there  must  be  a little  crushing  of  the  object 
before  the  bite  was  perfected,  and,  of  course,  this 
point  required  attention.  He  was  reminded  by  these 
results  of  those  obtained  in  the  Glasgow  University 
laboratory,  as  to  the  tiring  of  wires  which  underwent 
a longitudinal  strain,  and  their  recovery  from  that 
condition,  but  he  did  not  remember  how  far  the 
experiments  on  massive  bars  gave  results  coincident 
with  those  of  thin  wires.  There  was  also  a 
point  of  interest  as  to  the  rate  of  loading ; was 
any  difference  found  in  these  stress  and  strain  dia- 
grams according  to  the  rate  at  which  the  increasing 
load  was  applied.  It  w'ould  probably  be  a function 
of  those  steps  and  recoveries.  Finally,  as  a physicist, 
he  might  say  that  the  method  which  suggested  itself 
to  him  would  be  such  an  arrangement  as  an  optical 
lever  combined  with  reflected  light,  in  order  to  make 
the  very  smallest  elongation  of  the  bars  visible,  and 
perhaps  a permanent  record  might  be  obtained  by  a 
revolving  drum  of  sensitised  paper.  These  were 
crude  notions,  but  some  of  them  might  be  worth 
consideration. 

Professor  U.swix,  in  reply,  said  he  was  very  glad 
that  Professor  Hearson  had  described  his  apparatus, 
because  he  had  not  seen  it,  and  could  not,  therefore, 
give  a very  lengthy  account  of  it.  It  was  obviously 
a very  ingenious  one,  and  he  himself  had  tried  a very 
similar  lever  arrangement,  only  he  did  not  adopt  the 
compound  lever.  No  doubt  there  were  cases  where 
it  would  be  useful,  but  he  did  not  think  it  would  be 
of  much  use  for  the  elongations  within  the  elastic 
limit ; his  \"iew  being  that  not  15,  but  somethiug 
like  150  times  magnification  was  required,  and 
he  did  not  think  by  any  mechanical  lever  arrange- 


ment you  could  get  such  a magnifying  power 
sufficiently  accurate.  That  was  the  reason  why  he 
had  not  even  tried  anything  of  the  kind.  He 
believed  there  was  only  one  action  which  could 
be  adopted,  and  that  was  the  roller  as  used 
by  Professor  Kennedy.  He  would  not  say  much 
in  reply  about  the  bridge  deflection,  but  he  did 
not  mean  to  say  that  the  elastic  limit  was  the 
only  thing  to  pay  attention  to  in  testing  ; he  rather 
wished  to  lay  stress  on  the  fact  that  it  was  one 
point  of  importance.  On  that  point  he  thought 
he  had  some  information  even  later  than  Professor 
Hearson’s.  A good  deal  of  work  had  been  done 
lately  in  Germany  in  putting  together  the  results  of 
Wohler’s  experiments,  which  had  been  going  on  night 
and  day  continuously  for  the  last  nine  or  ten  years, 
bars  being  loaded  and  relieved  once  a second  for 
twenty-four  hours  during  every  day  in  the  week. 
He  believed  they  were  getting  some  light  there 
by  connecting  up  Wohler’s  limits  of  stress 
with  the  primitive  elastic  limit  of  bars.  One 
thing  seemed  to  be  established,  that  if  a bar 
were  equally  stressed  in  both  directions  the  stress 
must  not  exceed  the  primitive  elastic  limit.  He 
owed  Mr.  Ashcroft  an  apology  for  not  mentioning 
his  name  in  connection  with  Professor  Kennedy’s 
machine,  which  he  knew  he  had  taken  large  part  in 
designing,  and  he  was  much  obliged  to  Professor 
Kennedy  for  sending  it.  It  was  not  really 
a complicated  machine,  though  it  looked  so, 
and  was  not  easily  described.  The  Chairman  had 
spoken  of  the  experiments  on  the  fatigue  of 
wires  at  Glasgow,  and  some  extremely  careful  ex- 
periments of  the  same  kind  had  been  made 
by  Bauschinger  with  somewhat  similar  results. 
If  you  strained  a bar  a little  above  the  breaking- 
down  point,  then  took  the  load  off  and  put  it 
on  again  directly,  both  the  breaking-down  point 
and  the  elastic  limit  were  lowered,  but  if  it  was  left 
for  twenty-four  hours,  they  were  raised.  The  rate  of 
loading  affected  the  diagram  in  this  way,  that  if  you 
increased  the  load  very  slowly  the  latter  portion  of 
the  curve  was  slightly  flattened.  The  Chairman  had 
spoken  of  the  optical  lever,  and  he  had  used  it,  and 
so  had  Bauschinger,  when  he  wanted  exceedingly  fine 
observations ; but  he  did  not  see  his  way  to  adapting 
it  to  an  autographic  apparatus.  If  he  could  see  his 
way  to  using  sensitised  paper  in  the  way  suggested  it 
would  be  extremely  convenient,  because  with  an 
optical  lever  you  could  obtain  any  amount  of  magni- 
fication without  error. 

The  Chairman  then  proposed  a vote  of  thanks 
to  Professor  Unwin,  which  was  carried  unanimously, 
and  the  meeting  adjourned. 


Correction. — Page  290,  col.  2,  1.  15,  for 
26,ooo,oco,  read  from  6 to  7 millions. 
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Miscellaneous. 

♦ 

S/Z^  CULTURE  IN  SIAM. 

In  a report  issued  by  the  Foreign-office  on  the 
condition  of  Siam,  it  is  stated  that  the  culture  of 
silk  is  strictly  confined  to  the  numerous  Laos  settle- 
ments throughout  the  country,  and  to  the  Cam- 
bodians in  the  south-eastern  provinces  bordering  on 
Cambodia  ; nowhere  are  any  Siamese  known  to  rear 
the  silkworm.  The  reason  generally  given  is  that 
whilst  the  art  of  silk  culture,  which  is  deemed 
a difficult  one,  has  been  transmitted  to  the  Laos 
through  successive  generations,  the  Siamese  are  in 
complete  ignorance  of  it.  The  great  centres  of  the 
production  of  silk  in  Siam  are  Korat,  130  miles  to 
the  north-east  of  Bangkok ; and  Battambong,  200 
miles  to  the  south-east.  Beautiful  cloths,  sometimes 
of  great  value,  are  woven  in  Chiengmai,  and  a certain 
quantity  of  raw  silk  is  said  to  be  exported  from 
Hluang  Prabang,  on  the  Mekong  river,  to  Chieng- 
tung,  one  of  the  principal  Shan  States.  The  produc- 
tion, however,  is  small  in  comparison  with  that  of 
Cambodia  and  Annam,  and  the  export  is,  conse- 
quently, unimportant,  consisting  entirely  of  so-called 
Korat  silk.  It  is  taken  to  the  latter  place  in  small 
quantities  from  the  neighbouring  Laos  and  Cam- 
bodian provinces,  such  as  Buachum,  Pimai,  Suwana- 
phum,  Sisakat,  Khukan,  Sangkha  and  Surin,  and 
there  sold,  or  more  generally  bartered  for  cotton  and 
other  goods,  to  Chinese  traders,  who  re-sell  it  at 
Bangkok  to  the  exporters.  At  present,  half  the 
number  of  families  in  a village  composed  entirely  of 
Laos  rear  the  silkworm,  but  they  almost  all,  without 
any  exception,  w'eave  their  own  cloths.  The  silk 
culture  is  confined  solely  to  the  wmmen,  who  take 
a share  even  in  the  cultivation  of  the  tree.  A large 
proportion  rear  the  silkworm  only  in  the  w^et 
season,  when  the  plant  is  in  leaf,  and,  therefore, 
obtain  the  seed  from  the  few  who  rear  a small 
quantity  throughout  the  year,  barely  sufficient  to 
keep  up  the  breed,  or  only  a small  quantity  of  leaves 
is  furnished  by  the  plants  during  the  hot  season.  The 
tree  is  called  by  the  Laos,  ton  mon  ; and  the  worm, 
iua  mo7t.  There  are  two  kinds  of  tree,  and  it  appears 
doubtful  whether  they  were  originally  distinct.  The 
large  kind  is  similar  to  the  mulberry  tree,  and  in  its 
full  growth  attains  a height  of  from  twenty  to  thirty 
feet.  This  tree  is  by  no  means  common,  as  it  is 
found  very  difficult  to  rear,  requiring  great  care  when 
young,  though  when  it  has  firmly  taken  root  it 
requires  no  attention,  and  is  said  to  attain  a great 
age.  Like  the  European  tree,  it  has  a small  white 
flower  in  cluster,  but  it  bears  no  fruit.  In  Hluang 
Prabang,  about  four  hundred  and  fifty  miles  to  the 
north,  it  is  said  to  bear  a red  berry,  and  is  probably 
the  same  as  the  European  black  mulberry  tree.  It 
is  reproduced  from  cutting,  and  is  found  to  grow  best 
on  dry  sandy  soil.  The  common  description  of  tree 


is  much  smaller,  and  consists  of  a stem  about  half 
an  inch  in  diameter,  with  small  branches  at  regular 
intervals.  Its  height  is  generally  alout  five  feet,  but 
it  sometimes  reaches  seven  Let.  The  bark  is  similar 
to  that  of  the  large  kind,  and  the  leaf  appears  to 
differ  only  in  size.  It  is  planted  on  dry  ground,  and 
requires  constant  watering  and  some  care  until  it  has 
grown  to  a height  of  one  or  two  feet,  and  is  measured 
once  a year,  in  the  sixth  month  before  it  is  cut.  The 
shape  of  the  leaf  is  cordate  or  deeply  indented.  Its 
size  does  not  exceed  two  or  three  inches  in  the  small 
kind,  while  that  of  the  larger  is  often  more  than 
double.  Both  kinds  bear  leaf  all  the  year  round,  but 
very  little  in  the  hot  season.  It  is  from  the  eighth  to  the 
eleventh  month,  that  is  to  say,  from  June  to  September^ 
that  the  new  trees  bear  a sufficient  quantity  of 
such  tender  leaves  as  are  most  suitable  for  the 
young  w'orms.  The  silkworm  rearing  season  is, 
therefore,  from  the  end  of  June  to  the  end  of 
September,  and  two  broods  are  generally  reared. 
The  eggs  are  hatched  in  the  period  of  ten  days,  the 
worms  are  then  kept  on  the  same  piece  of  cloth  on 
which  the  eggs  have  been  laid  by  the  moth  for  four 
or  five  days,  when  they  are  large  enough  to  be  taken 
off  and  placed  on  a round  flat  tray  of  bamboo  wicker- 
work about  three  feet  in  diameter,  with  a rim  one 
inch  high,  in  which  they  are  kept  until  ready  to  spin 
the  cocoon.  The  wicker-work  is  not  close,  but 
sufficient  space  is  kept  for  the  litter  to  pass  through 
without  the  worm  falling  off,  and  the  basket  is  then 
called  takreng\  this  precaution,  however,  is  often 
neglected,  and  the  ordinary  baskets  used  for  win- 
nowing rice  are  commonly  used.  These  are  called 
kadong  both  by  Siamese  and  Laos,  but  in  the  north 
the  rim  is  generally  higher,  and  they  are  then  called' 
ho.  The  worms  are  not  fed  for  the  first  few  days, 
they  are  then  fed  three  times  a day.  They  cast  off 
the  skin  four  times,  and  the  size  of  the  worm  at  the 
third  casting  of  the  skin  is  about  an  inch,  and  it  is 
then  of  the  ordinary  greenish  tint.  The  worms  that 
are  ripe  are  removed  to  a tray  similar  to  the  one  de- 
scribed above,  but  having  on  its  flat  surface  a number 
of  concentric  circles  of  bamboo  trellis  work  about  an 
inch  and  a-half  high;  there  is  thus  between  the 
circles  a series  of  compartments  one  inch  and  a-half 
broad,  in  which  the  worms  spread  their  web  and 
spin  the  cocoon  in  the  course  of  a day  or  night. 
This  tray,  called  tcho  by  the  Laos,  as  well  as 
the  other  ones  containing  the  Avorms  or  seeds,  are 
all  placed  on  a series  of  frames  called  kheng-j 
made  in  such  manner  as  to  prevent  ants  or  other 
insects  from  molesting  the  worms  or  cocoons.  The 
contrivance  is  very  simple,  and  is  constructed 
as  follows.  A series  of  four  or  five  oblong  frames 
are  formed  by  four  vertical  pieces  of  bamboo,  or 
sometimes  rope,  about  four  feet  long,  Avhich  are  kept 
apart  at  intervals  of  about  ten  inches  by  horizontal 
pieces  tAVO  feet  long  placed  broadwise,  and  rather 
less  than  four  feet  long  placed  lengthAvise.  The 
whole  is  firmly  attached,  and  the  two  vertical  pieces 
on  either  side  arc  tied  together  after  the  topmost 


26.  1886.]  JOURNAL  OF  THE  SOCIETF  OF  ARTS. 


351 


trav,  and  the  rope  is  made  to  pass  through  a cup, 
generally  half  a cocoanut,  filled  with  water.  The 
whole  is  then  suspended  to  a horizontal  pole  which 
hangs  from  the  ceiling  in  the  corner  of  the  common 
sitting-room  or  bedroom.  In  size,  the  Siamese 
cocoons  compare  unfavourably  with  the  European 
kinds,  being  only  about  two-thirds  as  large.  But  in 
the  Northern  Laos  provinces,  where  there  are  two 
rearing  seasons,  one  in  the  late  summer  and  the  other 
in  late  autumn,  the  cocoons  of  the  first  produce  are 
said  to  be  of  a larger  size.  The  following  is  a de- 
scription of  the  spinning  machine  in  vogue  in  Siam. 
It  is  very  simple,  and  consists  of  a thin  piece  of  soft 
wood  about  two  inches  broad,  bent  in  the  shape  of 
a horse  shoe ; about  ten  inches  from  its  extremities  a 
piece  of  wood  of  like  thickness  and  breadth,  and 
having  a small  hole  in  the  middle,  is  fixed  horizontally, 
and  about  six  inches  above  it  is  a small  winder  placed 
horizontally  in  the  same  manner.  The  two  extremities 
of  the  machine  are  fixed  on  two  small  flat  pieces  of 
wood,  having  a groove  on  the  inner  side,  which 
enables  it  to  be  fixed  on  to  the  rim  of  an  earthern  pot. 
It  thus  stands  over  the  mouth  of  the  pot  filled  with 
boiling  water,  in  which  a number  of  cocoons  have 
been  thrown.  The  spinner  sits  before  a small  fire- 
place, on  which  is  placed  the  pot  with  the  spinning- 
machine  fixed  firmly  on  to  it,  and  with  a stick 
having  a small  slit  at  the  top,  shakes  the  cocoons  in 
such  manner  as  to  collect  the  threads  of  about  half 
the  number  in  the  pot.  Having  twisted  them  with 
the  hand  into  a single  thread,  it  is  passed  through 
the  small  hole  and  fastened  loosely  over  the  winder. 
It  is  then  pulled  out  with  the  right  hand,  the  winder 
being  thus  caused  to  revolve,  and  is  gradually  heaped 
up  in  a basket  close  at  hand.  In  the  left  hand  the 
spinner  holds  the  stick  described  above,  with  which 
to  keep  down  the  filament  when  it  becomes  entangled. 
This  machine  is  called  by  the  Laos  7fiak  khuejig  ialok, 
and  its  height  is  generally  about  three  feet.  The 
method  of  reeling  is  as  follows : — The  thread  is 
reeled  on  a winder  twenty  inches  long,  fixed  hori- 
zontally on  a stand,  on  which  the  thread  is  improved 
by  scraping  off  with  a knife  where  it  appears  irregular, 
and  by  removing  any  blemishes.  It  is  then  re  reeled 
on  another  winder  made  of  two  sticks,  fixed  hori- 
zontally on  the  extremities  of  a piece  of  wood  about 
two  feet  high.  This  is  held  in  the  middle  with  the 
left  hand,  and  the  thread  wound  in  zigzag  fashion 
with  the  right  over  the  extremities  of  the  cross  sticks. 
The  skein  thus  takes  the  shape  in  which  it  is  generally 
sold.  Sometimes  this  winder  is  replaced  by  another, 
formed  of  four  cross  pieces  instead  of  two,  the 
extremities  of  which  are  joined  with  string  ; it  is  then 
laid  horizontally  on  a stand,  is  furnished  with  a 
handle,  and  the  thread  is  reeled  over  the  strings. 
This  winder,  called  ra  wing,  is  used  both  by  the 
Laos  and  the  Siamese.  When  it  is  required  to  twist 
a double  thread  or  tram  another  instrument  comes 
into  use.  A narrow  stand,  about  four  feet  long,  con- 
tains at  one  end  a large  wheel  turned  by  a handle ; a 
string  is  passed  over  the  latter  and  round  a piece  of 


iron  a foot  in  length,  projecting  from  the  stand  on 
one  side  and  rounded  at  the  end.  Some  rough  cotton 
is  wound  over  the  middle  part  in  which  the  string 
catches  so  that  in  turning  the  wheel  the  iron  point 
revolves  quickly.  The  two  or  more  threads  are  tied 
together  to  the  extremity  of  the  iron  instrument,  and 
this  in  revolving  twists  them  firmly  together. 


BURMESE  ARMS. 

Long  matchlocks,  with  very  small  stocks,  are  the 
only  Burmese  firearm,  besides  the  short  broad  cannon 
used  in  salutes.  The  former  carry  a long  distance, 
and  are  not  fired  from  the  shoulder,  but  from  the  side 
of  the  head,  nearly  on  a level  with  the  ear.  Attached 
to  the  small  square  embroidered  bag  that  every 
Shan  carries  over  his  shoulder,  is  a small  powder- 
flask  of  the  shape  of  a miniature  horn,  flattened  and 
distended  at  the  point,  which  is  open,  but  has  a flat 
piece  of  horn  which  fits  into  it,  and  is  prolonged 
backwards  across  the  curve  of  the  flask,  to  the  base 
of  which  it  is  firmly  fastened.  Downward  pressure 
on  the  free  portion  over  the  curve  raises  the  lid-like 
anterior  extremity  of  this  primitive  spring,  and  allows 
the  powder  to  run  out  in  driblets.  More  capacious 
powder-flasks  are  made  of  the  horns  of  cattle,  but 
they  are  only  used  on  a long  expedition.  They  are 
suspended  from  a broad  red  belt,  ornamented  with 
lines  and  rosettes  of  cowries,  and  with  tufts  of  red 
hair  round  the  margins.  The  horn  of  the  serrow, 
artificially  sharpened  at  the  point,  is  usually  found 
attached  to  the  shoulder-bag,  and  is  used  as  a borer, 
while  its  base  may  be  bound  w’ith  brass,  and  closed 
with  a lid  as  a lime  or  opium  box. 

A description  of  the  costume  of  the  Shans  gener- 
ally would  be  very  incomplete  were  the  dah  un- 
noticed. This  has  a blade  2\  ft.  to  3 ft.  long, 
gradually  expanding  from  the  hilt  towards  the 
almost  square  point,  which  is  about  2^  in.  broad. 
The  handle  is  of  wood,  bound  with  cord,  and 
ornamented  with  silver  foil,  with  a tuft  of  red  goat’s 
hair  stuck  in  the  hilt.  The  wooden  scabbard 
covers  only  one  side  of  the  blade,  and  a hoop  of 
ratan,  bound  with  red  cloth,  is  attached  to  its  upper 
third,  and  worn  over  the  right  shoulder. 

The  Kakhyens  have  a very  ingenious  way  of 
striking  fire  by  the  sudden  and  forcible  descent  of  a 
piston  in  a closed  cylinder.  There  is  a small  cup- 
shaped cavity  at  the  end  of  the  piston-rod  into  which 
tinder  is  inserted.  The  piston  is  then  introduced 
into  the  cylinder,  which  it  tightly  fits,  and  by  a blow 
is  made  to  descend  with  great  rapidity  and  force, 
and  is  as  rapidly  withdrawn,  when  the  little  pellet  of 
tinder  is  found  to  have  become  ignited  : a beautiful 
but  simple  experiment,  illustrating  the  evolution  of  a 
very  large  amount  of  heat  by  the  sudden  compression 
of  the  air  in  the  piston.  These  instniments  are  not 
more  than  four  inches  long,  and  are  in  general  use. 
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RAILWAYS  OF  EUROPE. 

According  to  a statement  in  a recent  Revue 
Generate  des  Chemins  de  Fer^  the  length  of  railways 
open  for  traffic  in  Europe,  on  December  31st,  1884, 
as  compared  with  the  mileage  open  at  the  same  date 
in  1883,  Germany  heads  the  list  with  36,737  kilos, 
of  railway,  as  against  35,908  kilos,  in  December, 
1883;  increase  during  the  year,  829  kilos.,  or  2*31 
percent.  Next  follows  France  with  31,216  kilos., 
against  29,714  kilos.  ; increase  1,502  kilos.,  or  5-05 
percent.  Great  Britain  and  Ireland,  30,514  kilos., 
against  30,179  kilos.;  increase,  I'li  per  cent- 
Russia  and  Finland,  25,391  kilos.,  against  24,888 
kilos.  ; increase  503  kilos.,  or  2-02  per  cent.  Austria 
22,016  kilos.,  against  20  857  kilos.;  increase  1,249 
kilos.,  or  5-99  per  cent.  Italy,  9,925  kilos.,  against 
9,445  kilos.  ; increase  470  kilos.,  or  4*97  per  cent. 
Spain,  8,663  kilos.,  against  8,251  kilos.  ; increase 
412  kilos.,  or  4 99  per  cent.  Sweden  and  Norway, 
8,162  kilos.,  against  7,960  kilos. ; increase  202  kilos, 
or  2 54  per  cent.  Belgium,  4,319  kilos.,  against 
4,273  kilos.;  increase  46  kilos.,  or  i-o8  per  cent. 
Switzerland,  2,761  kilos.,  against  2,750  kilos.;  in- 
crease II  kilos.,  or  0-40  per  cent.  Holland  and 
Luxemburg,  2,654  kilos.,  against  2,521  kilos.  ; in. 
crease  133  kilos.,  or  5*28  per  cent.  Denmark,  1,944 
kilos.,  against  1,813  kilos.  ; increase  131  kilos.,  or 
7*23  per  cent.  Roumania,  1,602  kilos.,  against 
1,520  kilos.  ; increase  82  kilos.,  or  5’39  per  cent. 
Portugal,  1,527  kilos.,  against  1,494  kilos. ; increase 
33  kilos.,  or  2-21  per  cent.  Turkey,  Bulgaria,  and 
Roumelia  do  not  show  an  increase  in  the  mileage  of 
their  railways  during  1884,  which  had  a length  of 
1,394  kilos,  in  December,  1883;  nor  do  the  railways 
of  Servia,  with  244  kilos.  Greece,  on  the  contrary, 
increased  her  railways  from  22  kilos,  in  1883,  to 
175  kilos,  in  1884.  The  total  length  of  European 
railways  on  December  31st,  1884,  was  189,334  kilos., 
compared  with  182,999  kilos,  on  December  31st, 
1883.  The  aggregate  increase  was  6,335  kilos.,  or 
3-46  per  cent. 


Correspondence. 


SOME  POINTS  IN  ELECTRICAL  DISTRI- 
BUTION. 

We  regret  that  we  were  unable  to  attend  the 
meeting  of  the  Society  held  on  the  19th  inst.,  but 
having  seen  the  report  of  Professor  Forbes’  paper 
on  the  above  subject  in  the  last  number  of  the 
Society  of  Arts’  Journal,  we  wish  to  draw  atten- 
tion to  two  statements  made  by  him,  and  which 
we  are  surprised  to  see  were  not  commented 
upon  in  the  discussion  which  followed.  The  ob- 
servations we  wish  to  make  relate  to  that  part  of 


his  paper  touching  on  secondary  generators,  and 
in  which  mention  is  several  times  made  of  the 
Grosvenor  Gallery  installation  erected  under  our 
supervision  for  our  clients.  Sir  Coutts  Lindsay  & Co., 
Limited.  In  speaking  of  parallel  distribution  by 
generators.  Professor  Forbes  seems  to  labour  under 
the  impression  that  the  same  difficulties  are  met  with 
as  is  the  case  in  ordinary  parallel  lighting;  viz.,  the 
fall  of  potential  along  the  line,  varying  in  proportion 
as  the  current  is  increased  or  diminished  by  genera- 
tors being  turned  off  or  on.  This  fall  of  potential 
is  dependent  on  the  ratio  that  the  amount  of  loss  on 
the  line  itself  bears  to  the  maximum  amount  of  work 
that  is  carried  by  the  line.  In  the  case  of  direct 
currents,  this  ratio  may  be  10  to  20  per  cent.,  while 
in  the  case  of  high  tension  currents  it  can  be  reduced 
as  low  as  I to  I -5  per  cent. 

As  the  variations  in  potential  must  be  proportional 
to  the  variations  of  the  amount  of  work  lost  on  the 
line,  in  the  case  of  direct  currents,  where  this  varia- 
tion may  reach  20  per  cent.,  a corresponding /ro  rata 
variation  in  potential  must  be  met  in  the  manner 
mentioned  by  Professor  Forbes ; but  where  this 
variation  is  only  i to  1-5  percent.,  such  precautions 
are  not  required,  as  generators  or  transformers  in 
parallel  are  capable  of  maintaining  practically  the 
same  potential  in  their  secondary  circuits,  no  matter 
where  their  position  may  be,  or  how  the  load  along 
the  line  may  be  varied. 

Again,  speaking  of  generators  in  series,  the  lec- 
turer stated  that  if  “a  double  wire  be  used  to  prevent 
affecting  telephones,  it  is  half  the  weight;”  but  we 
fail  to  understand  how  he  would  propose  to  thus 
obviate  induction  on  telephone  lines,  without  at  the 
same  time  doubling  the  weight  of  the  entire  con- 
ductor. We  notice  he  gave  no  diagram  of  this  pro- 
posed arrangement. 

Another  matter  we  cannot  refrain  from  I'eferring  to 
is  that  of  the  automatic  regulation  of  the  secondary 
current  when  the  generators  are  run  in  series. 

The  modus  operandi  seen  by  Professor  Forbes, 
though  practically  originated  by  us,  did  not  appear 
as  successful  in  our  estimation  as  it  seems  to  have 
done  in  his,  and  for  practical  purposes  has  had  to  be 
abandoned. 

Kenneth  Mackenzie, 
Reginald  Brougham. 

15,  Great  George-street,  S.W. 


COLONIAL  POSSESSIONS. 

Mr.  P.  L.  Simmonds  writes  to  correct  two 
items  in  the  report  of  his  remarks  in  the  discussion 
on  Dr.  Mann's  paper.  Page  290,  col.  i,  line  13,  the 
amount  of  paper  should  be  three-quarters  of  a 
million  instead  of  three  millions.  Line  45,  404,000,000 
tons  should  be  404,000,000  lbs. 


[A  letter  on  Machinery  in  Mines  has  been  received 
from  Mr.  Isaac  Shone.] 
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General  Notes. 

♦ 

Tall  Chimneys. — In  reference  to  the  note  on  the 
Mechemich  chimney  (see  a?ite  p.  175),  Mr.  H.  Stopes 
draws  attention  to  two  specially  tall  chimneys  in 
Glasgow— Townsend’s,  454  feet ; Tennant’s,  235  feet. 

The  Hungarian  Textile  Industry. — The 
Wochenscheft  fur  Spumerei  tind  JVeberei  remarks 
that  the  Hungarian  textile  industry  consists,  as  a 
whole,  of  remains  of  past  activity  and  of  a few  more 
or  less  successful  new  manufactures,  which  have  been 
established  under  the  auspices  of  the  Government. 
The  entire  textile  industry’  employed  in  1880  about 
25,000  workmen  and  15,000  assistants;  of  this 
number  15,000  were  linen  weavers  and  5,000 
assistants. 

Parisian  Manufactures. — The  trade  in  “ Ar- 
ticles de  Paris,”  such  as  artificial  flower  fashions, 
toys,  dolls,  opera  glasses,  brushes,  fans,  See.,  of 
which  four- fifths  were  in  the  hands  of  Parisian 
manufacturers,  has  declined  considerably  during  the 
last  ten  years,  as  may  be  seen  by  the  following 
statistics  of  the  value  of  the  exportation  of  these 
goods : — 

Articles  do  Paris. 


Frs.  Frs. 

1875  168,411,000  ..  42,189,000 

1876  163,720,000  ..  35,804,000 

1877  150,861,000  ..  36,678,000 

1878  149,125,000  ..  30,255,000 

1879  141,879,000  ..  30,113,000 

i?8o 159.092,000  ..  32,436,000 

1881  147,282,000  ..  45,003,000 

1882  102,787,000  ..  38,547,000 

1883  104.529,000  ..  36,208,000 

1884  91,930,000  ..  27,602,000 


A further  falling  off  of  about  two  millions  of  francs 
in  each  category  has  taken  place  during  the  first  ten 
months  of  the  present  year  as  compared  with  the 
corresponding  period  of  last  year. 

Liquid  Fuel  for  Steamships.— The  system  of 
oil-burning  apparatus  recently  described  by  us  as 
having  been  fitted  on  board  the  Himalaya  steamship 
has  been  applied  to  a vessel  recently  launched  by 
Messrs.  Wigham,  Richardson,  and  Co.,  of  New- 
castle-on-Tyne.  The  steamer,  which  is  intended  for 
the  Black  Sea  trade,  and  to  be  permanetly  oil- 
burning, has  her  water-ballast  tanks  divided  up,  and 
made  available  for  the  storage  of  her  fuel.  She  has 
also  other  storage  tanks  built  into  the  ship  on  each 
side  of  the  engine-room,  all  these  being  connected 
by  pipes  to  the  small  feed-tanks  situated  above  the 
boiler.  A large  supply  pipe  connected  through 
valves  to  the  storage  tanks  allows  of  the  vessel  being 
being  filled  up  with  fuel  in  a very  short  space  of 
time.  The  oil-burning  apparatus  has  been  fitted  by 
the  Tarbutt  Liquid  Fuel  Company,  of  75,  Lombard- 


street,  London,  and  is  similar  to  that  adopted  on 
board  the  Himalaya^  which  recently  made  her  suc- 
cessful trial  trip  from  London  to  Granton  and  back 
on  the  new  fuel.  A trial  of  the  apparatus  has  just 
been  satisfactorily  completed  at  Messrs.  Wigham, 
Richardson,  and  Co.’s  works,  which  was  attended  by 
representatives  from  some  of  the  leading  shipbuilding 
and  engineering  works  on  the  Tyne,  who  are  evincing 
great  interest  in  this  most  recent  development  of  the 
liquid  fuel  question.  A number  of  applications  of 
this  system  are  now  being  made  to  marine  and 
stationary  boilers,  stills,  and  plate-heating  furnaces.— 
The  Times. 

MEETIAGS  OF  THE  SOCIETY. 

Ordinary  Meetings. 

Wednesday  evenings,  at  Eight  o’clock  : — 

March  3. — “ Calculating  Machines.”  By  C.  V. 
Boys. 

March  10. — “ The  Experiments  with  Lighthouse 
Illuminants  at  the  South  Foreland.”  By  Price 
Edwards.  Lord  Rayleigh,  Secretary  of  the  Royal 
Society,  will  preside. 

March  17. — “ Domestic  Electric  Lighting.”  By 
W.  H.  Preece,  E.R.S. 

April  14. — “The  Treatment  of  Sewage.”  By 
Dr.  C.  Meymott  Tidy. 


Foreign  and  Colonial  Section. 
Tuesday  evenings,  at  Eight  o’clock  : — 
jNIarch  2. — “ Bechuanaland  and  Austral  Africa.” 
By  John  Mackenzie,  late  Deputy  Commissioner 
for  Bechuanaland.  Sir  Henry  Barkly,  K.C.B., 
G.C.M.G.,  F.R.S.,  will  preside. 

March  23. — “ Canada  and  its  National  Highway. 
By  Alexander  Begg. 

April  13. — 

May  18. — “The  Commerce  and  Industries  of  New 
South  Wales.”  By  Edward  Combes,  C.M.G., 
President  of  the  Board  of  Technical  Education  of 
New  South  Wales. 


Applied  Chemistry  and  Physics  Section. 
Thursday  evenings,  at  Eight  o’clock  ; — 
March  ii.— “Films  and  Paper  as  Substitutes 
for  Glass  in  Photography.”  By  Leon  Warnerke. 
Captain  W.  de  W.  Abney,  F.R.S.,  will  preside. 

March  25.  — “ Certain  Methods  for  the  Utilisation 
of  Refuse  and  Dust  Fuels.”  By  Walter  G, 
McMillan,  F.C.S.,  Demonstrator  of  Metallurgy, 
King’s  College,  London. 

April  8. — 

May  13. — “The  Scientific  Development  of  the 
Coal  Tar  Colour  Industiy.”  By  Professor  R. 
Meldola,  F.C.S. 


Indian  Section. 

Friday  evenings,  at  Eight  o’clock  : — 
March  19. — “ Experiences  on  the  Afghan 
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Frontier.”  By  William  Simpson.  Col.  Henry 
Yule,  C.B.,  will  preside. 

April  2. — “The  History  of  Archaeology  in  India.” 
By  James  Gibbs,  C.S.I.,  C.I.E.,  late  Member  of  the 
Viceroy’s  Council.  Sir  George  Birdwood,  C.S.I., 
Member  of  the  Council,  will  preside. 

May  7. — “Indian  Manufactures  from  a Practical 
Point  of  View.”  By  B,  H.  Baden  Powell,  C.I.E. 

The  above  dates  are  liable  to  alteration. 


Cantor  Lectures. 

The  Third  Course  will  be  on  “Science 
Teaching  ” By  Prof.  F.  Guthrie,  F.R.S. 

Lecture  HI. — March  i. — Teaching  Physics. 

Additional  Lectures. 

Japanese  Art  Work.”  By  Ernest  Hart. 
Lecture  I. — May  4. — Japanese  Metal  Work. 
Lecture  II. — May  ii. — Japanese  Porcelain  and 
Pottery. 

Lecture  III. — May  18. — Japanese  Picture  Books 
and  Drawings. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  March  i.. .SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Prof.  F. 
Guthrie,  F.R.S. , “ Science  Teaching.”  (Lecture 
III.) 

Farmers’  Club,  Inns  of  Court  Hotel,  Holborn, 
W.C.,  4 p.m.  Mr.  J.  M.  McLaren,  “Farm 
Machinery.” 

Royal  Institution,  Albemarle- street,  W.,  5 p.m. 
General  Monthly  Meeting. 

Engineers,  Westminster  Town-hall,  S.  VV.,  7J  p.m. 
Mr.  E.  S.  Bellasis,  “The  Roorkee  Hydraulic 
Experiments.” 

Chemical  Industry  (London  Section),  Burlington- 
house,  W,,  8 pm.  I.  Mr.  Redwood,  “ Viscosi- 
tnetry.”  2.  Mr.  T.  B.  Lightfoot,  “Ice-making 
and  Cooling  Machinery.” 

British  Architects,  9,  Conduit-street,  W.,  8 p.m. 
To  receive  report  of  Council  in  award  of  medals 
and  prizes,  and  to  award  medals  for  architectural 
competitions. 

Medical,  ii,  Chandos-street,  W.,  83  p.m.  Anniver- 
sary. 

A'ictoria  Institute,  7,  Adelphi-terrace,  W.C.,  8 p.m. 
Professor  Maspero,  “ The  Geographical  Names 
On  the  list  of  Thoutmos  III.,  found  in  Syria,” 
being  a Paper  giving  the  results  of  many  years’ 
investigation. 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m. 
Prof.  AY.  K.  Parker,  “Birds,  their  Structure, 
Classification,  and  Origin.” 

Medical  and  Chirurgical,  53,  Berners-street,  Oxford- 
street,  W.,  8^  p.m.  Annual  Meeting. 

Tuesday,  Maech  2. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  AV.C.,  8 p.m.  (Foreign  and  Colonial 
Section.)  Mr.  John  Mackenzie,  “ Bechuanaland 
and  Austral  Africa.” 

Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Mr.  C.  T.  Newton,  “ The  Unexhibited  Portion 
of  the  Greek  and  Roman  .Sculptures  in  the  British 
Museum.”  (Lecture  III.) 


Central  Chamber  of  Agriculture  (at  the  House  of 
THE  Society  of  Arts),  ii  a.m. 

Civil  Engineers,  25,  Great  George-street,  .S.W., 
8 p.m.  Adjourned  discussion  on  Mr.  L.  F.  Vernon- 
Harcourt’s  paper,  “ The  River  Seine.” 

Pathological,  53,  Berners-street,  Oxford-street,  W., 

85  p.m. 

Biblical  Archaeology,  9,  Conduit-street,  W.,  8 p.m. 

Zoological,  II,  Hanover-square,  W.,  85  p.m.  i.  Th« 
Secretary,  “ Additions  to  the  Menagerie  in 
February.”  2.  Prof.  R.  Collett,  “ A New  Pendi- 
culate  Fish  from  the  Sea  off  Madeira,”  3.  Mr. 
Sclater,  “ Note  on  the  External  Characters  of 
Rhinoce7vs  sinins. 

Wednesday,  March  3. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Mr.  C.  \ . Boys,  “ Calcu- 
lating Machines.” 

Entomological,  ii,  Chandos-street,  AY.,  7 p.m. 

Archaeological  Association,  32,  Sackville-street,  W., 
8 p.m  I.  Mr.  Thomas  Morgan,  “Notes  on 
Haslemere.”  2.  Mr.  R.  Mann,  “ Roman  Arilla  at 
Box.” 

Obstetrical,  53,  Berners-street,  8 p.m. 

Thursday,  March  4. ..Royal,  Burlington-house,  AA’’.,  4^  p.m. 

Antiquaries,  Burlington-house,  AY.,  8.5  p.m. 

Linnean,  Burlington -house,  W.,  8 p.m.  i.  Sir 

John  Lubbock,  “ Observations  concerning  Seedling 
Plants.”  2.  Professor  T.  Spencer  Cobbold, 
Stjongyliis  Ai-nfieldi  and  O.  ir.tr acanthus." 

3.  Mr.  Geo.  Alurray,  “ Reproduction  of  Rhipilia 
and  New  Species  R.  Andersoni.” 

Chemical,  Burlington-house,  AY.  8 p.m.  Ballot  for 
the  election  of  Fellows,  i.  Mr.  S.  U.  Pickering, 
“ The  Influence  of  Temperature  on  the  Heat  ot 
Chemical  Combination.”  2.  Mr.  N.  Collie,  “The 
Action  of  Heat  on  the  Salts  of  Tetrethyl  Phos- 
ponium.”  3.  Dr  Letts  and  Mr.  N.  Collie,  “A 
New  Method  for  the  preparation  of  Tin  Tetrethjd.” 

4.  Dr.  Alfred  Senior,  “ Contribution  to  the  History 
of  C3’anuric  Chloride  and  Cyanuric  Acid.”  5. 
Mr.  Harold  Fries,  “ Contributions  to  the  Know- 
ledge of  Cj'anuric  Derivatives  ” 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m. 
Prof.  Bentley,  “ The  Life  of  a Plant.” 

Society  for  the  Encouragement  of  Fine  Arts,  9, 
Conduit-street,  W.,  8 pm.  Mr.  AY.  Cave  Thomas, 
“ The  Proportions  of  the  Beau  Ideal  of  the  Human 
Form.” 

Parkes’  Museum  of  Hj-giene,  74A,  Margaret- street, 
8 p.m.  Mr.  Shirley  Murphy,  “Metropolitan 
Defences  against  Infectious  Diseases.” 

South  London  Photographic  (at  the  House  of  the 
Society  of  Arts),  8 p.m. 

Royal  Institution,  Alberaarle-street,  AAL,  8 p.m. 
Prof.  W.  Boyd  Dawkins,  “ The  Ancient  Geo- 
graphy of  Britain.” 

Archasological  Institution,  16,  New  Burlington- 
street,  W. , 4 p.m. 

Friday,  March  5. ..United  Service  Institute,  AYhitehall-yard, 
3 p.m,  Rear-Admiral  AA''.  Arthur,  “ I he  Results  of 
the  Naval  Operations  on  Berehaven — Attack  and 
Defence  by  Torpedo  Boats.” 

Royal  Institution,  Albemarle-street,  W.,  8 p.m. 
W’^eekly  Meeting.  9 p.m.  Professor  A,  Macalister, 
“Anatomical  and  Medical  Knowledge  of  Ancient 
Egypt.” 

Philological,  University  College,  W.C.,  8 p.m.  i.  Mr. 
B.  Dawson,  “ Notes  on  the  Revised  Version  of 
the  New  Testament.”  2.  Rev.  R.  Morris,  “ The 
Blunders  in  Miss  L.  T.  Smith’s  edition  of  the 
Yorkshire  plays.” 

Saturday,  March  6. ..Royal  Institution,  Albemarle-street, 
W.,  3 p.m.  Rev.  C.  Tajdor,  “ The  History  of 
Geometry.  The  Greeks  and  the  Modems.” 
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NOTICES. 


CANTOR  LECTURES. 

The  third  and  concluding  lecture  of  the  third 
course  of  Cantor  lectures  was  delivered  on 
Monday  evening,  ist  inst.,  by  Prof.  Guthrie, 
F.R.S.,  the  special  subject  of  the  lecture  being 
the  Teaching  of  Physics.  On  the  motion  of  the 
Chairman  a vote  of  thanks  to  the  lecturer  for  his 
course  of  lectures  was  carried  unanimously. 

The  lectures  will  be  printed  during  the 
Easter  recess. 


APPLIED  CHEMISTRY  Cf  PHYSICS 
SECTION. 

Thursday,  February  25,  1886;  Sir  Henry 

E.  Roscoe,  F.R.S.,  M.P.,  in  the  chair. 

The  paper  read  was  “ Photography  and  the 
Spectroscope  in  their  application  to  Chemical 
Analysis,”  by  Professor  W.  N.  Hartley, 

F. R.S. 

The  report  of  the  meeting  will  be  given  in 
next  week’s  number  of  the  Jouriial. 


ALBERT  MEDAL. 

The  Council  will  proceed  to  consider  the 
award  of  the  Albert  Medal  for  1886  early  in 
May  next.  This  medal  was  struck  to  reward 
” distinguished  merit  for  promoting  Arts, 
Manufactures,  or  Commerce,”  and  has  been 
awarded  as  follows  : — 

In  1864,  to  Sir  Rowland  Hill,  K.C.B.,  F.R.S., 
“ for  his  great  services  to  Arts,  Manufactures,  and 
Commerce,  in  the  creation  of  the  penny  postage,  and 
for  his  other  reforms  in  the  postal  system  of  this 
country,  the  benefits  of  which  have,  however,  not 
been  confined  to  this  country,  but  have  extended  over 
the  civilised  world.” 

- In  1865,  to  his  Imperial  Majesty,  Napoleon  III., 
**  for  distinguished  merit  in  promoting,  in  many 
ways,  by  his  personal  exertions,  the  international 


progress  of  Arts,  Manufactures,  and  Commerce,  th 
proofs  of  which  are  afforded  by  his  judicious  patron- 
age of  Art,  his  enlightened  commercial  policy,  and 
especially,  by  the  abolition  of  passports  in  favour  of 
British  subjects.” 

In  1866,  to  Michael  Faraday,  D.C.L.,  F.R.S. , 
“ for  discoveries  in  electricity,  magnetism,  and 
chemistry,  which,  in  their  relation  to  the  industries 
of  the  world,  have  so  largely  promoted  Arts,  Manu- 
factures, and  Commerce.” 

In  1867,  to  Mr.  (afterwards  Sir)  W.  Fothergill 
Cooke  and  Professor  (afterwards  Sir)  Charles  Wheat- 
stone, F.R.S.,  “ in  recognition  of  their  joint  labours 
in  establishing  the  first  electric  telegraph.” 

In  1868,  to  Mr.  (now  Sir)  Joseph  Whitworth, 
LL.D.,  F.R.S.,  “for  the  invention  and  manufacture 
of  instruments  of  measure  and  uniform  standards  by 
which  the  production  of  machinery  has  been  brought 
to  a state  of  perfection  hitherto  unapproached,  to  the 
great  advancement  of  Arts,  Manufactures,  and  Com- 
merce.” 

In  1869,  to  Baron  Justus  von  Liebig,  Associate  of 
the  Institute  of  France,  For.  Memb.  R.S.,  Chevalier 
of  the  Legion  of  Honour,  &c.,  “for  his  numerous 
valuable  researches  and  writings,  which  have  con- 
tributed most  importantly  to  the  development  of 
food  economy  and  agriculture,  to  the  advancement  of 
chemical  science,  and  to  the  benefits  derived  from 
that  science  by  Arts,  Manufactures,  and  Commerce.” 
In  1870,  to  Ferdinand  de  Lesseps,  “for  services 
rendered  to  Arts,  Manufactures,  and  Commerce,  by 
the  realisation  of  the  Suez  Canal.” 

In  1871,  to  Mr.  (afterwards  Sir)  Henry  Cole, 
K.C.B.,  “ for  his  important  services  in  promoting 
Arts,  Manufactures,  and  Commerce,  especially  in 
aiding  the  establishment  and  development  of  Science 
and  Art,  and  the  South  Kensington  Museum.” 

In  1872,  to  Mr.  (now  Sir)  Henry  Bessemer,  F.R.S., 
“ for  the  eminent  services  rendered  by  him  to  Arts, 
Manufactures,  and  Commerce,  in  developing  the 
manufacture  of  steel.” 

In  1873,  to  Michel  Eugene  Chevreul,  For.  Memb. 
R.S.,  Member  of  the  Institute  of  France,  “for  his 
chemical  researches,  especially  in  reference  to  saponi- 
fication^ dyeing,  agriculture,  and  natural  history, 
which  for  more  than  half  a century  have  exercised  a 
wide  influence  on  the  industrial  arts  of  the  world.” 

In  1874,  to  Mr.  (afterwards  Sir)  C.  W.  Siemens, 
D.C.L.,  F.R.S.,  “for  his  researches  in  connection 
with  the  laws  of  heat,  and  the  practical  applications 
of  them  to  furnaces  used  in  the  Arts ; and  for  his 
improvement  in  the  manufacture  of  iron ; and 
generally  for  the  services  rendered  by  him  in  connec- 
tion with  economisation  of  fuel  in  its  various  applica- 
tions to  Manufactures  and  the  Arts.” 

In  1875,  to  Michael  Chevalier,  “ the  distinguished 
French  statesman,  who,  by  his  writings  and  persistent 
exertions,  extending  over  many  years,  has  rendered 
essential  service  in  promoting  Arts,'  Manufactures, 
and  Commerce.” 

In  1876,  to  Sir  George  B.  Airy,  K.C.B  , F.R.S., 
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Astronomer  Royal,  “for  eminent  services  rendered 
to  Commerce  by  his  researches  in  nautical  astronomyj 
and  in  magnetism,  and  by  his  improvements  in  the 
application  of  the  mariner’s  compass  to  the  naviga- 
tion of  iron  ships.” 

In  1877,  to  Jean  Baptiste Dumas,For.Memb.R.S., 
Member  of  the  Institute  of  France,  “ the  distinguished 
chemist,  whose  researches  have  exercised  a very 
material  influence  on  the  advancement  of  the 
Industrial  Arts.” 

In  1878,  to  Sir  Wm.  G.  Armstrong,  C.B.,  D.G.L., 
F.R.S.,  “ because  of  his  distinction  as  an  engineer 
and  as  a scientific  man,  and  because  by  the  develop- 
ment of  the  transmission  of  power — hydraulically — 
due  to  his  constant  efforts,  extending  over  many 
years,  the  manufactures  of  this  country  have  been 
greatly  aided,  and  mechanical  power  beneficially 
substituted  for  most  laborious  and  injurious  labour.’ 

In  1879,  to  Sir  William  Thomson,  LL.D.,  D.C.L., 
F.R.S.,  “on  account  of  the  signal  service  rendered 
to  Arts,  Manufactures,  and  Commerce,  by  his 
electrical  researches,  especially  with  reference  to  the 
transmission  of  telegraphic  messages  over  ocean 
cables.” 

In  1880,  to  James  Prescott  Joule,  LL.D.,  D.C.L., 
F.R.S.,  “ for  having  established,  after  most  laborious 
research,  the  true  relation  between  heat,  electricity, 
and  mechanical  work,  thus  affording  to  the  engineer  a 
sure  guide  in  the  application  of  science  and  industrial 
pursuits.” 

In  1881,  to  August  Wilhelm  Hofmann,  M.D., 
LL.D.,  F.R.S.,  Professor  of  Chemistry  in  the 
University  of  Berlin,  “ for  eminent  services  rendered 
to  the  Industrial  Arts  by  his  investigations  in  organic 
chemistry,  and  for  his  successful  labours  in  promoting 
the  cultivation  of  chemical  education  and  research  in 
England.” 

In  1882,  to  Louis  Pasteur,  Member  of  the  Institute 
of  France,  For.  Memb.  R.S.,  “for  his  researches  in 
connection  with  fermentation,  the  preservation  of 
wines,  and  the  propagation  of  zymotic  diseases  in 
silk  worms  and  domestic  animals,  whereby  the  arts 
of  wine-making,  silk  production,  and  agriculture, 
have  been  greatly  benefited.” 

In  1883,  to  Sir  Joseph  Dalton  Hooker,  K.C.S.I., 
C.B.,  M.D.,  D.C.L.,  LL.D.,  F.R.S.,  “for  the 
eminent  services  which,  as  a botanist  and  scientific 
traveller,  and  a Director  of  the  National  Botanical 
Department,  he  has  rendered  to  the  Arts,  Manu- 
factures, and  Commerce  by  promoting  an  accurate 
knowledge  of  the  floras  and  economic  vegetable  pro- 
ducts of  the  several  colonies  and  dependencies  of  the 
Empire.” 

In  1884,  to  Captain  James  Buchanan  Eads,  “the 
distinguished  American  engineer,  whose  works  have 
been  of  such  great  service  in  improving  the  water 
communication  of  North  America,  and  have  hereby 
rendered  valuable  aid  to  the  commerce  of  the  world. 

In  1885,  to  Mr.  Henry  Doulton,  “ in  recognition 
of  the  impulse  given  by  him  to  the  production  of 
artistic  pottery  in  this  country.”  - . 


Proceedings  of  the  Society, 


FOREIGN  6=  COLONIAL  SECTION 

Tuesday,  March  2nd,  1886;  Hyde  Clarke 
in  the  chair. 

The  paper  read  was — 

BECHUANALAND  AND  AUSTRAL- 
AFRICA. 

By  John  Mackenzie, 

Late  Deputy  Commissioner  of  Bechuanaland. 

Introduction. 

To  reach  Bechuanaland  now  is  a much 
easier  thing  than  it  was  some  28  years  ago. 
After  19  days  of  a most  pleasant  ocean  voyage 
you  find  yourself  at  Cape  Town.  If  your  object 
is  to  proceed  at  once  inland,  two  days’  railway 
travelling  will  bring  you  to  Kimberley,  the 
present  terminus  of  the  South  African  railway 
system.  Thus  in,  say,  22  days  you  can  ex- 
change London  for  Kimberley.  Now,  in  1858, 
when  I performed  my  first  voyage  to  South 
Africa,  the  Government  contract  allowed  the 
Steamship  Company  42  days  to  perform  the 
voyage  to  the  Cape  ; and  we  thought  we  had 
reason  to  congratulate  ourselves  when  we 
reached  Table  Bay  in  38  days.  In  1871,  after 
having  visited  England,  I performed  a second 
voyage  to  Cape  Colony,  this  time  on  board 
one  of  those  occasional  steamers  which  then 
carried  passengers,  cargo,  and  mails,  to  South 
Africa.  The  passage  was  made  in  27  days ; 
and  so  delighted  were  the  Cape  people,  that 
they  gave  the  captain  of  the  vessel  a com- 
plimentary dinner.  But  now  we  can  go  to  the 
Cape  in  half  the  time  it  took  in  1858  ; and  we 
are  assured  that  improvements  in  machinery 
will  still  further  lessen  the  time  required. 

The  contrast  is  even  greater  with  regard  to 
the  means  of  inland  travelling  in  the  Cape 
Colony.  In  1858,  the  traveller  entered  his  ox- 
waggon  in  Cape  Town,  and  performed  his 
long  journey  at  the  rate  of,  say,  25  miles  per 
day,  exclusive  of  delays  caused  by  strayed 
cattle,  want  of  grass,  or  flooded  rivers.  In 
those  days  six  weeks  or  two  months  were 
usually  spent  by  the  most  successful  traveller 
in  accomplishing  the  distance  w'hich  is  now 
gone  over  in  tw^o  days. 

The  splendid  Houses  of  Parliament,  which 
have  been  recently  completed,  are  an  orna- 
ment to  Cape  Town,  and  do  credit  to  the 
colony.  The  breakwater  and  docks,  which 
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are  of  inestimable  service  to  the  shipping  of 
' all  nations,  have  been  made  in  the  interval  to 
which  I am  referring.  Instead  of  anchoring 
in  Table  Bay,  the  steamer  now  proceeds  into 
1 dock,  and  the  passenger  leaving  the  vessel 
I finds  himself  at  once  on  terra  Jir7ria. 

\ Should  repairs  be  needed  to  a vessel,  it  can 
i be  placed  high  and  dry  for  that  purpose. 
Many  travellers  proceed  to  Port  Elizabeth, 
and  land  there.  At  this  busy  port  the  enter- 
prising merchants  have  not  succeeded  in  their 
breakwater  schemes — and  the  landing  of 
passengers  and  goods  still  takes  place  by 
boats.  But  no  part  of  South  Africa  testifies 
more  to  the  influence  of  intelligence,  energy, 
and  capital,  than  the  town  of  Port  Elizabeth 
itself.  Situated  on  a cheerless  and  unproduc- 
tive sand-bank,  it  might  have  been  supposed 
that  the  commercial  men  would  have  been 
content  with  the  roughest  accommodation,  in 
the  hope  that  having  gathered  what  is  called 
a fortune  the  merchant  would  carry  it  away  to 
happier  surroundings.  Instead  of  this,  the 
public  buildings  of  Port  Elizabeth  are  the  finest 
in  the  colony,  always  excepting  the  magnificent 
Houses  of  Parliament  recently  built  at  Cape 
Town  ; and  the  residences  of  the  merchants  of 
“the  Bay’'  show  wEat  refined  taste  and 
abundant  wealth  can  do  in  changing  a sandy 
waste  into  a well-watered  neighbourhood, 
where  you  have  house  after  house  surrounded 
by  its  own  trees  and  its  own  flower-garden. 
It  is  thus  quite  evident  that  the  Port  Elizabeth 
merchants  have  generally  been  content  to 
make  their  home  there,  as  the  Cape  merchants 
do  in  the  lovely  environs  of  Cape  Town  ; and 
their  children  in  such  cases  grow  up  to  regard 
themselves  as  true  sons  of  the  soil,  and  mem- 
bers of  the  great  colonial  family  of  England. 

We  cannot  delay  to  describe  the  leading 
towns  of  Cape  Colony,  nor  can  we  speak  about 
Natal  or  any  of  the  Free  States  to-night.  The 
railway  takes  us  to  Kimberley,  where  the 
traveller  visits  the  “ great  hole,’’  as  some  one 
called  the  diamond  mine,  which  is  in  the 
middle  of  the  town  of  Kimberley.  It  w^as  my 
own  experience  to  travel  over  this  diamond- 
iferous  district  long  before  diamonds  were 
discovered,  and  I did  not  even  dream  of  the 
wealth  which  lay  beneath  my  feet.  It  was  a wild, 
almost  unoccupied,  country,  fitted  for  grazing 
purposes  only  after  rain  had  fallen,  as  there  were 
no  perennial  springs  in  the  neighbourhood. 
Hence  it  was  afterwards  called  the  “ dry 
diggings,”  to  distinguish  it  from  the  diamond 
mines  situated  on  the  bank  ofr  the  Vaal  river. 
But  the  “diggings”  were  not  long  “dry.” 


Wells  were  sunk,  water  was  found  everywhere, 
some  of  it  good,  in  other  cases  too  brackish  for 
table  use,  but  suitable  enough  for  washing  out 
the  diamonds  from  the  “ blue  stuff”  in  which 
they  are  found.  The  enterprising  Kimberley 
people  were  not’satisfied  with  these  wells,  so 
a water  company  was  formed,  and  the  water  of 
the  Vaal  river  has  been  carried  through  some 
twenty  miles  of  piping  from  the  river  to  Kim- 
berley, where  it  is  much  appreciated.  The 
consequence  is  that  the  graceful  verandahs 
and  flower  gardens  which  characterised  Kim- 
berley, even  in  the  early  days,  when  it  was 
only  a “ camp,”  are  now  fresh  and  flourishing, 
and  trees  are  growing  up  apace.  There  is  no 
town  in  South  Africa  which  is  so  like,  and  yet 
so  unlike,  an  English  town  as  Kimberley.  The 
cabs,  the  shops,  the  evident  bustle  and  push 
of  business,  remind  you  of  England.  But 
not  so  the  “ great  hole  ” in  the  centre  of  the 
town— the  singular  mixture  of  races  and  of 
languages,  and  the  strange  vehicles  which 
meet  you  in  the  street,  including  the  huge 
buck-waggon  with  its  immense  load  of  wool 
or  of  imported  goods,  and  some  sixteen  oxen 
in  front  of  it ; the  smart  travelling  waggon 
of  the  farmer,  which  contains  his  family  and 
also  the  farm  produce  which  he  has  brought 
for  sale  ; the  regulation  “ carriage  and  pair  ” 
of  some  successful  man,  only  with  a picturesque 
Malay  seated  as  driver;  the  smart  Cape  cart 
with  its  lively  horses  ; the  familar  donkey-cart 
with  fruit  and  vegetables,  only  here  accom- 
panied by  a shouting  coolie.  The  im- 
portance of  Kimberley  is  increased  at  present 
on  account  of  its  being  the  terminus  of  the 
South  African  north-going  railway. 

A Glance  at  the  Past. 

Before  we  proceed  into  Bechuanaland,  it 
will  be  necessary  to  our  purpose  this  evening 
to  bring  forward,  as  briefly  as  possible,  the 
salient  points  of  Cape  history,  and  especially 
of  our  connection  with  it,  and  with  South 
Africa  generally.  We  are  always  prepared 
for  divergencies  of  opinion,  but  we  are  totally 
unprepared  to  accept  of  mis-statement/  or 
distortion,  or  ignoring  of  historical  fact,  and 
then  be  asked  to  agree  to  some  conclusion 
based  on  such  insecure  foundation.  I wish 
the  truth  to  be  known  concerning  our  past 
doings  in  South  Africa.  We  have  made  mis- 
takes, but  we  have  also  done  a great  work 
there,  which,  I find,  is  little  understood. 

It  has,  for  instance,  been  recently  asserted 
by  a historian  and  traveller  that  “ the  Cape 
Colony  was  originally  a Dutch  colony;”  and 
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that  “the  Dutch  throve  and  prospered,  and 
continued  to  thrive  and  prosper  till  the  close  of 
last  century  ” * — that  is,  till  the  country  came 
into  the  hands  of  the  English.  Is  this  true  ? 
Was  there  such  prosperity  last  century  ? Has 
there  been  retrogression  since  the  country 
came  into  English  hands?  No.  The  very 
opposite  of  all  this  is  the  truth,  as  every 
patient  student  of  South  African  affairs  is 
aware.  Listen  to  a reliable  historian.  “For 
nearly  a century  and  a half,”  that  is,  up  to  the 
coming  of  the  English,  “ the  Cape  was  a mere 
mercantile  settlement  of  the  Dutch  East  India 
Company,  who  held  a monopoly  of  trade,  and 
checked  and  prevented  the  formation  of  what 
is  now  understood  as  a colony.  It  is  necessary 
to  bear  this  in  mind  when  instituting  a com- 
parison between  the  age  and  progress  of  the 
Cape  of  Good  Hope  and  the  remarkable  ad- 
vancement of  the  Anglo-Saxon  communities 
in  America  and  Australia.  The  latter,  from 
the  outset  of  their  career,  enjoyed  the  favour- 
able auspices  of  political  freedom  and  un- 
fettered industrial  enterprise;  but  the  early 
settlers  in  South  Africa  found  themselves 
trammelled  and  repressed  by  a government 
which  has  been  well  described  as  ‘ in  all 
things  political  purely  despotic,  and  in  all 
things  commercial  purely  monopolist.’  ”f 
While  this  despotic  government  was  ad- 
ministered by  the  officers  of  the  Dutch  East 
India  Company,  the  European  inhabitants 
W'ere,  from  the  first,  of  many  nationalities  ; the 
original  mode  of  obtaining  “colonists  ” being 
to  grant  a discharge  to  such  of  the  company’s 
soldiers  or  servants  as  were  married,  of  good 
character,  and  Protestants ; the  soldiers  of 
the  Company  hailing  from  other  Continental 
countries,  as  well  as  from  Holland.  Their 
numbers  were  augmented  by  political  exiles, 
who  were  sent  to  South  Africa  by  the  Batavian 
Government.  These  colonists,  or  burghers, 
suffered  the  most  grinding  oppression  at  the 
hands  of  the  Dutch  Company,  which  occupied 
the  Cape  for  its  own  advantage,  and  not  for 
the  benefit  of  those  who  were  still  virtually  its 
servants.  So  hopelessly  hard  was  the  oppres- 
sion of  the  Company,  that  colonists,  or  burghers, 
were  in  the  habit  of  escaping  from  the  Cape 
altogether,  as  stowaways  in  ships ; others 
proceeded  into  the  interior  of  the  country  so 
far  as  to  be  beyond  the  reach  of  their  oppres- 
sors. Petitions  to  Holland  for  redress  were 


• “ Oceana,”  by  J.  A.  Fronde.  Longmans  & Co.  p.  37. 
+ “South  Africa,  Past  and  Present.”  J.  Noble.  Long- 
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mostly  unavailing,  as  they  were  usually  referred 
back  again  to  the  local  officers  whose  conduct 
was  complained  of.  When  ail  that  these  poor 
people  wanted  was  but  a fair  price  for  the 
fruit  of  their  labour,  and  when  their  petition 
was  signed  by  the  whole  body  of  the  burghers, 
“not  one  excepted,”  their  remonstrance,  in 
the  eyes  of  the  Company’s  officers,  was  but 
mere  sedition  and  mutiny ; and  they  were 
warned  that  if  they  presented  such  papers  in 
the  future,  severe  measures  would  be  provided 
against  the  same.  With  no  fair  market  for 
their  industry,  industry  itself  declined. 
Burghers  pushed  into  the  wilderness,  with  a 
few  cattle,  resolved  to  live  on  the  abundant 
game  rather  than  be  the  serfs  of  the  Com- 
pany. When  they  came  under  the  English, 
the  small  European  community  at  the  Cape 
retained  but  little  of  their  own  European 
civilisation.  Many  of  them  lived  in  mere 
huts  or  hovels,  their  clothing  was  mostly  the 
dressed  skins  of  the  game  which  had  been 
killed  for  food,  and  their  blankets  to  protect 
them  from  the  keen  Cape  winter  nights  were 
fur-skins  stitched  like  the  native  kaross.  As 
the  number  of  malcontents  increased,  while 
the  Dutch  Company’s  officers  yielded  nothing, 
but  strove  to  crush  opposition  by  occasionally 
seizing  and  summarily  transporting  the  leaders 
as  “ useless  persons,”  an  open  rupture  took 
place,  and  a “free  republic  ” was  proclaimed 
in  the  town  of  Swellendam,  where  the  people 
proceeded  to  elect  what  they  called  a 
National  Assembly.  A local  government 
was  also  set  up  at  Graaff  Reinet,  then 
the  most  northerly  European  town,  the  inhabit- 
ants having  previously  expelled  their  landdrost 
or  magistrate.  The  central  authority  at  the 
Cape  was  paralysed  by  such  determined 
opposition,  and  was  unable  to  move  a step  to 
put  it  down.  Such  was  the  actual  condition  of 
things  at  the  Cape  when  it  passed  into  the 
hands  of  the  English.  Be  it  understood  that 
these  malcontents  made  no  opposition  to  the 
establishment  of  the  English  Government — 
the  people  of  Graiff  Reinet  actually  sending  a 
deputation  to  the  Cape  to  tender  their  alle- 
giance. The  English  Government  announced 
to  the  burghers  that  all  monopoly  should  cease, 
and  that  trade  should  be  free  throughout  the 
country.  Instruments  which  had  been  in  use 
for  the  public  torture  of  prisoners  were  removed 
from  the  streets  by  the  English,  and  a more 
humane  system  commenced.  The  prosperity 
of  the  Cape  Colony  dates  from  this  period,  and 
as  we  have  seen.  Cape  colonists  declare  that, 
for  all  practical  purposes,  this  ought  fairly  to 
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be  regarded  as  the  date  of  the  establishment 
of  the  Cape  Colony,  as  a colony.  - 
Let  me  clear  away  another  misapprehension. 
The  English  twice  conquered  the  Dutch  at  the 
Cape.  It  is  true  the  Prince  of  Orange,  then 
a refugee  in  England,  requested  that  the  Cape 
should  be  handed  over  to  the  English  ; but 
this  was  not  done.  The  Company’s  officers  at 
the  Cape  had  no  instructions  from  their 
masters,  the  directors  in  Holland,  and  refusing 
to  obey  the  command  of  an  exiled  prince, 
the  place  was  taken  by  force.  It  is  amazing 
how  certain  English  writers  take  sides  against 
their  own  countrymen — not  merely  pointing 
out  their  wTong  - doings,  which  were  a good 
service,  but  raising  a prejudice  against  them 
in  the  most  unwarranted  way.  I have  spoken  of 
the  first  taking  of  the  Cape.  It  was  given  up 
again  by  the  English  in  1803,  but  did  not  again 
revert  to  the  Dutch  East  India  Company. 
The  Cape  was  now  for  the  period  of  three 
years  a Dutch  colony,  under  the  Government 
of  Holland.  But  when  the  European  w^ar 
broke  out  again,  an  English  force  was  sent  to 
the  Cape  for  the  same  reason  as  before,  to 
prevent  a naval  position  of  supreme  import- 
ance from  falling  into  the  hands  of  the  French. 
On  this  occasion  our  force  was  opposed  not  by 
the  Dutch  Company  but  by  the  force  of  the 
Dutch  Government,  assisted  by  Colonial 
burghers,  under  General  Janssens.  After  an 
^^g'3-gcment,  in  which  his  army  was  driven 
back,  the  Dutch  General  and  Governor 
capitulated,  the  English  General  cheerfully 
yielding  the  most  liberal  terms  to  the  Dutch 
force  and  to  the  Colonists.  The  attacking  party 
was  about  4,000,  and  the  defenders  were  3,000 
in  number.  It  is  asserted,  on  what  evidence 
I am  entirely  at  a loss  to  know,  that  the  Cape 
colonists  yielded  in  the  belief  that  the  occu- 
pation by  the  English  would  be  temporary, 
and  that  their  country  would  be  given  back  to 
them  when  the  struggle  was  over.*  I can  find 
no  grounds  for  such  an  assertion.  On  the 
contrary,  when  the  Batavian  Government 
afterwards  sent  a fleet  of  some  nine  vessels  to 
retake  the  colony,  in  the  hope  that  the  burghers 
would  assist  them  by  rising  against  the 
English,  the  burghers  refused  to  move,  and 
the  entire  force  of  Dutch  ships  and  men  fell 
into  the  hands  of  the  English  authorities  at 
the  Cape  without  any  bloodshed.  The  fact 
was,  the  immense  benefits  flowing  from  the 
change  of  Government  were  apparent  to  the 
Dutch  burghers  from  the  beginning.  Their 
country  was  never  “taken  from  them;’’  it 


was  really  now  given  to  them  as  colonists  for 
the  first  time  under  the  law  of  England,  and 
it  became  theirs  in  a sense  in  which  it  never 
was  theirs  before.  So  much  for  the  South 
African  side  of  the  final  settlement  by  which 
the  Cape  became  an  English  colony,  and  the 
general  satisfaction  attending  it  in  the  colonjr 
itself.  One  word  with  reference  to  the  Euro^ 
pean  aspect  of  the  question.  The  possession 
of  the  Cape  was,  and  is,  a question  of  European- 
politics.  At  the  Congress  of  Vienna  a final 
arrangement  was  made  by  which  certain  other 
Dutch  colonial  possessions,  as  well  as  the 
European  supremacy  at  the  Cape,  were  handed 
over  to  England  by  Holland,  in  return  for 
the  sum  of  ;^6,ooo,ooo  sterling.  This  trans- 
action  was  little  known  at  the  Cape.  It  was 
the  European  settlement  of  a question  in 
European  politics.  It  is  not  true  that  the 
“ bitter  spirits  at  the  Cape  resisted  this — were 
called  rebels,  and  were  shot  and  hanged  in 
the  usual  fashion.”*  I am  at  a loss  to  know 
on  what  this  assertion  is  based.  There  was^ 
no  such  resistance  after  the  first  engagement ; 
there  were  no  such  feelings  of  resentment,  and 
there  was  no  hanging  connected  with  this 
arrangement  at  all.  It  is  very  remarkable 
that  such  statements  should  be  persistently 
put  forward,  not  by  our  enemies  but  by  our 
professed  friends,  in  opposition  to  historical 
facts  which  are  received  as  such  on  all  sides 
in  the  Cape  Colony. 

Indeed,  I believe  I am  within  the  truth 
when  I assert  that  the  Dutch-speaking  Cape 
Colonists  have  never  complained  as  to  their 
own  treatment  as  subjects  of  the  English 
Government,  except  in  the  one  matter  of  the 
freeing  of  their  slaves,  and  the  admission  of 
coloured  people  to  civil  rights  as  before  the 
common  law.  Had  there  been  no  coloured 
people  in  South  Africa,  or  had  England  re- 
mained  a slave-holding  Power,  there  would 
never  have  been  a breach  or  a jar  between  the 
Cape  Colonists  and  England. 

In  the  early  history  of  the  colony,  the  Dutch, 
French,  and  English  races  already  stood  side 
by  side  on  public  questions.  The  struggle  for 
the  freedom  of  the  infant  colonial  press  was- 
fought  out  by  Scotchmen  for  the  western  pro- 
vince, and  by  Englishmen  for  the  eastern  part 
of  the  colony.  When  the  English  Govern- 
ment wished  to  form  a penal  settlement  at  the 
Cape,  all  the  colonists  united,  held  enthu- 
siastic meetings  at  the  Exchange,  and  the 
English  Government  gave  way  to  their  united 
earnestness.  It  has  been  repeatedly  said  that  no 
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svi,ch  gathering'  took  place  in  Gape  Town  since 
the  time  of  the  convict  agitation,  till,  in  Sep- 
tember, 1884,  the  loyal  colonists  came  together, 
irrespective  of  race  or  colonial  parties^  to  beg 
the  Imperial  Government  not  to  desert  the 
country,  as  some  wrong-headed  advisers  would 
still  urge,  but  to  help  them  in  their  peculiar 
and  divided  condition,  as  against  the  law- 
lessness which  was  degrading  the  colonists 
and  frightening  away  capital  from  the  country. 

But  if  there  was  no  complaint  whatever 
against  the  English  Government  as  to  its 
treatment  of  the  colonists  themselves,  why  was 
there  disturbance,  and  why  were  some  colonists 
hanged  at  Slagter’s  Nek  ? This  aifair  ought 
never  to  be  imported  into  the  question  of 
English  rule,  as  such,  for  the  events  which 
led  to  that  local  disturbance  happened  to  our 
officers  when  carrying  out  the  policy  which 
had  been  laid  down  not  by  the  old  Dutch 
Company  but  by  the  enlightened  officers  of 
the  Dutch  Republic  during  the  brief  interval 
of  their  administration.  We  established 
district  courts  in  the  frontier  districts  on 
the  lines  laid  down  by  Commissary- General 
De  Mist ; abuses  were  taken  notice  of,  and 
protection  to  life  and  property  was  extended 
to  the  then  boundary  of  the  colony.  In 
the  ordinary  discharge  of  police  duty  in  the 
previously  neglected  districts,  the  colonial 
officers  were  fired  upon  by  a border  desperado. 
The  fire  was  returned,  and  the  man  was  killed. 
At  the  burial  of  this  person,  his  brother,  in  a 
state  of  great  excitement,  called  upon  all 
around  to  assist  him  in  avenging  his  brother’s 
death,  and  from  that  time  this  man  and  his 
family  connexions  set  themselves  to  devise 
plans  of  retaliation  upon  the  officers  of  law 
and  order.  One  of  their  nefarious  schemes 
was  to  induce  the  neighbouring  Kaffirs  to 
assist  them  against  Government.  Similar  in- 
cidents have  too  frequently  been  known  else- 
where, where  brigandage  has  been  grappled 
with  and  put  down  by  a Central  Government. 
Had  the  Cape  Colony  remained  in  the  hands 
•of  the  Dutch  Government,  its  affairs  presided 
over  by  such  officers  as  General  Janssens  and 
Commissary  De  Mist,  these  lawless  men  must 
have  met  the  fate  which  everywhere  awaits 
open  defiance  of  law,  order,  and  settled 
Government.  The  English  Government  has 
made  mistakes  in  South  Africa,  and  English- 
men may  profitably  point  these  out ; but  the 
establishing  of  order  was  no  mistake.  Such 
firmness,  along  with  much  patience  and  for- 
bearance, are  absolutely  necessary  to  the 
upholding  of  anything  deserving  the  name  of 


heroes  that  he  may  decry  his  own  Government, 
presents  an  unpleasant  illustration  of  the  old 
proverb,  “It’s  an  ill  bird  that  fouls  its  own 
nest.” 

Let  me  tell  you,  in  few  words,  what  the 
much-condemned  English  Government  has 
accomplished  in  South  Africa.  It  found  a 
community  of  Europeans  in  serfdom  to  a very 
selfish  and  exclusive  mercantile  company  ; to 
those  enthralled  men  it  gave  freedom  and 
citizenship,  and  an  honourable  place  in  that 
colonial  family  of  which  England  is  the  pro- 
lific mother.  It  found  them  without  trade  or 
colonial  industry,  except  the  vineyards  of  the 
descendants  of  the  French ; having  neither 
wool  of  sheep  nor  of  Angora  goat,  till  these 
wool-bearing  animals  were  imported.  In  social 
and  political  life  there  was  taken  first  one  step 
of  advancement,  then  another,  and  another — 
all  in  the  way  of  widening  and  deepening  their 
liberty — till,  some  years  ago,  they  obtained, 
perhaps  prematurely,  the  entire  management 
of  their  own  affairs  within  the  boundary  of 
their  own  colony.  It  has  been  asserted  that 
the  Hottentot  races  suffered  by  our  setting 
them  free,*  and  that  they  have  died  away 
under  our  rule.  This  is  not  true,  as  the 
statistics  of  Cape  population  will  show  to 
I anyone.  The  races,  which  were  decreasing 
when  we  got  the  Cape,  ceased  to  decrease  ; 
even  the  abject  Bushman  was  affected  by  the 
advent  of  our  English  rule.  Where  one  prisoner 
was  taken  in  the  Dutch  Company’s  rule,  four 
Bushmen  were  shot  down,  a course  which 
would  have  led  to  speedy  extermination  ; under 
the  English  rule  three  prisoners  were  taken  to 
one  Bushman  shot.f  What  we  "vsish  to  infer 
from  this  is,  not  that  an  Englishman  is  more 
merciful  than  the  Dutch-speaking  colonist,  but 
! that  border  quarrels  should  not  be  left  to  the 
settlement  of  border  men,  but  be  dealt  with  by 
a strong  Central  Government. 

Besides  the  officers  and  men  who,  from  time 
to  time,  were  discharged  in  South  Africa  by 
the  Dutch  East  India  Company,  and  who 
became  “burghers,”  or  rather  vassals,  to  the 
company,  there  was  an  important  addition 
made  to  the  European  population  of  the  Cape 
some  two  hundred  years  ago.  The  discharged 
men  of  the  Dutch  Company  were  not  of  one 
nationality  ; but  the  addition  to  which  I refer 
was  of  over  150  French  Protestants — men, 
women,  and  children — a small  number  of 
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that  noble  generation  of  Frenchmen  whose 
exile  from  France  impoverished  that  country 
in  after  ages,  while  it  enriched  England  and 
other  free  countries  of  Europe,  and  reached 
even  to  the  distant  -Cape  of  Storms  in  its 
widening  beneficial  influence.  This  was  the 
most  important  addition  to  the  Cape  popula- 
tion which  took  place  during  the  sway  of  the 
Dutch  East  Indian  Company.  Under  that 
rule  the  French  refugees  found  liberty  of 
worship,  to  a certain  extent.  The  use  of  the 
French  language  was  discontinued  in  public 
worship,  and  in  documents  addressed  to 
Government ; and  a’French  traveller  visiting 
the  Cape,  less  than  a hundred  years  after  the 
arrival  of  the  refugees,  found  only  one  old  man 
who  understood  French. 

In  1820,  the  sum  of  ;^50,ooo  was  voted  by  the 
British  Parliament  towards  the  colonisation  of 
what  is  now  known  as  the  Eastern  Province  of 
the  Cape  Colony.  Applications  for  passages 
from  90,000  persons  were  sent  in,  but  only 
4,000  persons  could  be  accepted.  There  were 
several  English  parties  of  settlers,  under  their 
leaders,  who  spread  themselves  over  a beauti- 
ful and  productive  country  ; there  was  a Scotch 
party  also,  which  took  fast  root  in  the  hills  and 
dales  of  the  Bedford  district,  where  its  descen- 
dents  are  still  to  be  found.  Governor  Sir 
George  Grey,  who  had  previous  intimate 
knowledge  of  both  Australia  and  New  Zealand, 
reported  some  forty  years  after  concerning 
these  English  colonists : — “The  British  settlers 
of  1820  have  succeeded  as  well  as  emigrants 
have  done  in  any  part  of  the  world — better  than 
in  very  many.”  But  in  face  of  all  this,  and  the 
fact  that  at  the  present  day  the  greater  portion 
of  the  Grahamstown,  Queenstown,  King 
Williamstown,  and  other  Eastern  Province 
districts,  are  cultivated  by  English-speaking 
famers,  we  have  been  recently  told  that  the 
“Boersalmost  alone  were  cultivatingthe  soil.”* 

In  1857,  fhe  German  Legion  which  had  been 
engaged  in  the  English  service  in  the  Crimean 
war,  was  settled  on  the  eastern  border  of  the 
colony  ; the  British  and  Colonial  Governments 
bearing  the  expense  of  the  undertaking.  There 
were  over  2,000  men,  with  a very  large  propor- 
tion of  officers,  but,  unfortunately,  the  great 
majority  of  the  men  were  unmarried,  and 
therefore  without  the  restraints  or  the  motives 
to  action  furnished  by  the  family  life.  Still, 
these  deficiences  were  met  by  Sir  George  Grey 
as  far  as  he  could  ; and  many  of  the  Germans 
then  introduced  into  the  colony  have  been 
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very  successful,  while  some  have  risen  to  posts 
of  distinction. 

It  is  quite  true  that  the  anti-progressive 
Cape  farmer  of  the  antiquated  type  has  no 
friendly  feeling  towards  the  “ Uitlander,”  or 
foreigner.  It  is  just  possible  that  this  feeling 
might  be  mistaken  by  passing  visitor  or 
traveller  for  an  antipathy  to  Englishmen.  I 
am  fearless  of  contradiction  from  those  who 
have  a right  to  give  an  opinion,  when  I assert 
that  there  is  no  antipathy  to  Englishmen,  as 
such,  in  the  Cape  Colony.  In  explanation  of 
the  dislike  to  foreigners  which  exists,  it  must 
be  remembered  that,  till  recently,  the  education 
of  farmers  was  so  meagre  that  they  could  not 
transact  their  own  affairs  intelligently  in  any 
matter  which  involved  accurate  account  keep- 
ing. There  can  be  no  doubt  that  the  tempta- 
tion arising  out  of  this  fact  was,  in  numerous 
instances,  too  great  for  the  travelling  trader, 
or  even  the  village  dealer  at  the  store.  The 
colony  is  full  of  stories  of  sharp  practices 
which  certain  storekeepeers  indulged  in  at  the 
expense  of  their  ignorant  customers.  These 
men  were  not  all  English,  perhaps  not  even  a 
majority  were  so,  but  all  could  speak  English, 
and  all  were  “ Uitlanders.”  Sometimes  farmers 
would  pass  through  one  village  to  do  business 
in  another  at  a greater  distance  where  they 
thought  they  had  found  an  absolutely  honest 
man.  The  state  of  education  for  some  time 
precluded  the  farmers  from  contrasting  or 
comparing  the  commercial  morality  of  their 
own  sons,  as  business  men,  with  that  of  the 
“ Uitlanders”  of  which  they  complained.  But 
as  farmers’  sons  enter  business,  the  dislike  to 
“ Uitlander  ” storekeepers  will  certainly  break 
down.  Then  the  dishonesty  of  the  country 
people,  when  they  found  themselves  within 
touch  of  the  many  desirable  little  things  con- 
tained in  a store,  was  accepted  by  the  dishonest 
man  of  business  as  an  excuse  for  his  own  more 
serious  misdeeds.  No  doubt  this  state  of 
things  is  to  be  taken  into  account,  among 
other  reasons,  when  one  considers  the  want 
of  enterprise  and  the  backward  state  of 
the  Cape  Colony  generally.  The  farmers 
became  discouraged.  They  might  do  their 
best,  but  they  found,  w'hen  ready  to  return 
home,  that  they  still  remained  indebted  in  the 
books  at  the  store.  Farmers  also  complained 
that  in  village  stores  sufficient  difference  in 
price  was  not  made  between  superior  and  in- 
ferior wools.  But  these  are  matters  which 
education  is  changing.  Dutch  - speaking 
people  are  now  largely  engaging  in  trade ; 
farmers  themselves  now  know  more  about 


3&Z 


JOURNAL  OF  THE  SOCIETl  OF  ARTS. 


[March  5,  iWfe 


business,  and  are  able  to  look  after  their  own 
interest,  while  the  railway  opens  up  a wider 
choice  as  to  the  houses  with  which  they  may 
deal.  And  so  the  old-fashioned  hatred  of  the 
“ foreigner,”  which  it  will  be  seen  was  not 
without  some  reason,  is  destined  to  disappear, 
and  is  indeed  even  now  very  much  a matter  of 
the  past.  The  prejudice  or  ill-feeling  was 
never  against  Englishmen  as  such.  Indeed, 
it  is  well-known  that  Scotchmen  and  English, 
men  are  preferred  to  other  “ Uitlanders  ” or 
foreigners  who,  from  birth  and  language, 
might  be  supposed  to  be  more  likely  to  find 
favour  in  the  eyes  of  the  Dutch-speaking 
colonists.  Inter  - marriage  is  of  frequent 
occurrence  between  colonists  of  Dutch,  French, 
English,  and  Scotch  extraction.  Where  both 
the  parents  are  Protestants,  the  South  African 
house  is  in  no  sense  divided  against  itself; 
and  the  Europeans  of  the  future  Austral- Africa 
are  likely  to  be  second  to  none  in  physical 
power  and  in  general  ability. 

Before  leaving  this  part  of  my  subject,  allow 
me  to  say  that  it  is  not  enough  to  ask  what  we 
have  done  for  our  colonists  in  South  Africa. 
It  is  also  of  the  utmost  importance  to  point 
out  what  the  influence  and  guidance  of 
England  have  saved  South  Africa  from.  We 
have  seen  how  the  colonists  have  thriven  and 
made  remarkable  progress.  Indeed,  when  we 
consider  the  position  in  which  we  found  them, 
perhaps  no  community  has  made  greater 
progress  than  the  colonists  at  the  Cape  under 
the  Government  of  England.  Then  the  freed 
slaves  and  serfs  were  never  guilty  of  riot  or 
excess  after  they  got  their  freedom  ; they  have 
steadily  increased  in  number,  and  form  to-day 
a useful  labouring  population.  But  the  great 
question  remains,  “What  would  have  been 
the  result  to  white  and  to  black— to  slave  and 
slaveholder — if  Europeans  holding  the  senti- 
ments of  the  Southern  States  of  the  American 
Union  had  commenced  their  operations  in 
the  Cape  Colony,  with  the  whole  continent  of 
Africa  to  the  north  of  them  to  work  upon?’’ 
No  doubt,  in  the  course  of  time,  and  without 
the  interference  of  England,  a school  of 
thought  and  of  morals  would  have  arisen  in 
South  Africa  like  that  of  the  people  of  the 
Northern  States  of  the  Union.  But  when 
would  their  voice  have  been  heard  ? Through 
what  oceans  of  blood  this  cursed  slave  question 
would  probably  have  led  the  Europeans  in 
South  Africa — through  the  blood  of  blacks 
continually,  and  through  the  blood  of  the 
whites  themselves  when  the  crisis  came,  and 
the  system  met  its  inevitable  doom.  There 


are  few  who  will  join  the  writer  whom  I have 
more  than  once  quoted  to-night  in  his  views 
relating  to  the  freeing  of  her  slaves  by  England. 
That  crowning  act  of  the  conscience  and  in- 
telligence of  a people  was  not  only  dictated 
by  philanthropy  and  morality,  but  it  was  the 
soundest  and  highest  policy,  as  to  England,, 
her  colonists,  and  the  enslaved  peoples.  To 
most  thinking  men  that  lesson  is  unmistakably 
taught  by  the  great  American  War.  President 
Grant,  who  was  no  sentimentalist,  declares,  in 
his  “ Personal  Memoirs,”  that  the  South  was 
more  benefited  by  defeat  than  the  North  by 
victory : — 

“ The  South  was  burdened  with  an  institution 
abhorrent  to  all  civilised  peoples  not  brought  up 
under  it,  and  one  which  degraded  labour,  kept  it  in 
ignorance,  and  enervated  the  governing  class.  ..... 
The  labour  of  the  country  was  not  skilled,  nor 
allowed  to  become  so.  The  whites  could  not  toil 
without  becoming  degraded,  and  those  who  did  were 
denominated  ‘poor  white  trash.’  ....  The  non- 
slaveholders would  have  left  the  country,  and  the 
small  slaveholder  must  have  sold  out  to  his  more 
fortunate  neighbours.  Soon  the  slaves  would  have 
outnumbered  the  masters,  and  not  being  in  sympathy 
with  them,  would  have  risen  in  their  might  and  ex- 
terminated them.  The  war  was  expensive  to  the 
south  as  well  as  to  the  North,  both  in  blood  and 
treasure  ; but  it  was  worth  all  it  cost.”* 

It  is  true  the  ostensible  cause  of  the  war  on 
the  part  of  the  Southern  States  was  the  claimed 
right  to  separate  ; on  the  part  of  the  North  the 
cause  was  the  inviolable  union  of  the  States.. 
But  why  did  the  South  wish  to  separate  ? That 
they  might  plant  their  peculiar  institutions  in 
new  territories — exactly  the  same  reason  as 
that  which  induced  some  of  our  South  African 
colonists  to  separate  from  the  Cape  Colony, 
and  “ trek  ” into  the  regions  to  the  north.  If, 
therefore,  brother  has  not  shot  down  brother 
in  South  Africa,  if  father  has  not  found  him- 
self opposing  son  in  mortal  conflict,  as  in; 
America,  by  whose  management  has  the  apple 
of  strife  been  removed  from  the  scene  ? By 
the  wise  forethought  and  the  disinterested 
policy  of  England.  The  freeing  of  the  slaves, 
the  determination  to  treat  men  of  all  races  as 
citizens  before  the  common  law,  has  been 
precious  seed  sown  in  South  Africa  by  the 
conscience  and  genius  of  England,  and  is 
destined  to  bear  fruit  in  the  coming  genera- 
tions, and  in  regions  far  beyond  our  control  at 
the  time  the  Emancipation  Bill  became  law. 
The  obligations  of  all  races  throughout  South 
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Africa  to  the  Power  that  has  thus  befriended 
all  will  appear  more  and  more  as  the  lapse 
of  time  helps  us  to  understand  the  true  bear- 
ing and  proportion  of  things. 

Bechuanaland. 

We  hasten  northward  now,  by  post-cart  or 
other  conveyance,  across  the  Vaal  River,  and 
through  the  frontier  towm  of  Barkley  West, 
which  was  Sir  Charles  Warren’s  base  during 
part  of  the  time  the  expedition  was  in  Bechuana- 
land. Another  hundred  miles,  and  we  are  in 
Bechuanaland  itself. 

The  term  Bechuanaland  is  of  recent  origin, 
and  is  used  loosely  to  describe  the  country  in- 
habited by  the  Bechuana  tribes.  The  most 
southerly  tribe  is  that  of  the  Batlaping,  whose 
territory  borders  on  the  Cape  Colony ; the 
most  northerly  the  Bamangwato,  the  larger 
division  of  which  tribe  lives  at  Shoshong, 
under  the  chief  Khame,  but  occupies  the 
country  northwards  to  the  Zambesi ; w’hile  the 
smaller  division  of  Bamangwato  lives  at  Lake 
Nghabe  (Ngami),  under  the  chief  Moremi, 
and  occupies  the  countr}’'  lying  to  the  north 
and  north-west  of  that  lake.  The  Bechuana- 
land of  the  Bechuanas  is  thus  bounded  by  the 
Cape  Colony  on  the  south,  by  the  Zambesi  on 
the  north,  by  the  Transvaal  and  the  Matebele 
on  the  east,  and  by  the  Namaqua  and  Damara 
tribes  on  the  west.  The  Bechuanaland  of  the 
Crown  Colony  is  bounded  on  the  south  and 
east  as  given  above,  but  on  the  north  and  west 
by  the  Molepo  River.  The  Bechuanaland  of 
the  enlarged  Protectorate  extends  westward 
to  the  twentieth  degree  of  longitude,  and 
northward  to  the  twenty-second  degree  of 
latitude.  The  extent  of  the  Protectorate  pro- 
claimed by  Her  Majesty’s  Government  is  given 
by  Sir  Charles  Warren  as  170,000  square  miles; 
the  Protectorate  is  thus  larger  than  the  Trans- 
vaal. Sir  Charles  calculated  that,  after  all 
native  wants  had  been  satisfied,  there  would 
be  some  70,000  square  miles  without  occupants. 

The  name  Bechuana  is  a word  used  at  an 
early  period  by  white  men  to  denote  the 
tribes  of  Batlaping  and  Barolong,  with 
which  they  came  first  into  contact.  None  of 
these  people  use  this  word  of  themselves,  or  of 
one  another ; nevertheless,  they  accept  of  it 
as  the  white  man’s  name  for  them,  and  now 
begin  to  use  it  themselves.  In  the  same  way 
the  names  Matebele  and  Basuto  were  origin- 
ally terms  of  reproach,  but  are  now  accepted 
as  proper  names  by  those  who  are  addressed 
by  them. 

The  Bechuanas  belong  to  the  large  Bantu 


family  of  people.  Comparative  philology  con- 
cohnects  them  closely  with  the  South  Sea 
Islanders,  and  disconnects  them  from  the 
Hottentots,  Korannas,  and  Bushmen,  who  are 
their  neighbours  in  South  Africa.  All  Bechu- 
anas point  to  the  south-east  as  the  direction 
from  which  they  came  to  Bechuanaland.  The 
Makalaka  also  point  to  the  same  direction. 
This  probably  refers  to  the  fact  that  these 
tribes,  at  some  comparatively  recent  time,  occu- 
pied countries  lying  to  the  south-east,  from 
which  they  were  driven  by  the  more  powerful 
tribes  now  residing  in  these  regions.  Besides 
Bechuanas  belonging  to  recognised  tribes,  the 
individual  members  of  which  are  freemen,  we 
have  Bakalahari — people  of  the  Kalahari — 
who  are  made  up  of  the  remnants  of  vanquished 
Bechuana  tribes  which  have  fled  to  the  Kala- 
hari as  to  a place  of  refuge,  and  which  are 
owned  as  vassals  by  one  or  other  of  the 
Bechuana  tribes,  to  which  they  pay  tribute  in 
the  shape  of  skins  or  other  produce  of  the 
chase,  or  render  pesonal  service  in  the  garden 
or  cattle  station,  A certain  vassal  tribe  in  the 
Batlaping  district  is  called  Balala,  another 
Basaomaka ; and  were  inquiry  carried  into  the 
Kalahari  itself,  it  would  probably  be  found  that 
under  the  general  name  of  Bakalahari  many 
tribes  are  now  included  which  have  a past 
tribal  history  as  well  as  a tribal  name,  and 
which  once,  as  tribes,  knew  better  days. 
Besides  these  people  the  traveller  in  North 
Bechuanaland  meets  with  Makoba,  on  the 
Zouga  and  Tamalakan  Rivers,  and  Mashepet- 
lane  and  other  “river”  people  on  the  Zambezi. 
These  people  never  leave  the  rivers.  They 
possess  boats  and  catch  fish,  which  they  eat  ; 
whereas  eating  fish  is  an  abomination  to 
Bechuanas.  The  Makoba  say  they  came  from 
the  north-west.  They  are  held  in  vassalage 
by  the  Bechuanas. 

The  Makalaka  are  found  at  Shoshong  as 
refugees,  their  own  country  having  been  to  the 
east  and  north-east  of  that  place.  They  have 
been  almost  entirely  destroyed  asapeoplebythe 
Matebele.  They  are  much  better  farmers  than 
the  Bechuanas,  and  trust  more  to  their  gardens 
and  less  to  the  chase.  They  are  closely  allied 
by  language  and  customs  to  the  Mashona, 
whose  country  lies  to  the  east  and  north-east 
of  Matebele  land,  and  who  have  also  suffered 
very  much  by  the  constantly  recurring  wars  of 
the  Matebele. 

The  Bushmen  of  Bechuanaland  are  taller 
than  those  of  the  Cape  Colony.  I was  informed 
by  the  Bamangwato  that  they  knew  of  two 
families  of  Bushmen  whose  languages  were 
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different.  Then  there  are  the  Madenassana 
Bushmen,  living  not  far  from  the  Matebele, 
whose  physical  appearance  is  very  command- 
ing, and  who,  although  called  Bushmen,  may 
turn  out  to  be  a remnant  of  some  Koranna 
tribe,  as  the  people  of  the  Kalahari  are 
remnants  of  Bechuana  tribes.  The  Bushmen 
in  Bechuanaland  in  the  present  day  are  follow- 
ing their  masters’  lead  in  the  ways  of  civilisa- 
tion. They  are  employed  as  herds  and  wagon 
servants  in  South  Bechuanaland,  and  on  our 
recent  journey  to  Shoshong  we  found,  on  enter- 
ing Khame’s  country,  that  that  chief  had 
entrusted  a flock  of  goats  to  the  Bushmen  who 
were  living  at  Mamabula.  In  the  heart  of  the 
Kalahari  the  vassals  have  herds  of  cattle  and 
flocks  of  sheep  and  goats  of  their  own,  while 
they  herd  also  the  flocks  of  their  master.  Thus 
in  Bechuanaland  we  have  no  warlike  system  of 
polity  to  contend  with  on  the  one  hand,  nor 
have  we  people  hopelessly  degraded  or  opposed 
to  change  on  the  other. 

It  is  about  eighty  years  since  Europeans  first 
came  into  Bechuanaland.  The  first  rude  trade 
has  almost  entirely  disappeared  from  South 
Bechuanaland ; it  is  still  supplied  with  some 
skins  and  feathers  from  the  Kalahari.  Large 
game  were  found  in  abundance  in  what  is 
now  called  Griqualand  West,  within  the 
memory  of  many  who  are  still  living — such 
game  as  we  did  not  meet  with  in  our  recent 
journey  to  Shoshong,  and  as  we  might  not 
have  met  with  in  hundreds  of  miles  to  the 
north  of  that  town.  In  times  of  peace,  how- 
ever, the  traders  of  Shoshong  still  have  large 
quantities  of  ivory  and  ostrich  feathers,  the 
hunters  in  many  cases  crossing  the  Zambesi 
or  Chobe  rivers  to  get  it.  Thus  the  guns, 
which  the  natives  were  so  eager  to  obtain, 
have  enabled  them  to  shoot  down  the  game 
throughout  the  whole  of  the  country;  and 
when  besides  guns— as  in  the  case  of  Khame’s 
men  at  Shoshong — the  people  have  horses, 
then  the  existence  of  all  large  game  is  a 
question  of  a few  years,  unless,  indeed  in- 
dustry is  directed  in  another  way,  say,  to 
farming. 

Bechuanaland  is  well  supplied  with  grass 
throughout  its  whole  extent.  In  South 
Bechuanaland  there  are  still  some  forests  of 
acacia  trees ; but  many  have  been  cut  down 
to  supply  fuel  for  the  steam-engines  at  work 
in  the  Kimberley  diamond  mines.  The 
“ mahatla  ” or  “ vaal-bosch  ” is  found  in  all 
parts  of  the  country,  growing  to  a tree  in  the 
central  district.  Its  prevalence  in  many  parts  of 
South  Bechuanaland  gives  a peculiar  appear- 


ance to  the  landscape.  The  bush  is  medicinal 
its  wood  is  highly  inflammable  even  when 
green,  and,  therefore,  eagerly  sought  by  the 
traveller  in  winter,  or  in  a downpour  of  rain  ; 
in  winter  the  bush  also  affords  welcome  shelter 
to  stock  when  grazing.  The  high-lying 
country  between  the  Kaap  Range  and 
Kuruman  consisting  mostly  of  blue  limestone, 
is  characterised  by  a sour  grass  on  which 
the  stock  does  not  thrive,  especially  cows  in 
milk.  In  winter  they  are  here  attacked  by  a 
peculiar  bone-disease  from  which  nothing  but 
artificial  feeding  or  entire  change  of  grazing 
will  cure  them.  But  this  district  has  many 
fine  fountains,  suited  to  irrigation,  only  the  soil 
in  many  places,  and  especially  on  the  Kaap 
Range  itself,  is  very  light,  and  needs  heavy 
manuring.  South  Bechuanaland,  along  the 
Hart  River,  passing  Taung  and  Stellaland,  and 
reaching  the  Molopo  is  a very  valuable  country 
both  for  pastoral  and  agricultural  purposes. 
The  “sheep  bush”  is  found  along  the  Hart 
River  chiefly,  while  the  grasses  are  sweet  and 
fattening.  There  are  numerous  fountains ; 
water  is  easily  obtained  in  the  sand  rivers, 
Setlagole,  Maretsanie  and  Molopo ; well- 
sinking  and  dam-making  would  render  those 
portions  valuable  which  are  not  near  a fountain 
or  running  stream. 

When  the  traveller  reaches  Kanye,  the 
scenery  improves.  Instead  of  the  vast  plains 
of  the  south  he  has  hill  and  dale  giving 
many  a beautiful  view,  and  suggesting  to 
one  after  another  of  our  party  splendid 
sites  for  homesteads.  The  grasses  continue 
extremely  good,  while  now  there  is  a variety 
of  forest  trees,  several  of  which  are  useful  in 
housebuilding,  while  others  make  handsome 
furniture.  The  timber  of  some  is  proof  against 
the  destructive  white  ant  so  plentiful  in 
Bechuanaland.  The  country  remains  equally 
desirable  along  the  Notwanie  and  Limpopo 
rivers.  Following  the  waggon  road,  there  is 
to  the  north  of  this  a belt  of  less  interesting 
country  as  to  scenery  after  passing  the 
Matshwapong  hills,  although  the  frequent 
sand-rivers,  extensive  forests,  and  invariably 
good  grazing,  make  the  land  none  the  less 
valuable.  At  Makobe’s  Hill  a lovely  country 
begins,  extending  far  to  the  east  and  north. 
The  views  of  natural  scenery  in  this  district 
are  very  remarkable  for  their  beauty.  The 
district  due  north  of  Shoshong,  which  Khame 
retains  for  himself  and  his  people,  is  well 
wooded  and  watered,  and  valuable  both  for 
agricultural  and  pastoral  farming.  To  the 
north  of  that  again  we  have  extensive  salt- 
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pans,  some  of  which  still  yield  good  salt ; 
others  are  grown  over  with  grass.  It  has 
been  surmised  that  a tributary  of  the  Zambesi 
may  have,  at  one  time,  sent  some  of  its  waters 
in  this  direction,  as  the  Zouga  still  does.  It 
is  well  known  that  game  congregate  near  such 
salt-pans  for  the  sake  of  the  salt ; and  stock 
of  all  kinds  usually  thrive  in  such  a neigh- 
bourhood. From  these  salt-pans,  north  and 
north-west,  the  country  is  not  well-watered, 
but  the  pasturage  is  good  everywhere.  Both 
banks  of  the  Zouga  river  are  peopled  with 
Bechuanas  and  Makoba,  a tribe  from  the 
north-west.  There  is  first-class  grazing  on  the 
banks  of  the  river,  and  large  herds  of  cattle 
belonging  to  the  natives  are  now  grazing  there. 
In  summer,  Europeans  and  natives  from  other 
districts  are  subject  to  climatic  fever  in  this 
river  district.  The  most  effectual  cure  is  to 
take  the  patient  away  from  the  river  into  the 
high  open  plain,  when  little  medicine  is  usually 
needed  to  effect  a cure,  unless,  indeed,  there 
has  been  too  long  delay,  and  the  malaria  has 
already  done  its  work.  Between  the  Lake  River 
and  Shoshong,  and  westward  of  Shoshong  and 
of  Sechele’s,  we  have  a country  with  deficient 
surface  water,  but  which  is,  nevertheless,  very 
valuable.  Even  now  there  are  numerous  small 
wells  in  it  where  Bushmen  and  Bakhalahari 
live,  the  latter  with  their  stock.  On  the 
waggon  - road  between  Shoshong  and  the 
Lake  River,  as  also  on  the  western  road  from 
Shoshong  to  the  Zambesi  there  are  several 
long  reaches  without  surface  water ; but  I have 
recently  heard  of  reaches  equally  long  in  cer- 
tain parts  of  Australia  ; and  no  European  has 
thoroughly  explored  the  country  away  from  the 
waggon-roads  with  the  view  of  finding  water, 
or  likely  places  for  well-sinking.  When  enter- 
prise and  skill  have  conquered  this  difficulty, 
these  parts  of  Bechuanaland  will  hold  their 
own  on  account  of  their  very  rich  grasses.  I 
remember  the  Bamangfwato  stock  grazing  in 
these  regions  were  always  in  prime  condition. 
With  reference  to  the  Kalahari,  which  is  under 
Her  Majesty’s  protection,  and  which  has  been 
offered  to  her  Government  by  the  native  owners, 
I shall  merely  hazard  the  opinion  that  in  the 
hands  of  Englishmen,  the  Kalahari  will  turn 
out  to  be  no  desert  at  all,  but  a country  like 
many  parts  of  Australia,  where  you  begin 
operations  by  sinking  wells. 

This  vast  country  is  only  thinly  inhabited, 
taken  as  a whole,  probably  not  containing 
100,000  people  from  the  border  of  the  Cape 
Colony  to  the  Zambesi.  At  certain  points  you 
have  a considerable  population  ; and  again 


you  travel  for  days  and  never  see  a human 
habitation,  or,  indeed,  a human  being,  except 
those  of  your  own  party.  We  have  already 
stated  how  much  vacant  land  there  is,  accord- 
ing to  Sir  Charles  Warren’s  calculations.  The 
town  of  Shoshong  is  the  largest  in  Bechuana- 
land, containing,  it  is  said,  some  20,000  in- 
habitants. Besides  travelling  traders  visiting 
the  town,  Shoshong  is  supplied  with  a consider- 
able number  of  well-built  and  well-furnished 
European  stores  connected  with  the  Cape 
Colony  and  Natal. 

It  may  be  desirable  here  to  consider  the 
capabilities  of  Bechuanaland  as  a field  for 
emigration.  There  are  commercial  or  specu- 
lative “emigrants”  who  want  so  much  per 
cent,  per  annum  on  money  invested,  and  there 
are  emigrants  who  are  battling  for  dear  life  on 
some  small  holding  in  England  or  Scotland, 
and  who  can  barely  make  ends  meet.  The 
hill-country  farmer  in  Scotland  is  in  a region 
where  wheat  will  not  grow  at  all— only  oats  or 
rye ; and  he  may  be  seen  in  harvest  time 
hurrying  his  scarcely  ripened  crop  into  the 
barn,  while  the  snow  is  falling  around  him. 
Or  the  cottar-fisherman  will  explain  how  hard 
it  is — with  his  plot  of  land,  and  fishing  besides 
— to  provide  clothing  and  education  for  himself 
and  his  family.  I do  not  think  any  class  of 
men — or  men  of  any  colour — endure  such  hard- 
ships in  South  Africa.  There  are  portions  of 
Bechuanaland  where,  in  my  opinion,  a body  of 
some  hundreds  of  agricultural  emigrants  would, 
like  the  Scotch  settlers  in  Baviaan’s  river  some 
sixty  years  ago,  take  root  from  the  first,  and 
make  for  themselves  homes.  If  they  came  in 
considerable  numbers,  and  accompanied  by  a 
minister  of  religion,  and  possibly  a school- 
master, the  children  would  not  be  losers  by  the 
change,  while  the  church  and  school  house 
would  form  that  centre  in  South  Africa  with 
which  all  are  familiar  in  Scotland,  and  give 
the  people  from  the  first  a feeling  of  home.  I 
would  not  suggest  that  such  men  should  be 
merely  agriculturists,  but  that,  like  most 
farmers  in  South  Africa,  they  should  follow 
both  branches  of  farming.  They  would  begin 
with  some  sheep  or  Angora  goats,  and  a few 
cows.  In  the  first  instance  they  would  have 
a freehold  in  the  village  with  right  of 
pasturage,  and  they  would  also  have  their 
farm  itself  in  the  neighbourhood,  the  size  of 
which  would  depend  upon  its  locality  and 
capabilities.  But  with  the  milk  of  his  stock 
and  the  produce  of  his  land  in  maize,  millet,  and 
pumpkins,  the  farmer  and  his  family  would  be 
from  the  first  beyond  the  reach  of  want.  Irriga- 
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tion  would,  of  course,  enable  him  to  raise  wheat, 
and  that  would  follow  in  many  cases.  But  as 
the  cold  prevented  the  hill-side  farmer  from 
growing  wheat  in  Scotland,  so  in  Bechuana- 
land,  the  same  man  might  be  placed  on  a 
farm  where  a fountain  had  first  to  be  opened 
up,  and  a dam  and  water-furrow  made,  before 
wheat  could  be  grown ; and  there  are  good 
stock  farms  where  wheat  could  be  grown  only 
by  the  artificial  raising  of  water  by  pumping, 
which  means  expenditure  of  money.  But 
what  I want  to  show  is  that,  in  any  case,  the 
ordinary  small  tenant-holder  would  be  clearly 
bettered  by  the  change  to  Bechuanaland.  He 
has,  first,  a finer  climate.  He  can  raise  a 
better  house  than  he  had  on  that  hillside.  His 
stock  will  thrive  and  increase,  while  his  maize, 
millet,  and  pumpkin  field  will,  at  any  rate,  sur- 
pass his  patch  of  oats.  In  this  country  he  has 
some  plan  for  paying  his  rent,  as  well  as  for 
purchasing  clothing  and  groceries.  To  do 
this  he  probably  fattens  and  sells  one  or  two 
or  more  head  of  cattle.  And  so  in  Bechuana- 
iand  such  plans  can  be  made.  There  is  a 
class  in  South  Africa  equally  enterprising  and 
persistent  with  the  Scotch  pedlars.  I refer  to 
the  travelling  trader,  or  “smouse,’’  as  he  is 
called  in  South  African  Dutch.  The  smouse 
is  everywhere  in  South  Africa.  He  goes  from 
farm  to  farm  in  distant  parts  of  the  colony, 
buying  farm  produce  in  exchange  for  clothing, 
groceries,  and  hardware,  for  the  trader’s 
waggon  is  a magnified  edition  of  the  old 
pedlar’s  wallet  as  to  variety,  and  may  be 
said  to  be  in  reality  a moveable  colonial 
store.  These  traders  have  long  traversed 
Bechuanaland,  from  east  to  west,  from  north 
to  south.  The  Bechuanaland  emigrant,  sup- 
posing no  special  arrangement  had  been  made 
for  his  supplies,  could  always  deal  with  these 
traders,  who  would  bring  their  wares  to  his 
neighbourhood,  if  not  to  his  very  door.  It  is 
well  known  that  freshly  arrived  emigrants  have 
little  for  sale.  I do  not  minimise  the  difficulties 
and  anxieties  of  the  first  years  of  the  emi- 
grant’s life,  no  matter  where  he  is.  But  with 
plenty  of  food,  and  with  thriving  stock  and 
well-worked  land,  the  industrious  man  would 
be  able,  by  and  bye,  to  feel  that  his  period  of 
anxiety  had  passed,  and  he  had  a full  hand, 
although  it  might  be  a rough  one — the  hand  of 
honest  toil,  establishing  a Christian  and  con- 
tented home  in  the  wilderness. 

And  now  let  us  turn  to  our  young  friend 
with  his  capital  in  his  pocket  and  plenty  of 
pluck  and  persistence  in  his  constitution.  Do 
you  recommend  me  to  go  to  Bechuanaland  for 


cattle  farming  ? I reply,  first,  by  saying  that 
thousands  of  Colonial  farmers  and  farmers’ 
sons  from  Cape  Colony  and  from  the  Free 
States  have  asked  for  farms  in  Bechuanaland, 
many  of  them  after  personal  inspection  of  the 
country.  No  doubt  lung-sickness  occasionally 
prevails  in  South  African  stock,  as  elsewhere 
when  active  measures  are  not  taken.  The 
wool  can  be  deteriorated  by  scab  and  careless 
farming.  The  goats  also  have  their  diseases. 
Buying  some  stock,  along  with  a fowling-piece 
and  rifle,  and  giving  a large  order  for  cigarettes 
will  not  ensure  your  success  as  a stock-farmer 
or  wool  grower  in  Bechuanaland,  or,  indeed, 
anywhere.  That  means  hard  work  and  close 
attention,  especially  at  the  outset.  But  if  I 
am  asked  the  difference  between  Bechuanaland 
and  other  fields,  I reply  that  the  climate  is 
unequalled  ; the  country  is  suited  for  stock 
farming,  and  it  has  the  unique  advantage  of 
an  unlimited  supply  of  native  labour,  the 
Bechuanas  being  unsurpassed  as  stock-herds, 
as  they  are  accustomed  to  it  from  early  child- 
hood. Instead,  therefore,  of  driving  away 
the  natives  out  of  a district,  it  is  without  doubt 
our  true  policy  to  induce  them  to  remain  in  it, 
inasmuch  as  their  labour  is  so  advantageous 
to  the  European  farmers.  Where  is  my 
market?  Where  is  Khame’s  market,  and  the 
market  of  his  people,  for  ivory,  feathers, 
cattle,  and  grain  ? Their  market  is  at 
Shoshong  in  competing  traders’  stores.  Your 
market  for  large  transactions  would  be  at  Kim- 
berley, and  Kimberley  agencies.  If  you  can  pro- 
duce what  is  worth  buying,  the  Diamond  Fields 
will  soon  hear  of  it  and  afford  you  a market ; 
when  the  extensive  gold  fields  are  opened 
up  to  the  north  the  digging  population 
will  have  to  be  fed.  And  Kimberley  being 
within  little  more  than  twenty  days  from 
England,  why  should  not  Bechuanaland  meat, 
“ tinned  ” at  Kimberley,  compete  with  Austra- 
lian? How  many  miles  has  the  Australian 
farmer  from  the  interior  to  carry  his  produce 
before  he  reaches  the  nearest  railway  station  ? 
Talk  about  want  of  water  in  Bechuanaland, 
have  we  not  heard  of  parts  of  Australia  where 
the  farmer  has  to  load  up  water  for  his  horses 
or  bullocks,  so  long  is  the  stretch  of  waterless 
country  ? I cannot  say  to  the  young  capitalist 
how  much  per  cent,  per  annum  he  will  make 
as  a farmer  in  Bechuanaland,  but  I do  say  the 
country  is  equal  to  others  in  which  energetic 
and  intelligent  farmers  do  very  well  indeed, 
and  make  admirable  homes. 

With  reference  to  climatic  or  malarious 
fever,  it  is  unknown  in  South  Bechuanaland. 
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There  is  the  camp  fever  of  the  Diamond  Fields, 
which  is  unknown  a few  miles  out  of  Kimberley, 
and  occasionally  a slightly  contagious  typhoid 
fever,  of  rather  a severe  kind — which  I only 
met  with  once  in  the  countr}’’,  and  which  came 
by  ascertained  infection.  It  did  not  attack 
Europeans,  although  we  were  exposed  to  in- 
fection. The  malarious  fever  is  not  reckoned 
of  any  consequence  till  you  reach  the  Botletle 
or  Zouga  River,  north-west  of  Shoshong — or  in 
the  Mashona valleys — east  of  Matebele  country. 
The  high-lying  country  of  Matebeleland,  and 
the  stretch  between  that  and  Shoshong,  are  not 
much  liable  to  fever.  Certain  low-lying  parts 
of  the  Transvaal  have  proved  fatal  to  the 
farmers,  especially  in  very  wet  summers ; 
but  I have  not  heard  of  such  sutfering  in  any 
district  of  Bechuanaland  till  you  reach  the 
northern  boundaries  of  the  country.  Not  only 
the  Zouga  or  Botletle,  but  also  the  banks  of 
the  Mababe,  the  Chobe,  and  the  Zambesi 
Rivers,  are  liable  to  malaria  in  summer.  When 
Bechuanaland  is  occupied  up  to  these  points 
the  question  of  malarial  fever  will  be  a prac- 
tical one  ; not  till  then. 

Surgeon-Major  Jazdowski,  of  Sir  Charles 
Warren’s  medical  staff,  who  accompanied  the 
General  as  far  as  Shoshong,  in  an  interesting 
report  on  the  geological  formation  and  general 
appearance  of  the  country  (C.  4588,  p.  95) 
says : — 

“ Many  parts  of  the  country  between  Molepolole 
and  Shoshong  greatly  resemble  the  wilder  parts  of  the 
North-West  and  Central  Provinces  of  India — many 
of  the  trees,  plants,  and  insects  being  of  similar 

(sometimes  of  identical)  species The  recent 

■epidemics  in  Bechuanaland  (small-pox  and  measles) 
appear  to  have  spread  from  the  Cape  Colony. 
Phthisis  was  nowhere  observ'ed,  and  it  would  appear 
that  the  climate  of  Northern  Bechuanaland  might 
vie  with  those  commonly  recommended  for  consump* 
dve  patients.” 

Mr.  George  Baden-Powell,  M.P.,  accom- 
panied Sir  C.  Warren  on  his  visit  to  the 
chief  Khame,  at  Shoshong.  Having  an 
extensive  acquaintance  with  Australia  and 
other  colonies,  this  gentleman’s  opinion  is  of 
^eat  value.  In  a report  which  he  drew  up, 
at  Sir  C.  Warren’s  request,  for  the  information 
of  her  Majesty’s  Government,  Mr.  Baden 
Powell  remarks : — 

**  The  country  is  well  suited  for  English  emigrants, 
and  their  admission  would  be  some  return  to  the 
English  taxpayer  for  the  expenditure  to  which  he  has 
willingly  consented,  necessary  to  enable  the  Bechuana- 
land Expeditionary  Force  to  re-establish  her  Majesty’s 


authority A large  portion  being  land  of 

high  value  for  agricultural  and  pastoral  purposes,  and 
well  suited  not  only  for  the  South  African  grazing- 
farm  system,  but  also  for  the  more  profitable  systems 
adopted  in  Australia  and  elsewhere,  where  not  only 
stock  but  crops  are  well  cared  for.”  (C.  4588,  p.  74.) 

Matebeleland  and  Mashonaland. 

While  Bechuanaland  is  the  valuable  and 
desirable  country  which  I have  described  it  to 
be,  to  the  east  of  Shoshong,  and  north-east, 
you  have  a country  which  is  perhaps  the 
most  beautiful  and  most  valuable  in  South 
Africa.  Here,  in  Mashonaland,  the  natives 
grow  their  own  cotton,  smelt  their  own  iron- 
ore,  grow  rice,  as  well  as  other  fruits  of 
temperate  zones.  I have  had  in  my  possession 
cotton  blankets  made  in  Mashonaland  by 
African  hands,  and  with  an  African  loom. 
There  is  great  variety  in  their  style  of  ornament- 
ing their  warlike  weapons,  and  the  blacksmith 
work  is  very  well  done.  The  hills  and  high 
lying  districts  are  salubrious.  The  rich  rice 
plains  produce  fever  in  summer.  This  district 
is  interspersed  with  old  forts,  furnaces,  and 
towers,  the  most  westerly  of  which  are  to  be 
found  in  the  Bamangwato  country,  which 
would  seem  to  have  been  the  limit  of  the 
explorations  of  some  enterprising  strangers 
from  the  east  coast,  concerning  whom  we  have 
no  record,  and  no  tradition.  The  buildings 
are  of  stone,  well  hewn,  but  built  without 
mortar.  The  buildings  were  doubtless  for 
the  use  and  defence  of  men  who  had  come 
into  the  country  in  quest  of  the  gold  which  is 
still  to  be  found  over  such  a wide  extent  of  these 
regions.  From  the  River  Mazoe,  which  flows 
into  the  Zambesi,  to  the  Tate,  which  flows  into 
the  Limpopo,  the  country  contains  very  many 
quartz  reefs,  and  sand  rivers,  in  which  gold  is 
found.  I do  not  wish  to  overstate  the  facts  of 
the  case.  I have  not  visited  Mashonaland ; 
but  I have  frequently  seen  its  gold  in  quartz, 
and  in  alluvial  particles.  Its  presence  is 
attested  by  many  travellers  of  undoubted 
character  and  ability.  The  existence  of  this 
immense  auriferous  country  was  first  made 
known  about  the  same  time  that  diamonds 
were  discovered.  The  “rush”  of  men  con- 
verged on  the  diamond  fields,  and  afterwards 
on  the  gold-fields  in  the  Transvaal.  The  gold 
in  Mashonaland  lies  waiting  the  hand  of  enter- 
prise and  industry. 

In  these  regions  the  Portugese  are  said  to 
hold  only  certain  points  on  the  coast,  a few 
miles  from  which  their  power  is  unknown. 
The  Chief  Lobingole,  the  son  of  Moselekatse, 
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is  at  the  head  of  the  most  powerful  tribe  in 
these  regions.  The  Matebele  have  occupied 
their  present  country  for  about  forty  years. 
They  previously  conquered  and  held  what  is 
now  the  Transvaal  for  about  ten  years — the 
country  of  Moselekatse  being  Zululand,  or 
perhaps  what  is  now  Natal. 

Sir  Charles  Warren  sent  a small  party,  under 
Major  Edwards,  to  announce  her  Majesty’s 
Bechuanaland  Protectorate  to  Lobingole.  They 
were  well  received,  only  the  chief  was  impatient 
that  atfairs  should  be  discussed  with  small 
chiefs,  such  as  he  professed  to  regard  Khame 
and  Sechele  ; and  said  that  he  waited  to  be  in- 
formed what  boundary  line  the  English  pro- 
posed to  him  as  being  now  his  neighbours. 
We  have  thus  in  Lobingole  an  ally  and  a good 
neighbour,  if  our  affairs  are  managed  in  those 
regions  with  any  amount  of  common  sense. 

But  I am  not  at  all  anxious  to  open  up 
Mashonaland  before  the  time.  I am  not  in 
haste  to  explore  those  old  forts  and  towers, 
or  to  enter  upon  the  cultivation  of  the 
rich  and  now  largely  depopulated  districts 
of  that  country.  It  is  well  that  we  should 
know  what  and  wLere  Mashonaland  is  ; but 
in  the  meantime  we  have  to  do  with  Bechuana- 
land, its  occupation  and  its  government  ; and 
through  Bechuanaland  with  the  great  question 
of  Austral  Africa. 

Austral-Africa. 

If  the  Northern  States  were  right  in  de- 
termining at  all  hazards  to  maintain  inviolate 
the  union  of  the  United  States,  then  was  the 
British  Government  wrong  in  South  Africa,  as 
acting  in  behalf  of  the  European  race  spreading 
northward  there,  when  it  allowed  one  swarm 
after  another  of  its  subjects  to  pass  out  of  the 
colony  northward,  and  assume  independence 
on  its  borders.  This  was  bad  policy  in  the 
interests,  commercial  and  otherwise,  of  the 
Imperial  Government  itself ; it  was  unjust  and 
short-sighted  towards  our  colonists  in  South 
Africa;  it  was  no  kindness,  but  the  opposite 
towards  the  communities  whose  separation 
secured  our  sanction ; and  it  has  led  to  end- 
less complications  and  serious  perils  in  con- 
nection with  the  native  races.  The  crowning 
act  of  this  short-sightedness  was  the  Sand 
River  Convention,  in  which  precious  document 
our  rulers  with  light  heart  practically  gave  up 
for  ourselves  and  for  our  loyal  colonists  all 
right,  title,  or  portion,  in  the  northward 
development  of  Southern  Africa.  This  folly 
was  not  repeated  either  in  the  Pretoria  Con- 
vention or  in  the  Convention  of  London,  in 


both  of  which  the  boundaries  of  the  Transvaal 
were  laid  down. 

Then  the  responsibility  which,  by  the  Aliwal 
North  and  Sand  River  treaties,  we  sought  to 
impose  upon  others,  we  have  never  been  able  to 
divest  ourselves  of.  In  their  difficulties  with 
the  Basutos,  the  Free  State  twice  asked  our  in- 
terference and  assistance,  which  were  granted. 
The  third  request  was  from  the  Basutos  that 
we  should  again  interfere,  to  which  in  like 
manner  we  agreed.  The  President  of  the 
Transvaal  requested  a Commission  to  settle 
the  western  boundary  of  the  Transvaal  Re- 
public, and  at  his  desire  Governor  Keate,  of 
Natal,  was  nominated  arbitrator,  should  the 
Commissioners  not  agree.  Thus,  in  a left- 
handed,  inconsequent,  and  hazy  manner,  the 
English  Government  was  still  supreme  in  the 
country,  and  tacitly  so  recognised  even  among 
the  separated  States.  On  this  side  of  the 
water  the  continuance  of  the  office  of  High 
Commissioner  satisfied  most  people,  who 
seemed  to  think  that  in  some  talismanic  way 
the  retention  of  that  office  met  our  obligations 
to  the  native  races  on  our  borders  in  South 
Africa. 

The  serious  mistake  which  had  been  made 
in  allowing  the  European  population  in  South 
Africa  to  separate  and  to  drift,  without  one 
wholesome  thought  of  the  future  of  the  people 
as  a whole,  or  of  our  own  exclusion  from  the 
best  part  of  the  country,  at  length  occurred  to 
English  statesmen.  We  had  fled  from  re- 
sponsibility in  one  form ; our  flight  brought 
responsibility  upon  us  in  another  form ; we 
came  to  realise  that  we  were  responsible  for  a 
disunited  European  population  in  South  Africa, 
and  more  recently  it  dawned  on  us  that  we 
were  responsible  also  for  a policy  which  would 
shut  ourselves  and  our  commerce  out  of  the 
interior  of  the  country. 

We  are  all  aware  that  special  steps  were 
taken  by  her  Majesty’s  Government,  under  the 
High  Commissionership  of  Sir  Bartle  Frere,  to 
repair  the  error  which  the  English  Government 
had  previously  made  in  South  Africa,  and  to 
re-unite  the  Europeans  in  that  country.  If 
high  character,  first-class  ability,  and  in- 
domitable perseverance  could  have  secured 
success,  then  was  success  certain  to  those 
who  sought  out  and  sent  Sir  Bartle  Frere  to 
South  Africa.  But  all  these  and  other  high 
qualities  failed  to  command  success  in  carry- 
ing through  the  policy  with  which  he  was 
charged.  The  rejoining  of  the  separate  parts 
of  the  European  community  was  not  a work 
which  could  speedily  be  accomplished.  Bre-? 
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judices  were  deep-rooted,  ignorance  was  great, 
genuine  mischief-makers  were  everywhere.  In 
any  case  the  operation,  to  be  a voluntary  one, 
needed  time,  and  it  was  required  that  there 
should  be  no  blundering  on  the  part  of  sub- 
ordinates, and  unbounded  and  enthusiastic 
support  from  England.  Had  all  these  re- 
quisites been  present,  some  measure  of  success 
might  have  been  secured  ; as  it  was,  all  were 
conspicuously  absent. 

But,  in  my  humble  opinion,  the  real  cause  of 
the  failure  lies  deeper,  and  is  one  which  I 
venture  to  point  out  in  order  that  it  may  be  laid 
to  heart  in  our  present  circumstances.  At  the 
time  referred  to,  we  did  not  seek  to  obtain  and 
to  uphold  the  position  of  a General  Govern- 
ment for  general  purposes  in  South  Africa,  to 
which  all  would  have  welcomed  us.  Unfor- 
tunately we  sought  local  supremacy  within 
the  several  States,  and  thence  arose  the  com- 
plaint of  irritating  interference  with  local 
freedom.  Now  the  General  Government  of 
the  United  States  is  not  supreme  within  each 
State  as  to  the  local  affairs  of  that  State.  The 
local  State  Government  is  supreme  within  its 
own  borders  as  to  its  own  affairs.  The  con- 
quest of  Zululand  and  Kaffirland,  and  the 
annexation  of  the  Transvaal,  pointed  rather  to 
the  unification  of  South  Africa  than  to  its  con- 
federation. 

It  is  one  thing  to  enter  by  a gate  or  cross 
over  by  a stile  ; it  is  another  thing  to  try  and 
force  your  way  through  a thorn  hedge.  You 
will  say,  “ We  all  agree  as  to  the  thorn  hedge 
in  South  African  politics,  but  where  is  the 
gate  or  the  stile  ?”  In  a humble  way  I have 
been  pointing  this  out  for  some  years  in 
various  ways,  and  will  do  so  once  more  to- 
night. I have  long  seen  that  there  is  common 
ground  upon  which  the  Imperial  Government, 
the  Colonial  Governments,  the  Governments  of 
the  Free  States,  and  the  native  chiefs  and 
people  can  meet  and  co-operate.  It  is  appa- 
rent to  all  peoples  in  South  Africa  that 
the  law  of  European  society  there  is  to 
expand  northward.  The  country  is  to  a 
great  extent  unoccupied.  Looking  to  the 
actual  facts  of  their  position,  native  chiefs 
intelligently  and  earnestly  ask  that  the 
English  Government  should  assume  the 
responsibility  of  presiding  over  the  occupancy 
of  these  wide  territories  by  English  and 
Colonial  settlers.  They  make  this  request  in 
self-defence.  They  regard  our  government  as 
the  Supreme  Government  of  the  white  men  in 
South  Africa.  They  demand  protection  from 
lawlessness,  and  assistance  in  administering 


law  and  order.  Now,  the  holder  of  these  un- 
occupied regions,  whoever  he  is,  will  be  the 
supreme  power  in  South  Africa.  The  open 
gate,  then,  to  supremacy  in  South  Africa, 
uncontested  and  incontestable,  is  through  such 
treaties  as  we  were  offered  and  refused  in 
Bechuanaland  in  1878,  but  which  have  been 
recently  drawn  up  and  concluded  in  Bechuana- 
land, and  which  maybe  extended  when  desired 
in  adjacent  regions.  It  needs  only  a glance 
at  the  map  to  receive  the  geographical  assur- 
ance of  the  truth  of  my  doctrine.  But  other 
common-sense  proofs  will  occur.  By  adopting 
the  policy  which  I advocate,  instead  of  having 
to  run  after  any  local  government  in  South 
Africa,  asking  it  for  this  and  for  that,  we 
might  have  every  government  there  knocking 
at  the  door  of  our  General  Government,  and 
making  requests  of  us.  No  doubt  they  would 
come  to  us  because  they  wanted  something 
from  us  ; but  it  would  be  our  happiness  in 
most  cases  to  have  that  to  bestow  which  they 
came  to  ask.  The  holder  of  the  unoccupied 
land  is  the  master  of  the  situation  ; all  will  be 
his  friends,  and  all  will  be  quite  willing  to  pay 
something  for  his  good  offices. 

Then  I preach  the  old  doctrine  once  more 
which  I taught  before  in  this  country,  and 
which  was  more  recently  cheered  to  the  echo 
in  the  Cape  Colony,  that,  under  a General 
Government,  there  was  abundant  material 
in  South  Africa  itself  for  the  performance  of 
all  the  fighting  that  may  be  required  in  the 
defence  of  peace  and  order.  The  forces  of  order 
are  strong  enough,  but  at  present  are  hope- 
lessly divided,  as  was  shown  in  the  unchecked 
Bechuanaland  disturbances.  But  that  they 
exist  and  are  active,  and  sympathise  with  the 
right  side,  was  abundantly  shown  in  the 
alacrity  with  which  they  volunteered  under  Sir 
Charles  Warren. 

To  carry  this  out  successfully  some  changes 
would  be  requisite  in  our  methods  in  South 
Africa.  Any  beginning  of  a General  Govern- 
ment could  not  be  conveniently  connected  with 
a local  government.  No  general  trust  through- 
out South  Africa  would  be  extended  to  an 
officer  as  High  Commissioner  who  is  also 
governor  of  a colony.  The  advantage  of 
carrying  with  us  the  approval  and  support  of 
colonists  is  undoubted  ; but  this  would  be  best 
secured  by  an  ofheer  outside  their  local  party 
strifes.  He  would  not  contemplate  anything 
which  would  be  to  the  disadvantage  of  the 
colony  ; but  all  our  doings  would  continue  to  be 
a bone  of  contention  and  of  party  debate  if  the 
offices  are  joined  as  at  present..,. The  history'. 
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of  Bechuanaland  administration  is  an  illustra- 
tion of  this.  If  her  Majesty's  Government 
were  to  call  together  from  both  parties  in 
the  House  of  Commons  a committee  to  consider 
our  future  action  in  South  Africa,  that  course 
would  strengthen  their  own  hands,  while  it 
would  evoke  confidence  both  in  this  country 
and  in  South  Africa. 

The  one  fear  of  the  true  friends  of  South 
Africa,  especially  those  living  in  South 
Africa,  is  that  the  English  Government 
will  not  persevere  in  the  work  which  has 
been  begun  in  Bechuanaland.  The  leaders 
of  both  political  parties  at  the  Cape,  the 
newspaper  press  throughout  the  colony,  the 
iate  Special  Commissioner  of  Bechuanaland 
(Sir  Charles  Warren),  the  present  High 
Commissioner,  in  his  utterances  in  England 
two  years  ago,  when  the  present  course  was 
embarked  on,  all  agree  as  to  the  im.portance 
of  our  holding  Bechuanaland,  and  presiding 
over  the  settlement  of  Europeans  who  may 
take  up  their  abode  in  that  country. 

In  this  connection  I venture  to  express  the 
opinion  that  the  present  government  of  Bechu- 
analand is  not  a satisfactory  one,  and  there  is 
a great  likelihood  that  unless  a change  takes 
place  it  will  not  lead  to  satisfactory  results.  I 
am  not  attacking  men,  I am  criticising  a mode 
of  government.  If  a man  is  administrator  of 
a colony,  can  he  also  be  president  of  a land 
court  settling  the  initial  difficulties  of  the  land 
question  in  that  colony  ? Can  he  also  be  his 
own  legal  adviser,  and  the  supreme  legal 
adviser  of  others,  and  yet  be  a judge  of  final 
reference  ? I may  be  misinformed,  but  I under- 
stand that  Judge  Shippard,  an  able  and 
upright  judge,  has  complex  and  impossible 
duties  of  this  kind  forced  on  him.  Sir  Charles 
Warren  submitted  a scheme  for  the  govern- 
ment of  the  whole  of  Bechuanaland  which 
would  have  been  infinitely  more  satisfactory, 
and  in  a year  or  two  more  likely  to  pay  its  way 
than  the  present  system  is.  A similar  scheme 
drawn  up  by  Mr.  Baden- Powell  is  also  before 
the  Government.  If  we  courted  failure  in  order 
that  we  might  retreat,  heedless  of  conse- 
quences, the  present  system  of  government 
seems  admirably  adapted  to  our  purposes.  If 
we  intelligently  seek  to  discharge  the  high 
duties  in  Bechuanaland  which  are  pressed  on 
us  by  the  natives  and  colonists  alike,  we  shall 
lose  no  time  in  altering  our  mode  of  procedure 
in  our  newest  colony — giving  it,  and  the  officer 
at  its  head,  a fair  chance,  while  we  secure  the 
peaceful  development  of  both  North  and  South 
Bechuanaland. 


South  Africa  is  not  like  India,  inasmuch  as 
it  has  immense  unoccupied  tracts  into  which 
it  has  been  satisfactorily  shown  emigrants  can 
be  introduced  with  the  approval  of  the  native 
chiefs  and  people.  But  then.  South  Africa  is 
not  like  any  other  mere  colony,  inasmuch  as 
the  African  continent  northward  must  be  taken 
into  account,  with  its  numerous  inhabitants. 
As  the  European  cry  in  America  is  Westward, 
so  the  European  cry  in  South  Africa  is  North- 
ward. Further,  our  dominions  in  South  Africa 
are  not  like  other  colonies,  because  they  already 
contain  native  peoples  who  have  attained  to 
some  degree  of  civilization,  and  whose  rights 
no  European  power  would  ignore.  Men  are 
worthy  of  some  consideration— no  matter  how 
flat  their  noses — who  lead  out  fountains,  irri- 
gate their  own  lands  and  gardens,  smelt  their 
own  metals,  and  wffio  in  some  districts  cultivate 
their  own  cotton  and  make  their  own  blankets 
and  shoulder-cloths ; who  have  their  own 
simple  modes  of  government,  in  which,  strange 
to  say,  there  is  the  same  variety,  in  a rude 
fashion,  that  there  is  at  present  among  the 
natives  of  Europe.  The  “autocratic”  is — or 
rather  was — represented  among  the  Zulus, 
with  every  grown-up  man  a soldier  and  little 
else,  with  little  personal  property,  no  public 
opinion  — one  man  alone  supreme.  The 
“limited  monarchy”  is  found  among  the 
Bechuanas,  Basutos,  and  Bapedi,  where  the 
chiefs  must  consult  their  “ brothers  ” or  coun- 
cillors, and  where  public  assemblies  of  all  the 
men  of  the  tribe  are  frequently  held,  both  in 
times  of  peace  and  in  war.  The  “patriarchal  ” 
or  simplest  form  of  government  is  found 
amongst  the  most  industrious  of  all  the  tribes, 
the  Mashona  and  the  Makalaka,  who  excel  as 
husbandmen  as  well  as  workers  in  iron  and  in 
cotton. 

The  maxims  which  guided  these  schemes  of 
government  were  suited  to  the  time  when  there 
were  no  white  men  crowding  into  the  country. 
While  our  civilisation  is  too  far  ahead  of  theirs 
for  them  at  once  to  imitate,  they  soon  make  a 
gratifying  beginning.  When  we  find  gardens 
irrigated,  fruit  trees  planted,  and  wheat  as 
well  as  maize  under  cultivation  by  these 
people,  no  man  with  any  sense  of  fairness 
would  wish  to  dispossess  such  an  industrious 
farmer  for  no  other  reason  than  the  colour  of 
his  skin.  The  most  industrious  men  in  South 
Bechuanaland  are  the  most  anxious  for  the 
establishment  of  our  rule,  in  the  hope  that  it 
will  protect  them  in  the  enjoyment  of  the  fruits 
of  their  industry.  Chiefs  and  people  have 
learned  enough  by  recent  events  to  desire  that 
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the  spread  of  Europeans  should  be  accom- 
panied by  the  control  of  English  authority. 
They  do  not  object  to  our  coming  into  their 
country — or  rather,  the  people  welcome  it ; the 
chiefs  no  longer  object  when  they  see  that  the 
current  is  resistless.  But  they  ask  security, 
they  ask  protection,  they  ask  to  be  taught. 

A few  years  ago  this  request  was  made  by 
the  chiefs  and  people  of  South  Bechuanaland, 
and  was  for  the  time  practically  granted. 
Native  law  had  been  weakened ; all  were 
willing  to  be  under  English  law.  It  was  not 
the  decay  of  the  native  people  ; it  was  merely 
the  passing  away  of  an  effete  form  of  power. 
The  offer  of  these  chiefs  w’as  of  vital  im- 
portance to  us,  as  representing  the  Central 
Government,  as  it  was  to  those  who  made  it. 
But  never  knowing  our  mind  since  the  fatal 
time  (now  over  thirty  years  ago)  when  we 
shrank  back  from  doing  the  bounden  duty  of 
the  Central  European  Government  in  South 
Africa,  the  English  Government  retired  from 
Bechuanaland,  leaving  no  real  administrative 
power  behind  it.  It  was  certain  that  in 
a few  months  more  or  less,  the  country 
would  be  the  scene  of  disturbance  and  blood- 
shed. This  was  pointed  out  to  the  High 
Commissioner  by  those  on  the  spot,  but, 
practically,  our  power  was  nowhere  in  South 
Africa  at  that  time.  All  reckless  men,  all 
rollicking  spirits,  all  grasping  thievish  men, 
began  to  assemble  in  the  forsaken  country. 
It  became  their  happy  hunting  ground  for 
years.  The  Cape  Colony  resolutely  declined 
to  interfere  ; so  did  the  Governments  of  the 
Free  States.  No  one  had  to  do  with  Bechuana- 
land ; no  one  would  assume  the  functions  of 
central  or  general  government  for  the  good 
of  the  whole  community.  But  so  far  as 
England  is  concerned,  her  abstention  in  this 
instance  was  really  from  ignorance  of  the  facts. 
When  the  true  state  of  the  case  came  to  be 
known  in  this  country,  the  English  press  and 
public  opinion  cried  shame  on  the  English 
Government  for  having  practically  abdicated 
its  position  in  South  Africa.  Where  was  the 
High  Commissioner  ? Was  there  no  machinery 
whatever  by  which  if  natives  made  the  request 
which  the  Bechuanas  had  made,  that  request 
could  be  complied  with  at  the  expense  of  the 
locality,  and  peace  and  progress  be  secured  ? 
You  know  the  response  of  her  Majesty’s 
Government,  given  early  in  1884.  Without 
formally  committing  themselves  in  so  many 
words,  it  became  evident  that  the  affairs 
of  native  territories  outside  colonies  and 
states  had  come  to  be  recognised  as  an  Im- 


perial obligation  ; seeing  that  there  was  no 
General  South  African  Government  upon  which 
this  responsibility  could  appropriately  be 
devolved. 

But  in  the  meantime  other  eyes  were  behold- 
ing our  action  and  our  want  of  action  in 
South  Africa.  If  we  had  been  a little  longer 
false  to  our  trust  as  the  head  of  the  Europeans 
there,  and  had  gone  on  to  allow  them  to  feel 
forsaken,  and  to  drift  and  separate  (to  our  own 
loss  and  theirs  also),  we  could  not  any  longer 
have  objected  to  the  appearance  of  another 
European  Power  in  South  Africa.  If  we 
allowed  disgraceful  pillage  and  rapine  on  the 
border  of  our  Colonies  and  States,  which  it  was 
notorious  was  fostered  and  engaged  in  by  our 
subjects  and^bj  the  members  of  those  States,, 
that  might  be  regarded  by  others  as  a reason 
why  a strong  hand  and  resolute  will  should^ 
appear  on  the  scene.  The  sand-banks  of  Angra 
Pequena  were  not  mistaken  for  gold,  or  for 
anything  else  than  sand,  by  Chancellor  von 
Bismarck.  But  England  appeared  to  be 
nowhere  in  South  Africa;  there  was  no  Power 
visible  except  within  certain  boundaries,  and 
beyond  there  was  hideous  disorder.  He  who 
reached  Bechuanaland  and  arrested  wrong- 
doing and  established  law  and  order,  without 
interfering  with  one  of  those  Colonies  or  States,., 
would  have  done  a distinguished  action,  and* 
one  which  would  have  spoken  for  itself  all  the 
world  over,  and  which  would  have  had  its  own? 
reward  in  the  ownership  of  countries  the 
inhabitants  of  which  had  begged  for  British 
administration,  and  had  been  refused  it.  Shut 
out  from  Bechuanaland,  our  commerce  and  our 
colonists  would  have  been  deprived  of  that 
northern  outlook  which  naturally  belongs  to 
them. 

The  Bechuanaland  Protectorate,  followed  by 
the  expedition  under  Sir  Charles  Warren,  pre- 
vented some  of  the  complications  to  which  I 
refer ; and  England  has  regained,  perhaps 
beyond  the  deserts  of  her  Government,  the 
position  which  had  been  all  but  abdicated.  It 
may  with  truth  be  said  that  our  recent  policy 
in  South  Africa  has  given  sincere  pleasure  to 
all  educated  colonists,  without  distinction  of 
race.  The  leader  of  the  expedition  evoked  the 
confidence  of  all  classes.  To  say  that  war  or 
revenge  was  ever  desired  by  Sir  Charles 
Warren,  or  that  he  worked  for  war  rather  than 
for  peace,  is  a total  misrepresentation  of  fact. 
It  is  well  known  at  the  Cape  who  expected 
war;  it  is  equally  w’ell  known  that  a scape- 
goat was  provided  by  these  people  on  whom 
the  whole  blame  w^as  to  have  been  laid.  But, 
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thank  God,  the  expedition  was  carried  on  in 
Bechuanaland  in  the  spirit  in  which  it  had 
been  resolved  on  by  her  Majesty’s  Govern- 
ment. Quietly  and  firmly  the  work  of  pacifica- 
tion was  accomplished.  Disorder  and  law- 
lessness disappeared.  While  doing  this  work 
Englishmen  have,  of  course,  gained  consider- 
able knowledge  of  the  country.  We  now  know 
what  the  possession  of  Bechuanaland  means 
as  to  the  future  of  Southern  Africa.  We  have 
also  secured  our  position  there  by  treaties  with 
the  native  chiefs.  In  Bechuanaland  we  have 
now  a Crown  colony  and  a Protectorate,  and 
also  hold  in  our  hands  the 'offer  of  the  Chief 
Khame  of  land  extending  as  far  as  the  Zambesi, 
which  is  without  inhabitants  except  the  bush- 
men  and  Khame’ s hunters  and  the  game.  In 
any  other  country  in  the  world  except  England 
these  results  of  the  Bechuanaland  Expedition 
would  have  been  pronounced  magnificent, 
especially  if  accomplished  in  circumstances  of 
unexampled  difficulty  and  delicacy.  Never 
did  such  events  take  place  before  in  our 
history  in  South  Africa.  We  are  in  pos- 
sible possession,  without  a blow,  of  a 
region  which  any  colonising  Power  might 
covet,  which  is  necessary  to  our  supre- 
macy in  South  Africa,  and  the  welfare  and 
future  confederation  of  our  colonists,  and 
which  on  our  old  methods  ought  to  have  cost 
us  manifold  more  in  money  and  in  human 
life.  It  was,  therefore,  perhaps  to  be  looked 
for  that  the  official  mind,  long  accustomed  to 
disaster  in  South  Africa,  should  be  somewhat 
confused,  and  at  a loss  to  know  what  to  make 
of  success  so  great  and  so  speedily  accom- 
plished. To  shift  round  from  expectation  of 
disaster,  and  the  shielding  of  oneself  by 
providing  a scapegoat,  to  the  attitude  of 
thankful  praise  for  unheard  of  and  unexpected 
success,  must  take  some  time.  But  the  policy 
of  her  Majesty’s  Government  in  defining  the 
borders  of  the  Transvaal  in  two  Conventions, 
and  in  embarking  in  the  administration  of 
native  territories  outside  colonies  and  states, 
has  already  borne  good  fruit.  Having  put 
their  hands  to  the  plough  in  this  matter  of  ad- 
ministration in  native  territories,  the  English 
Government  must  not  look  back.  Responsi- 
bility is  less  in  persistence  on  that  line  than  on 
any  other  ; and  leads  by  sure  steps  to  Con- 
federation when  our  responsibility  will  be 
lessened. 

Without  doubt  the  greatest  and  happiest  re- 
sult of  the  Bechuanaland  expedition  is  that  it 
has  helped  our  South  African  colonists  to  be- 
lieve in  the  British  Government  once  more.  I 


am  not  Speaking  as  a partisan,  but  as  a 
truthful  man  bearing  witness  to  the  condition 
of  an  important  colony,  with  which  I am 
well  acquainted.  I assure  you  that  until 
the  Bechuanaland  Expedition  reached  South 
Africa,  distrust  and  gloom  filled  the  minds  of 
our  best  colonists,  and  met  you  in  high  quarters 
where  such  views  were  least  to  be  expected  or 
desired.  Among  Dutch-speaking  and  English- 
speaking  people  there  was  the  same  downcast 
feeling  of  desertion  by  England.  As  I was  not 
afflicted  with  this  distrust  myself,  I was  able  to 
do  something  in  the  way  of  inspiring  others 
with  my  own  invincible  confidence  in  an  English 
Government  and  in  the  English  people,  when 
well  informed.  And  you  know  that  when 
reassurance  and  confidence  began  to  take 
articulate  form  in  the  Cape  Colony,  it  did  so 
with  an  earnestness  reaching  to  enthu- 
siasm, which  showed  how  moody  and  de- 
pressed the  people’s  minds  had  been.  The 
appearance  of  the  Expedition  in  effect  began  a 
fresh  chapter  in  our  administrative  history  in 
South  Africa. 

When  the  interest  of  all  the  colonists  are 
one  and  the  same,  no  matter  what  language 
they  may  speak,  or  from  what  European  race 
they  have  sprung,  it  is  not  of  much  conse- 
quence to  be  inquisitive  about  the  relative 
proportion  as  to  numbers  of  the  Dutch- 
speaking and  the  English-speaking  colonists 
of  South  Africa.  But  it  has  been  publicly 
stated  by  a high  authority,  and  is  probably 
near  the  truth,  that  there  are  nine  English- 
speaking  people  to  eleven  Dutch-speaking 
people  in  the  Cape  Colony,  while  in  Natal  the 
two  peoples  are  equally  balanced.  Thus  in 
parts  of  South  Africa  under  her  Majesty’s 
Government  the  proportion  is  as  five  English  to 
six  Dutch.  In  the  Free  States,  on  the  other 
hand,  the  proportion  is  as  one  English-speaking 
person  to  six  Dutch-speaking  people. 

Were  South  Africa'^  at  once  united,  the  pro- 
portion would  be  six  Dutch-speaking  people  to 
three  English.  As  we  have  said  before,  where 
the  interests  of  all  are  similar— where  all  are 
of  one  religion,  such  figures  are  not  of  so  much 
consequence.  Still  there  they  are,  and  they 
no  doubt  have  their  lesson.  I think  you  will 
be  of  opinion  that  the  happy  Confederation  of 
South  Africa  may  be  looked  forward  to,  and 
worked  for,  but  will  rightly  take  place  at  a 
future  time,  when  all  will  understand  more  about 
it,  and  when  education  has  brought  the  various 
communities  even  nearer  to  one  another  than 
they  are  to-day.  The  occupation  of  Bechuana- 
land by  orderly  Europeans — perhaps  the  open- 
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ing  up  of  the  mining  region  in  Mashonaland, 
and  the  development  of  Zululand  will,  in  the 
meantime,  happily  take  place  under  the 
auspices  of  the  Central  Government.  With 
their  own  territories  clearly  defined,  and 
enjoying  complete  freedom  within  these 
boundaries,  the  inhabitants  of  the  Free  States 
will  be  able  to  give  their  attention  to  the 
development  of  their  own  possessions ; while 
some  of  them  will  no  doubt  seek  and  obtain 
land  in  Bechuanaland. 

After  the  clear  utterances  of  Sir  Thomas 
Scanlen,  two  years  ago,  and  the  equally  strong 
advice  recently  given  to  England  by  Mr. 
Upington,  the  present  Premier  of  the  Cape 
Colony,  it  is  almost  certain  that  at  its  next 
sitting  the  Cape  Parliament  will  see  its  way  to 
follow  these  recommendations  to  the  Imperial 
Government  to  extend  its  administration  to 
the  Zambesi,  by  a definite  undertaking  to 
co-operate  in  a work  so  evidently  to  the  great 
and  special  advantage  of  the  Cape  Colony, 
whether  Bechuanaland  should  afterwards  be 
joined  to  the  colony  or  not. 

But  in  the  absence  of  union  and  co-operation 
among  the  European  Governments  in  South 
Africa,  and  as  the  one  great  means  of  leading 
to  that  co-operation  and  confederation, 
England  must  complete  her  noble  task  in 
South  Africa — truly  noble,  although  discharged 
with  unequal  step  and  much  misgiving. 

Allow  me  to  express  the  hope  that  you  will 
now  know  more  of  that  work  than  you  did 
before  ; and  wherein  we  have  failed  and  come 
short,  and  how  the  way  to  repair  the  past 
is  still  open  to  us,  without  interfering  or  doing 
what  is  unwelcome,  but  rather  in  performing  a 
work  to  which  we  are  alike  called  by  colonists 
and  by  native  chiefs  and  peoples— the  work  of 
presiding  over  the  occupation  of  the  great 
country  to  the  north  of  Cape  Colony.  With 
many  thousand  square  miles  of  territory  offered 
to  our  people  in  North  Bechuanaland,  the 
wants  of  South  Africa  may  be  found  to  answer 
to  our  power  to  supply  it  like  a glove  to  a hand. 
Here  we  have  country-people  crowding  into 
our  large  cities,  and  living,  many  of  them,  in 
wretchedness  and  want.  There  we  have  a 
sunny  sky,  a healthful  climate,  and  a boundless 
countr}%  where  such  people  by  their  industry 
could  at  once  find  plenty  of  food,  and  in  the 
end,  a comfortable  home. 

The  land  of  North  Bechuanaland  is  open 
for  our  emigrants  so  far  as  the  native  chiefs 
are.  concerned.  Already  an  Association  of 
highly  respectable  colonists  has  been  formed 
for  occupying  a part  of  Khame’s  country.  They 


have  approached  her  Majesty’s  Government, 
and  asked  its  sanction  and  approval  to  form  a 
settlement  within  the  proclaimed  Protectorate. 
I understand  they  would  also  gladly  welcome 
co-operation  among  young  English  emigrants 
who  would  wish  to  go  out  and  settle  there.  It 
would  be  their  ambition  to  obtain  a block  of 
land  where  settlers  connected  with  the  Associa- 
tion might  have  their  lands  together,  with  a 
village  in  the  centre,  which  doubtless  would 
soon  have  its  village  church. 

We  are  not  speaking  of  names  to-night,  but 
of  things  ; but  as  we  speak  of  Australasia,  we 
may  come  to  use  the  term  Austral- Africa,  to 
which  I have  introduced  you.  In  a map  its 
first  A would  begin  at  the  Cape  Peninsula,  and 
its  final  A would  naturally  reach  to  the  Zambesi, 
beyond  which  we  have  Central  Africa.  It  will 
probably  be  easier  to  write  on  our  maps  now 
than  at  any  future  time — Austral-Africa. 


DISCUSSION. 

INIr.  G.  Baden-Powell,  M.P.,  thought  that  all 
must  have  listened  to  the  paper  with  the  liveliest 
satisfaction,  though  tempered  no  doubt  with  a degree 
of  regret  that  it  had  not  been  read  in  another  place  on 
the  previous  evening  before  the  debate  on  Bechuana- 
land, because  in  that  assembly,  which  should  be  name- 
less, there  was  a great  proportion  of  the  members 
who  had  in  hand  the  control  of  the  policy  in  Bechu- 
analand, which  was  fully  and  painfully  ignorant  of  all 
that  concerned  it.  He  hoped  that  a copy  of  the 
paper  would  be  sent  to  these  gentlemen,  so  that  on 
the  next  occasion  when  the  subject  was  under  dis- 
cussion they  would  know  more  about  it,  when 
perhaps  they  would  be  willing  to  support  any  English 
Government  that  would  go  to  Bechuanaland  and 
protect  the  natives  in  their  just  rights,  and  assist 
English  emigrants  to  achieve  that  prosperity  which 
they  could  readily  attain  in  a country  possessing  a fine 
climate  and  soil.  A wonderful  amount  of  information 
had  been  given  in  the  paper  about  Bechuanaland, 
but  perhaps  he  might  be  pardoned  for  giving  a few 
particulars  of  Mr.  Mackenzie’s  life  in  that  country. 
He  had  the  pleasure  of  being  associated  with  him 
on  Sir  Charles  Warren’s  expedition,  and  spent 
forty-six  days  in  interviewing  the  native  chiefs, 
and  he  found  that  Mr.  Mackenzie  was  an  admirable 
master  in  the  art  of  camping  out.  On  one  occa- 
sion, while  having  breakfast  by  the  side  of  a sand 
river,  they  were  informed  by  a native  that  there 
was  a deadly  and  poisonous  snake  close  to  the  tents, 
and  upon  going  to  the  spot  indicated  they  found  the 
tail  of  the  snake  protruding  from  a hole  in  the 
ground.  One  of  the  bold  soldiers  accompanying  the 
party  fired  at  the  snake,  though  of  course  without 
effect,  whereupon  Mr.  Mackenzie,  in  a cool  way,  put 
his  hand  down  and  seized  the  snake  by  the  tail,  and 
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•whipping  it  out  of  the  hole,  sent  it  flying  in  the  air, 
and  it  fell  to  the  ground  very  much  bruised  and 
knocked  about.  This  was  merely  an  incident  show- 
ing the  knowledge  which  Mr.  Mackenzie  possessed 
of  the  needs  of  bush  life.  Passing  to  the  paper,  he 
thought  that  it  possessed  a high  political  value.  One 
hint  thrown  out  in  it,  namely,  that  a Committee 
of  both  Houses  of  Parliament  should  be  appointed 
to  consider  the  affairs  of  South  Africa,  was  a most 
sensible  and  statesman-like  proposal,  and  he  would 
take  care  to  make  it  known  to  the  authorities,  as  he 
thought  if  there  was  anything  Avhich  that  colony  had 
suffered  from  it  was  the  vacillation  which  had  marked 
the  control  of  South  African  affairs  by  the  English 
Government — a vacillation  which  the  appointment  of 
a committee,  such  as  suggested,  might  do  a great 
deal  to  put  an  end  to.  English  taxpayers  had  no 
objection  to  provide  money  for  the  promotion  of 
civilisation  and  justice  in  South  Africa,  but  if  they 
found  a million  of  money  for  an  expedition  to 
Bechuanaland,  they  had  a right  to  call  upon  the 
Government  to  see  that  the  money  was  not  thrown 
away.  He  had  heard  some  sinister  rumours  from 
Bechuanaland  as  to  the  introduction  of  the  liquor 
traffic  among  the  natives,  that  certain  lands  had  been 
taken  from  them,  and  that  they  were  not  being 
treated  as  they  ought  to  be,  and,  therefore,  it  was  all 
important  that  those  who  provided  the  funds  should 
press  upon  the  Government  the  necessity  of  having 
some  return  for  the  money  expended.  There  was 
just  one  fault  which  he  wished  to  find  -with  the  paper. 
Mr.  Mackenzie  had  told  them  of  the  good  work 
which  had  been  done  on  the  northern  frontier  of  the 
Cape  Colony,  in  Bechuanaland,  and  the  land  stretch- 
ing between  the  Orange  river  and  the  Zambesi,  but 
he  had  not  told  them  that  one  of  the  chief  agents  in 
that  work,  more  especially  of  late  years,  was  that 
single-minded,  resolute,  and  staunch  missionary,  the 
Rev.  John  Mackenzie. 

Mr.  F.  W.  Chesson  said  that  there  was  one 
remark  which  Mr.  Mackenzie  had  made  in  his  wise 
and  statesmanlike  paper  that  had  particularly  im- 
pressed him,  and  "with  regard  to  which  he  wished 
to  make  one  or  two  observations.  He  referred  to 
Mr.  Mackenzie’s  opinion  that  “ border  quarrels 
should  not  be  left  to  the  settlement  of  border 
men,  but  should  be  dealt  -with  by  a strong  Central 
Government.”  This  remark  he  thought  contained 
the  key  to  the  policy  which  should  be  pursued 
in  South  Africa.  What  was  wanted  there  was 
a steady  and  continuous  policy,  which  would  be 
unaffected  by  local  factions  and  prejudices,  and 
which  sought  to  harmonise  conflicting  interests. 
He  pointed  to  the  recent  history  of  Basutoland 
as  an  example  of  the  policy  that  England  should 
carry  out.  The  audience  would  remember  the 
disastrous  Basuto  war,  which  cost  the  Cape  three  or 
four  millions  sterling,  without  yielding  to  the  colony 
any  corresponding  advantages  whatever.  They  would 
also  remember  that  when  Basutoland  was  reduced  to 
a state  of  anarchy,  the  country  was  again  placed  under 


the  direct  government  of  the  Crown.  The  Colonial- 
office  sent  these  residents  a gallant  officer,  who,  in  his 
character  and  mode  of  action,  greatly  resembled  Sir 
Charles  Warren.  He  referred  to  Colonel  Clarke,  who 
had  had  much  experience  of  South  African  warfare, 
but  who  went  to  Basutoland  with  the  determination  if 
possible  to  pacify  that  country.  No  man  could  have 
exercised  more  self-control  or  more  patience ; and  he 
now  had  his  reward,  for  although  confusion  and  dis- 
order for  a long  time  prevailed,  the  leader  of  the 
disaffected  party  had  now  welcomed  back  his 
magistrate  and  paid  his  hut  tax.  The  vile  stuff 
manufactured  at  the  Cape  under  the  name  of  brandy 
had  been  passed  into  Basutoland  in  such  quantities 
as  to  threaten  the  people  with  demoralisation  and 
ruin,  but  the  chiefs  had  lately  made  up  their  minds 
that  they  would  no  longer  allow  it  to  be  sold,  buti 
would  prohibit  its  introduction  into  the  country.  All 
this  was  worthy  of  England.  But  if  he  turned  to 
Zululand,  he  found  there  a policy  the  very  reverse  of 
that  which  the  British  Government  should  adopt . 
They  had  first  divided  the  country  into  thirteen  small 
principalities,  and  then  when  the  chiefs  quarrelled 
among  themselves  and  peace  was  broken,  they  had 
sent  back  Cetywayo,  but  had  still  divided  the 
country  into  three  parts.  They  had  destroyed  the 
mihtary  organisation  of  the  Zulus,  and  blotted  them 
out  as  a nation,  thus  making  them  the  prey  of  the 
fiUibusters  who  now  infested  the  country.  The 
British  Gt)vernment  stood  by  whQe  a gallant  and 
noble  race,  who  were  eminently  capable  of  being 
civilised,  were  being  ruined.  It  is  true  that  when 
St.  Lucia  Bay  threatened  to  pass  into  the  hands  of 
Germany  the  Government  got  alarmed,  and  suc- 
ceeded in  inducing  the  Germans  to  abandon 
their  pretensions,  but  although  they  hoisted  the 
British  flag  at  that  place,  they  yet  had  not  inter- 
fered to  prevent  the  Boers  from  appropriating  the 
adjacent  territory,  and  laying  out  a township.  Two* 
evils  would  certainly  arise  if  something  were  not  done 
promptly.  The  Boers  had  not  only  taken  possession 
of  the  Zulu  territory,  but  many  of  them  were  com- 
pelling the  Zulus  to  work  for  them  without  wagesv 
In  other  words,  there  was  growing  up  by  the  side  of 
the  free  colony  of  Natal  a species  of  slave  republic. 
If  the  Zulus  were  reduced  to  a state  of  serfdom,  they 
would  seek  refuge  in  Natal — which  had  already  a 
very  large  native  population — in  thousands  and  tens 
of  thousands ; and  such  a state  of  things  could  not 
be  contemplated  without  grave  alarm.  Zululand 
would  then  prove  another  illustration  of  the  fact  that 
it  is  the  worst  economy  on  our  part  to  seek  to  shirk 
or  to  evade  our  national  responsibilities  instead  of 
boldly  confronting  them.  He  heartily  supported  Mr. 
Mackenzie’s  proposal  that  a joint  committee  of  both 
Houses  of  Parliament  should  be  appointed  to  deal 
with  this  question  as  a thoroughly  practical  step,  and 
as  calculated  alike  to  vindicate  the  honour  of  England 
and  to  secure  peace  and  security  in  South  Africa. 

Mr.  Martin  Wood  thought  the  debate  the  pre- 
vious night  in  the  House  of  Commons  was  an  example 
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of  the  variance  of  opinion  which  prevailed  upon  the 
subject,  and  ke  hoped  that  the  reading  of  the  paper 
would  tend  to  clear  up  the  matter.  All  would 
coincide  in  the  opinion  that  the  British  Government 
should  exercise  its  responsibility,  and  act  upon  well 
authenticated  information ; and  though  no  doubt  this 
would  lead  to  some  friction  between  the  Central 
Government  and  the  Colonial  Government,  that  was 
a matter  which  could  be  arranged  with  a little 
management,  and  the  difficulties  could  be  overcome 
by  sound  administration  and  patience.  With  regard 
to  the  political  tone  of  the  paper,  there  was  one 
aspect  of  it  which  rather  led  him  to  have  some  mis- 
giving as  to  its  general  tendency.  He  refeired  more 
particularly  to  the  strong  condemnation  of  what  was 
known  as  the  Sand  River  Convention,  and  in  the 
next  place,  the  eulogistic  praise  of  Sir  Bartle  Frere’s 
conduct.  It  must  not  be  forgotten  that  the  two 
periods  were  wudely  distant.  Sir  George  Clerk, 
who  was  the  author  of  the  Sand  River  Convention, 
was  a man  of  sound  judgment ; but  Sir  Bartle  Frere, 
who  W'as  no  doubt  a man  of  great  ability,  had 
characteristics  entirely  opposed  to  Sir  George  Clerk, 
his  policy  being  that  of  revolution.  The  course  pur- 
sued by  him  was  one  that  was  bound  to  end  in 
disaster,  as  it  did  in  the  case  of  his  onslaught  on  the 
Zulu  King.  No  doubt  the  right  way  to  get  access  to 
a country  was  that  which  had  been  pointed  out — to 
go  through  a gate  or  over  a stile,  and  not  through  a 
quickset  hedge,  as  Sir  Bartle  Frere  had  done. 
iUthough  he  could  not  agree  with  all  Mr.  Mackenzie’s 
conclusions,  he  thought  the  paper  was  a most  valuable 
one,  as  throwing  considerable  light  upon  the  subject. 

Mr.  Liggins  strongly  protested  against  the  policy 
of  Sir  Bartle  Frere  being  characterised  as  revolu- 
tionary. He  thought  the  African  colonists  were 
much  indebted  to  Mr.  Mackenzie  for  his  valuable 
paper,  and  had  it  been  read  the  previous  evening 
before  another  assembly,  no  doubt  it  might  have 
done  considerable  good.  The  colonies  were  the 
soul  and  life  of  England,  and  there  was  not  the 
slightest  harm  in  the  cheque-book  going  in  one 
hand  provided  the  Bible  went  in  the  other.  It  was 
by  industry  and  work  that  the  humbler  classes  at- 
tained a position  of  wealth  and  comfort.  He  wished  that 
a map  could  be  issued,  in  conjunction  with  the  paper, 
so  as  to  indicate  the  district  referred  to  by  the  author. 

The  Chairman  observed  that  the  object  of  the 
Council,  in  forming  the  Colonial  Section,  was  to  en- 
deavour to  obtain  practical  suggestions  for  the  benefit 
of  the  colonies,  and  to  endeavour  to  give  effect  to 
them  as  much  as  possible.  He  felt  sure  that  the 
meeting  must  have  been  gratified  not  only  with  the 
practical  nature  of  the  paper,  but  wdth  the  observa- 
tions of  Mr.  Powell  and  Mr.  Chesson.  Mr.  Mackenzie 
had  particularly  brought  forward  the  relations  between 
the  Dutch  and  French  Presbyterians,  Scotch  Presby- 
terians, and  English  Dissenters,  at  the  Cape,  and  it 
was  very  desirable  that  the  true  nature  of  those  rela- 
tions should  be  known.  There  was  no  national 


antagonism  of  race  between  these  classes,  but  a 
natural  disposition  to  unite  together,  and  the  pulpit 
of  the  common  place  of  worship  was  as  often  occu- 
pied by  the  Dutch  clergyman  as  by  the  Scotch 
minister.  It  was  a curious  circumstance  that  the  full} 
power  and  capabilities  of  the  Dutch  were  best  found 
where  there  was  this  union  with  English  people,, 
as  at  the  Cape.  In  New  York  there  was  a large 
Dutch  element  combined  with  English,  but  in  the 
East  Indies,  Java,  and  the  West  Indies,  the  Dutch 
by  themselves  were  not  so  successful  as  colonists. 
There  had  been  a great  union  of  the  population  at  the 
Cape,  and  the  moment  that  the  temporary  circum- 
stances of  irritation  were  removed,  they  might  look 
for  a still  closer  union.  Intermarriage  had  tended 
much  to  combine  the  different  races,  and  would  have 
a still  more  powerful  effect  in  the  future.  It  was^ 
simply  political  questions  which  divided  the  people 
the  Hollanders  said,  as  Mr.  Mackenzie  did,  that  it  wa& 
the  want  of  policy  here,  one  administration  upsetting 
the  other,  which  prevented  them  from  knowing  what 
course  would  be  pursued.  This  course  was  complained 
of  most  bitterly,  and  it  was  to  be  hoped,  therefore,, 
that  the  appointment  of  a joint  committee  would 
result  in  the  adoption  of  a settled  policy.  Witlii 
regard  to  the  observations  which  had  been  made  about 
the  policy  of  Sir  Bartle  Frere,  he  thought  that  it  was- 
hardly  necessary  to  vindicate  the  conduct  of  that  able 
administrator,  who  was  put  to  carry  out  an  unsettled 
policy,  and  was  praised  and  blamed  by  statesmen  on 
both  sides.  Under  such  circumstances  nothing  but 
disaster  could  be  expected.  It  had  been  said  that  the 
natural  drift  of  population  was  towards  the  north, 
but  this  had  not  been  caused  by  the  proceedings  of 
Englishmen ; the  Kaffir  race  had  been  extending 
northwards  for  some  considerable  time,  and,  therefore, 
they  must  look  in  all  arrangements  of  this  kind  to 
those  natural  causes  to  which  Mr.  Mackenzie  had 
drawn  attention.  He  was  glad  to  see  that  the 
subject  of  sinking  wells  in  South  Africa  had  been 
taken  up,  believing  that  this  was  a matter  of 
great  importance  in  colonial  administration.  There 
were  remarkable  cases  in  Australia,  Algeria,, 
Yucatan,  and  at  Iquique.  With  regard  to  the 
history  of  the  Dutch  relations  to  the  Cape,  he  might 
say  that  the  Cape  was  never  in  any  sense  a Dutch 
colony,  but  was  intended  purely  and  mainly  for  the 
victualling  of  the  Dutch  fleet  and  squadrons  proceed- 
ing to  the  East  Indies.  In  conclusion,  he  proposed 
a hearty  vote  of  thanks  to  Mr.  Mackenzie  for  his. 
valuable  and  interesting  paper,  which  he  trusted 
would  have  a good  effect  upon  members  of  both 
Houses  of  Parliament. 

The  motion  having  been  carried  unanimously, 

Mr.  Mackenzie,  in  reply,  said  that  in  his  paper 
he  had  striven  to  avoid  discussing  burning  ques- 
tions,” though  of  course  one  could  not  refer  to  the 
matter  to  any  great  extent  without  mentioning  these 
things.  Mr.  Martin  Wood  had  referred  to  the  policy 
of  Sir  Bartle  Frere  and  Sir  George  Clerk,  but  he 
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made  a mistake  in  supposing  that  the  policy  carried 
out  by  Sir  George  Clerk  at  an  early  date,  or  that  of 
Sir  Bartle  Frere  at  a more  recent  date,  were  the 
policies  of  those  distinguished  servants  of  the  Crown. 
Sir  George  Clerk  went  out  to  pursue  a policy  which 
had  been  resolved  upon  by  the  Government  of  this 
country,  and  he  was  spoken  of  throughout  South 
Africa  with  respect,  as  having  done  a most  unwise 
thing  in  a very  able  way ; while  the  policy  which  Sir 
Bartle  Frere  was  sent  to  cairy  out  was  an  impossible 
one,  and  this  ought  to  be  borne  in  mind.  For  the 
purpose  of  any  healthy  discussion  of  the  affairs  of 
South  Africa  they  must,  however,  shake  themselves 
loose  from  personalities,  and  try  to  attain  a stable 
footing  for  the  consideration  of  the  future  of  that 
important  country. 


THIRTEENTH  ORDINARY  MEE2ING. 

Wednesday,  March  3,  1886  ; Professor  W. 
Cawthorn  Unwin,  M.Inst.C.E.,  in  the 
chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society : — 

Blythe,  Herbert,  Church,  Lancashire. 

Brookes,  Thomas  William,  The  Grange,  Nightingale- 
lane,  S.W. 

Brown,  William  A.,  Cliff  Lodge,  Greenock. 

Field,  George  W.,  23,  Park-street,  Park-lane,  W. 
Peter,  Otho  Bathurst,  Northernhaye,  Launceston, 
Cornwall. 

Tate,  Edwin,  21,  Mincing-lane,  E.C. 

Thompson,  James  Elliot,  Thornliill-park,  Sunderland. 

The  following  candidates  were  balloted  for 
and  duly  elected  members  of  the  Society  : — 

Bedford,  Duke  of,  K.G.,  8r,  Eaton-square,  S.W. 
Fletcher,  Frederick  W.,  56,  Hamilton-ioad,  High- 
bury, N. 

Forth,  Henry,  New  Basford,  Nottingham. 

Knightley,  Thomas  Edward,  106,  Cannon-street, 

E.C. 

Peebles,  Alexander,  23,  Marlborough-road,  St. 
John’s-wood,  N.W. 

Spray,  Henry  John,  23,  Arlington- square,  N. 

The  paper  read  was — 

CALCULATING  MACHINES. 
By  C.  V.  Boys,  A.R.S.M. 

Among  the  philosophical  instruments  ex- 
hibited at  the  International  Inventions  Exhibi- 
tion, so  large  a proportion  might  be  classed 
under  the  heading  calculating  machines,  and 
these  attracted  so  much  attention,  that  it  was 
suggested  that  a paper  on  this  subject  alone 
would  be  suitable  at  the  present  time.  At  the 
invitation  of  the  Council  of  the  Society  of 


Arts,  I have  therefore  prepared  a description 
of  the  various  calculating  machines  which  were 
exhibited.  But  as  it  seemed  that  it  would  not 
be  right  to  exclude  from  this  paper  all  account 
of  similar  or  corresponding  machines,  because 
they  did  not  happen  to  form  part  of  the  collec- 
tion at  South  Kensington  last  year,  I have 
attempted  to  make  what  I have  to  say  more 
valuable,  by  including  an  account  of  other 
machines  which  serve  a similar  purpose  to 
those  exhibited.  In  doing  so,  however,  I have 
of  necessity  widened  the  subject  to  such  an 
extent  that  in  many  cases  little  more  than 
bare  mention  of  a machine  is  possible. 

Of  the  simple  arithmetical  processes,  count- 
ing is  the  first  and  most  essential ; in  the  same 
way  among  calculating  machines,  apparatus  for 
counting  is  the  essence  of  all  depending  on 
wheel-work.  I do  not  intend  to  deal  with  the 
subject  of  counting  machines,  of  which  a very 
great  number  were  exhibited,  because  counting 
is  not  calculating.  I would,  however,  point  out 
that  there  are  two  types  of  counting  machines, 
the  first  a plain  train  of  wheel-work,  such  as 
is  generally  used  in  gas  meters,  in  which 
each  arbor  turns  ten  times  as  slowly  as  the 
one  on  its  right.  Here  the  wheels  cannot  fail 
to  act,  the  record  must  be  true,  but  this  kind 
is  subject  to  the  objection  that  the  numbers  on 
view  change  gradually,  so  that  it  is  not  always 
possible  to  say  what  figure  ought  to  be  read 
unless  the  next  one  to  the  right  be  read  first, 
and  even  then  mistakes  are  sometimes  made. 
They  are,  of  course,  unfit  for  printing  a series 
of  numbers.  In  the  other  type  of  counting 
machine  each  arbor  is  normally  at  rest,  and 
only  moves  on  one  figure  when  the  next  to  the 
right  passes  from  9 to  0.  If  the  counting  pro- 
ceeds at  as  low  rate,  the  mere  friction  opposing 
the  motion  of  each  wheel  may  be  sufficient  to 
hold  it  at  rest,  in  which  case  any  wheel  can  be 
moved  by  hand  either  way  unless  the  next 
wheel  to  the  right  happens  to  be  passing  from 
9 to  0.  At  such  times  only  are  the  wheels 
locked.  If  the  counting  proceed  at  a high 
speed,  the  momentum  would  carry  each 
counting  wheel  as  liberated  a little  too  far 
unless  a strong  click  spring,  an  efficient  brake, 
or  some  locking  contrivance,  were  applied. 

Addition  and  its  converse,  subtraction,  are, 
next  to  counting,  the  most  simple  of  all  arith- 
metical operations,  they  are  in  fact  so  simple, 
that  machines  for  adding  a series  of  numbers, 
though  easily  made,  do  not  serve  any  really 
useful  purpose ; for  it  would  take,  perhaps, 
longer  to  set  all  the  numbers  in  a column  of 
figures  on  to  an  adding  machine  than  it  would  to 
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add  them  without  the  machine ; moreover,  there 
is  the  possibility  of  setting  a wrong  figure  which 
cannot  be  discovered  afterwards,  so  that  there 
is  not  even  the  recommendation  that  mistakes 
are  impossible.  No  adding  machines  were 
exhibited  at  the  Inventions  Exhibition,  that  is 
if  we  except  arithmometers,  which  in  reality 
are  adding  machines  of  great  power,  or  count- 
ingmachines,  which,  of  course,  are  only  capable 
of  continually  adding  i.  Adding  machines 
were  made  more  than  200  years  ago,  but,  for 
the  reasons  stated,  have  not  come  into  use.  An 
early  one,  by  Sir  Samuel  Morland,  is  exhibited 
at  South  Kensington,  together  with  a book  on 
the  subject  by  the  same  author,  dedicated  to 
Charles  II.  A series  of  circles  divided  into  10 
parts  each,  and  three  others  divided  into  20, 
12,  and  4 parts  for  shillings,  pence,  and 
farthings,  are  arranged  on  a block,  so  that  when 
any  one  completes  a turn  it  shows  on  an 
auxiliary  circle  that  one  has  to  be  carried  to 
the  next  circle  to  the  left.  Each  circle  is  then 
moved  through  as  many  divisions  as  represent 
the  number  in  the  corresponding  column  to  be 
added,  a handle  and  stop  being  provided  for 
the  purpose,  and  so  the  total,  at  any  period  of 
the  operation,  can  be  read.  I am  able  to  show 
another  of  Sir  Samuel  Morland’s  adding 
machines  belonging  to  General  Babbage.  In 
arithmometers  and  dilference  engines  the 
adding  is  performed  in  precisely  the  same  way, 
but  the  machine,  instead  of  the  hand,  performs 
the  operation  ot  adding  and  carrying.  In  the 
Scie7itijic  America?i  of  August  29,  1885,  there 
is  an  account  of  a recent  adding  machine 
invented  by  the  late  Mr.  W.  J.  Macnider. 

Passing  on  to  the  machines  for  multiplying 
and  dividing,  we  find  a great  number.  Here 
the  length  of  the  calculation  is  so  great  com- 
pared with  the  number  of  figures  required  in 
the  setting,  that  a machine  which  will  quickly 
perform  the  operation  is  well  worth  using. 
Of  wheel-work  multiplying  machines  two  were 
exhibited  at  the  Inventions  Exhibition,  one  by 
Tate  and  the  other  by  Edmondson,  but  as  these 
machines  are  developments  of  much  older  ones, 
a few  words  on  their  origin  may  be  desirable. 

The  earliest  machine,  if  it  can  be  so  called, 
for  simplifying  the  operation  of  multiplication, 
is  due  to  Napier,  the  inventor  of  logarithms, 
and  is  known  as  Napier’s  bones.  These  are 
nothing  more  than  a series  of  vertical  slices 
from  ordinary  multiplication  tables.  When 
they  are  arranged  so  that  the  top  figures  are, 
in  order,  the  figures  of  the  multiplicand, 
the  series  of  lines  which  must  be  added  for 
the  product  can  be  read  with  great  facility. 


Viscount  Mahon,  afterwards  Earl  Stanhope, 
was  the  first  to  make  practically  useful 
machines  for  multiplying  and  dividing.  He 
made  four  machines  which  still  exist.  I am 
able,  through  the  kindness  ofGeneral  Babbage, 
to  show  two  made  in  1775  and  1777.  He  in- 
troduced that  which  is  essential  in  a calcu- 
lating machine,  viz.,  the  possibility  of  setting 
one  factor  so  that  at  each  turn  of  the  handle 
as  many  teeth  shall  operate  in  the  place  of 
each  digit,  as  each  digit  represents.  Thus,  if 
7201  were  to  be  set,  then  in  the  units  place  one 
tooth  only  would  operate  on  the  first  of  the 
set  of  dials  on  which  the  answer  is  read, 
and  move  it  forward  i at  each  turn.  In  the 
second  place  nothing  would  happen,  in  the 
third  two  teeth  would  act,  and  in  the  fourth  7. 
Thus,  at  every  turn,  the  number  7201  would 
be  added  to  whatever  number  happened  to  be 
on  the  machine.  When  the  handle  has  been 
turned  as  many  times  as  corresponds  to  the 
last  figure  of  the  other  factor,  say  five  times, 
the  number  set,  7201,  has  been  added  five 
times,  or  has  been  multiplied  by  five ; the 
number  which  is  set,  together  with  the  plate- 
wheels  and  appendages  on  which  it  is  set,  are 
then  shifted  one  place  to  the  left,  or  the  re- 
cording dials  one  place  to  the  right,  and  the 
handle  turned  as  many  times  as  corresponds 
with  the  last  figure  but  one  of  the  multiplier,  and 
so  on  till  the  result  is  complete.  In  the  1777 
machine,  the  figures  are  set  upon  a cylinder 
which,  at  a certain  point  of  its  revolution, 
shifts  slightly  along  its  axis,  and  throws  out  of 
gear  all  the  teeth  upon  its  surface  which  were 
operating  upon  the  recording  dials.  In  the 
1775  machine,  the  stepped  reckoner— a series  of 
nine  teeth  increasing  in  length  by  steps  from  a 
short  one  to  one  nine  times  as  long,  a con- 
trivance used  in  most  modern  arithmometers — 
was  first  employed.  In  this  machine,  however, 
the  slides  move  longitudinally  instead  of  turning 
in  the  operation. 

In  the  1851  Exhibition  two  instruments  were 
awarded  medals,  the  first  by  Staffel,  a Russian, 
which  has  since  been  lost  sight  of,  and  the 
other  by  Thomas  de  Colmar,  now  extensively 
used  in  this  country.  This  machine  is  so  well 
known  that  more  than  a short  description  of  it 
is  unnecessary.  The  reversing  motion  of  three 
bevel  wheels,  the  eraser  for  clearing  off  all 
figures  from  the  machine,  and  the  use  of 
quotient  holes,  which  act  as  counters  to  show 
how  many  times  the  handle  has  been  turned  in 
each  position  of  the  number  slides  (and  on 
which,  therefore,  one  of  the  factors  in  multi- 
plication becomes  recorded,  instead  of  being 
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reduced  to  nothing,  as  in  the  Stanhope 
machine),  are,  1 believe,  due  to  de  Colmar. 
The  arrangement  of  this  machine,  of  which  I 
have  a specimen  on  the  table,  is  easily  under- 
stood. There  are  eight  (or  more  or  less)  parallel 
axes  all  in  gear  with  a long  shaft  turned  by 
bevel  gearing  by  a handle.  Each  axis  turns 
once  for  every  turn  of  the  handle.  There  is  on 
each  axis  a “stepped  reckoner,”  already  de- 
scribed. To  the  left  of  each  of  these  axes  are 
eight  auxiliary  axes,  carrying  sliding  spur- 
wheels,  which  may  be  set  by  thumb-pieces,  so 
as  to  gear  with  one,  two,  three,  or  any  number 
up  to  nine  of  the  teeth  on  the  stepped  reckoner. 
Each  auxiliary  axis  carries  a pair  of  bevel 
wheels  set  facing  one  another,  and  between 
each  of  these  pairs  is  a horizontal  bevel,  gearing 
with  either  the  front  or  the  back  bevel.  By 
moving  a handle,  all  the  pairs  can  be  shifted 
so  as  to  reverse  the  motion  of  the  horizontal 
bevels.  Each  horizontal  bevel  carries  a num- 
ber disc.  The  part  of  the  frame  carrying  the 
number  discs  can  be  raised  and  slid  along  so 
as  to  bring  the  middle  one  of  the  sixteen  num- 
ber discs  over  any  one  of  the  pairs  of  bevels. 
A series  of  counting  w’heels  show  the  number 
of  turns  of  the  handle  in  each  position  of  the 
moving  slide,  if  the  number  does  not  exceed 
nine.  To  prevent  overshooting,  every  auxiliary 
axis  is  supplied  with  a locking  plate,  so  that 
it  is  suddenly  stopped  when  the  stepped 
reckoner  has  done  its  work.  So  far  the 
machine  can  be  employed  for  multiplication, 
or  inversely  for  division,  but  unless  each  num- 
ber disc  were  made  to  move  on  one  tooth  as 
soon  as  the  next  one  to  the  right  completed  each 
turn,  the  answers  given  would  not  be  correct. 
The  mechanism  for  carrying  the  tens  is  always 
the  most  troublesome  to  arrange  in  a calcu- 
lating machine.  This  cannot  be  done  during 
the  calculating  part  of  the  rotation  for  obvious 
reasons.  It  is  necessary,  then,  for  each  dial  to 
make  a signal  when  a carriage  is  necessary. 
Again,  all  the  carriages  cannot  be  effected  at 
the  same  time,  for  if  the  last  only  of  a series 
of  nines  shows  that  a carriage  is  due,  it  only 
would  change  to  zero  if  the  carriages  were 
effected  simultaneously,  while  it  is  clear  that 
all  should  change  to  zero.  It  is  necessary, 
therefore,  to  perform  the  carriage  of  each  one 
just  before  the  next  to  the  left.  In  the  Stan- 
hope machines  on  the  table,  this  result  is 
obtained  by  an  ingenious  contrivance  which  I 
cannot  easily  describe.  In  the  de  Colmar 
machine  each  number  disc,  when  it  completes 
its  revolution,  presses  back  a small  lever, 
which  pushes  a tenth  tooth  into  temporary 


gear  on  the  reckoner  of  the  next  barrel  to  the 
left.  Moreover,  in  passing  from  right  to  left 
each  barrel  lags  one  tooth  behind  the  last,  and 
can  thus  carry  one  if  necessary. 

Of  the  two  machines  exhibited  last  year, 
Tate’s  is,  in  its  general  appearance  and  work- 
ing, identical  with  the  de  Colmar  machine, 
and  Edmondson’s  is  but  a step  removed.  As 
I had  an  opportunity  of  examining  these 
machines  very  closely  while  the  Exhibition 
was  open,  and,  through  the  kindness  of  the 
inventors,  I have  lately  had  one  of  each  and  a 
de  Colmar  machine  in  frequent  use,  perhaps 
some  remarks'  on  the  relations  between  these 
three  machines  may  be  of  interest.  I hope  I 
shall  succeed  in  treating  this  rather  delicate 
matter  without  wounding  the  feelings  of  any- 
one in  this  room;  I am  sure  those  who  are 
most  concerned,  to  whom  I am  under  deep 
obligations,  will  give  me  credit  for  being  im- 
partial. If  I should  give  in  any  way  a false 
impression,  I hope  that  Mr.  Edmondson  or 
Mr.  Tate,  will  remove  that  impression  in  the 
discussion. 

I have  said  that  Tate’s  machine  is  in  appear- 
ance identical  with  the  de  Colmar  machine. 
This  refers  to  the  general  design  and  to  the 
outside.  When  opened,  at  once  a great 
difference  is  apparent,  the  most  important 
being  the  substitution  of  the  best  English  for 
what  can  hardly  be  considered  the  best  foreign 
work.  It  is  impossible  to  speak  too  highly  of 
the  beautiful  finish,  the  accuracy  of  construc- 
tion, or  the  excellent  materials  which  are 
employed  in  every  part.  So  far,  Tate’s 
machine  might  be  nothing  more  than  the 
French  machine  better  made.  There  are, 
however,  improvements  in  detail  in  the  design. 
In  the  first  place,  the  erasing  mechanism  is, 
in  practice,  far  more  convenient  than  in  the 
French  machine.  In  the  place  of  a long  rack 
which  pulls  each  dial  round  until,  in  conse- 
quence of  an  absent  tooth,  it  stops  at  o,  an 
operation  performed  by  twisting  a milled  head 
against  a spring  for  one  set  of  dials,  and 
another  in  the  same  way  for  the  other  set,  it 
is  merely  necessary  to  jerk  a handle  one  way 
to  erase  one  set  of  numbers,  and  the  other  way 
to  erase  the  other  set.  The  dials  are  brought 
accurately  to  zero  by  a long  steel  rod,  acting 
on  cams,  exactly  in  the  same  way  that  the 
second  hand  of  a stop-watch  is  set  back  to 
sixty  seconds.  Anotherimprovement,  or  change 
as  it  has  been  considered,  is  the  removal  of  the 
stops,  or  cams  and  cam-guards,  which  pre- 
vent the  dials  and  auxiliary  arbors  from  over- 
shooting their  mark  in  obedience  to  their 
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momentum.  These  guards,  which  act  much 
in  the  same  way  that  the  Geneva  stop  prevents 
overwinding  of  a watch,  suddenly  bring  the 
dials  to  rest.  In  place  of  these,  Tate  employs 
a series  of  springs  under  which  these  parts 
move  stiffly.  This,  at  first  sight,  seems  in- 
adequate, in  view  of  the  great  speed  at  which 
the  machines  are  run.  I have  done  my  best  to 
try  and  make  one  of  these  overshoot,  but  with- 
out success.  I thought  it  would  be  interesting 
to  find  how  far  the  dial  must  really  move 
before  the  spring  brings  it  to  rest.  I therefore 
made  the  following  measures  (on  the  C.G.S. 
system).  The  moment  of  inertia  of  the  dial 
and  its  attachments  is  lO'p,  and  of  the  second- 
ary axis  and  wheels  67.  If  we  take  a working 
speed  of  four  turns  of  the  handle  a second,  we 
shall  find  that  the  angular  velocity  of  these 
parts  is  in  radian  measure  i6ir  or  50*4,  and 
therefore  the  energy  of  motion  is  22,370  units. 
The  springs  are  adjusted  until  they  resist  a 
force  equal  to  the  weight  of  a kilog.  applied 
to  the  teeth,  which  represents  a turning 
moment  of  784,800  units.  These  figures  make 
the  greatest  possible  amount  of  overshooting 
to  be  about  ij®.  Now  as  no  error  could 
be  introduced  unless  an  angle  approach- 
ing 18®  were  reached,  it  is  evident  that  the 
factor  of  safety  is  fully  10,  and  that  any  fears 
as  to  the  efficiency  of  this  brake  are  unfounded. 
The  brake  has  been  found  an  efficient  means 
of  checking  the  motion  of  heavier  things  than 
the  wheels  of  a calculating  machine. 

Against  this  brake  may  be  urged  the  fact 
that  more  mechanical  work  is  spent  in  driving 
the  machine,  but  this  is  so  slight  that  it  can 
hardly  be  urged  with  propriety.  The  remain- 
ing improvement  relates  to  the  method  of  hold- 
ing the  carrying  arm  in  its  working  or  its  idle 
position.  To  what  extent  the  old-fashioned 
double  spring  is  likely  to  fail  I am  not  in  a 
position  to  say  ; I think  I may  safely  say  that 
the  simple  spring  that  takes  the  place  of  this 
double  spring  can  never  fail. 

Edmondson’s  machine  differs  from  that  of 
de  Colmar,  first  in  its  general  form.  It  is  not 
a straight  but  a circular  machine.  The  line 
of  product  holes  is  as  it  were  bent  round  so  as 
to  make  a circle  of  twenty  holes.  Outside  this, 
at  the  back,  are  a series  of  radial  slides  for  the 
setting  of  numbers.  Some  of  the  product 
holes  also  serve  for  quotient  holes,  there  being 
no  special  row  of  dials  to  count  the  revolution 
of  the  handle.  The  combination  of  stepped 
reckoners,  of  reversing  bevels  and  number 
wheels,  is  identical  with  that  in  the  de  Colmar 
machine,  the  only  apparent  difference  depend- 


ing on  their  radial  arrangement.  The  locking 
apparatus  is  more  perfect,  for  at  no  part  of  the 
revolution  can  any  one  of  the  number  wheels 
be  ever  moved  except  by  the  machine,  whereas 
in  the  de  Colmar  machine  each  number  wheel, 
after  being  stopped,  is  for  a short  time  free. 
The  number  of  turns  of  the  handle  mayor  may 
not  be  counted  at  pleasure,  and  a choice  of 
three  positions  is  given  on  the  circle  of  holes 
on  which  to  make  this  record.  This  record 
may  be  either  forwards  or  backwards,  and 
so  the  multiplier  may  either  be  worked  on  to 
the  machine,  as  in  the  de  Colmar  or  Tate 
machine,  or  if  it  is  already  on  the  machine,  as 
the  result  of  a previous  operation,  it  can — by 
making  the  counting  proceed  backwards — be 
worked  off  and  leave  nothing.  The  same 
is  true  of  the  dividend  in  division.  This  is 
peculiar  to  Edmondson’s  machine,  and  is 
a certain  advance,  for  it  takes  as  long  to 
set  figures  on  a machine  as  it  does  to  make 
the  calculation,  and  such  setting  introduces 
the  possibility  of  error  on  the  operator’s  part. 

The  eraser  is  the  same  in  principle  as  that 
in  the  de  Colmar  machine,  but  its  application 
is  peculiar  on  account  of  the  circular  form. 
On  lifting  up  the  erasing  handle,  the  central 
disc  on  which  are  all  the  number  wheels  is 
raised  out  of  gear;  it  can  then  be  rotated, 
and  each  disc  in  turn  is  set  to  zero.  Here, 
again,  is  something  peculiar  to  the  machine. 
Any  of  the  numbers  may  be  erased  or  left  as 
they  were  at  will.  I understand  from  Mr.  Tate 
that  Mr.  Edmondson  was  not  the  first  to  make  a 
circular  machine,  but  that  Hahn,  of  Stuttgart, 
made  one  77  years  ago,  and  that  that  form 
was  then  discarded.  I know  nothing  of  this 
other  machine,  nor  is  there  any  evidence  that 
the  peculiarities  of  Edmondson’s  machine — 
the  locking,  the  possibility  of  working  on  or 
off,  the  absence  of  quotient  holes  and  the 
eraser  are  not  entirely  original.  I have  more 
than  once  heard  it  urged  against  Edmondson’s 
machines  as  made  (this  of  course  does  not 
refer  to  the  design  or  invention,  but  to  the 
manufacture),  that  it  is  roughly  made.  This 
is  true  in  so  far  as  the  surfaces  which  do 
nothing  are  concerned,  for  the  castings  in 
these  places  have  not  even  been  filed  smooth. 
In  this  respect  I think  Mr.  Edmondson  sets  an 
example  which  instrument  makers  would  do 
well  to  follow.  If  the  care  and  time  which  are 
devoted  to  the  finishing  of  parts  which  have 
nothing  to  do  with  the  working  of  an  instru- 
ment were  spent  instead  in  more  carefully 
fitting  and  adjusting  the  working  parts,  we 
who  use  them  would  certainly  be  better  off,  but 
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then  the  purchasing  public  would  not  be  so 
well  satisfied.  Instrument  makers  to  whom  I 
have  occasionally  made  this  complaint,  assure 
me  that  they  cannot  trust  their  workmen  to  do 
any  work  accurately  unless  every  part  is  highly 
finished,  for  it  seems  these  men  cannot  under- 
stand that  what  they  call  an  unfinished  instru- 
ment can  be  fit  for  anything  but  second  rate 
work.  Here,  surely,  is  an  opportunity  for 
the  technical  educationist.  Edmondson  has 
finished  only  the  working  parts,  but  these  are 
done  sufficiently  well  to  work  correctly.  In 
the  finish  of  the  working  parts  and  in  the 
material,  I should  say  that  Tate’s  machine  is 
not  equalled  by  any.  Against  the  superiority 
in  this  respect  of  Tate’s  machine  must  be  set 
the  fact  that  the  cost  is  exactly  double.  On 
the  other  hand,  against  the  increased  powers 
of  Edmondson’s  machine  must  be  set  the  fact 
that  Tate’s  machine  has  a slight  advantage 
over  Edmondson’s  on  account  of  the  slope  of 
the  surface  towards  the  operator,  the  straight 
rows  of  holes,  and  the  fact  that  the  number 
slides  are  nearest  the  operator,  and  are 
parallel,  as  in  the  original  de  Colmar  machine. 

I think  that  what  I have  said  is  sufficient  to 
show  that  each  machine  is  in  some  respects 
better  than  the  other,  and  that  both  are  superior 
to  the  arithmometers  originally  made  by 
de  Colmar. 

Of  other  calculating  machines  I have  but 
little  to  say.  A circular  machine,  by  Wiberg, 
of  Sweden,  was  exhibited  in  the  Exhibition  of 
1862,  together  with  a difference  engine  by  the 
same  inventor,  also  with  a circular  arrangement. 

There  is  another  machine,  by  Grant,  of 
which  there  is  a specimen  on  the  table,  in  use 
in  the  United  States,  which,  in  the  cylindrical 
arrangement  of  the  setting  and  recording  discs, 
might  seem  to  be  developed  from  the  1777 
Stanhope  machine. 

Passing  from  arithmometers  to  machines  of 
anotherclass,  we  come  to  one  highly  specialised. 
It  does  one  thing  only,  and  that  it  does  well. 
I refer  to  an  entirely  novel  instrument,  invented 
by  Hartmann,  for  calculating  interest.  It  is 
certainly  surprising  that  it  attracted  so  little 
attention,  and  seems  so  little  known.  It  con- 
sists essentially  of  tables,  calculated  by  Hart- 
mann with  great  labour,  arranged  as  follows : — 
First,  there  are  a pair  of  corresponding  primary 
tables.  The  bottom  line  of  the  upper  one 
contains  the  series  of  values  id.,  2d.,  3d.,  qd. 
and  so  on,  the  figure  in  each  column  being  one 
penny  more  than  in  the  one  to  the  left.  In  the 
line  above  this  are  the  values  2d.,  qd.,  6d.,  8d., 
&c.,  in  the  next  line  3d.,  6d.,  qd.,  is.,  &c.. 


and  so  on  for  183  lines.  This,  then,  is  a multi- 
plication table  in  which  the  unit  id.  is  at  the 
bottom  left  hand  corner.  In  corresponding 
columns  in  the  table  below  are  the  capital 
sums  which,  at  various  rates  of  interest  from 
I to  10  per  cent.,  increasing  by  eights, 
will  yield  as  interest  the  id.,  2d.,  3d., 
&c.,  per  day,  which  is  tabulated  in  the- 
bottom  line  of  the  upper  table.  Thus,  if  we 
take  any  row  in  the  lower  table  represent- 
ing any  desired  rate  per  cent.,  and  find  any 
sum  marked  in  one  of  the  vertical  columns, 
the  amount  found  in  the  bottom  line  of  the 
upper  table  immediately  above  this  will  show 
the  interest  per  day,  the  tenth  line  will  show 
the  interest  for  ten  days,  and  so  on  for  any 
number  of  days  or  any  rate  per  cent.  So  far, 
I have  described  a special  multiplication  table 
rather  than  a machine,  and  this  it  would  still 
be,  in  spite  of  the  mechanical  mounting  of  the 
tables  whereby  the  required  squares  can  be 
almost  immediately  pointed  out,  if  it  were 
not  for  the  graphical  table  attached.  It  is 
evident  that  the  capital  sums  in  the  lower 
table  must  differ  from  square  to  square  by 
considerable  amounts,  and  not  only  this  but 
the  sums  tabulated  cannot  be  even  amounts  if 
they  produce  the  id.  a day  exactly.  The  next 
lowest  even  amount  is  written  in  the  table,  and 
by  the  side  a correction.  As  the  sum  on  which 
we  may  require  to  calculate  interest  is  not 
likely  to  be  exactly  found  in  the  table,  means 
have  to  be  provided  to  find  the  interest  due  to 
any  differences.  This  is  the  part  of  the  machine 
which  is  specially  ingenious.  A second  or 
graphical  pair  of  tables  is  prepared  with  a 
horizontal  line  corresponding  to  each  hori- 
zontal line  in  the  two  tables  already  described. 
Each  of  these  lines  is  divided  into  a series  of 
equal  parts,  such  that  the  number  of  parts  is 
equal  to  the  difference  between  any  pair  of 
numbers  in  the  primary  tables.  Thus  in  the 
lower  part  of  the  graphical  table  are  capital 
sums,  and  in  the  upper  part  are  pence, 
shillings  and  pence,  or  pounds  shillings  and 
pence,  which  are  corresponding  amounts  of 
interest.  This  table  is  mounted  on  a cylinder, 
while  the  first  being  longer  is  mounted  on  a 
pair  of  cylinders.  Two  sliders  are  provided, 
one  to  be  set  to  the  rate  per  cent.,  and  the  other 
to  the  number  of  days.  To  find  the  interest  on  any 
sum  the  lower  slider  is  set  to  the  rate,  the  next 
lower  capital  amount  than  that  given  is  set 
opposite  to  the  pointer.  The  difference  and 
Correction  are  set  opposite  the  other  end  of  the 
same  pointer  on  the  graphic  table.  The  upper 
pointer  is  set  against  the  number  of  days.  On 
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the  one  side  is  the  interest  on  the  chief 
amount,  and  on  the  other  the  interest  on  the 
difference  and  correction  combined  correct  to 
a farthing.  The  time  occupied  is  less  than 
would  be  spent  in  looking  over  tables  in  the 
usual  way,  or  in  calculating  by  a machine. 
A pair  of  horizontal  lines  are  specially  divided 
for  the  calculation  of  brokerage  and  com- 
mission. I am  able  to  show  a complete 
machine  and  the  tables  separately  amounted. 

I have  also  an  instrument  by  Detallante  for 
the  calculation  of  interest.  This  only  calculates 
at  5 and  6 per  cent.  Interest  at  other  rates 
must  be  found  by  a simple  proportion  sum. 

Machines  for  solving  equations  were  repre- 
sented by  only  one  example,  that  forcubic  equa- 
tions shown  by  Mr.  Cunynghame.  Equation 
machines  may  be  divided  into  three  classes, 
those  for  solving  simultaneous  equations,  those 
for  equations  of  any  order  involving  one  un- 
known quantity,  and  those  for  solving  certain 
forms  of  differential  equation.  The  first  and 
last  class  are  almost  beyond  the  scope  of  this 
paper,  I can,  therefore,  do  no  more  than  merely 
refer  to  them.  The  only  machines  with  which 
I am  acquainted  are  the  invention  of  Sir 
William  Thomson.  In  his  simultaneous 
equation  machine  there  are  as  many  pivoted 
pulley  frames  as  there  are  unknown  bodies, 
and  as  many  pulleys  on  each  as  there  are 
pulley  frames.  The  positions  depend  upon 
the  co-efficients.  There  are  as  many  cords 
passing  over  one  pulley  on  each  frame  as  there 
are  frames.  On  pulling  the  cords  the  frames 
are  inclined  in  certain  directions,  and  the 
angles  when  measured  give  the  value  of  the 
unknown  quantities.  It  is  worthy  of  note  that 
the  same  machine  can  be  employed  to  re- 
calculate and  correct  for  any  slight  errors  it 
makes. 

Machines  for  solving  differential  equations 
involve  the  use  of  integrating  machines,  a 
class  of  machine  which,  for  reasons  stated 
later,  I am  reluctantly  compelled  to  pass  over. 

Of  machines  for  solving  equations  of  a high 
order,  involving  only  one  unknown  quantity, 
there  are  very  few.  Mr.  A.  B.  Kempe,  whose 
work  on  linkages  is  well  known,  has  shown 
how  to  apply  linkwork  to  solve  these  equations. 
He  employs  a series  of  bars  hinged  on  one 
another,  and  jointed  by  linkwork,  or  other- 
wise, in  such  a manner  that  each  one 
makes  the  same  angle  with  the  one  on  either 
side  of  it,  and  the  same  angle  that  the  first 
makes  with  the  axis  of  x on  which  the  first 
hinges.  The  equation  is  put  through  a 
trigonometrical  transformation,  and  the  new 


coefficients  determine  the  lengths  of  the  bars 
When  the  first  bar  is  rotated,  the  end  of  the 
last  passes  over  the  axis  of  y every  time 
that  a root  is  indicated,  and  the  value  can  be 
determined  by  transforming  the  new  equation 
back  to  its  original  form.  Mr.  Kempe  has 
shown  me  the  simplest  solution  of  a cubic 
equation  by  linkage,  which  is  published  in  the 
“ Messenger  of  Mathematics,”  vol.  v.,  as  an 
extract  from  the  “ Comptes  Rendus  ” of  1874,. 
due  to  M.  vSaint-Loup.  This  involves  the  use 
of  only  four  links,  forming  one  quadrilateral. 
When  this  is  deformed,  the  point  of  intersection 
of  two  opposite  sides  continued  passes  a 
certain  point,  and  then  the  value  of  a root  may 
be  found  by  measure. 

Mr.  Kempe  has  also  sent  me  a paper  by  Mr. 
Freeland,  published  at  Philadelphia,  where  it 
is  shown  that  this  problem  may  be  solved 
mechanically  by  an  adaptation  of  Sir  William 
Thomson’s  simultaneous  equation  machine, 
in  which  the  several  pulley  frames  are  con- 
nected by  linkages,  to  move  through  angles 
successively,  which  are  a series  of  powers  of 
that  moved  through  by  the  first.  An  appendix 
to  this  paper  gives  a history  of  the  problem 
beginning  with  a geometrical  solution  adapted 
for  a machine  by  Clairaut.  Reference  is  next 
made  to  what  is  perhaps  the  most  interesting 
possible  method.  Among  the  innumerable 
feats  of  the  analytical  engine  of  Charles 
Babbage  was  that  of  deliberately  calculating 
the  value  y in  the  expression  y ^ a bx  A" 
cx^  &c. , as  a;  increases  from  nothing  through 
small  steps  for  ever.  Whenever  the  value  of 
y became  nothing,  the  machine  would  ring  a 
bell  and  stop,  so  as  to  call  attention  to  one 
value  of  which  it  had  found  to  be  a root  of 
the  equation. 

I am  not  aware  that  any  of  the  contrivances 
mentioned  are  practically  convenient  or  suit- 
able for  the  solution  of  equators.  Mr. 
Cunynghame’s  machine,  at  any  rate,  has  this 
merit,  that  the  only  thing  that  it  does  it  does 
at  once  and  accurately.  This  one  thing  is 
the  solution  of  an  equation  of  the  form 
x'^  A bx  A c ■=.  o.  A cubical  parabola 
is  drawn  upon  a large  board,  and  the 
points  marked  for  which  y has  certain  values 
as  I,  2,  3,  &c.,  up  to  1,000.  A protractor 
divided  so  that  the  divisions  and  numbers 
engraved  are  co-tangents  is  to  be  applied 
to  the  curve,  so  that  the  readings  on  the 
axis  of  X and  the  co-tangent  scale  are  the  co- 
efficients of  the  equation,  then  the  point  or 
points  where  the  straight  edge  cuts  the  curt^'e 
are  roots  of  the  equation.  Any  cubic  equation 
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•can  be  solved  by  the  machine,  for  by  Cardan’s 
rule  it  can  be  made  to  want  its  second  term. 
It  is  curious  that  if  two  of  the  roots  are  impos- 
sible, by  a second  application  of  the  protractor, 
their  value  (in  impossible  measure  of  course) 
can  be  found. 

There  is  also  a machine  for  solving  equations 
•of  any  degree,  - which  I designed  some  ten 
years  ago,  of  which  I have  a model.  If  the 
machine  is  to  solve  an  equation  of  the 
.nth.  degree  n A"  beams  are  employed. 
These  are  each  provided  with  a pair  of  pans 
marked  + and  — . Alternate  beams  are  always 
opposite  one  another.  Each  beam  is  connected 
with  that  in  front  of  it  by  a sliding  joint. 
Weights  equal  to  the  coefficients  of  the  several 
terms  are  put  into  the  pans  in  order,  on  to  the 
-f.  or  — side,  according  to  the  sign.  Then  one 
set  of  beams  is  made  to  slide  along.  In  certain 
positions  of  the  slide  the  first  beam  leans  over 
to  the  other  side,  and  may  be  made  to  ring  a 
bell.  The  reading  on  the  slides  is  then  a root 
of  the  equation.  If  there  are  not  more  than 
two  impossible  roots  they  also  may  be  found 
by  the  machine.  This  machine  and  Mr. 
Cunynghame’s  are  described  in  this  month’s 

Philosophical  Magazine.” 

Though  the  tide-predicting  machine,  invented 
by  Mr.  E.  Roberts,  F.R.A.S.,  and  made  by  A. 
Lege  and  Co.,  does  not  do  more  than  draw  a 
curved  line,  it  may  certainly  be  includedas  a cal- 
culating machine,  since  in  only  two  hours  it  will 
find  the  height  not  only  of  high  water,  but  the 
level  at  every  intermediate  time  throughout  a 
year  for  any  place  for  which  the  constants 
have  been  determined,  taking  into  account 
twenty  different  tide  components,  an  amount 
■of  work  which  would  take  an  immense  time 
when  worked  out  any  other  way.  It  might 
seem  at  first  that  such  a machine  must  be  so 
complicated  that  it  would  be  impossible  to 
make  clear  the  principle  of  its  action  in  a short 
time,  but  this  is  not  so,  as  I hope  to  show. 
If  the  tides  were  due  to  a single  attracting 
body  in  the  plane  of  the  equator  always  at  the 
same  distance  from  the  earth— say  the  sun  or 
moon  alone — then  the  tides  would  be  perfectly 
regular,  and  would  follow  an  harmonic  law. 
Their  motion  would  be  similar  to  the  motion  of 
a pendulum,  or  as  Sir  George  Airy  has  ex- 
pressed it,  the  rise  and  fall  of  the  water  would 
be  the  same  as  that  of  a point  moving  at  a 
uniform  rate  round  a circle,  of  which  the 
diameter  is  equal  to  the  total  rise  of  the  water. 
Now,  there  are  two  tide-producing  bodies,  each 
of  which  gives  rise  to  its  own  effect,  so  the  result- 
ing tide  is  the  sum  or  difference  of  that  due  to 


either  body  separately.  But  this  is  not  all. 
Neither  the  sun  nor  the  moon  remains  in  the 
plane  of  the  equator.  They  journey  north  and 
south,  nor  do  their  distances  remain  constant ; 
they  approach  and  recede  from  the  earth.  In 
consequence,  the  actual  height  of  the  water  is 
not  to  be  expressed  by  any  such  simple  law  as 
already  indicated,  but,  as  is  well  known,  it  can 
be  represented  as  the  algebraic  sum  of  the 
heights  of  a great  number  of  tides  of  various 
amplitudes  and  periods.  Supposing  these  tide 
components  are  known  for  any  place,  then  the 
machine  can  be  adjusted,  and  will  calculate 
the  resulting  tides  as  I shall  now  explain.  I 
have  a model  which  shows  how  a bob  tied  to 
a string  passing  over  a pulley  carried  by  a 
crank,  moves  up  and  down  harmonically  as  the 
crank  is  turned.  The  same  string  passes  under 
a second  pulley,  and  when  that  is  turned  the 
bob  again  moves  harmonically ; but  the  period 
and  excursion  depend  on  the  rate  of  motion 
and  throw  of  the  second  crank.  If  both 
cranks  are  turned  simultaneously,  the  bob 
has  a compound  motion,  which  is  the 
algebraic  sum  of  the  motions  which  either 
crank  would  have  produced.  If  a third 
pulley  and  crank  were  introduced,  the  motion 
would  be  still  more  complex,  and  so  on  as 
the  number  increased.  In  the  machine  ex- 
hibited by  Lege,  there  are  twenty  of  these 
cranks,  so  connected  by  gearing  that  these 
periods  have  the  same  ratio  as  the  periods  of  the 
twenty  most  important  components  of  the  tides 
due  to  the  sun  and  moon.  These  periods  are 
the  same  all  over  the  world,  and,  therefore,  this 
part  cannot  be  altered ; but  the  different  com- 
ponents have  different  values  in  different 
localities,  and  so  the  pulleys  are  moved  by 
cranks,  of  which  the  throws  can  be  adjusted 
by  micrometer  screws.  In  the  first  machine, 
now  at  the  South  Kensington  Museum,  there 
were  only  ten  of  these  pulleys,  and  they  were 
carried  directly  by  the  cranks,  and  so  the  parts 
of  the  chain  joining  the  upper  and  lower 
pulleys  did  not  always  remain  truly  vertical. 
In  the  new  machine  with  twenty  pullies,  each 
is  carried  by  a geometric  slide,  and  thus  moves 
vertically  only,  while  the  pin  of  the  crank  is 
allowed  to  move  horizontally  in  an  adjustable 
steel  slide.  The  bob  which  hangs  from  a fine 
steel  wire  consists  of  an  ink  bottle  moving  in 
a vertical  geometric  slide,  carrying  a pen  which 
draws  the  required  curve  on  a travelling  band 
of  paper.  Mr.  Roberts  has  lent  this  year’s 
curve  for  Singapore,  a portion  of  which  I have 
enlarged. 

Such  a machine  requires  the  constants  of 
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any  port  to  be  given  to  it.  These  constants, 
depending  so  much  on  the  accidents  of  the 
situation,  can  only  be  obtained  by  calculation 
from  curv’es  previously  found  for  the  same  place 
for  a year  or  more  by  a tide  recorder.  These 
calculations  even  can  be  made  by  a machine 
called  an  harmonic  analyser,  invented  by  Sir 
William  Thomson.  A row  of  eleven  of  Prof. 
James  Thomson’s  integrators  are  connected  as 
follows  : — Thejy  of  each  instrument  is  made  to 
follow  the  curve  given  by  observation.  The 
first  merely  integrates  y dx,  the  disc  of  this 
having  a uniform  motion.  The  discs  of  the 
remainder  are  given  a harmonic  motion  of 
oscillation  depending  on  the  periods  of  the 
several  components.  From  the  integral  shown 
by  each,  the  numerical  value  of  the  corres- 
ponding components  may  be  determined. 

The  same  curv’e  is  again  passed  through 
the  machine,  but  on  a drum  of  half  the  size, 
whereby  ail  the  discs  move  twice  as  often,  and 
thus  the  values  of  the  first  harmonics  or 
octaves  of  the  same  components  are  de- 
termined. 

It  may,  perhaps,  seem  presumptuous  in  me 
to  make  any  suggestion  on  this  subject  in 
view  of  the  fact  that  the  harmonic  analyser 
is  the  work  of  the  greatest  mathematical- 
mechanical  genius  of  the  present  day.  I would, 
however,  suggest  that  for  this  special  purpose 
my  disc-cylinder  integrator  is  even  more  fitted 
than  that  of  Professor  James  Thomson. 

I now  pass  on  to  a subject  on  which  I am 
believed  not  to  be  able  to  speak  reasonably. 
The  slide  rule  is  an  instrument  which  makes 
all  who  are  really  familiar  with  it  wonder  at 
the  ignorance  and  apathy  of  those  who  are 
not,  that  is  of  nearly  the  whole  community,  who 
neither  know  what  labour  they  might  save  by 
its  use,  nor  care  to  take  the  little  trouble  that 
would  enable  them  to  join  the  wondering  few. 
I am  convinced  that  if  only  those  who  are 
responsible  for  the  subjects  taught  in  our 
technical  colleges  knew  how  to  use  this  in- 
strument themselves,  it  would  at  once  become 
a compulsory  subject,  and  its  use  would 
become  general  in  every  room  and  workshop 
in  the  land,  as  I am  told  it  nearly  is  in  Germany 
and  Franco.  The  calculating  machines  already 
described  enable  one  to  obtain  answers  con- 
taining sixteen  figures  correct  to  the  last 
figure.  This  represents  a degree  of  accuracy 
far  beyond  anything  that  is  required  in  ordi- 
nary experimental  or  commercial  work.  If 
the  data  on  which  the  calculation  is  to  be 
made  are  liable  to  a possible  error  of  one  per 
cent.,  it  is  useless  to  insist  on  what  is  called 


perfect  accuracy.  After  the  first  three  or  four 
figures  of  such  a result  have  been  obtained,  all 
subsequent  ones  have  no  meaning  whatever, 
they  may  be  ornamental. 

Few  observations  are  made  in  which  an 
error  of  i-iooo  of  the  whole  may  not  creep  in 
(I  am  not  speaking  here  of  the  most  exact 
scientific  work  or  of  some  commercial  work 
where  far  greater  accuracy  may  be  obtained) ; 
in  all  such  cases,  provided  the  calculation  is 
carried  out  with  a degree  of  accuracy  well 
exceeding  that  with  which  the  primary  figures 
are  found,  the  result  obtained  will  be  just  as 
good  as  if  long  rows  of  ornamental  figures, 
such  as  students  especially  delight  in  copying 
from  tables  of  logarithms,  had  been  put  on  at 
the  end.  The  question  then  is  what  is  the 
quickest  and  the  most  convenient  way  of 
making  those  numerous  calculations  where 
the  term  absolute  accuracy  has  no  meaning. 
The  very  commonest  slide  rule  used  by  car- 
penters can  be  trusted  to  give  results  with  an 
accuracy  of  \ per  cent.,  while  the  most  accurate 
instrument  of  the  kind  I know.  Prof.  Fuller’s 
helical  rule,  gives  results  trustworthy  to  a ten 
thousandth  part. 

Addition,  or  subtraction,  may  be  performed 
by  the  use  of  two  scales  of  equal  parts  which, 
by  way  of  distinction,  may  be  called  A and  B. 
If  the  zero  of  one  scale  A,  be  placed  opposite 
any  number^  on  B,  opposite  any  other  number 
^ on  B will  be  found  / ^ on  A.  What  I 

have  said  about  machines  for  adding  applies 
equally  to  rules  for  adding,  they  are  not  worth 
using.  There  is  one  exception  in  the  slide 
rule  which  was  exhibited  by  Mr.  W.  Heath, 
in  which  the  scales,  though  each  of  equal 
parts,  are  not  on  the  same  scale.  By  the  use 
of  this  instrument,  the  correction  to  be  applied 
to  mean  solar  to  convert  it  into  sidereal  time, 
or  the  reverse,  may  be  found  at  once,  with  a 
possible  error  of  not  more  than  i-50th  second. 

What  slide  rules  do  is  to  add  quantities  but 
not  the  numbers  which  are  written  upon  them. 
The  series  of  numbers  which  lie  between  i and 
10  are  placed  at  distances  proportional  not  to 
these  numbers  but  to  their  logarithms,  and 
these,  when  added,  as  is  well  known,  give  the 
logarithm  of  the  product.  This  is  well  shown 
on  this  large  rule,  i8ft.  long.  The  mark 
numbered  2 is  APoV  of  the  distance  between 
I and  10,  *301  being  the  log.  of  2.  The  same 
is  true  of  each  of  the  190  marks  between 
I and  10  on  the  lower  line  marked  D,  as  is 
clear  from  the  scale  of  equal  parts  adjoining. 
In  this  particular  instrument,  which  is  an 
enlarged  copy  of  the  ordinary  engineer’s  rule. 
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there  are  four  divided  lines,  two  on  the  rule 
and  two  on  the  slide,  distinguished  by  the 
letters  A,  B,  c,  and  D.  The  first  three  lines, 
A,  B,  and  C,  are  identical,  and  of  these  the 
two  halves  are  identical.  Wherever  the  slide 
may  be  placed,  the  numbers  opposite  one 
another  on  A and  B are  in  the  same  proportion, 
that  is,  have  a common  quotient.  If  the  slide 
is  inserted  upside  down,  the  numbers  opposite 
one  another  have  a common  product.  The 
lower  line,  D,  is  on  double  the  scale,  and  as 
by  doubling  the  logarithm  of  a number  we 
find  the  logarithm  of  its  square,  it  is  evident 
that  when  the  slide  is  in  its  normal  position, 
a table  of  squares  is  exhibited.  Moreover, 
however  the  slide  is  placed,  the  squares  of  any 
numbers  on  D are  in  the  same  proportion  as 
the  numbers  opposite  them  on  C ; they  have  a 
common  quotient.  If  the  slide  be  inverted  so 
that  the  B line  is  opposite  the  D line,  they  then 
have  a common  product.  These  are  all  the 
lines  on  the  rules  most  usually  sold.  With 
these  all  calculations  of  ordinary  arithmetic 
may  be  instantly  made,  and  it  makes  no 
difference  in  the  labour  if  the  squares  or  square  , 
roots  of  any  numbers  are  involved  instead  of 
the  numbers  themselves,  for  they  need  only  be 
set  upon  the  proper  line.  I am  not  able  to 
show,  for  want  of  time,  the  thousand  and  one 
purposes  for  which  these  lines  may  be  profitably 
employed.  I will  merely  give  one  instance  of 
frequent  application.  If  the  length  of  a square 
or  round  bar  found  on  B is  set  against  a certain 
number  on  A,  opposite  the  side  or  diameter  on 
D will  be  found  the  weight  or  volume  on  C 
according  to  the  number  set  on  A.  Besides  the 
lines  mentioned,  other  lines  are  sometimes 
supplied  either  on  the  back  of  the  slide  or  on 
separate  slides.  One  of  one-third  of  the  scale 
of  the  D line  makes  it  possible  at  once  to  find 
proportions  in  which  the  cubes  or  square  roots 
of  cubes  of  numbers  are  involved.  A line  in 
which  the  distance  from  i to  lo  (called  the 
radius)  of  the  D line  is  divided  into  equal  parts 
enables  one  to  find  logarithms  directly.  One, 
in  which  the  distances  are  proportional  to  the 
log  sines  or  log  tangents  of  the  angles  marked, 
supply  at  once  a table  of  sines  or  tangents,  or 
make  the  results  of  proportions  in  which  these 
functions  are  involved  as  easily  and  directly 
ascertainable  as  those  of  simple  proportion. 

As  may  be  expected,  the  number  of  forms  in 
which  the  slide  rule  is  found  is  almost  in- 
definite. Any  attempt  to  give  a description  of 
every  instrument  would  of  necessity  fail.  There 
are,  however,  certain  broad  principles  of  con- 
struction. In  the  first  place,  all  rules  may  be 


divided  into  two  classes,  those  in  which  two 
lines  logarithmically  divided  slide  against  one 
another,  and  those  in  which  there  is  only  one 
line,  or  possibly  several  independent  lines,  and 
a pair  of  indices,  which  may  be  set  to  measure 
the  angular  or  linear  distance  between  any 
pairs  of  numbers,  and  be  then  transferred  to 
any  other  part  of  the  scale,  when  another  pair, 
either  themselves,  or  whose  squares,  cubes, 
roots,  sines,  or  tangents,  as  the  case  may  be, 
will  be  found  in  the  same  proportion.  Of  the 
first  class,  great  length,  and  therefore  pro- 
portional accuracy,  is  sometimes  obtained  by 
the  use  of  many  parallel  bars  like  a gridiron, 
on  each  of  which  part  of  the  scale  is  engraved. 

I have,  as  examples  of  such  rules,  one  of 
Professor  Everett’s  in  card,  one  of  General 
Hannyngton’s  in  wood,  and  one  made  for  Mr. 
Walford  of  the  same  kind,  but  the  largest  T 
have  seen.  It  would  make  an  elegant  top  for 
a tea  table.  There  is  on  the  table  a rule  of 
this  class,  where  great  accuracy  is  obtained 
by  another  method  devised  by  Mr.  Beauchamp 
Tower.  In  this  there  are  two  endless  bands, 
each  with  a half  twist  in  them,  mounted  on 
pulleys  side  by  side.  Both  sides  of  the 
bands  are  thus  available  for  the  scale, 
and  the  instrument  becomes  equivalent 
in  openness  of  scale  to  an  ordinary  straight 
rule  eight  times  as  long.  The  power  of  a rule 
may  be  extended  by  the  addition  of  slides 
working  against  one  another,  numbered  the 
same  way  when  division,  or  opposite  ways 
when  multiplication  is  to  be  performed.  Of 
rules  of  this  class,  I may  especially  refer  to 
some  made  by  Stanley.  Again,  instead  of 
scales  generally  applicable,  rules  are  marked 
specially  for  certain  trades.  As  an  instance, 
I would  mention  one  for  the  iron  and  steel 
trades,  made  by  Aston  and  Mander. 

Of  plain  straight  rules  there  is  no  limit,  and 
I have  not  attempted  to  obtain  many.  I have, 
I am  glad  to  say,  through  the  energy  of  Mr. 
•Fairer,  of  Leeds,  their  English  agent,  a com- 
plete set  of  more  than  twenty  of  the  rules  made 
by  Gravet,  of  Paris.  I am  sorry  that  it  is  not 
possible  to  obtain  rules  of  English  make  that 
will  compare  with  these  for  general  convenience 
and  accuracy.  It  is  impossible  to  describe  them 
all.  I have  a large  model  of  the  ordinary  Gravet 
rule  which  shows  the  leading  features.  The  four 
lines  at  first  seen  are  the  same  as  those  of  the 
engineer’s  rule,  except  that  the  third  or  C line  is 
the  same  as  the  fourth  or  D line.  This  is  in  some- 
ways  convenient,  and  in  some  inconvenient.  The 
back  of  the  slide  is  divided  for  sines,  tangents, 
and  logarithms,  all  of  which  can  be  read  at  the 
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back  through  special  openings,  without  re- 
moving the  slide.  Or  the  slide  may  be 
reversed,  and  these  lines  read  against  the 
A or  D lines  for  introducing  trigonometrical 
quontities  into  a proportion  without  the 
necessity  of  first  finding  their  value.  A 
sliding  index  is  provided  which  adds 
materially  to  the  power  of  the  instrument. 
Of  all  slide  rules  that  I have  ever  seen,  none 
compare  in  accuracy,  portability,  and  univer- 
sality with  the  ordinary  rule  of  Gravet.  I 
have  so  far  said  nothing  about  circular  rules. 
These  are  generally  of  the  single  line  and 
index  class.  I have  on  the  table  several  in- 
struments of  this  class.  There  is  the  most 
portable  rule  made,  in  the  form  of  a watch,  by 
Bouchet,  which  will  do  all  that  the  Gravet  rule 
is  capable  of,  but  less  accurately  ; two  circular 
rules,  by  Haas  and  Hurter,  and  Professor 
Fuller;  two  circular  instruments  by  T.  Dixon, 
one,  for  simple  proportion  and  logarithms, 
equivalent  to  a straight  rule  50  ft.  long,  and 
the  other  for  trigonometrical  work ; and  the 
most  accurate  of  all  the  helical  instrument  of 
Professor  Fuller. 

There  is  another  kind  of  line,  invented  first 
by  the  late  Dr.  Roget  for  finding  fractional 
powers  of  numbers.  A line  so  divided  is 
called  the  P line.  Here  the  distances  are 
logarithms  of  logarithms.  A straight  and 
a circular  rule  of  this  kind  were  exhibited  by 
Lieutenant  J.  H.  Thomson,  who  re-invented 
the  method. 

The  subject  of  integrating  machines  on 
which,  if  I had  consulted  my  own  inclination, 
I could  have  found  much  to  say,  I am  obliged 
to  pass  by,  and  this  I can  do  w'ith  the  greater 
propriety,  as  Professor  Hele  Shaw  only  last 
year  read  before  the  Institute  of  Civil  Engineers 
a paper  on  the  subject  so  complete  that  nothing 
more  need  as  yet  be  said.  At  the  Exhibi- 
tion the  most  important  instruments  of  this 
class  were  the  new  precision  planimeters  by 
Coradi,  and  Professor  Hele  Shaw’s  beautiful 
spherical  integrators.  Unfortunately,  Amsler’s 
mechanical  integrator  and  planimeter  were 
not  on  view.  Two  instruments  of  mine  repre- 
sented that  class  of  integrators  depending 
on  the  tangent  principle  which  has  been  in- 
dependently discovered  by  Professor  Abdank 
and  myself.  Other  machines  by  Rev.  F.  J. 
Smith,  Mr.  Walter  Baily,  and  Messrs.  Ashton 
and  Storey,  were  exhibited.  I might  add  that 
integrators  are  the  only  machines,  except 
certain  linkages,  which  multiply  directly  and 
continuously. 

It  is  impossible  to  conclude  a paper  on 
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calculating  machines  without  referring  shortly 
to  the  difference  engine  of  the  late  Charles 
Babbage.  In  the  history  of  calculating 
machines  there  seem  to  be  only  three  great 
steps,  the  first  was  made  by  the  Earl  of  Stan- 
hope, who  put  arithmometers  into  a practicable 
form  ; the  second  by  Babbage,  when  he  in- 
vented the  difference  engine  ; and  the  third  by 
Babbage,  when  he  invented  the  analytical 
engine.  The  difference  engine  calculates  and 
prints  tables  of  any  kind  w'hatever ; once  being 
started  it  continues  to  calculate  and  print 
without  the  possibility  of  error.  Unlike  the 
semi-automatic  machines,  it  only  requires  to 
be  driven  by  a boy  or  a donkey-engine. 

It  depends  on  this  principle  ; if  in  a table 
of  any  kind,  whether  of  powers  of  a series  of 
numbers,  of  sines  or  tangents,  of  logarithms, 
of  the  value  of  lives  or  joint  lives,  or 
of  anything  else  whatever,  if  each  number 
is  subtracted  from  the  one  above  or  below 
it,  a table  of  first  differences  will  be  formed ; 
from  these  a table  of  second  differences,  and 
of  third  or  fourth  differences,  and  so  on  to  any 
^extent,  can  be  formed.  Now,  in  general,  after 
a time  it  is  found  that  a difference  becomes 
constant,  in  which  case  the  next  one  is  zero 
Thus  in  the  table  of  cubes  on  the  wall,  the 
first  differences  are  i,  7,  19,  &C.,  the  second 
differences  6,  12,  18,  &c.,  the  third  differences 
6,  6,  6,  &c.,  and  the  fourth  difference  is  o„ 
As  these  columns  are  obtained  b}'-  subtraction 
from  the  first,  it  is  clear  that  the  first  can  be 
formed  by  addition  from  the  others,  and  that 
each  of  the  others  can  be  formed  by  addition 
from  those  to  the  right.  Thus  if  the  first  row 
of  figures  only  are  given  0,  i,  6,  6,  0,  by 
addition  only  a table  of  cubes  may  be  formed* 
The  diagram  on  the  wall  shows  how  a table 
of  fourth  powers  is  produced  by  the  Schutz 
difference  engine.  Any  kind  of  table  may 
be  thus  formed  if  only  enough  differences 
are  introduced.  In  the  difference  engine  these 
additions  are  made  mechanically,  after  each 
result  has  been  found,  type  wheels  are  set 
automatically,  and  the  result  printed  on  a 
stereotype  mould.  I cannot  enter  into  the 
mechanical  details  of  the  Babbage  machine. 
It  is  well  known  that  the  machine  was  never 
completed.  Small  parts  have  been  put  to- 
gether. General  Babbage  has  been  good 
enough  to  lend  one  of  these  pieces,  which  shows 
that  no  work  done  in  these  days  can  excel 
either  in  accuracy,  excellence  of  material, 
finish,  or  in  the  substantial  character  of  the  work, 
that  which  was  being  put  into  the  Babbage  en- 
gine. On  the  wall  are  drawings  of  the  complete 


386 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


{March  5,  1886. 


machine,  lent  by  the  South  Kensington 
Museum.  While  this  machine  was  in  pro- 
gress, a printer  in  Sweden,  named  Schutz, 
rread  a magazine  article  on  the  Babbage 
-engine,  and  he  and  his  son,  inspired  by  this, 
invented  a machine  to  do  exactly  the  same 
thing.  They  put  their  ideas  into  metal,  and  com- 
pleted a difference  engine  on  a less  magnificent 
scalethanthat  of  Babbage.  Ultimatelya  Schutz 
machine  was  made  for  the  British  Government 
by  Bryan  Donkin,  and  Co.,  which  is  now  at 
Somerset  House.  This  machine  was  employed 
to  calculate  and  print  among  other  things  the 
well-known  life  tables  of  Dr.  Farr.  The 
Registrar-General  has  lent  some  moulds  and 
jcasts  made  by  this  machine.  One  of  them  is 
part  of  a table  of  joint  lives,  male  and  female, 
interest  4 per  cent.  There  is  on  the  table  a 
model  by  Mr.  Edmondson,  showing  in  a general 
way  how  the  additions  are  performed  in  the 
Schutz  machine.  As  to  the  details  of  this  and 
the  Babbage  machine,  and  to  the  methods 
-employed  for  carrying  the  tens,  it  is  impossible 
to  enter  into  them.  Though  no  one  would 
grudge  one  spark  of  the  honour  justly  due  to  a 
poor  foreign  printer  for  the  splendid  result 
which  he  has  achieved,  it  must  be  a matter  of 
the  most  profound  regret  that  means  were  not 
forthcoming  to  complete  the  most  magnificent 
work  of  the  human  brain,  begun  at  enormous 
expense,  and  that  money  alone  should  have 
prevented  the  richest  country  in  the  world  from 
possessing  a monument  of  its  native  genius  un- 
rivalled in  the  civilised  world. 

I am  indebted  to  the  following  gentlemen 
and  institutions  for  the  loan  of  the  series  of 
instruments  as  given  in  the  following  list. 
I am  also  under  an  especial  obligation  to 
Mr.  Edmondson,  who  has  enabled  me  to 
obtain  a large  amount  of  information,  and  for 
the  very  large  number  of  instruments,  models, 
and  diagrams  which  he  has  lent.  Also  to  Mr. 
A.  B.  Kempe  for  papers  on  kindred  subjects, 
and  to  General  Babbage  for  the  invaluable 
instruments  which  he  has  enabled  me  to  show 
you. 


Thing  Exhibited.  Lent  by 


Model  showing  principle  of 

adding  machine 

Adding  machine,  1666.  Sir 
Samuel  Morland  ...... 

Old  set  of  Napier’s  bones. . 
Diagram  of  Napier’s  bones 

1775  Stanhope  machine 
1777  Stanhope  machine  ,, 


Mr.  Edmondson. 

General  Babbage. 
General  Babbage. 
Physical  Laboratory, 
South  Kensington. 
General  Babbage. 
General  Babbage. 


Thomas  de  Colmar  machine 

Tate’s  machine  

Separate  parts  of  Tate’s 
machine,  showing  stepped 
reckoner  and  cany  in  g 

apparatus 

Edmondson’s  machine  .... 

Grant’s  machine 

Hartmann’s  interest  calcu- 
lating machine.  Also  the 
tables  used,  separately 

mounted 

Detallantes  interest  machine 

Model  of  Saint-Loup’s  equa- 
tion solver. 

Cunynghame’s  machine  for 
cubic  equations. 

C.  V.  Boys’  machine  for  an 
equation  of  any  degree. 
Model  showing  action  of 
tide-predicting  machine. 
Curve  drawn  by  machine  . . 

Drawing  of  machine  

18  foot  slide  rule,  and  other 
large  scales. 

Professor  Everett’s  propor- 
tion table 

General  Hannyngton’s  rule. 

Mr.  Walford’s  rule 

Hudson’s,  Ganga  Ram’s, 
and  other  rules,  made  by 

Stanley 

Rule  for  iron  and  steel  .... 

Tower’s  rule  

Set  of  Gravet  rules 

Large  model  Gravet  rule  , , 

Bonchet  calculating  circle 

Haas  and  Hurt  er  circular  rule 
Prof.  Fuller’s  circular  rule 
Dixon’s  circular  instruments 
Prof.  Fuller’s  helical  rule  . . 

Dr.  Roget’s  rule  for  involu- 
tion 

Part  of  difference  engine  . . 
Drawings  of  Babbage’s  dif- 
ference engine 
Model  of  part  of  Schutz 

difference  engine  

Stereotype  and  moulds  made 
by  Schutz  difference 

engine 

Diagram  showing  process 
of  working  of  Schutz 
machine  


Mr.  Edmondson. 
Messrs. C.  &E.  Layton. 


Messrs.  C.  & E.  Layton. 
Mr.  Edmondson. 

Mr.  Theodore  Jones. 


Hedicke  & Co. 

South  Kensington  Mu- 
seum. 

Physical  Laborator)’, 
South  Kensington. 

Mr.  H.  H.  Cunyng- 
hame. 

Physical  Laboratory’, 
South  Kensington. 

Physical  Laboratory, 
South  Kensington. 

Mr.  E.  Roberts, 
F.R.A.S. 

Messrs.  A.  Lege  & Co. 

Physical  Laboratory, 
South  Kensington. 

Mr.  C.  V.  Boys. 

Messrs.  Aston  and 
Mander. 

Mr.  Walford. 


Mr.  W.  F.  Stanley. 

Messrs.  Aston  and 
Mander. 

Mr.  Beauchamp  To wer. 

Mr.  W.  Farrer. 

Physical  Laboratory’, 
South  Kensington. 

Physical  Laboratory, 
South  Kensington. 

General  Babbage. 

Mr.  F.  S.  Hunwicke. 

Prof.  Unwin. 

Physical  Laboratory, 
South  Kensington. 

South  KensingtonMu- 
seum. 

General  Babbage. 

South  Kensington  Mu- 
seum. 

Mr.  Edmondson. 


The  Re -istrar-General. 


Mr.  Edmondson. 
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DISCUSSION. 

Mr.  Tate  said  that  since  he  first  took  up  the  im- 
provement of  the  calculating  machine,  over  six  years 
ago,  his  main  object  had  been  to  simplify  it,  and  at 
the  same  time  make  it  thoroughly  durable  and  accu- 
rate. He  had  sent  his  machines  all  over  the  world, 
and  had  never  had  any  complaint  with  regard  to  them. 

Mr.  Beauchamp  Tower  said  he  was  a very  great 
advocate  for  the  slide  rule.  His  instrument  gave 
results  accurate  to  i part  in  5,000,  which  was  equiva- 
lent to  one  minute  in  a week,  or  one  foot  in  a mile ; 
and  when  that  could  be  so  easily  attained,  he  did  not 
see  the  necessity  for  complicated  machines,  going  to 
a great  many  places  of  decimals.  The  slide  rule  gave 
a uniform  degree  of  accuracy,  the  distance  between  90 
and  too  being  nearly  the  same  as  between  9 and  10. 
If  there  were  an  inaccuracy  of  one  per  cent,  in  one 
part,  it  would  be  the  same  right  through  the  scale. 

Mr.  A.  J.  Ellis,  F.R.S.,  said  he  had  used  the 
slide  rule  to  a considerable  extent,  and  the  only 
trouble  he  found  with  it  was  the  difficulty  of  seeing 
when  the  lines  did  coincide ; he  found  that  so  ex- 
ceedingly tiying  to  the  eyes  that  he  gave  it  up  some 
years  ago,  and  found  that  with  a table  of  logarithms 
he  did  the  work  more  easily.  Still,  he  had  no  doubt 
that,  for  mechanical  purposes,  the  slide  rule  would  be 
more  easy  to  manipulate  than  tables  of  logarithms, 
which  he  had  been  accustomed  to  all  his  life.  In  calcu- 
lating machines,  in  which  you  had  to  set  the  numbers,  he 
had  always  found  the  great  difficulty  was  that  you  were 
apt  to  make  a mistake  in  the  number ; and  you  could 
not  find  it  out.  You  got  a wrong  result,  but  did  not 
know  where  the  error  arose.  He  was  a bad  calcu- 
lator, and  always  had  to  verify  his  figures,  but  he 
liked  to  have  them  before  him,  in  preference  to  using 
something  which  he  might  make  a mistake  in  mani- 
pulating. Still,  he  hoped  he  was  a bad  specimen, 
and  that  others  might  use  the  machines  with  more 
confidence.  He  agreed  with  Mr.  Tower  that  it 
was  quite  enough  for  most  purposes  to  go  to  three 
places  of  decimals,  but  you  sometimes  wanted  to  go 
to  a fourth  to  verify  the  third,  and  that  was  not 
always  possible  with  the  slide  rule. 

Mr.  W.  H.  Massey  had  used  slide  rules  since  he 
was  a lad,  and  was  pleased  to  find  that  some  people 
at  South  Kensington  had  at  last  taken  them  up. 
It  was  a curious  coincidence  that  Mr.  Farrer,  of 
Leeds,  was  now  intioducing  Gravet’s  rules  into  the 
towm  where  he  took  the  first  one  twenty-five  years 
ago.  He  had  given  away  dozens  of  them  during  the 
last  twenty  years,  and  he  was  glad  that  they  were  now 
easily  procurable,  as  he  should  save  money  thereby. 
He  could  not  think  how  an  engineer  could  get  on 
without  a slide  rule. 

Mr.  Ackland  said  he  bought  the  first  arithmometer 
exhibited  by  Thomas  in  1851,  and  had  used  it  so 
much  that  it  was  fairly  worn  out.  It  gave  him  great 


satisfaction,  and  saved  him  many  hours  in  calculation. 
The  use  of  the  slide  rule  ought  to  be  taught  in  every 
school,  for  commercial  purposes,  calculating  interest, 
&c.,  and  even  for  checking  logarithmic  results;  for 
mistakes  were  often  made,  not  only  in  the  third  oa- 
fourth  decimal,  but  in  the  whole  numbers.  If  he 
did  anything  by  logarithms  in  a hurry,  he  always 
checked  it  by  the  slide  rule,  which  frequently  dis- 
covered an  error  that  might  have  been  unnoticed.  He 
had  no  experience  of  any  machine  but  Thomas’s,  but 
certainly  the  improvements  introduced  by  Mr.  Tate 
must  add  much  to  the  durability,  and  the  indices 
were  so  well  held  by  the  spring,  that  it  could  be 
operated  much  more  readily  than  the  old  Thomas 
de  Colmar  machine.  It  was  a credit  to  Englishmen 
to  turn  out  a machine  so  far  superior  to  the  French. 

Mr.  E.  Walford  said  his  attention  was  drawn  ti> 
the  slide  rule  a few  years  ago,  and  since  then  he  had 
studied  it  thoroughly,  and  he  quite  agreed  that  its. 
use  ought  to  be  taught  in  every  Board  school. 
Whatever  might  be  a man’s  trade  or  profession,  he 
would  find  it  nseful,  it  would  save  him  hours  of 
work  ; and  the  more  he  studied  it  the  more  he  would 
discover  its  capabilities,  and  the  better  would  he  be 
able  to  apply  it  to  his  special  needs.  In  his  own  office 
one  of  the  clerks  used  to  do  three  quarters  of  an 
hour’s  work  every  day  in  working  out  certain 
exchange  operations,  but  by  means  of  the  slide  rule 
these  were  now  done  in  ten  minutes. 

Mr.  Stanley  said  a table  of  logarithms  furnished 
a very  exact  method  of  making  calculations,  and 
it  was  veiy  convenient  when  you  were  sitting  at 
a table  and  had  it  before  you,  but  the  value 
of  the  slide  rule  was  that  it  formed  a sort  o^ 
pocket  logarithmic  table  by  which  all  small  matters 
could  be  readily  calculated.  Mechanics  in  Ger- 
many, and  some  of  the  best  in  France,  generally 
carried  them,  much  more  so  than  was  the  case  in 
England.  One  point  which  had  not  been  alluded  to 
was  the  use  which  might  be  made  of  the  slide  rule  by 
means  of  gauge  points.  If  there  were  a particular 
multiplier  which  suited  your  business,  say  1 12  lbs., 
you  could  set  the  point  to  that,  and  you  had  a whole 
series  of  numbers  calculated  out  for  you.  That 
occurred  in  engineering  works  particularly,  but  it 
was  also  applicable  in  every  trade,  and  he  felt  confi- 
dent that  the  slide  rule  only  wanted  to  be  better 
known  to  be  much  more  employed.  On  the  table 
there  were  some  special  ones  by  Mr.  Hudson,  of 
Glasgow,  by  means  of  which  all  the  proportions  of  a 
steam-engine,  the  size  of  cylinder,  length  of  stroke,, 
and  every  point  of  importance  could  be  seen  at  a 
glance.  Some  large  firms,  such  as  Kitson’s,  and 
Armstrong’s,  presented  all  their  draftsmen  and 
assistants  with  one  of  these  rules.  It  was  in  these 
particular  applications  that  the  slide  rule  showed  to 
most  advantage,  but  the  ordinary  slide  rule,  especi- 
ally if  fitted  with  gauge  points,  might  be  adapted  to 
any  business.  With  regard  to  Edmondson’s  machine, 
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had  had  a good  many  in  his  hands  lately,  and 
having  gone  through  the  work  very  carefully,  he 
Could  bear  testimony  that  it  "vVas  perfect  in  all  essen- 
tial parts,  though  rough  elsewhere.  Both  this  and 
Mr.  Tate’s  were  exceedingly  good  machines. 

Mr.  Hedicke,  as  a friend  of  Mr.  Hartmann, 
wished  to  point  out  the  advantages  of  his  interest 
calculating  machine.  The  table  contained  nearly 
400,000  numbers,  and  in  order  to  have  them  correct 
they  were  first  drawn  out  on  a very  large  scale,  and 
then  reduced  by  photography.  The  great  advantage 
of  the  machine  was  its  accuracy.  If  you  were  calcu- 
lating interest  on  a large  amount  at  one-eighth  per 
cent,  it  was  a laborious  operation,  and  might  involve 
adding  four,  five,  or  six  amounts  together,  each  of 
which  might  be  slightly  inaccurate,  and  when  added 
together,  the  error  might  be  appreciable.  With  this 
instrument  you  were  sure  of  accuracy,  and  saved  a 
great  deal  of  labour  as  well. 

Mr.  Coffin  said  it  was  suggested  to  him  at 
Washington  by  the  International  Bureau  of  Weights 
and  Measures,  that  the  greater  use  of  the  slide  rule 
in  France  than  in  England  might  be  due  to  the 
decimal  system.  Mr.  Boys’s  opinion  on  that  point 
would  be  valuable. 

Mr.  Thomas  Ackland  said  he  was  familiar  with 
some  of  these  machines,  but  others  were  quite  new 
to  him.  It  was  of  course  impossible  for  Mr.  Boys  to 
deal  with  all  the  powers  and  functions  of  any  one 
machine,  but  he  was  rather  surprised  that  in  dealing 
with  the  Thomas,  Tate,  and  Edmondson  machines, 
he  had  not  referred  to  what  he  considered  its  greatest 
power,  namely,  that  if  you  took  any  three  numbers 
call  them  A,  B,  and  C,  you  could  so  arrange  the 
slides  as  to  obtain  A + B X C at  one  operation. 
That  was  of  great  value  in  calculations  involving 
continuous  results,  such  as  actuaries  and  other 
mathematicians  had  to  employ  in  calculating  tables. 
Mr.  Peter  Gray  was  the  first  to  point  out  this  power 
of  the  machine,  and  it  had  been  about  thirty  years 
before  the  public  before  this  was  discovered.  He 
believed  the  Edmondson  machine  had  other  powers 
still  undiscovered.  The  working  off  the  result  from 
the  circular  plate,  as  distinguished  from  working  it 
on,  with  the  other  two  m.achines  was  a very  remark- 
able function,  and  he  believed  it  would  be  discovered 
in  time  that  the  computation  of  continuous  values  in 
tables  was  very  much  facilitated  by  this  remarkable 
power. 

The  Chairman  said  he  had  had  to  his  sorrow, 
rather  an  exceptional  amount  of  arithmetic  to  do,  and 
he  had  probably  used  all  the  aids  to  arithmetic  which 
had  been  introduced.  He  was  still  inclined  to  think 
that  the  one  machine  wEich  Mr.  Boys  had  not 
mentioned  was  the  most  useful  of  all,  viz.,  a small 
table  of  logarithms.  At  the  same  time,  no  doubt 
all  of  these  appliances  had  their  use,  and  many  of 
them  he  was  much  dependent  on  from  day  to  day. 


Some  ten  years  ago  he  first  saw  a Gravet  slide  rule 
in  Switzerland,  and  brought  one  home  with  him 
which  had  been  his  companion  ever  since,  as  there 
were  certain  kinds  of  calculations  to  which  it  lent 
itself  very  readily ; but  there  were  two  difficulties 
which  he  always  found  with  it ; one  was  that  it  was 
always  tempting  you  on  to  try  and  be  a little  more 
accurate  than  was  easily  possible  with  it,  and  the  other 
was  that  there  was  always  a slight  difficulty 
about  the  numeration.  The  dodge  by  which  the 
latter  was  got  over  was  to  think  of  the  characteristics 
of  the  logarithms  which  would  express  the  numbers 
you  were  using,  but  still  it  was  a slight  drawback, 
that  you  had  to  spend  a httle  time  thinking  over 
what  the  numeration  of  the  answer  was.  About  twelve 
years  ago  he  obtained  one  of  the  French  caleulating 
machines,  and  had  used  it  occasionally  a good  deal  ; 
recently  Mr.  Tate  had  been  kind  enough  to  add  some 
of  his  improvements  to  it,  and  he  should  probably 
use  it  for  some  time  to  come.  It  was  extremely 
useful  for  its  particular  kind  of  calculations,  and 
saved  an  immense  deal  of  trouble ; you  might  have 
absolute  confidence  in  it,  and  he  had  never  found 
occasion  to  verify  the  calculations.  He  had  a veiy 
good  test  of  that.  Some  time  ago,  they  used  to  have 
an  exceedingly  heavy  task  in  adding  up  a compli- 
cated table  of  examination  marks  to  get  the  total  of 
each  candidate,  but  for  seven  or  eight  years  he  had 
used  this  machine  to  add  up  the  three  figure  numbers 
in  the  table,  and,  with  the  sharpest  possible  critics,  a 
mistake  had  never  been  discovered. 

Mr.  Boys,  in  reply,  said  he  had  been  obliged  to 
omit  a great  deal  for  lack  of  time,  but  some  of  the 
deficiencies  which  had  been  mentioned  would  be 
found  in  the  printed  paper.  For  instance,  he  had 
omitted  to  mention  the  sliding  index,  or  cursor,  on  the 
Gravet  slide  rule,  by  which  its  powers  were  enor- 
mously increased,  and  many  difficulties  in  the  use  of 
a slide  rule  eliminated.  Dr.  Coffin  had  referred  to  the 
greater  use  of  ^the  rule  in  France  as  being  due  to  the 
decimal  system,  but  there  were  two  sides  to  the  ques- 
tion. It  was  true  that  you  read  off  at  once  (if  it  were  a 
money  calculation)  the  answer  in  francs  and  centimes. 
The  French  was  a rational  system,  which  the  English 
was  not,  but  he  might  remark  that  if  an  English  foot 
rule  were  divided  on  the  edge  into  hundredths  of  a 
foot,  and  also  into  inches  divided  into  eighths,  tenths, 
and  twelfths,  you  could  read  off  at  once  pence  as 
decimals  of  a shilling,  or  other  measures  decimally  in 
the  same  way.  But  the  very  complexity  of  the 
English  system  rendered  the  use  of  the  rule  more 
needful  for  calculation.  He  had  not  mentioned  the 
particular  point  to  which  Mr.  Thomas  Ackland  had 
referred,  because  there  were  so  many  other  special 
points  in  these  machines  which  he  was  obliged  to  pass 
over ; but  it  was  quite  true  that  the  addition  of  a 
number  before  or  after  the  multiplication  could  be 
effected  by  the  arithmometer  at  once.  As  Mr.  Edmond- 
son was  not  present,  he  might  perhaps  insist  still 
further  on  the  advantage  of  “working  off”  figures 
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on  that  machine.  If  you  had  to  make  a calculation, 
and  the  only  thing  to  be  done  was  simply  to  multiply 
one  number  by  another,  and  possibly  add  a third, 
the  arithmometer,  as  originally  made,  was  perfect, 
and  was,  possibly,  preferable  to  Edmondson’s ; 
if,  however,  you  were  working  out  a long  fraction  in 
which  there  might  be  half  a dozen  factors  in  the 
numerator  and  in  the  denominator,  as  you  went  on 
multiplying  and  dividing,  you  always  had  to  transfer 
your  result  as  found  to  the  number  slide  for  the  next 
operation.  Whereas  in  the  Edmondson  machine 
you  could,  as  it  was  worked  on,  use  it  as  a multiplier 
and  work  it  off,  getting  a new  answer,  which  you 
could  again  use  as  a multiplier  or  which  you  could 
I • di\*ide,  always  lea\-ing  a place  for  the  new  result.  In 
reply  to  the  Chairman,  he  could  only  say  that  he  did 
' not  mention  logarithm  tables  partly  because  they 
I were  not  machines,  and  also  because  he  supposed 
j everybody  was  familiar  with  them.  As  to  the 
slide  rule,  he  had  not  said  all  he  could  against  it,  but 
he  had  certainly  not  said  all  he  could  in  its  favour. 
He  agreed  that  one  was  apt  to  push  the  accuracy  of 
the  instrument  too  far,  and  possibly  Gravet’s  rules — 
which  were  by  far  the  best,  taking  them  all  round — 

I had  this  defect,  that  you  might  use  a lens  and  strain 
your  eyes  in  trying  to  obtain  the  most  accurate 
readings  possible,  and  the  instrument  would  bear  the 
test,  whereas  with  the  majority  of  English  instru- 
ments the  errors  were  obvious  to  the  naked  eye.  He 
referred  to  the  older  instruments ; amongst  the 
modern  ones  many  of  them  were  beautifully  accurate. 
The  number  of  figures  that  should  appear  in  the 
answer  was  also  a difficulty,  especially  to  beginners. 
If  the  answer  came  out  548,  they  were  not  always 
sure  whether  that  was  the  real  answer  or  whether  it 
was  5,480,000.  But  as  a matter  of  fact,  there  were 
rules  for  finding  the  number  of  figures  in  the  answer. 
If  you  multiplied  2 by  7 there  were  as  many  figures 
in  the  answer  as  in  the  two  factors  together,  whilst 
2X4  made  8,  or  one  figure  less.  One  rule  was, 
that  if  the  first  figure  of  the  product  was  greater 
than  that  of  either  multiplier,  the  number  of  figures 
I in  the  product  was  one  less  than  the  sum  of  the 
number  of  figures  ; if  less,  the  number  would  be 
equal.  There  were  other  rules  depending  on  the 
manipulation  of  the  instrument,  but  in  practice  he 
had  never  had  occasion  to  apply  these  rules.  If  the 
calculation  was  an  individual  one,  it  did  not  take  long 
to  run  over  the  figures  in  your  mind,  and  arrive  at  a 
result  near  enough  to  guide  you  ; but  if  you  had  a 
number  of  calculations  all  on  the  same  pattern,  then 
it  was  that  the  slide  rule  became  an  instrument  of  the 
most  enormous  utility,  you  need  not  trouble  about  the 
numbers  in  the  answers ; they  were  sure  to  steadily 
increase  or  diminish,  and  you  only  need  find  out  the 
significant  numbers  and  put  in  the  decimal  points  at 
pleasure. 

The  Chairman  then  proposed  a vote  of  thanks 
to  Mr.  Boys,  which  was  carried  unanimously,  and 
the  meeting  adjourned. 


Miscellaneous. 

♦ 


COLONIAL  AND  INDIAN  EXHIBITION. 

A conference  between  the  Lord  Mayor  and  the 
masters  and  clerks  of  the  various  Livery  Companies 
of  the  City  of  London  was  held  at  the  Mansion 
House,  on  Monday,  1st  inst.,  in  reference  to  the 
forthcoming  Colonial  and  Indian  Exhibition.  The 
Lord  Mayor  presided,  and  there  was  a large  at- 
tendance of  the  representatives  of  the  Guilds.  The 
proceedings  were  private,  but  it  may  be  stated  that 
the  following  letter  from  the  Prince  of  Wales  was 
read  : — 

“ Marlborough -house,  Pall-mall,  S.W., 

“ Jan.  12. 

“ My  Lord, — As  a member  of  the  Royal  Com- 
mission for  the  Colonial  and  Indian  Exhibition  to  be 
held  in  London  this  year,  I have  no  doubt  your  Lord- 
ship  is  fully  conversant  with  its  general  objects,  and  I 
need  hardly  say  that  my  position  as  Executive 
President  is  an  assurance  of  the  warm  interest  I 
personally  take  in  its  anticipated  usefulness  and 
desired  success. 

“The  intimate  association  of  very  many  of  the 
Guilds  with  the  products  and  resources  of  our 
Colonial  and  Indian  Empire,  encourages  me  to  ask 
your  Lordship  to  use  your  influence  with  the  Livery 
Companies  of  London,  with  the  view  of  inducing 
those  bodies  to  kindly  accord  support  to  the  guarantee 
and  donation  funds  of  the  Exhibition,  which  I have 
every  confidence  will  result  in  more  firmly  cementing 
the  ties  existing  between  the  mother  country  and  its 
distant  dependencies. 

“I  have  the  honour  to  be,  my  Lord,  your  obedient 
servant, 

(Signed)  Aibekt  Edward  P. 

“To  the  Right  Honourable  John  Staples,  F.S.A., 

“ Lord  Mayor,  Mansion-house,  E.C.” 

The  Lord  Mayor  stated  that  the  Corporation  of 
London  had  promised  ^^io,ooo  to  the  guarantee 
fund  for  the  expenses  of  the  Exhibition,  and  the  total 
amount  subscribed  by  the  other  guarantors — including 
the  Colonial  and  Indian  Governments  and  private 
firms — exceeded  ^^200,000.  The  Master  of  the 
Mercers’  Company,  Mr.  Watney,  said  his  Court  had 
guaranteed  ^1,000,  and  the  Prime  Warden  of  the 
Goldsmiths’  Company,  Mr.  Stephen  Smith,  stated 
that  a similar  vote  would  be  proposed  to  his  com- 
pany at  their  next  meeting.  The  other  representatives 
said  they  would  lay  the  matter  before  their  respective 
Courts  at  the  first  opportunity. 
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FOOD  SUPPLIES. 

Towards  the  close  of  last  year  public  attention  was 
directed  through  the  Press  to  the  possibility  of  a 
practical  increase  in  the  amount  of  our  food  supplies 
by  the  avoidance  of  waste.  The  amount  of  unused 
wholesome  food  daily  thrown  away  from  large 
restaurants  and  hotels  was  illustrated  at  the 
late  Cookery  Exhibition,  by  an  average  sample 
of  one  day’s  leavings  from  one  establishment.  That 
such  wilful  waste  should  occur  while  there  are  so 
many  underfed  children  among  the  poor  was  felt 
to  be  wrong,  but  it  was  also  felt  that  without  an 
efficient  organisation  the  mere  expression  of  opinion 
that  it  should  be  avoided  would  be  without  effect. 
One  very  simple  organisation,  arranged  by  the 
Baroness  Burdett-Coutts,  has  for  three  weeks  been 
in  operation  in  Westminster,  and  is  so  appreciated 
that  the  difficulty  has  been  to  supply  the  demand  it 
has  created.  It  is  this.  The  food  that  would  be 
wasted  is  purchased  at  a nominal  cost.  The  girls  of 
a cooking  class  are  employed,  under  supervision,  to 
prepare  it  in  a form  suitable  and  attractive  for  use. 
The  various  kinds  of  scraps  and  fragments  are  first 
sorted,  and  as  they  consist  of  material  that  has 
been  selected  and  cooked  for  restaurant  service 
there  is  nothing  to  be  thrown  away  as  bad. 
The  “waste,”  in  fact,  consist  of  the  remains  of 
3s.  6d.  and  4s.  dinners,  and  is  not  material  that 
has  been  discarded  on  the  ground  of  being  not 
sufficiently  good  or  delicate  to  be  used.  With  these, 
pies,  puddings,  stews,  and  soups  of  various  kinds  are 
prepared,  which  are  sold  between  five  and  seven  in 
the  evening  in  portions  priced  from  a halfpenny 
upwards.  Purchasers  have  to  take  their  dishes  or 
basins,  as  the  scheme  is  solely  to  supply  home  needs. 
There  is  thus  no  outlay  for  table  requisites  and  the 
attendant  cost  of  cleaning.  The  cooking  is  done 
gratuitously,  as  the  girls  of  the  class,  while  attending 
to  it,  are  receiving  practical  instruction  with  material 
for  which  the  class  is  not  charged.  The  cost  of  fuel 
is  inevitable  in  all  cooking  lessons,  but  this  is  almost 
the  only  expense,  so  that  dishes  made  of  good 
material,  and  prepared  with  due  attention  to  clean- 
liness and  regard  to  flavour  and  appearance,  are 
available  at  a price  which  bears  really  no  relation 
to  the  market  value  of  the  meat  and  vegetables  from 
which  they  are  made.  This  is  one  practical  solution 
of  the  question  what  to  do  with  waste.  Concurrently 
with  this  scheme  fortnightly  lecture  demonstrations 
are  being  given  on  how  to  deal  with  waste  at 
home. 


THE  STATE  OF  IH DUST  RY  IN  PORTUGAL. 

The  Jacquard  calls  attention  to  the  fact  that 
Portugal,  not  having  any  export  trade  of  importance, 
has  had  no  incentive  towards  the  development  of  the 
national  industries  beyond  the  point  necessitated  by 
the  requirements  of  the  middle  and  lower  classes. 


During  the  twenty  years  1860-1880,  there  was  a 
gradual  increase  of  wages,  but  this  would  seem  to 
have  been  merely  a readjustment,  in  view  of  the 
enhanced  cost  of  living,  and  the  remuneration  of  the 
working  population  is  still  decidedly  lower  than  is 
the  case  in  the  countries  more  noted  for  industrial 
activity  and  enterprise. 

A measure  was  before  the  Legislature  some  years 
ago,  which  was  designed  for  the  prohibition  of 
juvenile  labour  up  to  the  age  of  twelve,  as  well  as  for 
the  supervision  of  minors  as  to  intellectual  training 
after  commencing  factory  work.  Although  this  pro- 
posal did  not  then  become  law,  it  will  probably  be 
once  more  brought  forward  by  the  present  Minister 
of  Public  Works.  Technical  instruction  is  now 
engaging  attention,  more  particularly  as  to  the 
establishment  of  weaving  schools  at  Lisbon,  Oporto, 
Guimaras,  and  Corilha,  the  last  two  localities  being 
respectively  centres  of  the  linen  and  woollen  indus- 
tries. The  existing  Industrial  and  Commercial  In- 
stitute and  Agricultural  Institute  (both  of  Lisbon) 
are  designed  rather  for  the  technical  education  of 
employers  and  managers  than  the  training  of  skilled 
operatives. 

There  is,  however,  no  ground  for  surprise  at  the 
absence  of  such  training,  as  even  the  elementary 
education  of  the  working  classes  is  in  a condition 
of  great  inferiority,  scarcely  any  of  the  young 
persons  employed  being  able  to  read  or  write. 
Efforts  are  being  made  with  a view  to  the  spread  of 
education  amongst  the  working  classes,  but  obstacles 
of  various  kinds  stand  in  the  way  of  much-needed 
reforms  in  this  direction.  For  instance,  the  report  of 
the  1881  Industrial  Commission  states  that  the 
professional  incapacity  of  the  working  classes  is  to 
some  extent  owing  to  the  disinclination  of  employers 
to  have  in  their  factories  ex-pupils  of  the  institutions 
referred  to,  on  the  ground  that  their  pretensions  c-f 
superiority,  and  their  disposition  to  place  theory 
before  practice,  are  inadmissible,  and  calculated  to 
diminish  the  influence  of  the  proprietors  of  industrial 
establishments. 


BURMESE  PALM  PRODUCTS. 

A farinaceous  substance,  resembling  sago,  is  ob- 
tained from  the  pith  of  several  palms.  Such  are  the 
talipat  or  {Corypha  umhraculifera),  another 

species  [C.  Gebanga),  the  minho  [Caryota  urens),  the 
toungong  (Arejtga  saccharifera) ^ and  the  mudaing 
[Cycas  rumphii).  The  coco-nut  or  ong  [Cocos 
nuciferd)  is  cultivated  on  all  parts  of  the  seaboard. 
The  leaves  of  the  talipat  or  pepeu  are  used  as  fans, 
and  for  writing  on,  in  the  latter  case  being  pegged 
or  sewn  together,  gilded  sometimes  in  patterns  on 
a vermilion  ground,  and  rubbed  with  petroleum  to 
keep  away  insects  and  damp.  The  leaves  of  the 
minho  afford  fibre,  and  the  stem  of  the  mudaing 
exudes  a resin  used  in  sores.  The  juice  of  the  htan 
affords  toddy,  and,  therefore,  by  boiling  down. 
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sugar  ; and  the  trunk  is  applied  to  many  uses.  The 
leaves  of  the  toungong  yield  fibre,  the  hollowed  stem 
ser\-es  for  pipes,  and  the  juice  drawn  at  flowering 
time  gives  toddy  and  sugar.  These  two  last-named 
products  are  also  derived  from  the  juice  of  the  then- 
boung  {Phcenix  paludosa').  The  dani  or  water  palm 
\Nipa  fruticans)  fulfils  many  duties  ; its  roots  bind 
the  soil  of  the  river  banks  ; the  leaf  is  universally 
employed  in  thatching ; the  juice  is  converted  into 
toddy,  sugar,  and  vinegar;  the  fruit  is  eaten  when 
ripe;  the  flowers  are  made  into  a preserve,  and  the 
branches  are  used  as  fuel.  The  prevalent  habit  of 
betel  chewing  renders  the  areca  nut  palm  {Areca 
catechu)  one  of  the  most  important  of  this  very  use- 
ful family. 


RUSSIA X SUGAR  IXDUSTRV. 

The  United  States  Consul-General  at  St.  Peters- 
burg, in  his  recent  report,  says  that  the  sugar  industry 
in  Russia  is  mostly  confined  to  limited  areas  in  the 
South-Western,  Little  Russian,  and  Prevestland 
provinces  of  the  Empire,  and  from  the  total  number 
of  sugar  works  in  successful  operation  during  the  year 
1883,  the  distribution  was  as  follows  ; — In  the  south- 
western provinces  there  were  128  establishments  in 
operation,  of  which  the  greater  number  were  in  the 
Government  of  KiefF,  and  the  remainder  in  Podolsk. 
In  Little  Russia  there  were  38,  in  the  government  of 
Kharkoflf  22,  and  in  the  Prevestland  provinces  42.  In 
nine  other  governments  56  establishments  were  in 
active  operation,  of  which  14  were  in  the  government 
of  Koursk.  The  beetroot  plantations  under  cultivation 
in  1883,  in  connection  with  this  industry,  amounted 
to  735,000  acres,  being  an  excess  of  102,051  acres 
over  the  area  under  cultivation  in  1882.  Of  this 
total,  302,942  acres  belonged  to  the  sugar  companies, 
and  435,058  acres  to  various  planters.  During  the 
year  1883,  the  sugar  works  consumed  22,473,096 
berkovets  of  beets,  the  berkovet  being  equivalent 
to  about  360  English  pounds,  of  which  quantity 

12.000. 000  were  utilised  in  south-western  govern- 
ments, 4,000,000  in  the  Prevestland  provinces,  and 

6.000. 000  in  other  governments.  The  results  ob- 
tained from  these  operations  were  as  follows  Of 
the  best  sugars,  1,553.295  poods  (the  pood  being 
equivalent  to  36 lbs.,  avoirdupois);  white  and  moist 
sugars,  14,422,554  poods  ; yellow  moist  sugar,*9,3o6 
poods,  and  refined  molasses,  1,249  poods.  The  total 
number  of  employes  engaged  in  the  sugar  industry  at 
the  manufactories,  exclusive  of  beetroot  cultivation, 
was  in  1883,  94,580  persons  ; of  which  number  73,334 
were  male  labourers,  13,869  females,  and  7, 3 7 7 children. 
Consul  Swann  says  that  the  profits  derived  from 
the  sugar  industry  in  Russia  were  not  so  great  in  the 
year  1844  as  in  1883,  and  in  the  greater  number  of 
instances  the  profits  and  bonuses  at  the  disposal  of 
the  shareholders  in  the  sugar  undertakings  were 
much  diminished,  as  the  following  details  relating  to 


the  chief  Russian  sugar  factories  will  show.  The 
dividends  of  the  sugar  refinery  “ Lorodok,”  for  the 
year  1884,  were  at  the  rate  of  20  per  cent.,  as  com- 
pared with  25  per  cent,  in  1883.  The  refinery  “ Jaro- 
powitch”  returned  15  per  cent.  The  “ KiefF  Sugar 
Refining  Company  ” declared  a dividend  of  8 per 
cent.,  as  compared  with  10  per  cent,  in  1883.  The 
“ Kalinsky  sugar  works  ” gave  a dividend  of  20  per 
cent.,  as  compared  with  profits  exceeding  40  per 
cent,  in  1883,  and  the  “RomanofFsky  refinery”  gave 
15  per  cent,  for  the  last  year’s  working. 


EGYPTIAN  FODDER  PLANTS. 

These  are  not  numerous.  Clover,  or  bersim  ( Tri~ 
folium  spp.)  is  sown  immediately  after  the  fall  of  the 
Nile ; the  first  cut,  called  rds  or  fdl,  takes  place 
about  forty  days  after  the  sowing,  and  just  before 
flowering  begins ; the  second,  termed  rihbeh  or 
khelfeh,  two  months  later,  the  crop  being  dried  for 
keeping,  under  the  name  of  driss.  At  the  third 
cutting  the  plant  flowers,  and  affords  seed  for  next 
year’s  sowing.  Fenugreek,  or  helheh  [Trigonella 
Feenum  grcecurn)  is  very  widely  grown  as  an  early 
fodder,  being  sown  as  fast  as  the  inundations  retire. 
The  Arabs  eat  the  young  shoots,  which  have  an 
odour  like  melilot ; the  sprouted  grain  (grown  in 
water)  and  the  bleached  sprouts  from  it  are  much 
esteemed  by  the  Arabs,  and  a flour  made  from  the 
grain  is  mixed  in  bread.  Lucerne,  or  bersim  hegazi 
{Medicago  sativa)  is  sometimes  grown  in  artificial 
pastures,  but  is  not  given  in  the  green  state  to  any 
extent,  on  account  of  its  tendency  to  “ blow  out  ” 
the  animals.  Peas,  or  gibbdne  {Lathyrus  spp.)  are 
sown  on  the  inundated  lands,  and  can  be  cut  for 
fodder  in  sixty  days,  while  for  the  seed,  forty  days 
longer  are  required.  The  gerabu  {Andropogon  hale- 
pense)  is  grown  in  Upper  Egypt  for  its  abundant  and 
excellent  fodder. 


Notes  on  Books. 

■ 

Free  Public  Libraries,  their  Organisation, 
Uses,  and  Management.  By  Thomas  Green- 
wood. London : Simpkin,  Marshall,  anl  Co. 
1886. 

The  author  has  collected  a large  amount  of  in- 
formation respecting  the  working  of  the  Free 
Libraries’  Acts  with  the  object,  as  expressed  in  his 
preface,  of  helping  on  the  movement  for  the  more 
general  adoption  of  these  Acts.  The  first  Free 
Library  established  under  William  Ewart’s  Act  of 
1851,  was  the  one  founded  at  Manchester  in  1852,  and 
now  the  number  of  places  in  the  three  kingdoms 
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where  the  Acts  have  been  adopted  is  133.  Mr. 
Greenwood  says  that  he  intended  giving  a list  of 
towns  over  10,000  inhabitants  where  the  Acts  have 
not  been  adopted,  but  he  found  that  such  a list  would 
form  quite  a book  by  itself.  The  author  has  given 
chapters  on  the  chief  Free  Libraries  in  the  United 
Kingdom,  and  also  a reference  to  those  in  America 
and  Canada,  and  Australasia.  He  has  also  chapters 
on  Museums  and  Science  and  Art  Classes  in  connec- 
tion with  Free  Libraries,  and  Free  Library  Lectures. 
In  an  appendix  are  reprinted  the  Free  Libraries’  Acts 
and  Amendments,  and  information  is  collected  with 
respect  to  rules,  regulations,  and  forms  for  Free 
Libraries.  Copies  of  requisition  for  calling  meeting 
to  form  Library,  and  resolutions  passed  at  the  meet- 
ing are  added. 


The  Artists’  Manual  of  Pigments.  By  H.  C. 

Standage.  London : Crosby,  Lockwood  & Co. 

1886. 

This  work  consists  of  twelve  chapters.  The  matter 
contained  in  the  first  six,  which  are  devoted  to  white, 
green,  blue,  yellow,  red,  brown,  and  black  pigments, 
was  first  published  by  the  author  under  the  title  of 
“ The  Artists’  Table  of  Pigments,”  a work  now  out 
of  print.  The  remaining  chapters  are  published  for 
the  first  time.  These  are  on  chemical  reactions, 
colour  names  and  definitions,  mixtures  of  pigments, 
and  artistic  qualities  of  pigments.  The  last  chapter 
is  devoted  to  the  questions  set  at  the  South  Ken- 
sington School  of  Art  Examination  in  Painting. 


Science  in  the  Education  of  the  People. 

By  T.  Twining.  Twickenham : H.  and  C.  Franldin. 

1886. 

This  pamphlet  contains  a criticism  on  the  treat- 
ment which  science  receives  in  the  Education  Code, 
and  suggests  a new  arrangement  of  the  science 
curriculum  for  the  Code,  alterations  in  the  science 
instruction  at  training  colleges,  and  improvements  in 
the  Science  Directory.  The  author  ends  with  these 
words  : — “ Should  the  system  of  scientific  instruction 
of  which  the  general  features  have  been  sketched  out 
in  these  pages,  be  honoured,  in  principle,  with  the 
approval  of  the  Royal  Commission  on  Elementary 
Education,  it  might  be  so  elaborated  as  to  take  the 
children  of  the  people  by  the  hand  at  an  early  age, 
gradually  to  instil  into  their  growing  intellect  a sound 
acquaintance  with  all  that  is  most  essential  to  know 
concerning  the  things  of  daily  life,  and  coining 
knowledge  into  common  sense  and  practical  clever- 
ness, effectively  to  secure  success  in  workshops,  and 
comfort  in  the  home.” 


The  Histories  of  Launceston  and  Dunheved, 
in  the  County  of  Cornwall.  By  Richard  Peter 
and  Otho  Bathurst  Peter.  Plymouth  : W.  Brendon 
and  Son.  1885. 

The  present  borough  is  styled  “ Dunheved,  other- 
wise Launceston,”  but  the  authors  commence  their 


history  by  pointing  out  that  Dunheved  and  Launceston 
were  originally  distinct  places.  This  volume  is 
chiefly  compiled  from  original  documents,  which  are 
very  extensive,  and  comprehend  most  of  the  reigns 
from  the  Conquest  downwards,  so  that  the  authors 
“ are  enabled  to  relate  from  contemporaneous  docu- 
ments some  local  act  or  event  of  almost  every  decade 
within  the  last  eight  hundred  years.”  This  volume 
is  fully  illustrated. 

Ellis’s  Irish  Education  Directory  and 

Scholastic  Guide  for  1886.  Edited  by  W. 

E.  Ellis.  Dublin  : E.  Ponsonby. 

This  annual,  which  is  now  in  its  fifth  year  of  pub- 
lication, contains  information  relating  to  the  Irish 
Universities  and  Professional  Schools,  and  the 
Institutions  in  Ireland  for  promoting  Intermediate 
Technical  and  Primary  Education,  and  contains 
alphabetical  lists  of  Irish  colleges  and  schools. 


General  Notes. 

♦ 

London  Sanitary  Protection  Association, 
— The  fifth  annual  meeting  of  this  Association  was 
held  last  Saturday  at  the  offices  of  the  Association, 
I,  Adam-street,  Adelphi,  and  it  was  announced  by 
Mr.  Robins,  F.R.I.B.  A..,  who  took  the  chair  in  the 
unavoidable  absence  of  the  Duke  of  Argyll,  that  the 
number  of  members  was  now  1,050,  having  increased 
by  167  during  1885.  In  moving  the  adoption  of  the 
report,  which  was  carried  unanimously,  Mr.  Robins 
said  he  wished  to  impress  upon  the  members,  and 
through  them  upon  intending  members,  that  their 
system  was  one  of  practical  testing. 

Pa  tent  - OFFICE  Committee. — The  following 
memorandum  of  the  Board  of  Trade  is  taken  from  the 
Times : — In  consequence  of  the  change  of  Govern- 
ment, it  has  become  necessary  to  consider  what  steps 
ought  to  be  taken  with  regard  to  the  Departmental 
Committee  which  was  appointed  by  the  late  President 
of  the  Board  of  Trade  (Mr.  Stanhope)  to  inquire  into 
the  present  constitution  and  working  of  the  Patent- 
office.  This  committee  consisted  originally  of  three 
members,  viz.,  Baron  H.  de  Worms,  M.P.  (the  then 
Secretary  to  the  Board  of  Trade),  Sir  Farrer  Herschell 
(the  now  Lord  Chancellor),  and  Lord  Crawford  and 
Balcarres — and  it  has  been  decided  that  the  most 
expedient  course  will  now  be  for  the  Lord  Chancellor, 
in  conjunction  with  the  President  of  the  Board  of 
Trade,  to  appoint  a new  committee.  They  have 
accordingly  appointed  a new  committee,  which  will 
be  presided  over  by  the  Lord  Chancellor  as  chairman, 
and  will  consist  of  the  following  members  : — The 
Lord  Chancellor,  Lord  Crawford  and  Balcarres, 
Baron  H.  de  Worms  M.P.,  SirB.  Samuelson,  M.P., 
Sir  R.  E.  Webster,  Q.C.,  M.P.,  and  Mr.  C.  T.  D. 
Acland,  M.P. 
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Wages  in  Paris. — According  to  the  Annuaire 
Statisque  the  average  wages  of  workmen  per  day  of 
10  hours  at  Paris  is  : — Excavator,  6 frs. ; mason, 

8 frs.  ; mason’s  labourer,  5 frs.  ; pavior,  7-50  frs.  ; 
pavior’s  labourer,  5 frs.  ; joiner,  8 frs. ; stonemason, 
8-50  frs.  ; blacksmith,  8.75  frs.;  whilst  the  highest 
paid  workmen  are  carpenters,  who  earn  as  much  as 

9 frs.  per  day.  A century  ago,  viz.,  in  1789,  masons 
only  received  2 iivres  5 sols,  per  day;  labourers, 
I li\Te  15  sols.;  paviors,  2 Iivres  10  sols.;  paviors’ 
labourers,  i livre  10  sols. ; stonemasons,  2 Iivres 
5 sols.  ; carpenters,  2 Iivres,  5 sols. ; but  no  mention 
is  made  respecting  the  length  of  a working  day. 

Juvenile  Labour  in  Austria. — The  Jacquard 
remarks  that  the  evils  incidental  to  juvenile  labour 
in  Briinn  are  difficult  to  remedy  on  account  of  the 
fact  that  the  young  workers  are  not  engaged  by  the 
factory  owners,  but  are  apprenticed  to  the  weavers 
themselves.  The  condition  of  the  working  classes 
in  general,  in  the  town  referred  to,  is  said  to  be  so 
insalubrious  that  the  municipal  government  has  had 
to  inters'ene,  with  the  result  that  some  manufacturers 
have  provided  regular  dormitories  for  their  workmen, 
who  have  hitherto  slept  (during  the  relatively  short 
intervals  of  repose)  upon  bales  of  wool  in  the 
factories. 

Roumanian  Textile  Industry. — The  steps 
taken  by  the  Roumanian  Government,  in  1884,  for 
encouraging  the  jute  manufactuiing  industry  by  the 
free  admission  of  raw  material  and  machinery,  have 
now  been  followed  up  by  the  application  of  similar 
facilities  to  the  linen  manufacture.  The  Belgian 
Consul,  at  Crai’ora,  has  called  attention  to  the  favour- 
able opportunity  thus  afforded  for  the  starting  of  a 
new  branch  of  trade.  The  Government  will  take  all 
the  supplies  neccesarj’  for  the  administration  and  the 
army,  as  well  as  the  medical  and  educational  depart- 
ments, from  the  factories  of  the  country  itself  as  soon 
as  they  are  in  a position  to  furnish  what  is  wanted  in 
linen  and  hemp  goods.  The  site  for  a factory  would 
be  given  free,  according  to  the  Moniteur  des  fils  et 
Tissus. 

German  Census. — The  results  of  the  quin- 
quennial numbering  of  the  population  of  Germany, 
which  was  made  on  the  1st  of  December  last,  have 
been  partly  ascertained.  In  December,  1880,  the 
number  of  towns  with  a population  exceeding  50,000 
was  41,  of  which  14  had  a population  exceeding 
100,000.  Last  month  the  number  with  over  50,000 
inhabitants  had  increased  to  45,  of  which  no  less 
than  21  count  more  than  100,000  inhabitants. 
Dusseldorf,  Berlin,  ^lagdeburg,  Chemnitz,  Niirnberg, 
Hamburg,  and  Leipsic  show  an  increase  during  the 
five  years  of  over  14  per  cent.,  Crefeld  over  21  per 
cent.,  Kiel,  Dortmund,  Mannheim,  and  Carlsruhe 
over  15  per  cent.  In  Dantsic  the  population  has 
increased  only  5 per  cent.,  while  in  Memel  there  has 
been  a decrease  of  nearly  4^  per  cent. 


. MEETINGS  OF  THE  SOCIETY. 

Ordinary  Meetings. 

Wednesday  evenings,  at  Eight  o’clock  : — 

March  io. — “ The  Experiments  with  Lighthouse 
Illuminants  at  the  South  Foreland.”  By  Price 
Edwards.  Lord  Rayleigh,  Secretary  to  the  Royal 
Society,  will  preside. 

March  17. — “Eastern  Carpets.”  By  Vincent 
J.  Robinson. 

March  24. — “ Domestic  Electric  Lighting.”  By 
W.  H.  Preece,  F.R.S. 

Foreign  and  Colonial  Section. 

Tuesday  evenings,  at  Eight  o’clock  ; — 

March  23. — “ Canada  and  its  National  Highway.’^ 
By  Alexander  Begg. 


Applied  Chemistry  and  Physics  Section. 
Thursday  evenings,  at  Eight  o’clock; — 
March  ii. — “ Films  and  Paper  as  Substitutes 
for  Glass  in  Photography.”  By  Leon  Warnerke. 
Captain  W.  de  W.  Abney,  F.R.S.,  will  preside. 

March  25.— “Certain  Methods  for  the  Utilisation 
of  Refuse  and  Dust  Fuels.”  By  Walter  G. 
McMillan,  F.C.S.,  Demonstrator  of  Metallurgy, 
King’s  College,  London. 

April  8. — 

May  13. — “The  Scientific  Development  of  the 
Coal  Tar  Colour  Industiy.”  By  Professor  R. 
Meldola,  F.C.S. 


Indian  Section. 

Friday  evenings,  at  Eight  o’clock  ; — 

March  19. — “ Experiences  on  the  Afghan 
Frontier.”  By  William  Simpson.  Col.  Henry 
Yule,  C.B.,  will  preside. 

April  2. — “The  History  of  Archaeology  in  India.” 
By  James  Gibbs,  C.S.I.,  C.I.E.,  late  Member  of  the 
Viceroy’s  Council.  Sir  George  Birdwood,  C.S.I., 
Member  of  the  Council,  will  preside. 

May  7. — “Indian  Manufactures  from  a Practical 
Point  of  View.”  By  B,  H.  Baden  Powell,  C.I.E. 
The  Right  Hon.  Lord  Harris  will  preside. 

May  21. — “Everyday  Life  of  Indian  Women,  as 
revealed  in  their  own  sayings.”  By  Capt.  Richard 
Carnac  Temple. 

The  above  dates  are  liable  to  alteration. 

Cantor  Lectures. 

The  Fourth  Course  will  be  on  “ Petroleum 
and  its  Products.”  By  BovERTON  Redwood, 

F.C.S. 

Lecture  I. — March  8. — Historical  account  of 
Petroleum,  and  of  the  Development  of  the  Petro- 
leum Industry.  Geographical  and  geological  dis- 
tribution. Chemistry. 
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Additional  Lectures. 

Six  Elementary  Lectures  on  “ Electricity  ” 
will  be  delivered  by  Professor  George  Forbes, 
on  Saturday  afternoons,  at  Three  o’clock  ; — 

Lecture  I. — April  3. — Electromotive  Force  and 
Potential. 

Lecture  II. — April  10. — Currents  and  Resistance. 

Lecture  III. — May  i. — Magnetism. 

Lecture  VI. — May  8. — Electro-magnetic  Phe- 
nomena. 

Lecture  V. — May  15. — Induction. 

Lecture  VI. — May  22. — Electrical  Measurement. 

Tuesday  evenings,  at  Eight  o’clock  : — 

•“  Japanese  Art  Work.”  By  Ernest  Hart. 

Lecture  I. — May  4. — Japanese  Metal  Work. 

Lecture  II. — May  ii. — ^Japanese  Porcelain  and 
Tottery. 

Lecture  III. — May  18. — ^Japanese  Picture  Books 
and  Drawings. 

The  rules  of  admission  to  these  Lectures  will 
'be  the  same  as  for  the  Cantor  Lectures.  Each 
member  has  the  right  of  admission  for  himseif 
and  one  friend. 

Tickets  available  for  all  the  Society’s  meet- 
ings were  supplied  to  all  the  members  at  the 
commencement  of  the  Session. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  March  8. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Mr. 
Boverton  Redwood,  Petroleum  and  its  Pro- 
ducts.” (Lecture  I.) 

Inventors’  Institute,  27,  Chancery-lane,  W.C.,  8 p.m. 
Mr.  S.  J.  Mackie,  ” An  Example  of  the  American 
Patent-office  Examinations.” 

Surveyors,  12,  Great  George-str«et,  S.W.,  8 p.m. 
Adjourned  discussion  on  Mr.  William  Woodward’s 
paper,  “ London  Remodelled.” 

' Geographical,  University  of  London,  Burlington- 

gardens,  W.,  8g  p.m.  Mr.  G.  A.  Farini,  “A 
Journey  Through  the  Kalahari  Desert.” 

Medical,  ii,  Chandos-street,  W.,  8J  p.m. 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m. 
Rev.  H.  R.  Haweis,  “ The  Anatomy  of  Musical 
Notes.” 

Tuesday,  March  9. ..Royal  Institution,  Albemarle-street, 
W.,  3 p.m.  Prof.  A.  Gamgee,  ” New  Function  of 
Circulation.”  (Lecture  I.) 

Medical  and  Chirurgical,  53,  Berners -street.  Oxford- 
street,  W.,  8Jp.m. 

Civil  Engineers,  25,  Great  George-street,  S.W., 
8 p.m.  Mr.  Dugald  Clerk,  “ The  Explosion  of 
Homogeneous  Gaseous  Mixtures.” 

Photographic,  5A,  Pall-mall  East,  S.W.,  8 p.m. 
Anthropological,  4,  St.  Martin’s-place,  W.C  , 8 p.m. 
I.  Dr.  J.G.  Garson,  “Exhibition  of  Instruments 
for  Anthropometric  Research.”  2.  Mr.  Arthur  J. 
Evans,  “The  Flint-Knappers’  Art  in  Albania.” 
3.  Mr.  W.  H.  Penning,  “Notes  on  a few  Stone 
Implements  found  in  South  Africa.”  4.  Mr.  Bruce 
Foote,  “ Notes  on  some  prehistoric  finds  in  India.” 
Colonial  Institute,  St.  James’s  Banqueting-hall,  69, 
Regent-street,  W.,  8 p.m.  Mr.  J.  Annan  Bryce, 
“ Burma— the  latest  Addition  to  the  Empire.” 


Wednesday,  March  10.. .SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Mr.  E.  Price  Edwards, 
“ The  Experiments  with  Lighthouse  Illuminants 
at  the  South  Foreland  ” 

Geological,  Burlington-house,  W.,  8 p.m.  i.  Mr. 
James  Thomson,  “ The  Genus  Diphyphyllum, 
Lonsdale.”  2.  Mr.  Grenville  A.  Cole,  “ The 
Alteration  of  Coarsely  - Spherulitic  Rocks.” 
3.  Mr.  Horace  B.  Woodward,  “Account  of  a 
Well-sinking  made  by  the  Great  Western  Railway 
Company  at  Swindon;”  with  lists  of  fossils,  by 
Mr.  E.  T.  Newton. 

Microscopical,  King’s  College,  W.C  ,8pm.  Mr.  A. 

D.  Michael,  “ Life  History  .of  an  Acarus,  one  stage 
whereof  is  known  as  Labidophorustalpae,  and  upon 
an  unrecorded  species  of  Disparipes.” 

Pharmaceutical,  17  Bloomsbury-square. W.C. , 8p.m. 

Royal  Literary  Fund,  10,  John-street,  Adelphi, 
W.C.,  3 p.m.  Annual  Meeting. 

Royal  Society  of  Literature,  4,  St.  Martin’s-place, 
W.C.,  8 p.m. 

Civil  and  Mechanical  Engineers,  7,  Westminster- 
chambers,  S.W.,  7 p.m.  Mr.  G.  Simonds,  “The 
Erection  of  Colossal  Statues.” 

Thursday,  March  ii... SOCIETY  OF  ARTS,  John-street' 
Adelphi,  W.C.,  8 p.m  (Chemical  and  Physical 
Section.)  Mr  Leon  Warnerke,  “ Films  and  Paper 
as  Substitutes  for  Glass  in  Photography.” 

Royal,  Burlington-house,  W.,  42  p.m. 

Antiquaries,  Burlington-house,  W.,  8^  p m. 

London  Institution,  Finsbury-circus,  E.C.,  7 p.m. 
Prof.  Ernst  Pauer,  “ The  Most  Celebrated  Com- 
posers after  Beethoven’s  time.” 

Royal  Institution,  Alberaarle-street,  W.,  8 p.m. 
Prof.  W.  Boyd  Dawkins,  “The  Ancient  Geo- 
graphy of  Britain.”  (Lecture  II.) 

Telegraphic  Engineers  and  Electricians,  25,  Great 
George-street,  S.W.,  8 p.m.  Professors  W.  E. 
Ayrton  and  John  Perry,  (i)  “Economy  in  Electrical 
Conductors  ; ” (2)  “ Note  on  Magnetic  Resist- 
ance.” 

Mathematical,  22,  Albermarle- street,  W.,  8 p.m. 

Friday,  March  12. ..United  Service  Institute,  Whitehall- 
yard,  3 p.m.  i.  Colonel  H.  T.  Arbuthnot,  “The 
New  Military  Rifle  and  its  comparison  with  other 
Military  Rifles,  English  and  Foreign.”  2.  Major 

E.  G.  Armstrong,  “The  Improved  Lee  repeating 
Military  Rifle.” 

Royal  Institution,  Albemarle-street,  W.,  8 p m. 
Weekly  Meeting,  9p.m.  Dr.  R.  S.  Poole,  “The 
Discovery  of  the  Biblical  Cities  of  Eg>'pt.” 

Astronomical,  Burlington-house,  W.,  3 p.m. 

Civil  Engineers,  25,  Great  George-street,  S.W.,  7J 
p.m.  (Students’  Meeting.)  Mr.  V.  W.  Delves- 
Broughton,  “ The  Process  of  Coining  Gold,  as 
carried  on  at  the  Melbourne  Branch  of  Her 
Majesty’s  Mint.” 

Quekett  Microscopical  Club,  University  College, 
W.C.,  8 p.m. 

Clinical,  53,  Berners-street,  W.,  8j  p.m. 

New  Shakspere,  University  College,  W.C.,  8 p.m. 
Mr.  Sidney  L.  Lee,  “ Domestic  Tragedy  in  the 
Elizabethian  Stage.” 

Saturday,  March  13... Physical  Science  Schools,  South  Ken- 
sington, S.W.,  3 p.m.  I.  Dr.  Gladstone,  “On  the 
Growth  of  Filiform  Silver.”  2.  Professor  Reinold, 
“ Apparatus  for  Measuring  the  Electrical  Resist- 
ance of  Liquids.” 

Botanic,  Inner  Circle,  Regent’s-park,  N.W.,  3I  p.m. 

Royal  Institution,  Albemarle-street,  W.,  3 p.m.  Mr. 
E.  B.  jPoulton,  “ The  Nature  and  Protective  Use 
of  Colour  in  Caterpillars.”  (Lecture  I.) 
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All  communications  Jot  the  Society  should  be  addressed  to 
the  Secretar)',  yohn-street,  Adelphi,  London,  W.C. 


NOTICES. 


CAHTOR  LECTURES. 

On  Monday  evening,  Sthinst.,  Mr.  BOVERTON 
Redwood,  F.I.C.,  F.C.S.,  delivered  the 

first  of  his  course  of  lectures  on  ‘‘Petro- 
leum and  its  Products.”  The  lecturer 
commenced  by  giving  a historical  account 
of  petroleum,  pointing  out  that  the  valuable 
properties  of  this  substance  were  un- 
doubtedly well  known  to  Herodotus  and 
other  historians  who  wrote  during  the  five 
centuries  preceding  the  Christian  era,  and 
that  the  inflammable  nature  of  petroleum  gas 
was  probably  turned  to  account  by  the  Persian 
Fire  Worshippers  as  much  as  2,500  years  ago. 
Having  traced  the  progress  of  the  petroleum 
and  shale  oil  industries  from  their  commence- 
ment to  the  present  time,  the  lecturer  proceeded 
to  deal  with  the  geographical  and  geological 
distribution  of  petroleum,  and  showed  that 
there  was  hardly  a country  in  which  it  had  not 
been  found,  though  not  always  in  the  same 
geological  formation.  Mr.  Redwood  then  re- 
ferred to  a representative  series  of  specimens 
of  petroleum  from  various  parts  of  the  world, 
in  illustration  of  his  statements  as  to  the  very 
variable  physical  characters  of  the  material, 
and  concluded  by  explaining  the  chemical 
composition  of  petroleum. 

The  lectures  will  be  printed  in  the  Journal 
during  the  summer  recess. 


ADDITIONAL  LECTURES. 

The  Council  have  made  arrangements  for 
a.  Course  of  six  Elementary  Lectures  on 
'“Electricity,”  which  will  be  delivered  by 
Professor  George  Forbes,  on  Saturday 


afternoons,  at  Three  o’clock.  The  first  two 
lectures  will  be  given  before  Easter,  on  April 
3rd  and  loth,  and  the  last  four  after  Easter,  on 
May  ist,  8th,  15th,  and  22nd. 

After  Easter  another  additional  Course  of 
lectures  will  be  given  by  Mr.  Ernest  Hart, 
on  “Japanese  Art  Work”  (Tuesdays,  May 
4th,  nth,  i8th,  at  8 p.m.). 

The  rules  of  admission  to  these  lectures  will 
be  the  same  as  for  the  Cantor  lectures. 


TVESTGARTII  ESS  A YS. 

The  three  essays  by  W.  Woodward,  H.  H. 
Bridgman,  and  J.  Corbett,  to  which  the  prizes 
offered  by  Mr.  William  Westgarth  were 
awarded  by  the  Society  of  Arts  in  1885,  are 
now  published  under  the  title  of  “ Essays  on 
the  Street  Re-alignment,  Re-construction, 
and  Sanitation  of  Central  London,  and  on  the 
Re- housing  of  the  Poorer  Classes.”  The 
volume  is  published  by  George  Bell  and  Sons 
at  15s.,  but  copies  can  be  obtained  by  members 
of  the  Society  of  Arts  for  los.  each,  on  applica- 
tion to  the  Secretary. 


ALBERT  MEDAL. 

The  Council  will  proceed  to  consider  the 
award  of  the  Albert  Medal  for  1886  early  in 
May  next,  and  they  therefore  invite  members 
of  the  Society  to  forward  to  the  Secretary,  on 
or  before  the  17th  of  April,  the  names  of  such 
men  of  high  distinction  as  they  may  think 
worthy  of  this  honour.  This  medal  was  struck 
to  reward  “ distinguished  merit  for  promoting 
Arts,  Manufactures,  or  Commerce,”  and  has 
been  awarded  as  follows  : — 

In  1864,  to  Sir  Rowland  Hill,  K.C.B.,  F.R.S. 

In  1865,  to  his  Imperial  Majesty,  Napoleon  III. 

In  1866,  to  Michael  Faraday,  D.C.L.,  F.R.S. 

In  1867,  to  2^fr.  (afterwards  Sir)  W.  Fothergill 
Cooke  and  Professor  (afterwards  Sir)  Charles  AVheat- 
stone,  F.R.S. 

In  1868,  to  Mr.  (now  Sir)  Joseph  Whitworth, 
LL.D.,  F.R.S. 

In  1869,  to  Baron  Justus  von  Liebig,  Associate  of 
the  Institute  of  France,  For.  Memb.  R.S.,  Chevaher 
of  the  Legion  of  Honour,  Sic. 

In  1870,  to  Ferdinand  de  Lesseps. 

In  1871,  to  Mr.  (afterwards  Sir)  Henry  Cole, 
K.C.B. 

In  1872,  to  Mr.  (now  Sir)  Henry  Bessemer,  F.R.S. 

In  1873,  fo  INIichel  Eugene  Chevreul,  For.  IMemb. 
R.S.,  Member  of  the  Institute  of  France. 
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In  1874,  to  Mr.  (afterwards  Sir)  C.  W.  Siemens, 
D.C.L.,  F.R.S. 

In  1875,  to  Michael  Chevalier. 

In  1876,  to  Sir  George  B.  Airy,  K.C.B.,  F.R.S. , 
Astronomer  Royal. 

In  1877,  to  Jean  Baptiste  Dumas,  For.  Memb. 
R.S.,  Member  of  the  Institute  of  France. 

In  1878,  to  Sir  Wm.  G.  Armstrong,  C.B.,D.C.L., 

F.R.S. 

In  1879,  to  Sir  William  Thomson,  LL.D.,  D.C.L., 

F.R.S. 

In  1880,  to  James  Prescott  Joule,  LL.D.,  D.C.L., 
F.R.S. 

In  i88r,  to  August  Wilhelm  Hofmann,  M.D., 
LL.D.,  F.R.S.,  Professor  of  Chemistry  in  the 
University  of  Berlin. 

In  1882,  to  Louis  Pasteur,  Member  of  the  Institute 
of  France,  For.  Memb.  R.S. 

In  1883,  to  Sir  Joseph  Dalton  Hooker,  KC.S.I., 
C.B  , M.D.,  D.C.L.,  LL.D.,  F.R.S. 

In  1884,  to  Captain  James  Buchanan  Eads. 

In  1885,  to  Henry  Doulton. 

A full  list  of  the  services  for  which  the 
medals  were  awarded  was  given  in  the  last 
number  of  the  Joitmal. 


Proceedings  of  the  Society. 


APPLIED  CHEMISTRY  Lf  PHYSICS 
SECTION. 

Thursday,  February  25,  1886;  Sir  Henry 
K.  Roscoe,  F.R.S.,  M.P.,  in  the  chair. 

The  paper  read  was — 

PHOTOGRAPHY  AND  THE  SPECTRO- 

SCOPE IN  THEIR  APPLICATIONS  TO 

CHEMICAL  ANALYSIS. 

By  W.  N.  Hartley,  F.R.S., 

Royal  College  of  Science,  Dublin. 

Introduction. 

The  spectra  of  the  elements  are  physical 
constants  of  the  greatest  importance,  which,  in 
their  relation  to  methods  of  chemical  analysis, 
have  hitherto  been  less  generally  studied  than 
might  reasonably  have  been  expected,  when 
we  consider  that  many  of  the  most  notable 
discoveries  made  by  means  of  analytical  pro- 
cesses during  the  last  twenty-five  years  have 
been  the  result  of  spectroscopic  research.  The 
simplicity  of  the  spectra  of  the  alkalies  and 
alkaline  earths  have  rendered  them  easy  of 
detection  with  almost  any  form  of  instrument, 
but  with  other  substances  the  time  occupied 
in  making  accurate  observations,  with  spectro- 


scopes of  the  ordinary  form,  together  with  the 
special  knowledge  required,  has  dela}'’ed  the 
useful  applications  of  spectroscopy  to  the  work 
of  the  metallurgist  and  chemist. 

Shortcomings  in  the  construction  of  instru- 
ments in  common  use  have  created  difficulties 
and  retarded  progress  in  this  country,  added 
to  which  the  field  of  chemical  research  has 
been  extended  rather  in  the  direction  of  syn- 
thesis of  organic  compounds  than  in  that  of 
the  analysis  of  minerals,  and  while  the  former 
presents  many  attractions  to  the  enthusiastic 
student,  who  feels  a peculiar  fascination  in 
the  actual  creation  of  new  substances,  the 
latter  entails  the  exercise  of  considerable 
manipulative  skill  and  practical  knowledge, 
with  less  striking  results  to  show  in  return 
for  much  patient  labour.  Then,  too,  the 
necessary  emplo3'-ment  of  electricity  for  such 
observations  has  served  to  complicate  the  pro- 
cesses by  which  spectra  may  be  accurately 
studied ; but  at  the  present  time,  the  extensive 
use  of  storage  batteries  and  dynamo- electric 
machines  for  purposes  of  illumination  has 
afforded  greatly  increased  facilities  in  ob- 
taining a current  for  producing  spark  spectra. 
In  addition,  we  are  in  possession  of  much  im- 
proved methods  of  photography  ; gelatine  dry 
plates  of  an  extremely  sensitive  character,  and 
excellent  for  spectroscopic  purposes,  may  be 
kept  in  stock  and  stored  for  years.  These 
plates  are  always  ready,  are  developed  with 
extreme  simplicity,  and  do  not  require  the 
delicate  handling  necessary  with  films  pre- 
pared by  the  old  collodion  process.  I have 
used  gelatine  plates,  and  found  them  perfect 
after  keeping  for  four  years,  and  have  ex- 
perienced no  difficulty  in  developing  them 
after  a lapse  of  a year  since  their  exposure. 
In  the  very  valuable  work  of  M.  Lecocq  de 
Boisbaudran,  “Spectres  Lumineux,”  2 vols., 
1874  (Gauthiers- Villars,  Paris),  we  have  a 
treatise  on  the  use  of  the  spectroscope  as  an 
indispensable  aid  in  chemical  analysis,  which, 
at  the  present  day  is  unique.  It  contains  a 
minute  description  of  the  method  of  working 
which  is  essential  to  securing  accurate  ob- 
servations. It  gives  an  exact  description  of 
about  fifty-seven  flame  and  spark  spectra, 
accompanied  by  plates  which  have  been  made 
from  most  artistic  drawings,  and  are  not  only 
perfect  master-pieces  of  the  engraver’s  art, 
but  faithful  representations  of  spectra,  and  an 
accurate  record  of  a series  of  elaborate  investi- 
gations made  with  very  simple  instruments. 
By  observing  bright  line  spectra  continuously 
for  many  hours,  and  particularly  spark  spectra. 
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the  eye  sometimes  experiences  great  fatigue, 
and  on  this  account,  as  far  back  as  the  year 
1872,  having  commenced  work  on  the  subject, 
1 arrived  at  the  conclusion  that  the  only 
method  of  observation  capable  of  extensive 
practical  application  by  the  chemist  would  be 
one  in  which  the  spectroscope  would  be  com- 
bined with  a photographic  camera,  and  the 
rays  to  be  observed  those  in  the  ultra-violet 
region.  This  end  of  the  spectrum  was  the 
subject  of  research  ten  years  previously  by 
Professor  Stokes  (now  President  of  the  Royal 
Society),  and  the  late  Dr.  W.  A.  Miller, 
F.R.S.  The  apparatus  used  by  Miller  for 
photographing  spectra  was  reconstructed  by 
me,  and  found  to  be  capable  of  great  improve- 
ment ; indeed,  such  improvement  was  neces- 
sary before  it  could  yield  results  comparable 
with  those  obtained  in  the  visible  region.  The 
character  of  the  lines  was  wanting  in  that 


delicacy  of  detail  and  sharpness  we  are 
accustomed  to  see  in  the  visible  spectrum. 
In  1878  a new  instrument  and  mode  of  work- 
ing was  designed,  and  in  the  following  year 
metallic  spectra  were  photographed  by  Pro- 
fessor Huntington  and  myself,  the  whole  of 
the  lines  being  accurately  focussed  on  one 
plate,  extending  from  the  blue-green  rays  to 
those  in  the  extreme  ultra-violet,  capable  of 
transmission  through  three  feet  of  air.  The 
researches  of  M.  L.  Soret  and  M.  Cornu  have 
resulted  in  a great  improvement  in  the  optical 
train  necessary  for  the  production  of  such 
photographs,  or  for  use  with  a fluorescent 
eye-piece.  The  wave-length  of  the  rays  which 
are  ordinarily  capable  of  being  photographed 
ranged  between  4,800  and  2,000  tenth-metrets.* 
A glance  at  the  following  Table  will  show 
the  early  date  at  which  spectrum-photography 
began  to  attract  attention,  and  the  extent  of 


Photographs  of  Spectra. 


By  whom  Executed. 

Date. 

Process. 

Range  and  Nature  of  Spectrum 

E.  Becquerel 

1842 

Daguerreotype  and  Talbotype. . 

Wave-lengths. 

7,700  to  3,400  solar  and  stellar. 

J.  "W.  Draper  

M jy  

Herschel 

1843 

1843 

1843 

1863 

1867 

Daguerreotype  

Daguerreotype  

Cyanotvpe  

4,400  to  3,400  solar. 
8,100  to  6,800  solar. 
Not  defined,  solar. 

Miller 

Wet  collodion  

4,500  to  2,400  spark  & absorption 
3,960  to  2,217  spark. 

5,167  to  3,032  solar. 

4,500  to  2,948  solar  and  arc. 

!)^Iascart  

Wet  collodion  

H.  Draper 

i8“4 

Wet  collodion  

Cornu 

1 ' 

1874 

Washed  collodion 

I.ockyer , 

1874. 

Wet  collodion  

4,500  to  3,900  solar  and  arc. 
j 7,000  to  3,900  solar. 

H.  W.  Vogel 

^875  ( 

Washed  and  stained  collodion 
films  

Huggins 

1876 

Wet  collodion  

Not  defined,  stellar. 

Rand  Capron 

1877 

Wet  collodion  

4,500  to  3,900  spark  and  arc. 

Hartley  and  Huntington  . . 

1878 

Gelatine  emulsion 

4,800  to  2,000  spark  & absorption 

Parrv  and  Tucker 

1879 

Gelatine  emulsion 

5,892  to  3,900  flame  and  spark. 

Huggins 

1870 

Gelatine  emulsion 

4,360  to  3,400  flame  and  stellar. 
4,123  to  1,800  spark. 

Cornu 

1879-80 

Washed  collodion 

Abney 

1879-80 

Collodion  emulsion  

12,000  to  7,000  solar  and  arc. 

the  rays  photographed  by  various  experi- 
menters. 

Others  who  have  employed  gelatine  emulsion, 
and  have  investigated  the  ultra-violet  end  of 
the  spectrum  more  recently,  are  Professors  L. 
Soret,  Liveing  and  Dewar,  Rowland,  Dr. 
Hasselberg,  and  V.  Schumann. 

E.  Bequerel  applied  photography  to  the 
investigation  of  the  spectrum  very  soon  after 
the  discoveries  of  Niepce  and  Daguerre 


rendered  it  possible(“  Bibliotheque  Universelle 
de  Geneve,”  vol.  40,  p.  341).  He  sensitised 
his  silvered  plates  with  iodine  monochloride  ; 
he  exposed  them  to  the  more  refrangible  end 
of  the  spectrum  only  a few  seconds,  but  for 


* The  decimal  subdivisions  of  a metre  are  conveniently 
termed  metreis  (Johnstone  Stoney).  The  first  metret  is  a 
decimetre,  the  second  metret  is  a centimetre,  the  third 
metret  is  a millimetre,  and  so  on.  A tenth  metret  = 
metre  = one-ten  millionth  of  a millimetre. 
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rays  less  refrangible  than  wave-length  4,500 
a prolonged  exposure  was  necessary.  He 
also  made  use  of  paper  sensitised  “with 
silver  bromide  and  silver  iodide.  Miller’s 
photographs  were  defective  in  consequence 
of  but  few  lines  on  each  plate  being  in 
focus,  and  moreover,  he  used  too  wide  a 
slit  and  a spark  scarcely  sufficiently  power- 
ful ; the  lines  are  all  duplicated  by  the 
double  refraction  of  the  lens  and  prism.  Never- 
theless, the  germ  of  all  this  subsequent  work  is 
contained  in  Miller’s  paper,  which  included 
the  examination  of  pure  metals,  of  alloys,  and 
the  absorption  spectra  of  some  metallic  salts 
and  organic  substances.  To  Professors  Stokes, 
Mascart,  Soret,  and  Cornu,  we  are  indebted 
for  such  improvements  in  instruments  and 
knowledge  of  the  ultra-violet  rays  that  work  at 
the  most  refrangible  region  has  become  much 
easier  than  at  the  visible  end  of  the  spectrum. 
Cornu  was  the  first  to  devise  a means  of  con- 
structingquartz  prisms  capable  of  giving  a pure 
spectrum.  He  also  first  achromatised  quartz 
lenses  by  means  of  colourless  fluor-spar,  and 
with  calcite.  Dr. W.  H.  Stonelikewise  proposed 
to  use  calcite  to  achromatise  quartz.  Cornu 
obtained  photographs  of  the  solar  spectrum 
perfectly  in  focus  from  end  to  end,  and,  more- 
over, obtained  impressions  of  the  very  highly 
refrangible  rays  of  zinc  and  aluminium  which 
are  absorbed  by  a layer  of  air  only  three  feet 
in  thickness.  Bytheterm  “washed  collodion,” 
which  indicates  his  photographic  process,  it  is 
intended  to  signify  the  fact  that  when  a 
collodion  plate  is  removed  from  the  bath  of 
silver  nitrate,  it  is  covered  with  a sufficient 
layer  of  the  salt  to  prevent  the  penetration  of  the 
ultra-violet  rays  to  the  silver  bromide  in  the  film 
beneath.  The  silver  nitrate  was,  therefore, 
washed  off  with  water  previous  to  exposure  of 
the  plate  in  the  camera,  Messrs.  Parry  and 
Tucker  (Engineering,  vols.  xxvii  and  xxviii, 
February,  May,  and  August,  1879)  employed 
ordinary  spectroscopes  and  Swan’s  gelatine 
dry-plates.  They  succeeded  in  obtaining 
photographs  both  from  metallic  points  and 
from  solutions.  For  the  latter  they  made 
use  of  Bunsen’s  electrodes,  which  are  cones  of 
carbon,  generally  drawing  charcoal,  saturated 
with  metallic  chlorides  dissolved  in  water.  An 
uncondensed  spark  from  an  induction  coil  is 
passed  between  the  charcoal  cones  and  a 
platinum  wire  fixed  about  six  millimetres  above 
it.  Lastly,  we  come  to  the  use  of  dry  collodion 
films,  in  which  silver  bromide  precipitated  in  a 
particular  manner  is  used  for  securing  im- 
pressions of  the  red  and  infra-red  rays.  The 


sensitive  salt  is  contained  in  a collodion  film 
made  with  very  little  pyroxyline.  Such  plates 
have  been  used  by  Captain  Abney  and  General 
Testing  for  the  examination  of  obscure  absorp- 
tion bands  in  organic  substances. 

When  produced  by  electric  sparks  of  high 
tension,  emission  spectra  are  most  abundant 
in  rays  of  high  refrangibility,  and  it  is  com- 
paratively of  little  importance  whether  we  are 
able  to  photograph  rays  of  greater  wave- 
length than  6,000  tenth-metrets,  while  it  is  in 
the  highest  degree  desirable  that  lines  lying 
between  wave-lengths  4,000  and  2,000  should 
be  observed.  For  this  purpose,  glass,  which 
transmits  no  rays  beyond  wave-length  3,400 
should  be  discarded  as  unsuitable  for  lenses 
and  prisms.  By  the  use  of  diffraction  mirrors 
there  is  a considerable  loss  of  light,  so  that 
they  do  not  pfesent  the  advantages  which  are 
to  be  found  in  their  use  when  working  at  the 
less  refrangible  end  of  the  spectrum,  where 
great  dispersion  is  obtained.  The  most 
suitable  materials  for  prisms  are  Iceland  spar 
and  quartz  ; the  former  gives  great  dispersion, 
but  it  is  of  a fragile  nature,  and  the  surface  is 
easily  corroded  by  acid  vapours ; it  has  also 
the  disadvantage  of  not  transmitting  rays  of 
shorter  wave-length  than  2,130;  for  general 
purposes,  however,  this  extent  of  spectrum  is 
quite  sufficient.  Furthermore,  only  those  rays 
for  which  the  prism  is  at  the  minimum  angle  of 
deviation  are  singly  refracted,  and  hence  per- 
fect definition  cannot  be  secured  by  photo- 
graphing the  whole  extent  of  a spectrum  on 
one  plate.  When  quartz  is  used,  the  prism 
must  be  made  according  to  Cornu’s  plan,  of 
two  halves,  one  of  right-handed  the  other  of 
left-handed  rotation,  in  order  to  secure  single 
refraction ; the  lenses  likewise  must  be  of 
equal  thickness  and  of  opposite  rotation. 
Colourless  fluor-spar  free  from  blemishes  is  of 
extreme  rarity,  and  is  not  available  for  achro- 
matising  lenses,  and  calcite  does  not  afford 
good  results  when  a considerable  extent  of 
spectrum  is  to  be  photographed  on  one  plate. 

The  Instruments. — Principles  of  Con- 

STUCTION. 

In  working  on  the  ultra-violet  spectrum  with 
uncorrected  lenses,  we  have  to  take  into  account 
an  effect  due  to  the  great  difference  in  focal 
length  between  the  least  and  most  refrangible 
rays.  In  photographing  the  visible  spectrum 
with  achromatic  lenses,  this  can  readily  be 
corrected  by  the  ordinary  “side  swing”  of 
the  back  of  a well-made  photographic  camera. 
It  was  found  by  experiment,  with  a lens  of 


March  12,  1886.] 


JOURNAL  OR  THE  SOCIETY  OF  ARTS. 


399 


thirty-six  inches  focus  for  the  line  D,  that  the 
difference  in  focal  length  between  this  and 
the  most  refrangible  ray  of  cadmium  was  about 
six  inches.  The  focussing  screen,  therefore, 
was  placed  at  such  an  angle  that  a mean 
position  was  secured  for  refracted  rays  lying 
between  the  two  extremities  of  the  cadmium 
spectrum.  It  was  then  proved,  by  taking 
photographs,  that  the  locus  of  the  foci  of  these 
rays  lies  so  nearly  in  a straight  line,  that  even 
the  slight  curvature  caused  by  the  pressure  of 
the  spring  which  holds  the  plate  in  position 
in  the  dark  slide  is  sufficient  to  cause  the 
lines  to  become  indistinct  in  the  photograph. 
The  dimensions  of  the  plates  were  12  in.  X 4 in. 
j In  January,  1878,  a paper  by  M.  Sarasin  was 
[ published  (“Archives  des  Sciences  Physiques 
I et  Naturelles,  Geneve,”  vol.  Ixi.,  p.  109),  giving 
the  result  of  his  determination  of  the  refrac- 
tion indices  of  quartz  for  the  ordinary  and  ex- 
traordinary rays  in  the  ultra-violet  spectrum. 

By  the  aid  of  a Table  which  he  gives,  it  is 
possible  to  calculate  the  position  that  a photo- 
graphic plate  should  take  in  order  that  any 
particular  ray  may  be  in  focus.  This  Table  is 
quoted  in  full  in  the  next  column,  with  the 
addition  of  the  wave-lengths  of  the  lines. 

From  this  it  may  be  ascertained  that  the 
focal  distance  for  a 36-inch  lens  would,  for  the 
cadmium  line  26,  with  wave-length  2144-1,  be 
31-3  inches,  and  for  a 15-inch  lens  13  inches. 

With  a quartz  prism  of  60®,  the  angle  which 
that  half  of  the  plate  on  which  lies  the  most 
refrangible  part  of  the  spectrum  must  make 
with  the  direction  of  the  mean  ray,  varies 
according  to  the  position  of  the  collimator, 
between  19°  and  24°,  with  lenses  of  fifteen  and 
thirty-six  inches  focus.  The  camera  back  is, 
therefore,  constructed  so  as  ordinarily  to  take 
up  this  position,  but  it  is  made  to  swing  on  a 
vertical  pivot  exactly  situated  at  its  centre. 
The  centre  of  this  pivot  is  in  the  same  vertical 
plane  as  the  centre  and  front  surface  of  the 
focussing  screen,  which  again,  as  is  usual, 
corresponds  with  that  of  the  photographic 
plate. 

The  first  thing  to  be  done  in  adjusting  the 
camera  is  to  place  the  prism  at  the  angle  of 
minimum  deviation  for  the  mean  ray,  say,  line 
seventeen  of  cadmium,  then  the  ray  is  brought 
into  the  centre  of  the  focussing  screen,  and 
carefully  focussed  by  a backward  or  forward 
motion  of  the  camera  body  communicated  by 
the  focussing  screw.  After  this  the  “side- 
swing” enables  the  extreme  of  both  ends  of 
the  spectrum  to  be  brought  into  focus. 

It  is  necessary,  in  order  to  get  the  best 


Co-ejfficients  necessary  for  the  detertnination  of  the 
focal  length  of  a quartz  lens  for  the  ultra-violet 
rays  of  cadmium,  its  focal  length  for  the  ray  D 
being  known. 


Numbers  referring 
to  the  lines  of 
Cadmium  Zinc  and 
Aluminium. 

Wave-lengths. 

Co-efficients. 

9 

3609-6 

0-9657 

10 

3465*4 

0-9612 

II 

3402-9 

0-9590 

/a  3260-2  \ 

12 

^3257*8 

0*9531 

173249*5  ) 

17 

2747*7 

0-9262 

18 

2572-2 

0-9127 

23 

2313-6 

0-8863 

24 

2265-9 

0-8803, 

25 

2194*5 

0-8707' 

26 

2144-I 

0-8632 

2098-9 

0-8561 

Zin. 

! 28 

( 2063-4  1 

0-8498 

1 

1 2061 -0  / 

1 29 

2024-3 

0-8429 

f so 
[ 

1988- 

0-8363 

1 

1 

( 1933*  ) 

Al.  ^ 

: 31 

1 1928-  1 

0-8245, 

32 

1 n 1 

0-8062 

1 1852-  / 

The  focal  length  of  the  lens  for  the  line  D should 
be  multiplied  by  the  co-efficient  opposite  the  ray  the 
focal  distance  of  which  is  required  to  be  known. 


results,  to  make  the  collimator  tube  of  equal 
length  to  the  camera,  measuring  the  focus  from 
the  lens  to  the  slit,  and  the  latter  from  the  lenS' 
to  the  centre  of  the  plate.  The  collimator  tube, 
therefore,  should  be  divided  and  fitted  with  a 
rack  and  pinion  adjustment.  The  final  adjust- 
ment requires  to  be  carefully  made,  the  plate 
being  moved  millimetre  by  millimetre,  a box- 
wood or  paper  scale  being  fixed  to  the  camera 
for  the  purpose  of  registering  its  position. 
Should  the  camera  and  collimator  be  of  unequal 
lengths,  it  is  advisable  to  find  the  total  length 
of  the  two  ; halve  this,  and  adjust  each  accord- 
ingly. The  whole  operation  of  focussing  is 
somewhat  tedious  and  troublesome,  but  when 
it  is  once  accomplished  the  instrument  need 
never  be  disturbed.  In  all  cases  it  is  best  to 
place  a condensing  lens  of  about  three  inches 
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focus  in  front  of  the  slit.  I have  been  in  the 
habit  of  using  a double  convex  lens  of  2^  inches 
diameter.  It  would  be  a decided  advantage  if 
all  spectroscopes  had  a sliding  rod  fitted  to 
the  collimator,  to  which  a lens  of  the  kind 
might  be  attached.  If  it  be  placed  on  an 
independent  stand,  it  is  apt  to  get  out  of 
adjustment. 

Details  of  co7tstruction  of  the  camera  for 
lenses  of  lo7ig  focus. — In  Figs,  i and  2,  the 
elevation  and  plan  of  this  instrument  are 
seen.  The  body  consists  of  two  parts  sup- 
ported on  a wooden  stand.  The  portion  M 
is  a rigid  shallow  box,  in  the  front  of  which  is 


the  lens  in  its  fitting  N.  The  portion  of  the 
body  L,  a continuation  of  M,  is  triangular  in  form 
and  moveable  in  two  directions.  It  is  made 
to  approach  or  recede  from  the  lens  by  the 
screw  K,  and  to  make  a greater  or  lesser  angle 
with  the  directions  of  the  mean  ray  x — N by 
turning  on  the  vertical  pivot,  the  centre  of 
which  is  situated  at  X.  The  two  portions  of 
the  camera  are  united  by  a bellows-body  of 
leather  of  about  three  inches  in  length  which 
admits  of  sufficient  play  for  all  the  purposes 
of  focussing.  The  bellows-body  slides  by 
means  of  a metal  frame  into  position  on  the 
front  part  of  the  camera.  In  the  drawing  the 


Fig.  2. 


Elevation  and  Plan  of  Camera  for  photographing  ultra-violet  spectra. 


slide  is  represented  as  not  being  pushed  quite 
into  its  proper  position,  the  reason  being  that 
the  slant  which  is  given  to  the  back  of  the 
camera  caused  the  leather  portion  to  be  incon- 
veniently tightly  pressed  on  one  side,  and  as 
'widely  extended  on  the  other.  The  flexible 
part  might  with  advantage  be  made  a little 
longer.  The  sensitised  surface  of  the  glass 
plate,  when  in  position,  is  indicated  by  the 
dotted  line  passing  through  x.  The  screws 
A A serve  to  clamp  the  “ swing-back  ” of  the 
camera  in  position. 

It  will  be  seen  in  the  elevation  that  the 


camera-body  is  raised  on  supports  above  the 
flat  stand,  but  that  the  camera-back,  into 
which  fits  the  dark-slide,  is  continuous  above 
and  below  the  camera-body.  This  arrange- 
ment enables  one  to  obtain  several  photographs 
on  one  plate  by  moving  down  the  frame  carrying 
the  dark  slide  by  means  of  a rack  and  pinion. 
Thus  in  the  elevation  of  the  camera-back, 
which  is  open,  c — C (Fig.  3,  p.  401)  is  the  move- 
able  frame  work,  D — D is  the  dark  slide,  B B are 
the  thumb  screws,  and  passing  across  is  seen 
the  pinion  which  works  in  the  rack  on  the  front 
edge  of  the  dark  slide.  The  interior  edge  of  the 
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dark  slide  is  shown  in  shadow  by  G G,  while  H 
is  the  slit  in  the  camera-back  through  which 
the  spectrum  is  projected.  E and  F represent 
the  door  at  back  and  the  sliding  front  of  dark 
slide  respectively.  In  the  elevation  an  opening, 
I I (Fig.  I,  p.  400),  in  the  body  of  the  camera, 
and  door  to  the  same,  J,  through  which  is  seen 
the  slit  H,  by  which  the  spectrum  passes  to 
the  sensitised  plate.  In  the  act  of  focussing, 
a glass  plate  covered  with  some  fluorescent 
substance  is  placed  in  the  dark  slide,  and  the 
lines  of  the  spectrum  are  viewed  by  reflection 
from  its  surface  by  looking  through  the  open- 
Lng  II. 

A good  screen,  made  by  Professor  Liveing, 
was  exhibited  at  the  Royal  Institution.  It 
consists  of  coarsely  powdered  uranium  glass 
^read  over  a sheet  of  cardboard  covered  with 
glue ; it  is  placed  in  the  same  position  as  a 
sensitive  plate,  and  is  viewed  by  looking 
through  the  side  of  the  camera. 


Fig.  3. 


Back  of  Camera  with  dark  slide  in  position, 

WITH  THE  BACK  AND  FRONT  SLIDE  OPEN. 


Fitthig  of  Pris7ns  a7td  Loises. — The  colli- 
mator tube  and  prism  is  not  figured  in  the  cut. 
f have  introduced  a new  method  of  mounting 
the  optical  train  which  appears  to  be  satis- 
factory. The  quartz  prism  of  6o°  is  composed 
as  already  described  of  two  halves  of  opposite 
rotation.  For  the  large  camera  a brass  frame 
has  been  constructed,  which  fits  on  to  the 
front  of  the  camera,  and  is  held  in  position  by 
a single  screw.  This  carries  the  two  lenses, 
to  each  of  W'hich  one-half  of  the  prism  is  fitted, 
that  face  which  is  at  right  angles  to  the  base 
of  the  prism  being  tangential  to  the  curvature 
of  the  lens. 

The  lens  and  half-prism  attached  to  the 
collimator  is  free  to  move  through  a divided 
arc,  so  that  it  may  be  placed  at  the  best 


possible  angle  and  clamped  in  position.  The 
lens  frame  carries  about  two  inches  of  the 
collimator  tube.  The  remaining  length  of  the 
collimator  is  placed  on  a separate  stand,  and 
is  made  to  slide  on  to  the  short  tube  attached 
to  the  lens  frame,  as  soon  as  the  proper  posi- 
tion for  it  has  been  secured.  The  arrange- 
ment admits  of  the  minimum  angle  of  deviation 
being  easily  found,  for  it  is  that  angle  at  which 
the  mean  ray  falls  on  the  centre  of  the  sensitive 
plate,  the  spectrum  being  as  short  as  possible  ; 
and  the  whole  of  the  optical  train  can 
be  detached  from  the  camera  and  cleaned 
without  derangement  of  the  prisms  or  the 
collimator.  This  is  of  importance,  because  it 
is  so  difficult,  on  account  of  the  oblique  position 
of  the  sensitive  plate,  to  secure  the  same 
relative  position  of  all  parts  of  the  instrument 
when  once  they  have  been  disturbed,  and  dis- 
regarding any  other  inconveniences  that  may 
thus  arise,  a new  interpolation  curve  would 
have  to  be  drawn  after  any  such  alteration. 
Latterly,  I have  found  it  advantageous  to  mount 
the  camera  on  an  iron  frame  instead  of  leaving 
it  on  the  wooden  stand.  This  frame  falls  into 
position  on  an  iron  table,  to  which  the  detached 
collimator  is  also  fitted.  The  chief  advantage 
of  this  stand  is  that  the  whole  instrument  can 
be  easily  taken  to  pieces  and  set  up  elsewhere 
in  perfect  adjustment  without  trouble,  for  the 
parts  which  determine  the  position  of  the 
camera  and  collimator,  though  moveable,  are 
capable  of  being  firmly  screwed  to  the  iron 
table,  and  remain  there  when  the  camera  and 
collimator  are  removed.  Care  should  be 
exercised  in  securing  prisms  cut  perfectly  true 
at  the  base,  in  addition  to  having  good  faces. 

The  Collimator . — No  matter  what  may  be 
the  length  of  the  collimator,  it  must  admit 
of  being  fixed  at  the  minimum  angle  of  devia- 
tion for  the  mean  ray,  and  be  fitted  with  a 
graduated  draw  tube,  so  that  the  length  of 
the  collimator  may  be  adjusted  carefully  to 
the  exact  focal  length  of  the  lens  for  the  mean 
ray.  The  end  of  the  collimator  must  slide 
into  a little  box  immediately  behind  the  slit,  or 
an  opening  is  cut  in  the  tube  of  about  one- 
third  its  circumference  in  width  and  two  inches 
in  length,  which  may  be  closed  by  a sliding 
cover.  The  purpose  of  the  box  or  opening  is 
to  enable  the  experimenter  to  judge  in  what 
direction  to  move  the  electrodes,  so  that  the 
spark  may  fall  exactly  upon  the  slit  and  pass 
along  the  axis  of  the  collimator.  This  is  done 
by  means  of  a piece  of  card,  which  fits  just 
inside  the  box  or  opening  in  the  tube,  and  has 
a vertical  line  ruled  down  its  centre ; when  the 
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spark  is  properly  adjusted,  a spindle-shaped 
bundle  of  rays  strikes  the  centre  of  the  card. 

The  Slit. — In  order  to  obtain  good  definition, 
it  is  of  great  importance  to  have  the  slit  not 
only  well  constructed,  but  the  aperture  must  be 
adjusted,  if  necessary,  to  the  thousandth  or  two 
thousandth  of  an  inch  in  width.  I have  used 
fixed  slits  covered  with  plates  of  quartz  as  a 
protection  against  dust,  their  width  ranging 
from  i-ioooth  of  an  inch  to  i -500th,  and 
i-5oth.  I have  also  used  a “ solid  slit,” 
which  was  originally  designed  for  the  micro- 
spectroscope.* This  consists  of  an  equilateral 
and  equiangular  prism  of  quartz,  with  an 
edge  parallel  to  the  base  of  the  prism, 
just  slightly  ground  otf  and  polished.  This  is 
fitted  into  a metal  frame,  so  that  the  base  of 
the  prism  is  exposed  and  the  ground  edge  is 
within  the  collimator.  The  faces  through 
which  it  is  undesirable  that  side  lights  should 
pass  are  blackened.  To  clean  the  slit,  the 
exposed  surface  is  simply  wiped  with  a leather. 
Another  form  of  slit  was  made  for  me  by  Mr. 
A.  Hilger,  the  jaws  of  which  are  thin  plates  of 
iridium,  one  of  the  plates  is  moveable,  and  can 
be  adjusted  to  the  i-8oth  of  a millimetre  by  a 
micrometric  screw,  this  is  equal  to  i -2,000th 
of  an  inch.  I find  that,  with  lenses  of  15-inch 
focus,  the  cadmium  lines  g and  10  can  each  be 
divided  into  two  lines  with  a slit  i-ioooth  of  an 
inch  in  width,  if  the  instrument  is  properly 
adjusted  ; and  that  there  is  not  much  gained 
by  working  with  a narrower  slit.  (For  the 
construction  of  slits  see  Parry  and  Tucker’s 
‘‘  On  the  Application  of  the  Spectroscope  to 
the  Analysis  of  Iron  and  Steel,”  Engineering, 
May  23,  1879;  Schumann’s  “ Spaltschlitten 
fiir  Keilund  Parallelspalt,”  Photogra;phisches 
Wochenblatt,  Feb.  26,  1885.)  In  all  cases  it 
is  necessary  that  the  instrument  should  be 
placed  either  upon  a solid  brick  or  stone  floor, 
a table  on  such  a floor,  or  on  a bracket  built 
out  of  a wall.  No  wooden  floor  of  ordinary 
construction  is  at  all  steady.  It  must  not, 
however,  be  inferred  that  a room  cannot 
be  so  built  as  to  be  steady  enough  for 
the  purpose ; most  excellent  results  have 
been  obtained  when  working  on  a massive 
table  in  a small  room  with  a very  well- 
constructed  wooden  floor.  Every  laboratory 
spectroscope  should  be  a spectrometer,  that 
is  to  say,  an  instrument  capable  of  giving 

* I have  endeavoured  to  ascertain  by  whom  this  useful 
contrivance  was  first  described  at  a meeting  of  the  Royal 
Microscopical  Society,  but  searching  through  fourteen 
volumes  of  the  Journal  of  Micivscopical  Science  has  not 
afforded  the  information. 


the  wave-lengths  of  lines  not  recognisable 
by  'reference  to  a drawing  or  comparison 
spectrum.  The  prism  should  divide  the 
D line  when  a narrow  slit  is  used. 
The  average  degree  of  accuracy  attainable 
throughout  the  visible  spectrum  should  not 
fall  short  of  a millionth  of  a millimetre  of 
wave-length,  the  actual  measurements  being 
reduced  to  wave-lengths  by  an  interpolation 
curve,  which  is  drawn  from  the  measurements 
of  a number  of  known  lines  regarded  as  fixed 
points  on  the  scale.  This  means  that  the  spec- 
trum from  the  extreme  red  to  the  violet  should 
be  divided  into  4,000  parts.  Even  instruments 
intended  for  the  execution  of  measurements  are 
frequently  defective  in  one  or  more  of  the  fol- 
lowing particulars  : — 

1.  Instability  of  the  Stand. — This  should 
be  a well-spread  tripod,  fitted  with  levelling 
screws,  and  with  a massive  pillar  to  support 
the  prism  table. 

2.  Want  of  support  for  the  Col- 

limator and  Telescope. — The  collimator  should 
be  capable  of  being  fixed  in  position  in  such  a 
manner  as  to  be  absolutely  rigid  when  in  use. 
The  telescope  should  be  supported  to  within 
one-third  of  its  length  from  the  eye-piece, 
otherwise  the  act  of  focussing  by  means  of  a 
rack  and  pinion  displaces  the  tube.  When  the 
position  is  secured,  the  screw  should  be  capable 
of  rendering  the  arm  which  carries  the  tele- 
scope immovable. 

3.  The  jaws  of  the  slit  open  from  one  side 
only. — The  jaws  should  open  symmetrically  on 
each  side  of  the  ray  of  light  which  falls  on  the 
slit,  otherwise  when  the  slit,  which  has  been 
opened  in  order  to  observe  a faint  or  nebulous 
line,  is  closed  to  observe  a fine  brilliant  line, 
are-adjustment  of  the  spark  is  necessary.  The 
slit  is  better  if  adjustable  by  a micrometer 
screw. 

/\.  Inconvenient  position  of  the  divided 
circle  or  arc.  — When  measurements  are 
made  on  an  arc,  the  divisions  are  generally 
on  the  horizontal  surface  of  the  prism-table. 
In  order  to  take  readings  after  an  obser- 
vation, it  is  necessary  to  rise  from  one’s 
seat  at  the  telescope,  and  scan  the  divided 
scale  with  a lens.  The  inconvenience  of  this 
can  be  understood  by  those  only  who  have 
spent  weeks  and  months  at  such  an  instrument, 
making  and  confirming  readings  of  lines  alter- 
nately obscure  and  brilliant.  If  the  divisions 
are  on  the  prism-table,  they  should  be  engraved 
upon  its  edge;  the  edge  may^be  vertical  or 
inclined  at  an  angle  of  50°,  as  in  the  fine  instru- 
ifient  exhibited  by  Mr.  Hilger  in  the  Inter- 
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national  Inventions  Exhibition.  I prefer  to 
have  the  divided  circle  below  the  prism-table 
slightly  raised  above  the  levelling  screws  of 
the  tripod.  A great  inconvenience  arises  occa- 
sionally when  the  divisions  are  not  degrees 
of  arc  ; this,  indeed,  amounts  to  a serious  dis- 
advantage in  working  with  diffraction  spectra. 
The  laboratory  spectroscope  made  by  Merz, 
of  Munich,  is  an  excellent  instrument  for  the 
chemical  laboratory,  but  the  photographed 
scale  might  be  more  finely  divided,  and  a rack 
and  pinion  adjustment  to  the  telescope  should 
be  fitted  with  a cross-line  eye-piece  magnify- 
ing ten  diameters.  The  instrument  used  by 
Lecocq  de  Boisbaudran  was  made  by  Duboscq, 
and  it  answers  this  description.  An  excellent 
plan  when  great  accuracy  is  not  required  has 
been  used  by  Professor  J.  Emerson  Reynolds, 
F.R.S.  (See  Phil.  Mag.,  Fifth  series, 
vol.  v,  p.  106.)  In  order  to  secure  correct 
readings  on  arc  or  scale,  it  is  necessary  to 
divide  the  draw-tube  of  the  telescope  so 
that  on  different  occasions  when  a given  ray 
is  obsen’ed  exactly  the  same  position  of  the 
eye-piece  may  be  attained.  After  some  time 
the  eye,  possibly  through  fatigue,  fails  to 
appreciate  the  sharpness  of  the  lines  so  per- 
fectly as  at  first ; at  any  rate,  the  focus  requires 
to  be  altered  in  order  to  secure  distinctness 
of  vision.  This  is  particularly  the  case  after 
observing  at  each  end  of  the  spectrum. 
Alterations  in  the  position  of  the  eye-piece 
alter  the  position  of  the  lines  in  the  spectrum 
with  respect  to  the  cross  lines  ; such  alterations 
are  made  by  the  observ’er  when  focussing,  and 
render  it  very  difficult  sometimes  to  obtain 
concordantreadings.  With  uncorrectedlenses, 
a divided  telescope  and  collimator  tube  are 
both  absolutely  necessary.  Even  with  achro- 
matic lenses  the  accuracy  of  successive  read- 
ings is  not  to  be  depended  upon,  unless  the 
tube  is  divided  and  always  set  at  the  same 
division  when  observing  the  same  line.  The 
very  fine  spectrometer,  with  a quartz  train, 
made  by  the  Societe  Genevoise  pour  la  Con- 
struction dTnstruments  de  Physique  (figured 
at  page  37  in  their  catalogue),  is  graduated 
for  the  line  D,  and  the  rays  of  cadmium, 
zinc,  and  aluminium.  Nos.  9 to  31.  In  all 
cases  the  milled  head  for  the  rack  and  pinion 
movement  should  turn  as  easily  as  that  on 
a microscope,  and  in  like  manner  the  eye- 
piece should  be  as  easily  moveable,  otherwise 
it  is  very  difficult  to  take  measurements. 

The  instrument  shown  in  Fig.  4 was 
designed  for  lightness,  portability,  perfect 
steadiness,  and  rigidity  of  the  moveable  parts. 


It  may  be  taken  to  pieces,  packed  up,  and 
easily  removed.  It  is  intended  to  serve  as  a 
spectroscope  of  the  ordinary  form,  for  ultra- 
violet rays,  as  a spectrograph  and  a spectro- 
meter. It  may  be  used  with  one,  two,  or  three 
prisms  of  quartz  or  Iceland  spar,  or  with  a 
diffraction  grating.  The  telescope  is  in  position 
for  use  with  an  eye-piece  of  Soret’s  pattern. 
For  observing  the  ultra-violet  spectrum  there 
are  two  half-prisms  of  quartz  of  30®  each,  and 
one  prism  of  60®  ; the  halves  are  attached  to 
the  collimator  and  telescope.  The  lens,  which 
is  independent  of  the  telescope,  may  be  clamped 
by  the  screw  beneath  the  table ; the  union  is 
then  unscrewed  and  the  telescope  removed ; 
the  camera  slides  on  to  the  stand  previously 
occupied  by  the  telescope,  so  that  observations 
may  be  continued  by  means  of  photography, 
A tension  screw  for  slow  motion  is  not  shown 
in  this  drawing. 

There  is  a counterpoise  to  the  camera  and 
telescope,  which  is  placed  as  low  down  as 
possible,  and  near  to  the  centre  of  the  tripod, 
in  order  to  secure  steadiness  for  the  instrument. 
Just  beneath,  the  counterpoise  is  placed  a 
divided  circle  of  nine  inches  radius ; it  is  en- 
tirely protected  by  a plate  which  of  course  is 
open  at  those  parts  where  there  are  verniers. 
Being  attached  to  the  curved  arm,  the  plate 
with  verniers  follows  the  movement  of  the 
telescope. 

The  telescope  and  collimator  are  shown 
drawn  out  to  their  fullest  extent ; each  have  a 
rack  and  pinion  adjustment.  An  engraved 
millimetre  scale  indicates  the  correct  focal 
distances  on  the  tubes  for  the  lines  D,  F,  H, 
and  the  cadmium  lines  Nos.  9,  10,  ii,  12,  and 
so  on  up  to  aluminium  No.  31. 

It  has  been  found  more  convenient  to  have 
independent  lenses  for  the  camera  and  teles- 
cope, and  to  work  by  photography  instead  of 
with  a fluorescent  eye-piece.  The  slit  opens 
symmetrically  by  means  of  a screw,  which  is 
better  if  a micrometer  ; it  is  closed  by  a spring. 
The  centre  of  the  instrument,  a point  to  which 
the  pillar  is  turned,  passes  through  the  table 
and  the  prism  plate,  and  is  seen  beneath  the 
bridge  upon  which  the  prism  is  fixed.  Both 
telescope  and  collimator  are  supported  on 
trunnions,  or  pointed  screws  which  fit  into  holes 
in  the  tubes,  as  may  be  seen  in  the  cross 
section  on  line  be.  A guide  for  the  tubes  in  a 
vertical  direction  is  shown  in  the  cross  section 
on  line  A B.  A screw  beneath  raises  or  lowers 
the  tube,  and  a spring  keeps  it  in  position. 
The  section  on  line  d e shows  where  the  upper 
portion  of  the  slide  carrying  either  the  tele« 
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scope  or  collimator  may  be  caused  to  move 
through  a small  arc  round  the  centre  of  the 
screw  shown  in  the  section.  A clamping  screw 
is  shown  at  the  end  of  the  slide  which  screws 
into  the  lower  half ; the  upper  half  of  the  slide 
has  a slot  where  it  overlaps  the  other,  as  may 
be  seen  in  the  drawing,  where  a portion  of  the 
end  of  the  slide  is  shown  in  section,  also  in 
the  plan  of  the  slide  where  an  end  view  shows 
the  slot.  The  plan  on  line  d e shows  the 
spring  used  in  levelling  the  tubes. 

The  Method  of  Spectrum  Photography. 

The  character  of  a photographed  spectrum 
depends,  ist,  on  the  nature  of  the  salt  or  salts 
in  and  on  the  surface  of  the  sensitive  film  of 
the  photographic  plate  ; 2nd,  on  the  diactinic 
character  of  the  vehicle  used  for  the  emulsion; 
3rd,  the  period  of  exposure  of  the  film  to  the 
active  rays  ; 4th,  the  diactinic  character  of  the 
optical  train  ; and  5th,  the  rates  of  vibration 
of  the  emitted  rays.  Given  an  optical  train  as 
diactinic*  as  air,  and  a sensitive  salt  capable 
of  receiving  an  impression  from  all  rays  trans- 
mitted by  the  instrument,  and  we  may  regard 
the  photograph  of  a spectrum  as  a permanent 
record  of  a chemical  reaction  distributed  in 
time  and  space. 

In  the  year  1878,  I executed  a series  of  pho- 
tographs which  showed  variations  in  the 
number,  length,  and  strength  of  the  lines  in 
the  ultra-violet  region.  These  photographs 
proved  that  by  alterations  in  the  exposure  of 
the  photographic  plates  certain  impurities 
became  visible  in  metals  otherwise  apparently 
pure,  without  any  changes  being  noticeable  in 
the  spectra,  such  as  might  be  introduced  by 
over  exposure.  Thus,  by  increasing  the  period 
of  exposure  threefold,  the  lines  of  iron  were 
plainly  seen  in  a spectrum  regarded  as  that  of 
pure  aluminium.  Two  specimens  of  indium 
were  examined.  They  both  yielded  the 
flame  spectrum  and  the  reactions  usual 
with  this  metal ; one  of  them  showed  no  strong 
lines  in  the  ultra-violet  which  could  not  be 
attributed  to  tin,  lead,  or  cadmium ; the  other 
contained  tin  and  cadmium  in  such  proportions 
that  the  lines  of  these  metals  were  more 
prominent  than  those  of  indium.  A third 
specimen,  prepared  by  Professor  Richter,  of 
fireiberg,  yielded  no  spectral  lines  which  could 
be  attributed  to  any  foreign  metal. 

The  word  diactinic  is  used  to  denote  what  might  perhaps 
be  termed  “ transparency  to  the  ultra-violet  rays,”  from  5<«, 
right  through,  and  uktIs,  a ray.  Actinic  absorption  means 
the  reverse  of  this.  The  expression  " actinic  rays  ” should 

abolished  as  simply  nonsense. 


Matlijulation  necessary  to  secure  sharks 
of  constant  intensity,  Sfc.,  Sfc. — The  battery 
power,  size  of  coil,  and  condensing  surface  must 
all  be  proportional  to  the  distance  between  the 
electrodes.  When  the  battery  power  is  too 
weak,  the  stream  of  sparks  is  intermittent,  and 
with  badly  conducting  electrodes  may  cease 
altogether. 

The  rapidity  of  the  passage  of  the  sparks^- 
should  be  so  great  that  the  light  appears  to> 
be  continuous.  The  coil  should  be  capable 
of  giving  a six-inch  spark  in  air,  and  it  is 
better  to  excite  it  with  a storage  battery  than-, 
with  five  cells  of  Groves’  battery.  Three  stor- 
age cells,  with  an  electromotive  force  of 
I ‘8  volts,  are  generally  sufficient  for  a coil  of- 
this  size  of  Apps’  make.  As  the  battery  runs 
down,  the  number  of  cells  may  be  gradually 
increased.  According  to  some  measurements 
which  were  kindly  made  for  me  by  Professor 
Barrett,  the  current  required  to  work  a coil  is 
7^-  to  8 amperes.  Three  storage  cells  yield 
15^  amperes.  With  a resistance  of  half  an 
ohm  in  circuit,  the  current  is  reduced  to  “j; 
amperes  ; hence  it  is  found  convenient  to  in- 
troduce a resistance  of  a quarter  of  an  ohm, 
which  is  accomplished  by  passing  the  current 
through  two  carbon  rods  placed  side  by  side, 
their  length  being  12  inches,  and  their  thick-- 
ness  that  of  an  ordinar}^  lead  pencil. 

This  arrangement  works  satisfactorily.  The 
smallest  condenser  which  can  be  employed 
with  advantage  has  72  square  inches  of  tinfoil 
on  each  side  of  a pane  of  glass.  It  is  fixed 
in  a picture  frame,  with  binding  screws 
attached  to  the  wood.  Leyden  jars  should 
not  be  used,  as  they  entail  much  annoyance 
from  the  inside  connections  burning.  Par- 
ticular care  is  necessary  to  keep  the  slit  free 
from  dust,  the  condensed  vapour  of  volatile 
metals,  and  splashes  of  liquid.  The  slit  may 
be  covered  with  a plate  of  quartz  cut  as  thirc 
as  possible  without  using  extraordinary  care. 
The  condensing  lens  is  of  great  use  as  a pro- 
tection to  the  slit. 

When  the  electrodes  wear  away  by  reason 
of  the  excessive  volatility  of  a metal,  some- 
times a portion  of  the  spark  does  not  fly 
directly  opposite  to  the  slit.  Good,  thick,, 
and  broad  electrodes  are  commonly  productive 
of  the  most  uniform  results.  The  character  of 
the  lines  varies  with  the  conductivity  and 
volatility  of  the  electrodes  ; their  intensity,  as 
a rule,  increasing  with  these  properties. 

For  obtaining  sparks  without  a condenser, 
but  giving  characteristic  spectra,  M.  Lecocq 
de  Boisbaudran  uses  a concentrated  solution 
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xontained  in  a glass  tube>  through  the  bottom 
of  which  passes  a platinum  wire  which  is  fused 
into  the  glass.  The  wire  is  connected  with 
the  negative  pole  of  an  induction  coil,  the 
positive  pole  terminating  in  a wire  placed 
conveniently  above  this.  A well-known  modi- 
fication of  this  is  the  tube  of  MM.  Delachanel 
and  Mermet  (Schutzenberger’s  “ Traite  de 
Chimie  Generale,”  vol.  i.,  p.  284),  but  as  the 
rays  must  necessarily  pass  through  glass,  it  is 
not  adapted  to  the  examination  of  ultra-violet 
spectra.  Any  method  is  disadvantageous 
which  necessitates  the  use  of  platinum  elec- 
trodes with  a condensed  spark,  since  the 
number  of  lines  belonging  to  this  element  is 
embarrassing  when  they  have  to  be  eliminated 
from  the  spectra  of  other  bodies.  Of  all 
metals  affording  materials  for  electrodes  gold 
appears  to  be  the  best ; its  spectrum  is  a weak 
one,  containing  comparatively  few  long  lines, 
it  is  an  excellent  conductor  of  electricity,  and 
it  is  not  attacked  by  solutions  of  metallic 
chlorides.  Wicks  of  gold  wire  have  been  used 
by  me,  the  metal  projecting  just  above  the 
surface  of  the  solution. 

Fig  5. 


Graphite  Electrodes  FOR  use  with  Solutions. 

The  U tube  is  charged  with  liquid. 

Graphite  yields  the  simplest  spectrum 
(“  Note  on  Certain  Photographs  of  the  Ultra- 
Violet  Spectra  of  Elementary  Bodies,” 
Journal  of  the  Chemical  Society,  vol.  xli., 
p.  90)  when  pure.  It  shows  lines  and  the 
edges  of  bands  due  to  the  air-spectrum  to  the 


number  of  sixty-six,  of  rays  assignable  to 
carbon  it  contains  but  twelve.  Graphite  being 
an  excellent  conductor  of  electricity,  electrodes 
are  made  in  the  simplest  possible  manner  by 
cutting  plates  of  good  Ceylon  or  Siberian 
graphite,  tapering  from  one-fourth  to  one- 
eighth  of  a inch  in  breadth  and  three-eighths 
of  an  inch  in  length.  Deep  grooves  or  scratches 
are  made  in  the  sides  of  the  lower  electrode, 
which  is  inserted  into  the  end  of  a small  glass 
U tube  containing  the  solution.  The  upper 
pole  which  may  be  made  of  graphite,  is 
fused  into  a glass  tube  or  held  in  a screw  clip. 
Platinum  terminals  of  very  thin  wire  attached 
to  those  proceeding  from  the  coil  are  con- 
nected with  the  electrodes.  Capillary  attraction 
keeps  the  lower  electrode  moist  at  its  upper 
surface.  Such  electrodes  have  been  constantly 
in  use  for  producing  sparks  from  which  photo- 
graphs of  the  spectra  of  saline  solutions  have 
been  taken.  Fresh  electrodes  have  generally 
been  made  for  each  solution,  but  they  may  be 
used  over  again  repeatedly,  provided  they  be 
well  washed  with  hydrochloric  acid  and  water. 
The  only  objection  to  them  is  that  they  are  not 
permanent,  but  in  course  of  time  burn  away  or 
disintegrate.  Each  of  the  two  pieces  of  graphite 
should  be  sharpened  so  as  to  resemble  a chisel, 
the  edge  of  the  one  being  exactly  superposed 
to  that  of  the  other,  while  both  are  placed 
in  a line  with  the  slit ; the  movement  of  the 
spark  is  thus  restricted  to  a direction  back- 
wards and  forwards,  but  always  in  front  of  the 
slit  and  not  to  one  side  or  the  other. 

Of  course  it  is  necessary  to  ascertain  that 
the  specimen  of  graphite  used  does  not  give 
any  of  the  numerous  lines  in  the  spectrum  of 
iron  when  the  electrodes  are  moistened  and 
the  spark  is  passed.  The  only  two  lines  of  a 
foreign  element  plainly  visible  in  the  spectrum 
of  very  pure  graphite  are  generally  the  first 
and  third  of  the  quadruple  group  in  the 
magnesium  spectrum,  with  wave  - lengths 
2794*4  and  2801*1.  Faintly  seen  are  the  second 
and  fourth  lines,  wave-lengths  2796*9  and 
2789*6.  The  same  piece  of  graphite  may  not 
be  of  equal  purity  throughout. 

Conditions  Necessary  to  Secure  the 
Best  Results. 

It  has  already  been  mentioned  that  a dense 
and  brilliant  spark  must  be  produced,  the 
light  from  this  must  be  concentrated  on  the 
slit  by  means  of  a lens,  the  slit  must  be 
sufficiently  narrow,  that  the  prism  at  a 
minimum  angle  of  deviation  for  the  mean 
ray,  and  the  collimator  and  distance  from  the 
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lens  to  the  plate  of  equal  length.  As  the  rays 
condensed  by  the  lens  must  pass  axially  through 
the  collimator  tube,  the  condensing  lens  must 
be  so  carefully  adjusted  that  a horizontal  line 
from  the  centre  of  the  spark  is  transmitted 
through  the  centre  of  the  condensing  lens,  the 
centre  of  the  slit,  and  the  lens  behind  the 
prisms.  For  securing  these  conditions,  it 
would  be  a great  convenience  if  the  condensing 
lens  were  fitted  to  the  collimator  by  a square 
rod,  upon  which  it  could  slide  out  to  its  proper 
position  ; the  spark  could  then  be  easily  ad- 
justed, until  its  image  fell  directly  upon  the 
slit.  The  finest  definition  is  secured  by  the 
lenses  of  the  collimator  and  camera  being  of 
eighteen  inches  focus  for  D,  and  two  inches  in 
diameter.  The  base  of  the  prism,  as  already 
mentioned,  should  be  cut  so  as  to  be  at  right 
angles  to  the  faces,  and  the  prism  must  be 
levelled.  If  this  be  not  the  case,  the  lines  of 
the  spectrum  slant,  and  are  deficient  in  defini- 
tion. The  length  of  the  spark  is  of  some  im- 
portance, because  if  too  long  its  path  is 
irregular,  and  it  is  wanting  in  thickness ; it 
jumps,  therefore,  from  one  side  of  the  slit  to 
the  other.  A shorter  spark  is  more  brilliant, 
is  thicker,  and  its  path  is  straight,  so  that  the 
rays  play  upon  the  slit  without  interruption. 
The  length  of  spark  found  to  answer  is  from 
3*i6ths  to  a quarter  of  an  inch  in  length. 

In  photographing  the  spectra  of  solutions  the 
spark  must  of  course  pass  upwards,  that  is  to 
say,  the  lower  electrode  must  be  the  negative 
pole.  I have  occasionally  used  a vacuum  tube 
to  determine  which  is  which,  there  being  a 
non-illuminated  space  round  the  negative  pole. 
It  is  hardly  necessary  to  resort  to  such  means 
if  a solution  or  water  surrounds  the  electrode, 
because  when  the  spark  passes  from  the  dry 
electrode,  which  for  the  purpose  had  better  be 
of  graphite,  the  noise  is  less  smart,  and  very 
minute  yellow  sparks  of  the  burning  material 
are  seen  to  pass  downwards,  whereas  when  the 
current  takes  the  reverse  direction  splashes  of 
liquid  are  projected  upwards  and  the  noise  is 
louder.  Should  the  sparks  be  too  long,  or  the 
current  passing  in  the  wrong  direction,  the 
constituents  of  a metallic  solution  may  fail  to 
give  evidence  of  their  presence. 

The  Photog'raphic  Process. — The  conditions 
necessary  in  photographingultra-violet  spectra 
1st,  a sensitive  salt  exerting  an  equality 
of  action  throughout  the  whole  range  of  the 
spectrum ; 2nd,  a vehicle  to  hold  the  salt, 
which  is  perfectly  diactinic  ; 3rd,  a process  of 
development  which  will  not  exert  a preferential 
action  on  any  portion  of  the  spectrum. 
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, These  conditions  are  fulfilled  by  the  use  of  pure 
bromide  of  silver  in  gelatine,  thefimage  being 
developed  by  pyrogallol  and  ammonia.  Ferrous 
oxalate  is  not  so  suitable,  because  strong  lines 
become  developed  much  more  strongly  than 
weak  lines,  and  such  are  always  present  in  the 
spectrum  of  air  extending  from  wave-length 
4200  to  3500.  The  exposure  varies  a little 
with  different  electrodes  between  three  and 
five  minutes,  but  this  depends  on  the  sensitive 
nature  of  the  plates,  the  excellence  of  the  de- 
veloper, the  width  of  the  slit,  and  the  focal 
length  of  the  lenses.  Comparative  exposures 
should  be  made  at  first,  but  it  may  be  stated 
that  there  is  but  little  likelihood  of  ill  effects 
from  over  exposure,  as  the  same  spark  has  given 
excellent  spectra  with  an  exposure  varying 
from  half-a-minute  to  twenty-five  minutes,  the 
chief  difference  between  the  photographs  being 
that  in  the  latter  case  much  more  detail  was 
observed  in  the  spectrum.  It  is  not  w’orth 
while  to  use  any  but  the  best  plates.  Inferior 
or  cheap  plates,  though  sometimes  yielding 
highly  satisfactory  results,  are  not  always  to 
be  depended  upon,  while  the  best  never  fail  to 
give  satisfaction.  They  vary,  however,  and 
only  twice  have  I obtained  them  sensitive  to 
rays  of  lesser  wave  length  than  2,100. 

The  following  facts  have  been  established 
regarding  ultra-violet  spark  spectra  : — 

1.  When  carbon  or  metallic  electrodes, 
which  emit  short  lines,  are  moistened  or  par- 
tially immersed  in  water,  the  short  lines  are 
lengthened. 

2.  The  impurities  in  a metal,  or  the  minute 
constituents  of  an  alloy,  generally  appear  as 
spectra  of  short  lines.  When  both  electrodes 
are  of  the  same  material,  the  impurities  appears 
at  the  negative  pole  only,  but  when  the  pro- 
portion of  the  impurity  or  alloy  is  increased,  the 
long  lines  are  seen  as  short  lines  at  both  poles, 
a further  increase  in  proportion  brings  them 
out  as  long  lines. 

3.  Of  the  non- metallic  elements,  boron, 
carbon,  and  silicon,  exhibit  line  spectra. 

4.  The  spectra  of  carbon  and  silicon  may  be 
detected  in  photographs  taken  from  metallic 
electrodes  such  as  those  of  iron  wire. 

5.  Insoluble  compounds  which  are  not  vola- 
tile, such  as  ferrous  sulphide,  ferric  oxide,  and 
ferrous  phosphate,  do  not  yield  spark  spectra. 
Insolublethough  somewhatvolatile  compounds, 
such  as  thallium  chloride,  yield  a feeble  spec- 
trum of  the  metallic  lines. 

6.  With  the  exception  of  boron  and  silicon, 
the  non-metallic  constituents  of  a salt  do  not 
affect  the  spark  spectra  of  solutions. 
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7.  The  solution  of  a metallic  chloride, 
nitrate,  or  sulphate,  yields  spectral  lines 
identical  in  number  and  position  with  the 
principal  lines  of  the  metal  itself.  Some  of 
the  short  lines  become  long  lines,  but  whether 
the  spectra  are  produced  by  metallic  electrodes 
or  solutions,  their  character  is  identical. 

8.  The  effect  of  diluting  solutions  of  metallic 
salts  is  first  to  weaken  and  attenuate  the 
metallic  lines,  then  with  a more  extensive 
dilution  to  shorten  them,  the  length  of  the 
longest  and  strongest  lines  generally  decreas- 
ing until  they  finally  disappear.  There  are 
two  lines  of  copper  which  disappear  by  attenua- 
tion only,  they  do  not  shorten  ; and  a similar 
pair  of  lines  in  the  spectrum  of  silver  behave 
in  a like  manner.  Both  pairs  of  lines  have 
been  observed  as  short  lines  in  alloys  contain- 
ing very  small  quantities  of  these  metals. 

9.  Accidental  differences  in  the  passage  of 
the  spark,  or  in  the  time  of  exposure  of  the 
photographic  plate,  when  the  normal  period 
is  from  half-a-minute  to  five  minutes,  do  not 
cause  sensible  variations  in  spectra  obtained 
from  the  same  substances,  under  any  ordinary 
circumstances. 

10.  Spectra  of  metallic  electrodes  and  of 
solutions  are  liable  to  the  presence  of  the  lines 
of  calcium,  at  wave-lengths  2967*3  and  3933, 
also,  occasionally,  at  3736*5,  and  3705*3 
(Cornu’s  measurements).  These  calcium  lines 
are  due  to  dust  when  the  electrodes  are  dry, 
or  to  impurities  in  the  acids  when  solutions  are 
prepared  therewith  and  examined. 

The  Examination  of  Metals  and  Alloys. 

When  a substance  of  metallic  character  is 
to  be  examined  it  may  be  filed  or  beaten  into 
electrodes  of  a convenient  size  and  shape,  and 
held  between  screw  clips,  or  between  the  points 
of  a cheap  drawing  pen.  According  to  cir- 
cumstances one  electrode  may  be  used  of 
another  metal  such  as  gold,  platinum,  or  a 
tin-cadmium  or  lead-cadmium  alloy,  contain- 
ing in  each  case  20  to  25  per  cent,  of  cadmium  ; 
or  one  of  the  electrodes  may  be  a piece  of 
graphite.  If  it  be  required  to  bring  out  the 
constituents  of  the  alloy  present  in  minute 
quantity  or  the  impurities  in  the  metal,  it  is 
best  to  partially  immerse  the  lower  electrode 
in  water,  contained  in  a small  glass  tube,  as 
if  a solution  were  being  photographed  ; under 
these  circumstances  the  short  lines  become 
much  lengthened,  and  become  much  more 
prominent.  The  best  form  and  size  for  the 
electrode  is  something  like  that  of  the  elec- 
trodes of  graphite  already  figured,  the  edges 


being  sharpened  like  a chisel.  Of  course 
there  is  no  necessity  for  the  grooves,  but  it  is 
better  to  have  the  corners  rounded  since  there 
is  sometimes  an  irregular  discharge  from  the 
points.  The  method  of  obtaining  spectra 
from  solutions  has  already  been  dealt  with. 

Some  years  ago  Mr.  Norman  Lockyer,  who 
first  directed  attention  to  the  occurrence  of 
long  and  short  lines  in  the  spectra  of  pure 
metals,  was  impressed  with  their  importance 
as  an  idea  of  the  quantity  of  material  present 
in  the  arc  or  spark.  At  a later  date,  Messrs.. 
Lockyer  and  Chandler  Roberts-Austen  made 
eye  observations  on  the  spectra  of  several  zinc, 
cadmium,  gold  and  copper  alloys.  They* 
contrasted  the  usual  method  of  assaying  with 
that  dependent  on  the  use  of  the  spectroscope. 
The  former  comprises  six  operations  and 
occupies  a period  of  two  hours  before  the  final 
result  can  be  stated  ; the  result  by  the  latter 
mode  of  operating  may  be  made  known  in  a 
few  minutes.  They  claim  to  have  clearly 
established  the  fact  that  it  is  possible  to  detect, 
by  this  means,  differences  in  the  composition 
of  a gold-copper  alloy  as  minute  as  i- 10, 000th 
part  of  the  whole  mass.  (‘  Phil.  Trans,’ 
'vol.  clxiv,  p.  495,  1874.)  The  precise  method  of 
observation  is  not  described,  it  may  have  been 
a measurement  of  the  intensity  of  the  long 
gold  lines,  a measurement  of  the  short  lines,, 
or  a measurement  of  the  length  of,  or  of  the 
intensity  and  thickness  of  the  long  lines.  On 
the  other  hand,  the  observations  may  have  all 
been  directed  towards  the  lines  of  copper,  the 
whole  or  the  majority  of  which  would  appear  as 
short  lines,  according  to  the  quantity  of  alloy 
present. 

Mr.  Henry  Pizey,  Assayer  to  the  Company 
of  Goldsmiths,  Goldsmiths’-hall,  who  originally 
assisted  Dr.  W.  A.  Miller  in  his  similar  in- 
vestigations, was  good  enough  to  prepare  for 
me  specimens  of  gold  corresponding  to  the 
five  standards,  namely  22,  18,  15,  12,  and 
9 carat.  The  alloy  in  each  case  was  copper. 
Photographs  of  these  alloys  plainly  show  that 
the  very  numerous  lines  of  copper  are  increased 
in  length  and  number  as  the  quantity  of  copper 
in  the  alloy  increases.  Another  series  of  photo- 
graphs show  the  changes  in  the  spectra  of 
gold-silver  alloys,  containing  99,  98,  90,  75, 
and  50  per  cent,  of  gold.  By  a mere  inspec- 
tion of  these  photographs,  as  projected  on  the 
screen,  it  is  easy  to  form  an  estimate  of  the 
composition  of  an  alloy,  such  as  the  one 
which  has  been  photographed,  and  is  seen  to 
contain  about  3 per  cent,  of  silver.  Jewellers' 
gold  is  generally  made  by  the  introduction  of 
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both  copper  and  silver.  This  would  not,  how- 
ever, very  greatly  complicate  matters,  since  it 
is  necessary  to  observe  only  some  of  the  lines 
in  each  case.  The  maps  of  the  quantitative 
spectra  of  silver  and  copper  now  exhibited  will 
serve  to  make  this  readily  understood. 

, At  the  present  time  the  ordinary  process  of 
assaying  appears  to  be  of  greater  practical 
utility  than  any  that  may  be  dependent  upon 
the  use  of  the  spectroscope. 

The  Identification  of  Lines  in  Photo- 
graphed Spectra. 

When  the  spectrum  of  an  alloy,  metallic 
precipitate,  or  solution,  has  been  photographed, 
sometimes  on  account  of  the  complexity  of 
composition  of  the  alloy,  precipitate,  or  solu- 
tion, or  owing  to  the  preponderance  of  one  of 
the  constituents,  it  is  not  easy  to  determine 
what  substances  are  present  and  what  are 
absent,  even  when  the  spectra  of  the  sub- 
stances sought  for  are  well  known.  It  is 
necessary  in  such  cases  to  proceed  according 
to  one  of  the  following  two  methods,  or  even 
to  have  recourse  to  both  of  them. 

{a.)  Method  of  identifying  the  eteme7its  of 
tines  Ihotogi-aphed from  a k?iown  speciinen. 
— A series  of  photographs  taken  from  metallic 
electrodes  and  from  solutions  when  the 
apparatus  is  properly  adjusted  should  always 
be  kept  for  reference.  A substance  may  then 
be  readily  identified  even  when  the  wave- 
lengths of  its  lines  are  unknown,  by  super- 
position of  one  photograph  upon  the  other, 
film  to  film,  since  there  are  but  very  few  cases 
of  actual  coincidences  of  lines  of  similar 
character.  On  the  small  photographs  from 
which  copies  were  printed  by  the  Woodbury 
process  for  publication  in  the  Journal  of  the 
Chemical  Society,  vol.  xli.,  p.  90,  it  is  easy 
to  distinguish  with  a hand  magnifier  lines  dif- 
fering in  wave-lengths  by  only  two-tenth 
metrets,  and,  of  course,  with  a microscope 
and  a two-inch  objective  the  examination  of 
the  actual  plates  is  much  easier.  Having 
examined  the  photograph  for  all  the  elements 
xvhich  may  possibly  be  present  in  the  spark, 
if  there  be  still  some  lines,  the  presence  of 
which  cannot  be  accounted  for,  it  is  necessary 
to  proceed  according  to  the  next  method. 

(b.)  Method  of  ide?ttifying  lines  when 
comparison  spectra  are  not  available. — By 
chemical  processes  of  separation,  it  is  of 
course  easy  to  ascertain  what  metals  may  be 
looked  for.  The  wave-lengths  of  the  unrecog- 
nised lines  must  then  be  ascertained  from  an 
interpolation  curve,  and  this  curve  may  be  con- 


structed from  measurements  made  directly  from 
the  photographs  by  means  of  an  ivory  scale 
with  a bevelled  edge,  the  divisions  on  the  scale 
being  hundredths  of  an  inch.  With  a strong 
magnifier  we  may  read  by  judgment  to  tenths 
of  each  division — that  is  to  say,  to  thousandths 


Reference  lines  use.1  in  the  construction  of  an  inter^ 
potation  curve. 


Scale  numbers. 
Hundredths  of 
an  inch. 

Wave-lengths. 

Origin  of  Lines. 

Reciprocals. 

Scale  numbers. 
Hundredths  of 
an  inch. 

Wave-lengths. 

Origin  of  Lines. 

Reciprocals.  j 

17 

4480 

Mg 

2232 

190 

2812 

Sn 

3556 

17-7 

4454 

Ca 

2245 

192*5 

2801 

Pb 

3571 

i8'9 

4434 

Ca 

2255 

197 

2778 

Sn 

3599 

20'0 

4424 

Ca 

2260 

203-5 

2747 

Cd 

3640 

20’5 

4414 

Cd 

2265 

213 

2705 

Sn 

3696 

22*5 

4386 

Pb 

2280 

223 

2662 

Pb 

3756 

30’5 

4245 

Pb 

2355 

235 

2613 

Pb 

3827 

427 

4061 

Pb 

2462 

240 

2593 

Sn 

3856 

62'0 

3800 

Sn 

2503 

244 

2576 

Pb 

3882 

67*3 

3739 

Pb 

2674 

245 

2572 

Cd 

3888 

72 

3683 

Pb 

2715 

245-5 

2570 

Sn 

3891 

76-3 

3639 

Pb 

2748 

247 

2561 

Pb 

3904 

79 

3610 

Cd 

2770 

251-5 

2545  • 

Sa 

3929 

827 

3572 

Pb 

2799 

266*5 

2495 

Sn 

4008 

937 

3465 

Cd 

2886 

270 

2483 

Sn 

4027 

97 

3437 

Air 

2909 

272 

2475 

Pb 

4040 

101 

3403 

Cd 

2938 

281*3 

2445 

Pb 

4090 

io6'5 

3352 

Sn 

2983 

282 

2443 

Pb 

4095 

io9'5 

3330 

Sn 

3003 

286*5 

2429 

Sn 

4116 

115 

3283 

Sn 

3045 

289 

2422 

Sn 

4128 

1 18 

3262 

Sn 

3065 

295 

2402 

Pb 

4163 

ii9'5 

3260 

Cd 

3067 

298 

2393 

Pb 

4178 

i29‘5 

3174 

Sn 

3150 

306 

2368 

Sn 

4223 

135 

3137 

Pb 

3187 

311 

2355 

Sn 

4246 

3033 

Sn 

3297 

318 

2335 

Sn 

4282 

155 

3008 

Sn 

3324 

320 

2329 

Cd 

4293 

i59’5 

2980 

Cd 

3355 

322-7 

2321 

Cd 

4308 

165 

2949 

Pb 

3391 

325-7 

2313 

Cd 

4323 

171 

177 

2912 

2880 

Sn 

Cd 

3434 

3472 

335 

2288 

I <cd  1 
ISn  i 

4370 

178-5 

2872 

Pb 

3481 

344 

2265 

Cd 

4415 

180 

2862 

Sn 

3494 

351 

2247 

Sn 

4450 

182-5 

2849 

Sn 

3510 

353-5 

2241 

Cd 

4462 

185 

2837 

Sn 

3524 

368-5 

2205 

Pb 

4535 

186 

2832 

Pb 

3531 

372-5 

2195 

Cd 

4555 

188 

2822 

Pb 

3543 

395 

2145 

Cd 

4662 

Fractions  of  a tenth-metret  have  been  omitted 
from  this  list.  The  more  correct  numbers  are  to  be 
found  in  the  “ Phil.  Trans.,”  vol.  clxxv.,  p.  49, 
Part  I.,  1885,  where  also  the  scale  numbers  are  given 
which  refer  to  photographs  published  in  the  Journal 
of  the  Chemical  Society,  vol.  xli.,  p.  84,  1882.  The 
object  of  these  numbers  is  to  facilitate  the  identifica- 
tion of  lines,  and  this  is  further  aided  by  a description 
of  each  line.  See  also  “Phil.  Trans.,”  vol.  clxxv., 
p.  325,  Part  II.,  1885. 
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of  an  inch.  The  best  form  of  magnifier  is  one 
made  like  the  compound  eye-piece  of  a micro- 
scope, which  is  brought  ve^  close  to  the  sur- 
face of  the  scale  and  photograph,  so  that  false 
readings  caused  by  parallax  are  avoided.  It 
is  most  convenient  if  there  are  cross  hairs  or 
fibres  of  cocoon  silk  in  the  eye-piece.  The 
following  lines  afford  convenient  points  for 
drawing  the  curve.  The  scale  numbers  are  of 
course  arbitrary,  the  zero  being  fixed  at  any 
part  of  the  spectrum  where  the  plates  cease  to 
be  sensitive.  The  reciprocals,  which  represent 
oscillation-frequencies  in  unit  of  time,  yield 
a curve  which  more  nearly  approaches  to  a 
straight  line  than  the  curve  of  wave-lengths, 
as  maybe  seen  by  the  two  curves  which  have 
been  used  for  reducing  my  measurements. 

Having  pricked  off  on  the  photograph  al^ 
the  lines  which  have  been  recognised,  or  mce 
versdy  the  scale  is  very  carefully  adjusted  so 
that  it  gives  correct  readings  with  lines  of 
known  wave-length  at  different  parts  of  the 
spectrum,  as,  for  instance,  with  Nos.  9,  10,  ii, 
12, 17,  and  25  of  cadmium. 

In  order  to  adjust  the  scale  accurately,  it  is 
necessary  to  rule  a line  down  the  whole  of  the 
spectrum,  and  this  can  be  done  by  placing  a 
very  fine  wire  across  the  slit,  about  one-fourth 
or  one-third  the  length  of  the  spark,  above  the 
edge  of  the  lower  electrode ; the  edge  of  the 
scale  should  coincide  with  this  line.  Another 
way  of  effecting  this  is  to  make  a slight  nick 
in  the  edge  of  the  slit  plate ; the  line  in  the 
first  case  is  clear  glass,  but  in  the  second  it  is 
a dark  line,  by  reason  of  the  slit  being  wider 
at  this  point.  For  the  most  part  it  is  a 
continuous  spectrum  showing  strong  lines 
reversed. 

The  scale  numbers  of  the  unrecognised  lines 
are  then  read  off,  the  curve  is  referred  to,  or 
the  wave-lengths  are  recorded  after  reference 
to  a tabulated  statement  of  scale  numbers, 
and  corresponding  wave-lengths  derived  from 
readings  on  the  curve.  From  maps  or  de- 
scriptions of  spectra  of  the  elements  the 
corresponding  lines  are  selected.  The  opera- 
tion is  performed  more  readily  than  it  can  be 
described,  as  will  be  seen  later  on  when 
giving  an  account  of  the  analysis  of  a blende. 
Having  nothing  to  guide  the  observer  but  the 
position  of  the  lines  on  the  photograph  and  the 
wave-lengths  deduced  therefrom,  it  is  particu- 
larly necessary  to  be  guarded  against  the 
possibility  of  coincident  lines  or  nearly  coin- 
cident lines  being  mistaken.  Any  difficulty  of 
this  kind  may  be  easily  obviated  if  attended 
to. 


The  Application  of  Spectrum  Photo- 
graphy TO  Mineral  Analysis. 

In  the  ordinary  routine  of  mineral  analysis 
a great  deal  too  much  is  taken  for  granted,  even 
when  the  work  is  of  a scientific  and  not  of  a 
technical  character.  Thus,  in  examining  a 
mineral  of  the  nature  of  a limestone,  or  in 
estimating  the  bases  in  a silicate,  it  is  usual 
to  regard  the  precipitate  formed  in  presence  of 
ammonium  chloride  and  ammonia,  if  white, 
as  alumina  ; or  if  slightly  yellow  in  colour,  as 
ferric  oxide  and  alumina ; sometimes  the 
iron  is  estimated  as  well  as  separated,  and  the 
remaining  base  or  bases  are  called  alumina, 
there  being  no  confirmatory  reaction  in  com- 
mon use  beyond  the  solution  of  the  pre- 
cipitate in  caustic  alkali.  Strictly  speaking,  no 
precipitate  should  be  definitely  stated  as  being 
alumina  unless  it  has  been  submitted  to  the 
spectroscope,  and  proved  to  emit  no  other 
rays  than  those  characteristic  of  aluminium. 

In  the  analysis  of  an  iron  ore  such  as 
haematite,  it  is  usual  to  estimate  the  iron, 
manganese,  phosphorus,  silica,  alumina,  and 
sulphur.  It  is  rarely  indeed  that  a quali- 
tative examination  is  made,  and  hence  there 
sometimes  arise  unforeseen  difficulties,  I have 
been  informed  of  an  instance  where  calamine 
accompanied  the  iron  ore,  and  an  accumulation 
of  zinc  choked  the  upper  part  of  a blast 
furnace.  Antimony  has  been  known  to  occur 
in  a lead  ore  to  such  an  extent  that  newly- 
erected  works  had  to  be  abandoned  or  exten- 
sively modified. 

Perhaps  the  most  striking  instance  of  the 
value  of  spectroscopic  analysis,  though  it  is  one 
of  an  exceptional  character,  is  afforded  by  the 
history  of  the  mineral  rhabdophane.  For 
years  this  substance  remained  described  as 
a blende,  until  Mr.  Lettsom,  examining  the 
light  reflected  from  a specimen  with  a pocket 
spectroscope,  discovered  the  presence  in  it  of 
didymium.  Subsequently  an  analysis  made  by 
myself,  in  which  the  spectroscope  played  aa 
important  part,  showed  it  to  be  a hydrated 
phosphate  of  cerium,  lanthanum,  didymium, 
and  yttrium.  This  was  the  first  British  mineral 
proved  to  contain  yttrium,  and  the  proportion 
of  that  element  was  only  about  i per  cent. 

The  most  rapid  method  of  performing  a 
qualitative  analysis  is  one  dependent  on  the 
process  of  spectrum-photography,  and  it  has 
this  advantage,  that  it  is  also,  within  certain 
limits,  a quantitative  method ; furthermore,  by 
the  introduction  of  some  modifications,  it 
becomes  the  most  accurate  method  of  deter- 
mining some  of  the  constituents  of  minerals. 
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The  process  consists  in  dissolving  one  gramme 
weight  of  the  mineral,  and  making  the  solution 
up  to  I cubic  centimetre,  5 cubic  centimetres, 
or  10  cubic  centimetres,  as  may  be  expedient. 
Should  much  iron  be  present,  this  is  separated 
by  one  or  two  analytical  methods  which  need 
not  be  described  here.  Iron,  cobalt,  and 
nickel,  also  chromium  and  manganese,  are 
metals  with  complicated  spectra  which  might 
obscure  the  lines  of  other  elements.  The 
solution  is  then  submitted  to  the  spark,  and 
its  emission  spectrum  photographed ; the 
photograph  is  examined  for  the  lines  which 
are  known  to  be  the  most  persistent  or  are 
prominent  in  dilute  solutions  of  the  metals. 

The  examination  is  made  in  the  following 
manner : an  ivory  scale  divided  into  hundredths 
of  an  inch  is  applied  to  the  photograph,  so 
that  well-marked  lines,  such  as  those  of  air  and 
of  the  carbon  electrodes,  coincide  with  their 
proper  numbers  on  the  scale  ; the  photograph 
is  then  carefully  scanned  at  all  those  points 
on  the  scale  where  metallic  lines  are  likely  to 
occur.  One  instance  will  serve  as  an  illustra- 
tion, because  it  is  an  example  of  all  the  difficul- 
ties which  may  arise  in  such  an  examination. 

An  Analysts  of  Blende. — A zinc  blende 
found  at  Silver  Mines,  Co.  Tipperary,  was 
dissolved  in  hydrochloric  acid,  the  solution 
was  set  on  one  side  with  a stick  of  pure 
zinc.  The  precipitated  spongy  metal  was 
detached  from  the  zinc,  washed  carefully, 
and  fused  on  charcoal,  before  the  blowpipe, 
to  a globule.  The  metal,  which  proved  to  be 
hard,  though  it  evidently  contained  much  lead, 
was  hammered  into  a convenient  shape  for  an 
electrode.  A spark  was  taken  from  this  metal 
and  its  spectrum  photographed.  The  Table  in 
the  next  column  shows  the  lines  observed  on 
the  photograph. 

By  simple  inspection  the  reference  lines  of 
cadmium  were  recognised,  but  they  appeared 
as  short  lines,  being  in  one  electrode  only. 
The  scale  was  set  so  that  the  cadmium  line  ii, 
wave-length  3403,  stood  at  loi.  It  is,  of  course, 
best  to  fix  the  scale  by  reference  to  several  lines 
at  either  end  of  the  spectrum.  Notwithstand- 
ing that  this  was  not  done,  the  figures  which 
represent  only  the  one  set  of  readings  give 
very  good  indications  of  the  wave-lengths  of  the 
lines.  Below  wave-length  4000,  the  curve  can- 
not be  expected  to  yield  satisfactory  numbers, 
because  the  deviation  of  the  rays  and  the  dis- 
persion caused  by  a quartz  prism  is  too  slight, 
especially  with  lenses  of  15  inches  focal  length. 
Between  4000  and  3000  the  average  difference 
in  wave-length  of  9 lines  is  + 0*9  tenth- 
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Lines  observed  in  the  Metals  precipitated  by  pure 
Zinc  from  a solution  of  blende^ 


Measurements  of  Spectrum. 
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.a 

0 

«.S 
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a . 

ri  — 

Ui  ^ 

0 c 

c;  JJ 

Scale  numb( 
Hundredths  of  c 

Wave-length  frc 
measurements 

Origin  of  lines. 

T'Td 

0 

H ^ 

sw 

u'-' 

Tenth - 

Tenth - 

metrets 

metrets. 

I 

43 

4059 

Lead 

4057-5 

2 

67’3 

3739 

3738-9 

3 

72*2 

3680 

3682-9 

4 

76-3 

3639 

3639-2 

5 

82-1 

3572 

>> 

3572-6 

6 

103-0 

3384 

Silver 

3382-3 

7 

ii5’4 

3380 

>9 

3280-1 

8 

116-3 

3273 

Copper 

3273-2 

9 

119-8 

3247 

99 

3246-9 

10 

164-5 

2950-7 

Lead  (?) 

2949-2  (?) 

11 

180 

2863 

Lead 

2863-2 

) 

12 

186 

2831-5 

„ 

2832  2 

13 

187 

2823 

Copper  (?) 

14 

188 

2821-5 

Lead 

2822*1 

15 

192-2 

2801-5 

» 

2801-4 

16 

222-5 

2664 

„ 

2662-5 

17 

234'5 

2615 

2613-4 

i 

18 

243'8 

2576-8 

2576-4 

19 

247’5 

2562 

2561*6 

20 

253’3 

2544 

Copper 

2544-6 

21 

264 

2506 

2506*2 

22 

268-3 

2489 

» 

2489*1 

23 

269 

2486 

2485*6 

24 

271-5 

2477 

Lead 

2475-7 

25 

273-5 

2473 

Copper 

2473*2 

i 

26 

280-7 

2448 

Lead  (?) 

2445-7  (?) 

> 

27 

284 

2437-3 

Silver 

2437-3 

28 

287 

24275 

99 

2427-3 

< 

29 

289 

2421 

>• 

2419  9 

30 

291-9 

2412 

» 

2413-3 

31 

292-4 

2410 

99 

2411*3 

32 

296 

2403 

Copper 

2403-3 

33 

306-5 

2370 

r 2371*6  ) 
1 2370*1  j 

Appear  as 
one  line. 

34 

333-7 

2295 

99 

2295-0 

35 

340-5 

2277 

99 

2277*0 

36 

352 

2248 

99 

/ 2248-2  ) 

(2347-7  f 

Also  a lead 
line  here.; 

37 

353-7 

2244 

99 

[2244  1 

|2243*5  j 

Appear  as 
one  line. 

38 

369 

2205 

Lead 

2204*3 

Indium  a trace. 


The  precipitable  metals  amounted  to  5*4  per  cent, 
of  the  ore,  and  from  the  spectrum  of  these  we  arrive 
at  the  following  result : — 


Lead 5*4  per  cent. 

Copper 0-005  ,, 

Silver  0-00027  „ 


Indium,  a trace. 

* “ Phil.  Trans.,”  vol.  clxxv.,  p.  40, 
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metrets ; the  difference  in  8 lines  is  o ; the 
maxmium  difference  is  2*9  tenth-metrets. 
Between  3000  and  2100  the  average  difference 
is  below  + 0’5  tenth-metrets  in  29  lines;  the 
minimum  is  o,  the  maxium  is  1*3.  This  simple 
method  is  very  expeditious,  the  whole  of  the 
readings  of  38  or  40  lines  being  made  in  twelve 
minutes,  and  the  wave-lengths  found  in  forty 
minutes.  As  for  accuracy,  it  compares  very 
favourably  with  the  usual  method  of  measuring 
spectra  wdth  the  best  instruments,  and  when 
every  care  is  exercised. 

With  regard  to  the  lines  of  the  different 
elements,  those  of  lead,  the  metal  present  in 
greatest  proportion,  are  continuous  from  pole 
to  pole.  Those  of  copper  and  silver  proceed 
from  one  electrode  only,  and  some  of  these 
are  only  half  lines,  others  mere  dots. 

Quantitative  results  are  obtained  by  first 
photographingthe  spectra  of  solutions  of  known 
strength,  and  comparing  the  photograph  of 
the  substances  under  an  alysiswith  the  maps 
of  the  lines  characteristic  of  the  various  solu- 
tions. Under  given  conditions  each  solution 
emits  a characteristic  spectrum. 

The  spectra  of  nearly  all  the  metals  reducible 
by  zinc  have  been  examined  in  this  way, 
together  with  some  others,  such  as  beryllium, 
aluminium,  cadmium,  zinc,  and  magnesium, 
also  certain  non-metallic  elements,  as  silicon 
and  boron.  The  delicacy  of  the  spectrum 
reaction  in  some  cases  is  very  great,  thus 
1 douoooouth  of  a milligram  of  magnesium  has 
been  found  to  yield  photographs  of  the  two 
lines  with  wave-lengths  2801*6  and  2794*1,  and 
this  was  well  within  the  limits  of  sensitiveness. 
Maps  of  the  spectra  taken  from  solutions  are 
published  in  the  ‘ ‘ Philosophical  T ransactions,  ’ ’ 
clxxv.,  p.  325,  1885,  and  a list  of  the  lines 
is  given  without  the  maps  in  the  British 
.Association  Report  for  the  same  year. 

In  the  analysis  of  the  blende  from  Silver 
Mines  the  lines  of  copper  and  silver  observed 
are — 


Silver, 

33?4 

3280 

2437*5 

2321 

2413 

2410 


Lines  indicating 
between  o oi  and  o'l 
per  cent,  of  silver. 


Copper. 

3273 

3247 

2544 

2506 

2489 

2486 

2473 

2403 

'2370' 

2295 

2277-  > 

. 2248 
. 2244 


Lines  indicating 
) between  o’l  and  i 
per  cent,  of  copper. 


Evidence  of  the  presence  of  indium,  in  the 
proportion  of  something  like  o*oi  per  cent,  of 
the  precipitated  metals,  is  afforded  by  the 
lines  3253  (3255*5)  and  3037  (3038*7),  but  this 
evidence  is  not  very  strong.  At  the  same  time 
there  is  no  accounting  for  lines  at  these  points 
except  by  the  presence  of  indium.  The  only 
remaining  metals  which  might  be  looked  for 
are  tin,  thallium,  gallium,  tellurium,  arsenic, 
bismuth,  mercury,  gold,  and  the  platinum 
metals.  On  first  reading  the  wave-lengths  of 
the  lines,  there  appears  to  be  a possibility  of 
tellurium  occurring  in  this  spectrum,  on  ac- 
count of  the  presence  of  lines  with  wave-lengths 
3384  (3383*6  silver),  3280  (silver,  3273  (copper), 
and  3249  (3248*2  copper),  for  tellurium  yields 
lines  at  3382  4,  3280,  3273*4,  and  3246*8.  The 
evidence  that  tellurium  is  absent  lies  in  the 
facts : — 

1.  That  two  lines  which  are  very  persistent 
lie  at  wave-lengths  2386*3  and  2383*8,  and 
these  are  absent. 

2.  The  copper  lines  3273  and  3247  are 
coincident  with  tellurium  lines,  and  the  silver 
lines  3282  and  3280  are  also  coincident  with 
tellurium  lines. 

3.  The  line  3246*8  is  to  be  seen  in  a solution 
containing  0*01  per  cent,  of  tellurium.  It  is 
the  most  persistent  line  in  the  spectrum. 

4.  The  character  of  the  pairs  of  silver  and 
copper  lines  prevents  their  being  mistaken  for 
the  lines  of  tellurium. 

If  it  were  impossible  to  obtain  such  con- 
vincing evidence  as  this,  there  would  be  no 
difficulty  in  preparing  a fresh  solution  from  the 
electrode,  in  separating  the  lead  by  sulphuric 
acid,  and  precipitating  the  remaining  reducible 
metals  by  a rod  of  zinc,  and  again  submitting 
them  to  the  spectroscope. 

In  cases  where  the  precipitate  is  known  to 
be  largely  composed  of  lead,  it  is  found  con- 
venient to  use  the  lead-cadmium  alloy  for  the 
upper  electrode,  since  the  lines  which  stretch 
across  from  pole  to  pole  must  belong  to  lead, 
the  cadmium  lines  then  fix  the  position  for  the 
scale,  and  all  other  lines  belong  to  the  metals 
sought  for  which  are  at  the  opposite  pole. 

Beryllium. — A few  years  ago  some  speci- 
mens of  granite  which  came  into  my 
hands  appeared  to  contain  crystals  of 
apatite.  Four  samples  were  examined, 
each  weighing  about  50  grammes  when 
powdered ; in  only  one  was  a small  quantity 
of  phosphoric  acid  found  by  Sonnenschein’s 
molybdic  acid  method;  it  was  too  small  for  the 
amount  to  be  estimated.  Subsequently,  it 
occurred  to  me  that  these  crystals  might  be 
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ber^'ls,  and  as  beryls  are  found  in  the  granite 
formation  of  the  Mourne  Mountains,  some  of  the 
rock  from  the  district  was  analysed,  and  the 
bases  submitted  to  the  spectroscope.  Two 
small  quantities,  the  one  “ iron  and  alumina,” 
the  other  separated  ” alumina  ” were  dissolved 
partially  by  boiling  with  sulphuric  acid  ; the 
solution  of  sulphates  was  then  found  to  be 
free  from  beryllium  salt,  the  alumina,  of  course, 
after  ignition,  was  only  very  slightly  soluble. 
Professor  O’Reilly,  M.R.I.A.,  has  recently 
found  beryls  in  massive  crystals  in  the  granite 
of  Glencullen,  near  Dublin.  These  have  also 
been  examined  by  the  spectroscope. 

Having  obser\^ed  that  two  blocks  of  granite 
used  in  the  construction  of  Kingstown 
pier  contained  crystals,  which  from  their 
appearance  might  be  either  beryls  or  apatites, 
a crystal  was  detached  by  means  of  a pen- 
knife ; its  weight  was  15  milligrammes.  It 
was  fused  before  the  mouth  blowpipe  with  a 
mixture  of  sodium  and  potassium  carbonates 
mixed  with  a little  borax.  The  use  of  the 
borax  aids  the  solution  of  this  silicate  to  a 
very  great  extent,  and  so  obviates  the  necessity 
of  employing  a much  greater  quantity  of  the 
carbonates.  The  fused  mass  was  treated  with 
water  and  dilute  sulphuric  acid,  amounting 
altogether  to  a volume  of  about  half  a cubic 
centimetre.  The  beryllium  and  aluminium 
lines  were  noted  in  the  spectrum.  The  granite 
came  from  a neighbouring  quarry.  There  can 
be  no  doubt  now  that  the  crystals  mistaken 
for  or  supposed  to  be  apatite  were  beryls. 

The  lines  observed  were  those  with  wave- 
lengths 3320‘i,  3129-9,  the  principal  line, 
2649-4,  2493*2,  and  2477-7. 

Pyrites. — Examples  of  analyses  of  pyrites 
are  the  following.  The  mineral  is  powdered 
and  dissolved  in  nitric  acid,  evaporated  to 
dryness  with  addition  of  hydrochloric  acid. 
The  salts  are  treated  with  ammonia,  and  after- 
wards submitted  to  the  spectroscope.  In  this 
way  the  iron  is  separated,  and  the  silver  and 
copper  are  detected  or  estimated. 

Lhnestone, — A remarkable  mineral  was  ex- 
amined which  may  be  termed  an  amygdaloid 
limestone.  It  consisted  of  small  almond- 
shaped  masses,  apparently  of  the  nature  of  a 
zeolite,  interspersed  with  a highly  crystalline 
and  almost  transparent  material,  considered 
to  be  the  matrix.  It  effervesced  with  acids, 
dissolving  completely,  and  yielding  no  residue 
of  silica  after  repeated  evaporation  to  dryness 
with  hydrochloric  acid.  A strong  solution 
containing  20  per  cent,  of  the  solid  was  sub- 
mitted to  the  spectroscope ; the  calcium  lines 


came  out  prominently  in  the  photograph,  and, 
in  addition,  the  quadruple  and  quintuple 
groups  of  magnesium  were  noticeable,  but  no 
other  metallic  lines. 

The  magnesium  was  estimated  by  dissolving 
one  grain  of  the  mineral  in  hydrochloric  acid, 
and  making  the  volume  up  to  100  cubic  centi- 
metres. The  solution  yielded  a photograph 
which  was  compared  with  the  photographed 
spectra  of  solutions  of  known  quantities  of 
metallic  magnesium.  This  first  photograph 
appeared  to  indicate  the  presence  of  i-io,oooth 
of  the  metal.  Three  separate  solutions  were 
made  containing  i,  2,  and  3 parts  of  the 
mineral  in  1,000  volumes  of  the  solution,  and 
these  were  photographed  on  one  plate.  On 
comparison  with  the  standard  photographs,  it 
was  found  they  exactly  corresponded  to  those 
obtained  from  solutions  containing  i,  2,  and 
3 parts  of  magnesium  in  100,000  volumes  of 
solution.  The  mineral  therefore  contained 
I per  cent,  of  magnesium.  The  comparison 
of  the  photographs  was  made  by  three  inde- 
pendent observers,  who  each  gave  the  same 
figures  from  the  two  different  series  of  photo- 
graphs. 

By  simple  inspection  of  the  first  photograph, 
it  was  seen  that  the  calcium  amounted  to 
something  between  30  and  40  per  cent,  of  the 
mineral.  Special  precautions  are  necessary 
in  estimating  calcium,  on  account  of  the  dust 
flying  about  in  the  air  always  showing  the 
most  prominent  lines  of  this  metal  to  a greater 
or  less  extent.  Gold  electrodes  were  used, 
and  a short  exposure  in  this  special  case. 
There  appeared  to  be  37  per  cent,  of  cal- 
cium present,  because  a solution  containing 
I -10, 000th  of  the  mineral  yielded  a similar 
spectrum  to  a solution  containing  37  parts  of 
calcium  in  10,000. 

Five  photographs  were  then  taken  of  each 
solution,  the  results  may  be  statedas  follows : — 


The  Mineral.  The  Standard  Calcium  Solution. 


loooy 

1.  Five  seconds  exposure. 

2.  Fifteen  ,,  ,, 

3.  Thirty  „ „ 

4.  Five  „ 

5.  Fifteen  „ ,, 


roooo* 

1.  Five  seconds  exposure. 

2.  Fifteen  ,,  ,, 

3.  Thirty  ,,  „ 

4.  Five  „ „ 

5.  Fifteen  „ „ 


It  was  not  quite  clear  whether  there  was  any 
difference  between  the  length  and  strength  of 
the  calcium  lines  in  the  first  three  pairs  of 
photographs,  but  in  the  fourth  and  fifth  pairs 
it  was  certain  that  there  was  no  difference,  and 
hence  it  was  concluded  that  there  was  37  per 
cent,  of  calcium  in  the  mineral.  The  mineral 
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was  very  carefully  analysed  by  the  ordinary 
process  and  two  or  three  different  portions  were  ‘ 
examined  which  showed  slight  differences  in 
composition.  The  separation  of  the  magnesia 
was  made  with  all  possible  care,  a correction 
being  made  according  to  the  directions  of 
Fresenius  for  the  slight  solubility  of  the 
ammonia-magnesian  phosphate  in  the  filtrate 
and  wash-water.  The  results  are  as  follows : — 


AnayJsis  of  Amygdaloid  Limestone. 


By  the  Spectrescope. 


Per  cent.  Per  cent. 

Mg  I = Mg  CO3  3-5 
Ca  37  = Ca  CO3  92*5 


96-0 

By  the  Gravimetric  Method. 

Per  cent.  Per  cent.  Per  cent. 


(i)  (2) 

Mg  i‘i7  1*38 
Ca  36*45  36-98 


(l)  (2) 

Mg  CO3  4-08  4-83 

Ca  CO3  91-11  92-45 


95-19  97-28 


In  the  second  analysis  it  may  be  mentioned 
that  the  whole  of  the  constituents  were  found 
to  be  those  contained  in  the  following 
statement 


(2)  Per  cent.  Total  carbonates. 
MgC03  4-831 


Ca  CO3  92-45  1 
AI2  O3  and  Fyz  O3  2-24 
Insoluble  residue . . 0-82 


97-28 


100.34 

Ihe  Absorftion  Sfectra  of  Minerals. — It  is 
well  known  that  many  minerals  yield  solutions 
having  the  property  of  selective  absorption  of 
certain  parts  of  the  spectrum,  and  amongst 
these  are  the  salts  of  uranium,  didymium,  and 
erbium.  It  is  scarcely  possible  on  the  present 
occasion  to  do  more  than  very  briefly  allude  to 
this  subject,  but  as  the  discoveries  of  samarium 
and  holmium  have  certainly  been  established 
by  this  method  of  observation,  I cannot 
altogether  omit  to  mention  it. 

Several  of  the  absorption  bands  belonging  to 
the  rare  earths  appear  in  the  violet  and  ultra- 
violet region.  I am  indebted  to  Professor 
L.  Soret,  the  first  discoverer  of  holmium,  for 
the  beautiful  photographs  of  the  spectra  of 
these  rare  earths  which  are  now  exhibited. 
Interest  in  this  subject  cannot  fail  to  be 
awakened  by  an  examination  of  these  photo- 
graphs. The  lenses  used  were  of  quartz, 
achromatised  with  fluor-spar,  according  to  the 
method  of  M.  Cornu. 


Solutions  of  the  chlorides  of  the  rare  metals 
show  the  following  characters  : — 

Erbium. — Four  absorption  bands  lying 
between  L and  extending  to 
just  beyond  N. 

Holmium. — Three  bands  between  M and 
midway  between  Q and  R. 

Samar iutn.^Six  bands  between  G and 

the  last  band  being  at  O. 
The  chief  bands  are  between 
G.  and  H. 

Didymium. — Two  strong  bands  between  N 
and  O. 

The  Examination  of  Organic  Sub- 
stances. 

Dr.  Miller  failed  to  trace  any  connection 
between  the  chemical  complexity  of  a sub- 
stance and  its  actinic  absorption.  In  January, 

1878,  M.  L.  Soret  published  his  “ Recherches 
sur  I’Absorption  des  Rayons  Ultra-Violet  par 
diverses  Substances”  (“  Archives  des  Sciences 
Physiques  et  Naturelles,  Geneve,”  [2]  Ixi.  322.) 
This  work  included  the  examination  of  many 
inorganic  and  some  organic  compounds.  In 

1879,  a paper  was  published  in  the  “ Philo- 
sophical Transactions  ” (vol.  clxx,  p.  257,  Part 

I.),  dealing  with  connection  between  the 
absorption  spectra  and  the  chemical  constitu- 
tion of  organic  compounds.  Later  results 
have  from  time  to  time  been  presented  to  the 
Royal  Society  and  the  Chemical  Society,  a 
brief  notice  of  which  may  prove  to  be  of 
interest. 

The  ultra  - violet  rays  are  exceedingly 
sensitive  to  the  action  of  carbon  compounds, 
so  much  so  that  the  photographic  absorption 
can  be  employed  as  a means  of  identifying 
organic  substances,  and  as  a most  delicate  test 
of  their  purity.  The  curve  obtained  by  co- 
ordinating the  extent  of  dilution  with  the 
position  of  the  rays  of  the  spectrum  absorbed 
by  the  solution  of  a compound  forms  a strongly 
marked  and  often  its  most  highly  character- 
istic physical  property. 

Organic  substances  are  of  these  classes  : — 

1.  Those  which  transmit  continuous  spectra 
and  are  highly  diactinic.  Examples — The 
alcohols,  acids,  ethereal,  and  haloid  salts,  and 
carbohydrates. 

2.  Those  which  transmit  continuous  spectra, 
but  yet  possess  strong  absorptive  power. 
Examples — Most  essential  oils  and  camphor. 

3.  Those  which  exhibit  absorption  bands. 
This  class  includes  benzene,  naphthelene, 
anthracene,  and  all  their  derivatives,  nearly 
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all  the  natural  alkaloids,  and  many  substances 
in  which  nitrogen  and  oxygen  are  united. 
Cymene,  which  is  a derivative  of  benzene,  has 
been  detected,  and  even  the  amount  estimated 
in  many  essential  oils. 

All  these  substances  contain  a nucleus  with 
the  same  constitution  as  that  of  benzene.  The 
curv’e  obtained  from  benzene  is  exhibited.  By 
the  process  of  diluting  with  alcohol  the  pre- 
sence of  bodies  of  the  aromatic  series  have 
been  detected  in  essential  oils,  and  even  in 
some  cases  the  amount  of  these  substances  has 
been  estimated. 

The  greatest  interest  attaches  to  the  exam- 
ination of  the  alkaloids.  Many  of  these  sub- 
stances are  highly  poisonous,  they  give  no 
distinctive  chemical  reactions  by  which  they 
may  be  identified,  and  the  only  means  of 
recognising  them  are  their  crystalline  form 
and  physiological  action.  Some  of  the  alka- 
loids have  never  been  crystallised,  and  even 
such  as  are  usually  obtained  in  crystals  are 
not  always  recognisable ; moreover,  the  form 
and  grouping  of  crystals  is  occasionally  modi- 
fied by  such  reactions  or  treatment  as  is  neces- 
sary in  the  extraction  of  an  organic  base.  No 
absolute  reliance  can  be  placed  upon  the  mere 
appearance  of  crystals  which  are  microscopic  ; 
they  must  be  submitted  to  recrystallisation  by 
sublimation  or  some  other  process.  The 
physiological  action  of  certain  alkaloids  is 
remarkable  enough  to  prove  a means  of  identi- 
fying when  the  etfect  on  the  human  subject  is 
under  observation  ; but  it  is  to  some  extent 
capable  of  being  modified  by  the  extent 
of  the  dose,  the  administration  of  other 
drugs,  or  the  idiosyncrasy  of  the  patient.  These 
are  well  known  and  grave  objections  to  experi- 
ments of  a physiological  character  which  I 
have  not  time  to  discuss  at  present.  The 
whole  subject  of  the  modification  of  alkaloids 
by  the  reagents  used  in  their  extraction,  varia- 
tions in  their  crystalline  character  and  in  their 
physiological  action,  can  be  well  illustrated  by 
reference  to  the  researches  of  Dr.  C.  R.  A. 
Wright,  F.R.S.,  on  the  various  preparations 
known  as  aconitine.  The  evidence  given  at 
the  trial  of  George  Henry  Lamson,  a surgeon, 
at  the  Central  Criminal  Court,  in  1882,  for 
poisoning  by  the  administration  of  aconitine, 
rendered  of  great  importance  any  method  of 
absolute  physical  measurement  which  might 
take  the  place  of  ordinary  physiological  tests 
in  the  identification  of  the  dangerous  alkaloids. 
The  forthcoming  volume  of  the  “Phil.  Trans.” 
for  1886  contains  an  account  of  work  on  this 
subject,  abstracts  of  which  have  already  been 


published  in  the  “Proc.  Roy.  Soc.,”  (vol. 
xxxviii,  pp.  I and  191.)  About  forty  authentic 
specimens  of  the  alkaloids  have  been  examined ; 
I propose  to  show  the  absorption  curves  of 
many  of  these  substances. 


Alkaloids  and  derivatives  exhibiting  spectra  with 
absorption  bands. 


Aconitine. 

Pseudaconitine. 

Japaconitine. 

Morphine. 

Narcotine. 

Codeine. 

Papaverine. 

Oxynarcotine. 

Apomorphine  hydrochloride. 
Tetracetylmorphine. 


Diacetylcodeine. 

Quinine. 

Quinine  sulphate. 
Cinchonine  sulphate. 
Quinidine  sulphate. 
Cinchonidine  sulphate. 
Veratrine. 

Piperine. 

Brucine. 

Strychnine. 


The  absorption  spectra  olfer  so  ready  and 
valuable  a means  of  ascertaining  the  purity 
and  of  establishing  the  identity  of  the  alkaloids, 
that  drugs  of  such  potency  as  aconitine,  mor- 
phine, quinine,  strychnine,  &c.,  should  be  sub- 
mitted to  spectroscopic  examination,  so  that 
their  exact  nature  and  degree  of  purity  maybe 
guaranteed  before  they  are  prescribed.  The 
differences  in  character  of  the  various  speci- 
mens of  aconitine  are  remarkable  ; the  com- 
paratively harmless  base  is  easily  distinguished, 
and  of  those  which  are  physiologically  active, 
each  has  its  distinctive  absorption  curve. 

The  cinchona  alkaloids  show  strikingly  dis- 
tinct curves  ; so  in  like  manner  do  those  of  the 
papaveraceae.  Two  specimens  of  morphine 
exhibit  the  same  curve,  and  so  do  two  of 
codeine.  There  is  a difference  but  yet  a 
similarity  between  the  morphine  and  the 
codSine,  which  arises  from  the  constitution  of 
the  two  bodies  being  only  slightly  different, 
codeine  being  a methyl-morphine. 


DISCUSSION. 

The  Chairman  said  they  were  much  indebted  to 
Professor  Hartley  for  the  great  trouble  he  had  taken 
in  explaining  his  interesting  experiments.  He  had 
worked  on  this  subject  for  more  than  twelve  years, 
and  might  be  said  to  have  made  it  his  own,  and  of  its 
importance  there  could  be  no  doubt.  It  was  clear  that 
photographic  spectroscope  observations  was  in  many 
respects  superior  to  the  ordinary  eye  observations, 
for  here  was  the  actual  record  taken  by  nature  herself, 
which  might  be  referred  to  at  any  future  time.  Eye 
observations,  although  invaluable  in  many  ways,  and 
in  some  respects  superior  to  the  photographic,  could 
not  be  so  reliable.  Professor  Hartley  had  given  an 
interesting  historical  sketch  of  what  had  been  done 
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in  this  way  since  the  year  1842,  waen  Edmund 
Becquerel  first  made  observatio  is  of  this  character. 
The  question  might  be  regarded  from  two  points  of 
view,  the  qualitative  and  quantitative.  The  efficacy 
of  spectroscopy  as  a qualitative  test  had  been 
thoroughly  proved  by  Bunsen  and  Kirchhoff  in  1862  ; 
but  the  quantitative  power  of  spectroscopy  was 
another  and  perhaps  more  difficult  matter,  and  of 
that  they  had  heard  a very  voluminous  account  that 
evening.  It  was  a question  of  the  very  greatest  im- 
portance whether  the  spectroscope  could  furnish  the 
means  for  the  quantitative  estimation  of  these  bodies 
which  it  could  detect  qualitatively  in  such  minute 
amount.  The  experimentsnowbroughtforward  seemed 
to  show  that,  at  any  rate,  there  was  good  ground  for 
believing  that  such  an  estimate  could  be  made ; and 
this  was  exhibited  both  in  the  diagrams  and  in  the  in- 
teresting analyses  of  zinc  ore  and  amygdaloid  lime- 
stone. How  far  this  method  could  be  carried  time 
would  show.  It  might  be  that  each  investigator 
would  have  to  make  a series  of  quantitative  spectra 
for  himself,  similar  to  those  shown  on  the  diagrams. 
For  instance,  each  particular  instrument  might  show 
either  different  lines  or  the  same  lines  with  different 
intensities  ; and,  therefore,  he  took . it  that  for 
quantitative  analysis  of  metals,  each  observer  would 
have  to  work  from  the  beginning  himself;  but  this 
would  not  interfere  seriously  with  the  value  of  the 
method.  There  was  still  a great  deal  to  be  learned 
in  this  matter,  even  with  regard  to  qualitative  tests. 
For  instance,  he  was  not  aware  of  any  experiments 
showing  the  limiting  amount  of  nitrogen  which  could 
be  detected  in  a large  excess  of  oxygen,  or  vice-versa. 
Although  they  knew  that  the  spectroscopic  tests  were 
very  delicate,  he  did  not  think  the  limits  of  that 
delicacy  had  yet  been  fixed  in  many  instances,  and 
there  was  still  a wide  scope  for  experiment  in  that 
direction.  He  was  much  interested  in  the  curves 
representing  absorption  spectra  of  the  alkaloids,  but 
should  be  glad  if  the  spectra  themselves  could  be 
shown,  as  a better  idea  of  the  results  was  given  in 
that  way.  We  must,  however,  not  imagine  that  the 
spectroscope  can  ever  altogether  supplant  the  older 
and  more  laborious  methods  of  chemical  analysis. 
As  an  instance  of  this  he  would  refer  to  some  experi- 
ments of  his  own,  brought,  many  years  ago,  before 
the  Royal  Society  of  Dublin,  in  Mr.  Hartley’s 
presence,  relating  to  the  question  of  identification  of 
lines  which  were  supposed  at  one  time  to  be  common 
to  several  metals.  Thus  it  was  believed  that  certain 
lines  in  thallium  and  in  zinc  were  identical  in 
position  with  certain  lines  of  lead.  On  examining 
samples  of  the  purest  thallium  and  purest  zinc 
obtainable,  it  was  proved  that  a line  appearing  in 
the  spectra  of  those  two  metals  also  appeared  in  that  of 
lead,  and  the  question  arose,  was  this  a lead  line  ? 
Was  lead  contained  as  an  impurity  in  the  two  metals 
in  question,  or  was  the  line  due  to  some  common 
constituent  in  the  three  metals  hitherto  unrecognised? 
Experiment  showed  that  the  line  found  in  the 
thallium  and  in  the  zinc  was  in  reality  a lead  line. 


but  in  determining  that  question  chemical  means 
had  to  be  called  to  aid  for  the  purpose  of  proving 
that  lead  really  did  occur  in  this  so-called  pure 
thallium  and  zinc.  The  ordinary  chemical  tests  for 
lead  were  obtained  from  both  of  the  above  metals. 
Hence  chemists  might  still  uphold  their  old  methods 
of  examination,  which  would  always  be  employed  to 
control  and  verify  the  results  obtained  by  the 
spectroscope.  At  the  same  time  the  information 
they  had  already  received,  and  were  likely  to  receive, 
from  researches  like  those  of  Professor  Hartley 
must  be  welcomed  as  a most  important  addition  to 
their  knowledge. 

Dr.  Gladstone,  F.R.S.,  desired  to  support  most 
cordially  the  remarks  made  by  the  Chairman  as  to 
the  value  of  this  communication,  and  of  this  adjunct 
to  the  methods  of  chemical  analysis.  Being  ac- 
quainted with  Professor  Hartley’s  published  papers 
on  this  subject,  he  could  speak  to  the  great  care  and 
assiduity  that  had  been  bestowed  upon  it.  Professor 
Hartley  had  brought  forward  two  ways  in  which 
photography  could  help  analysis,  one  being  the 
examination  of  spark  spectra,  and  the  other  of 
absorption  spectra.  The  spark  spectra  were  very 
curious  and  interesting,  and  Mr.  Hartley  had  shown 
that  they  could  be  applied  to  a certain  extent  quan- 
titatively, and  would  sometimes  give  indications 
which  could  not  be  obtained  by  means  of  ordinary 
chemical  tests.  At  the  same  time,  these  spark 
spectra  always  seemed  to  him  to  be  rather  tantalising. 
We  wanted  to  know  why  there  was  such  a number 
of  rays  coming  from  different  substances,  and  we 
ought  to  be  able  to  generalise  in  some  way,  and 
classify  these  bodies.  At  present  there  were  no 
indications  given  of  the  constitution  of  the 
bodies  by  means  of  these  spark  spectra,  but 
it  was  quite  possible  that  further  investigation 
in  this  direction  might  throw  a flood  of  light  on  the 
composition  or  mutual  relations  of  the  various 
elementary  bodies.  In  the  case  of  absorption  spectra 
the  information  was,  perhaps,  of  a still  more  valuable 
order.  First  of  all,  they  gave  a^  vast  amount  of  new 
information  with  regard  to  the  bodies  themselves, 
comparable  to  the  information  conveyed  to  the  eye  in 
the  form  of  colour  by  means  of  a prism.  Beyond  that 
Mr.  Hartley  had  been  able  sometimes  to  detect  sub- 
stances in  small  quantities  in  the  presence  of  other 
bodies,  for  instance  cymene  in  certain  essential  oils. 
It  was  supposed  that  the  oils  of  orange,  of  lemon, 
and  so  on,  contained  a very  considerable  amount  of 
cymene,  and  this  was  a matter  of  important  discus- 
sion amongst  chemists,  but  Mr.  Hartley,  by  bringing 
this  method  of  analysis  to  bear,  decided  the  matter 
absolutely,  and  showed  that  they  did  not  contain 
cymene  as  a necessary  constituent,  but  that  some  of 
them  did  contain  a small  quantity.  Beyond  that  he  had 
been  able  to  make  certain  generalisations  as  to  the 
distinction  which  existed  between  those  bodies  which 
exhibit  in  continuous  spectra,  those  which  show 
absorption  bands  but  are  highly  diactinic,  and  those 
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which  manifest  strong  absorptive  power.  These 
differences  followed  certain  chemical  views  as  to  the 
constitution  of  those  bodies.  Investigations  in  the 
same  direction,  on  the  same  substances,  had  been 
made  in  other  ways  by  the  refractometer  on  the 
refraction  and  dispersion  of  these  bodies,  and,  as 
far  as  the  speaker  had  been  able  to  ascertain,  the 
results  agreed  with  those  arrived  at  by  Mr.  Hartley, 
both  with  regard  to  specific  refraction  and  specific 
dispersion.  At  the  same  time  Captain  Abney  had 
been  making  some  observations  on  the  absorption  at 
the  red  end  of  the  spectrum,  and  though  they  were 
but  few  in  number,  as  far  as  they  went  they  also 
corioborated  the  conclusions  derived  from  these 
photographic  experiments.  He  trusted  Mr.  Hartley 
would  be  encouraged  to  go  on  making  further  in- 
vestigations in  this  direction. 

Professor  HuNTiXGTON  said  it  was  now  some  five 
or  six  years  since  he  had  w^orked  on  this  subject  with 
Professor  Hartley,  and  he  had  therefore  somewhat 
lost  touch  of  it,  but  he  had  been  much  interested  in 
the  paper.  At  that  time  it  naturally  occurred  to 
them  that  this  method  might  be  available  as  an 
adjunct  in  the  detection  of  alkaloids  in  poisoning  cases ; 
but,  if  he  remembered  rightly,  one  of  the  difficulties  in 
the  way  was  that  of  eliminating  the  colouring  matter 
associated  with  any  matter  found  in  the  body,  and  he 
should  like  to  hear  from  Professor  Hartley  whether 
any  further  progress  had  been  made  in  overcoming 
that  drawback.  There  was  no  doubt  that  even  then 
very’  minute  quantities — in  one  case,  one  part  in  a 
million — was  perfectly  recognisable,  but  that  was  in 
a colourless  solution,  such  as  alcohol  or  water.  In 
the  case  of  coloured  solutions  the  spectrum  was 
cut  off  entirely  from  the  more  refrangible  end,  and 
all  the  absorption  region  was  lost.  Mr.  Hartley 
had  brought  forward  some  very  interesting  facts  with 
regard  to  the  quantitative  determination  of  the  con- 
stituents of  alloys,  but  he  could  not  help  agreeing 
with  his  remark  that,  so  far,  the  ordinary  assay  was 
more  reliable.  Still,  of  course,  this  process  was  but 
in  its  infancy,  and  possibly  in  the  course  of  time 
more  would  be  done.  One  of  the  principal  difficulties 
which  presented  itself  to  his  mind  was  the  getting  a 
perfectly  reliable  comparison  between  the  standard 
adopted  and  the  photographs  taken  at  different 
limes.  It  involved  getting  always  exactly  similar 
conditions  as  to  the  intensity  of  the  spark,  and  so 
on,  and  though  that  of  course  was  possible,  it  pre- 
sented certain  difficulties. 

Professor  Hartley,  in  reply,  said  he  did  not 
believe  the  spectroscope  would  ever  be  of  any  value 
if  it  were  dissociated  from  chemical  methods.  It 
was  not  the  slightest  value  to  take  a solution  of  a 
mineral  just  as  it  was  made  and  to  spectroscope  that 
solution.  For  instance,  in  the  case  of  the  blende,  the 
analysis  of  which  he  had  tabulated,  to  spectroscope 
the  solution  of  it  without  first  separating  the  zinc  or 
the  other  metals  from  the  zinc  would  give  very  little 


result  indeed.  It  would  indicate  the  presence  of 
lead  and  the  presence  of  zinc,  but  you  could  do 
that  by  ordinary  methods  quite  as  easily  if  not  more 
so.  But  if  you  separated  the  chief  constituents  from 
the  minute  constituents,  and  spectroscoped  the  solu- 
tion of  the  minute  constituents,  or  the  bead  of  metal 
which  could  be  obtained  containing  them,  then  you 
had  a very  valuable  method,  because  operating  on 
quantities  which  were  at  all  manageable  no  results 
worth  speaking  of  would  be  obtained  by  the  ordinary 
method,  whereas  by  the  spectroscopic  method  very 
valuable  results  were  obtainable.  It  was  frequently  of 
greater  importance  to  know  approximately  the  amount 
of  the  minute  constituents  of  a substance  within  certain 
limits,  rather  than  to  know  with  very  great  accuracy 
the  amount  of  those  minute  constituents.  This  was 
especially  the  case  when  you  could  obtain,  in  the 
course  of  an  hour  or  so,  a distinct  set  of  quantitative 
results,  which  you  could  not  obtain  by  the  ordinary 
modes.  This  was  a point  which  would  be  fully 
recognised  only  after  a good  deal  of  work 
had  been  done  by  this  method.  The  estima- 
tion of  the  magnesium  in  limestone  and  such 
minerals  could  be  made  more  accurately  and 
rapidly  by  an  instrument  of  this  kind  than  by  any 
other  method.  With  regard  to  the  colour  of  solu- 
tions of  organic  substances,  he  had  simply  to  say 
that,  up  to  the  present  time,  it  had  been  impossible 
for  him  to  devote  any  attention  to  the  detection  of 
alkaloids  or  poisons  of  any  kind  which  had  passed, 
through  the  body.  He  had  only  been  able  to 
investigate  pure  authentic  specimens;  impure  sub- 
stances would  be  of  no  use  whatever  in  the  researches 
he  had  made.  The  investigation  of  substances  which 
had  passed  through  the  body,  or  had  been  extracted 
from  organic  matter — and  therefore  had  been  sub- 
mitted to  the  colouring  action  of  other  bodies — had 
yet  to  be  tried.  He  had,  however,  succeeded  in  de- 
colorising some  alkaloids  which  had  been  coloured 
without  altering  their  absorption  spectrum,  which 
was  rather  an  important  point.  It  had,  however, 
only  been  done  in  a few  cases,  and  might  not  be 
generally  applicable.  With  regard  to  the  variation 
which  might  occur  in  the  spark  when  fitted  with 
different  electrodes,  or  when  taking  photographs  from 
solutions  passing  from  a carbon  electrode  to  a 
metallic  electrode,  he  could  not  say  that  there  was 
any  difficulty  in  obtaining  a spark  of  constant  intensity. 
With  a Grove  battery,  or  any  battery  set  up  for  the 
purpose,  under  ordinary  circumstances,  there  were 
difficulties;  in  the  course  of  working,  the  electro- 
motive force  ran  down  considerably,  sometimes  when 
one  least  expected  it,  and  the  results  then  obtained 
at  one  hour  were  not  comparable  with  those  obtained 
at  another ; but  working  with  storage  batteries,  the 
difficulty  was  very  much  less,  and,  in  point  of  fact, 
in  his  observations  no  such  accidental  difficulties 
produced  any  sensible  effect.  If  you  were  photo- 
graphing from  an  alloy  of  a known  composition,  the 
spectrum  obtained  on  one  day,  or  one  part  of  a day, 
would  correspond  accurately  with  the  spectrum  from 
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the  same  alloy  taken  at  any  other  time.  At  the 
same  time,  you  must  work  under  the  same  conditions ; 
you  must  employ  the  same  coil,  and  the  same  con- 
denser, or  the  same  condenser  and  another  coil,  but  the 
battery  power,  the  coil,  and  the  condenser,  must  be  so 
proportioned  as  to  give  a constant  stream  of  sparks. 
Very  little  experience,  however,  taught  one  when 
the  spark  was  passing  properly,  and  there  was  not 
the  slightest  difficulty  in  making  this  due  proportion 
between  battery  power  and  the  power  of  the  coil, 
and  the  distance  between  the  electrodes,  which  also 
comes  into  play.  If  you  employed  a condenser,  such 
as  the  one  on  the  table,  containing  on  each  face 
72  sq.  in.  of  tinfoil,  a very  good  result  was  obtained. 
With  a spark  of  convenient  length  and  sufficient 
brightness,  and  with  exposures  usual  with  lenses  of  a 
certain  focal  length,  you  always  got  the  same  result. 
In  point  of  fact,  the  photographs  obtained  from  an 
alloy  of  lead  and  cadmium,  25  per  cent,  cadmium,  by 
the  side  of  another  alloy  of  tin  and  cadmium  contain- 
ing 25  per  cent,  of  cadmium,  had  been  examined  by 
himself  and  his  assistants  to  the  number  of  several 
thousands,  and  he  had  never  seen  any  variation  in  those 
lines,  excepting  in  cases  where  the  photographs  were 
done  by  an  inexperienced  assistant,  who  did  not  adjust 
the  spark  and  the  lens  so  as  to  transmit  the  rays 
directly  through  the  collimator  tube;  under  those 
circumstances  a very  weak  spectrum  was  obtained,  so 
weak  that  one  saw  at  a glance  there  was  something 
wrong.  This  was  a proof  that  accidental  variations  were 
so  slight,  that  with  the  ordinary  exposure  they  did  not 
affect  the  results.  He  would  conclude  by  throwing 
on  the  screen  a few  absorption  spectra,  showing  the 
great  difference  in  the  amount  of  absorption  which 
took  place,  according  to  the  thickness  of  layer  of  the 
solution. 

The  Chairman  then  proposed  a vote  of  thanks  to 
Professor  Hartley,  which  was  carried  unanimously. 


FO  URTEEN IH  ORDINARY 
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Wednesday,  March  10,  1886 ; Lord  Ray- 
leigh, M.A.,  D.C.L.,  F.R.S.,  Secretary  to 
the  Royal  Society,  in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society  : — 

Aitkin,  Charles  Edmund,  M.R.C.S.,  7,  Clifton- 
place,  Sussex-square,  W. 

Breen,  George,  204,  St.  Vincent-street,  Glasgow. 
Burdett-Coutts,  William,  M.P.,  i,  Stratton-st.,  W. 
Stein,  Cecil,  42,  Ladbroke-square,  W. 

Symons,  Henry,  J.P.,  Totnes,  Devon. 

The  following  candidates  werfi  balloted  for 
and  duly  elected  members  of  the  Society  : — 


Adderley,  Augustus  J.,  C.M.G.,  Davenport,  Bridg- 
north. 

Doxford,  William  Theodore,  Grindon-hall,  Sunder- 
land. 

Lydall,  William  Hawthorne,  6oa,  Watling-street, 

E.C. 

Parry,  Sidney  Gambier,  3,  Clareville-grove,  South 
Kensington,  S.W. 

Steel,  Robert  Elliot,  M.A , Spring  Clifte-house, 
Heaton-road,  Bradford. 

Thorpe,  Thomas  Wells,  Albion  Brewery,  White" 
chapel,  E, 

The  paper  read  was  — 

THE  EXPERIMENTS  WITH  LIGHT- 
HOUSE ILLUMINANTS  AT  THE  SOUTH 
FORELAND. 

By  E.  Price  Edavards. 

Before  entering  upon  a description  of  the 
experiments  with  lighthouse  illuminants  which 
were  carried  out  at  the  South  Foreland  in 
1884-5,  I think  it  proper  to  state  that  it  would 
be  out  of  place,  on  the  present  occasion,  to 
refer  to  any  personal  considerations  which 
may  have  been  connected  with  the  question  of 
setting  these  trials  on  foot,  therefore  I shall 
address  myself  solely  to  the  practical  view  of 
the  subject,  and  endeavour  to  present  to  you, 
from  my  own  knowledge,  a dispassionate  and 
impartial  account  of  these  important  experi- 
ments, and  put  before  you  the  conclusions 
which  may  be  legitimately  drawn  from  them. 

For  the  benefit  of  those  not  technically  ac- 
quainted with  the  details  of  lighthouse  illumi- 
nation, I must  make  some  preliminary  observa- 
tions of  a general  character. 

For  very  many  years  the  illumination  of 
lighthouses  has  been  an  attractive  subject  for 
the  efforts  of  earnest  inventors,  and  the  sug- 
gestions of  fanciful  speculators.  I will  not 
detain  you  with  a recital  of  the  numerous 
schemes  which,  from  time  to  time,  have  been 
put  forward,  but  will  at  once  tell  you  that  the 
only  illuminating  agents  which  have  success- 
fully borne  the  tests  of  experiment  and  expe- 
rience, and  have  been  found  to  be  serviceable 
for  lighthouse  purposes,  are  oil,  gas,  and 
electricity.  The  cardinal  principle  in  connec- 
tion with  the  maintenance  of  our  coast  lights 
is  certainty ; there  must  be  no  breakdown 
of  the  lights  between  sunset  and  sunrise. 
Mariners  approaching  our  shores  at  night 
from  distant  parts  are  almost  entirely  de- 
pendent upon  their  sure  and  effective  exhibi- 
tion. Each  one  must  be  readily  and  certainly 
recognisable,  in  accordance  with  the  adver- 
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tised  intimations  of  its  special  characteristic. 
In  fulfilment  of  this  essential  condition  it  has 
come  to  pass,  by  a process  analogous  to  that 
of  the  survival  of  the  fittest,  that  oil,  gas,  and 
electricity  remain  the  only  sources  of  light 
upon  which  complete  dependence  may  be 
placed  for  the  purposes  of  effective  lighthouse 
illumination. 

In  continuation  of  these  preliminary  remarks 
it  will  be  useful  to  consider  the  general  subject 
under  three  headings  : — 

1.  The  actual  sources  of  light. 

2.  The  mechanical  means  by  which  the  light 
is  sustained  and  controlled- 

3.  The  appliances  for  utilising  the  light  pro- 
duced in  the  manner  most  serviceable  to  the 
mariner. 

As  each  of  the  above  named  divisions  would, 
in  itself,  afford  ample  material  for  a paper,  I 
must  ask  you  to  forgive  my  touching  them  with 
a light  hand  only.  My  object  will  be  simply 
to  give  those  of  my  hearers  to  whom  the  sub- 
ject is  unfamiliar  some  general  notions  which 
will  make  the  latter  portions  of  my  remarks 
more  intelligible  to  them,  and  to  connect  the 
general  principles  of  lighthouse  science  with 
the  investigation  at  South  Foreland. 

I.— Sources  of  Light. 

Oil. — Regarding  these  three  illuminants  as 
mere  sources  of  light  without  reference  to 
burners,  lenses,  or  any  of  the  appliances 
ordinarily  used  in  lighthouses,  we  will  first 
give  our  attention  to  oil,  which  is  the  oldest  of 
the  three,  its  use  dating  back  for  nearly  100 
years,  when  it  began  to  replace  the  coal  fire 
and  candle  systems  of  the  last  century.  For  the 
greater  part  of  this  long  period  sperm  oil  was 
used,  but  in  1845  it  was  demonstrated  that 
rape  seed  or  colza  oil  could  be  burned  as 
effectually,  and  at  much  less  cost,  and  the 
use  of  sperm  was  discontinued.  In  modern 
times  mineral  oil  has  come  to  the  front, 
and  threatens  to  supplant  the  vegetable  oil 
entirely,  being  very  much  cheaper,  and 
giving  an  illuminating  effect  almost,  if  not 
quite,  equal  to  that  of  rape  oil.  The  latter 
is,  however,  still  employed  at  isolated  rock 
lighthouses  and  on  board  lightships,  chiefly 
for  considerations  of  safety.  The  mineral  oil 
now  used  in  this  country  is  paraffin  obtained 
by  the  distillation  of  shale,  and  is  at  present 
supplied  with  a flashing  point  of  154°  Fahr. , thus 
rendering  it  a perfectly  safe  oil  for  use  in  this 
climate.  Quite  recently,  a mineral  oil,  having 
a flashing  point  above  250°  Fahr.,  has  been 
tested  with  most  encouraging  results,  which. 


if  corroborated  by  further  tests,  will  make  it 
very  suitable  for  rock  lighthouses  and  light- 
ships, and  will  tend  to  shut  out  rape  oil 
altogether,  the  latter  being  fully  twice  the 
price  of  the  new  product.  It  is  a coincidence 
that  vegetable  should  displace  animal  oil,  and 
that  mineral  should  now  be  about  to  supplant 
vegetable  oil.  With  some  few  exceptions, 
which  will  be  referred  to  in  dealing  with  gas 
and  electricity,  oil  is  the  general  illuminant 
now  used  in  lighthouses  of  the  United 
Kingdom,  as  well  as  in  all  parts  of  the  world. 
In  this  country  rigorous  tests  are  applied  to 
ensure  the  oil  sent  to  lighthouses  being  of  the 
very  finest  quality.  Both  rape  and  paraffin 
must  burn  without  requiring  to  be  trimmed  for 
16  hours.  Careful  examination  of  each  is 
made,  to  ascertain  if  any  acid  is  left  in,  or  other 
deleterious  compound  mixed  with  either  kind 
of  oil.  The  requirements  in  respect  of  the 
paraffin  now  used  are  that  it  must  have  a 
specific  gravity  between  '810  and  ’820  at 
60°  Fahr.,  with  a minimum  flashing  point  of 
140®  Fahr.  (close  test),  and  must  distil  between 
the  temperatures  of  302®  and  572®  Fahr.  The 
conjunction  of  such  qualities  as  are  indicated 
by  the  above  requirements  provides  an  effec- 
tive and  in  other  respects  suitable  oil  for 
burning  in  lighthouses. 

So  far  as  the  experiments  at  the  South  Fore- 
land are  concerned,  rape  oil  need  not  be  taken 
into  consideration.  Paraffin  of  the  description 
above  referred  to  only  was  used,  and  may  be 
regarded  as  the  representative  of  the  oil 
system. 

An  important  point  may  perhaps  be  here 
appropriately  referred  to  in  connection  with 
the  cost  of  lighthouse  oil.  In  the  early  stages 
of  the  discussion  as  to  the  relative  advantages  of 
gas  and  oil,  about  twelve  or  fifteen  years  ago, 
economical  arguments  in  favour  of  gas  were 
based  on  the  then  prices  of  rape  oil,  which 
were  variously  quoted  as  4s.  pjd.,  3s.  lo^d., 
2s.  gd.  per  gallon.  In  these  days  paraffin  is 
supplied  at  6d.  per  gallon,  a fact  which  ob- 
viously changes  the  financial  aspect  of  the 
comparison  very  considerably. 

Gas, — In  the  year  1865,  Messrs.  Edmund- 
son  and  Co.,  of  Dublin,  of  which  firm  Mr.  J. 
R.  Wigham  is  an  enlightened  and  enterprising 
member,  perfected  a system  by  which  gas 
could  be  employed  as  a lighthouse  illuminant. 
At  first,  gas  made  from  oil  was  employed; 
but  subsequently  cannel  coal  gas  was  adopted. 
This  illuminant  was  first  established  at  the 
Howth  Bailey  Lighthouse,  shortly  afterwards 
taken  to  that  at  Wicklow  Head,  and  sub- 
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sequently  extended  to  seven  other  lighthouse 
stations  in  Ireland,  and  one  in  England. 

The  gas  used  is  obtained,  by  the  usual  pro- 
cess of  manufacture,  from  the  best  cannel 
coal,  and  gives  an  illuminating  power 
much  higher  than  that  of  gas  made  from 
ordinary  north  country  coal,  such  as  is 
used  in  gas  works  of  towns  where  a large 
supply  is  required  to  be  distributed.  Burned 
in  the  London  standard  Argand  burner,  the 
gas  from  north  country  coal  does  not  give  a 
light  superior  to  that  of  sixteen  candles,  as 
required  by  Act  of  Parliament ; whereas  the 
gas  made  from  good  cannel  coal,  when  burned 
in  the  London  standard  burner,  yields  a light 
almost  equivalent  to  that  of  about  thirty 
candles.  For  lighthouse  purposes  it  is  essential 
to  have  the  best  light,  and  therefore  cannel 
gas  has  been  exclusively  employed,  although 
much  dearer  than  north  country  coal.  The 
average  price  of  cannel  delivered  at  the  light- 
houses appears  to  range  between  40s.  and  50s. 
per  ton.  A quantity  of  furnace  coal,  about 
one-half  that  of  the  cannel  carbonised  in  the 
retorts,  is  required  for  each  gas  works,  and 
the  whole  manufacture  has  to  be  carried  on  at 
the  lighthouse  station.  The  cannel  coal  used 
at  the  South  Foreland  was  chosen  by  Mr. 
Wigham  as  best  adapted  for  the  experimental 
gas  light  to  be  exhibited,  and  came  from  the 
Lesmahagow  pit. 

In  addition  to  the  use  of  cannel  gas,  trials 
were  also  made  at  South  Foreland  with  gas 
obtained  from  mineral  oil,  which  proved  to 
possess  an  illuminating  power  equal  to  that  of 
46  to  50  candles.  The  gas-making  apparatus 
was  put  up  at  South  Foreland  by  Pintsch’s 
Patent  Lighting  Company,  as  exemplifying 
their  system  of  making  gas,  which  is  of  a 
simpler  character  than  that  of  cannel  gas. 
The  works  are  smaller,  and  consequently 
cheaper,  and  the  operation  of  gas-making  can 
be  carried  out  by  one  man  alone.  The  oil  used 
is  paraffin,  not  refined,  and  is  supplied  at 
South  Foreland  at  about  6d.  per  gallon,  but 
would  be  cheaper  delivered  in  London.  The 
oil  is  caused  to  drip  on  to  a tray  placed  in  the 
retort,  where  it  is  heated  sufficiently  to  con- 
vert it  into  gas,  which,  after  passing  through 
some  purifying  operations,  goes  into  the  gas- 
holder. As  compared  with  cannel  gas,  the 
higher  illuminating  power  of  Pintsch’s  oil  gas, 
in  conjunction  with  the  comparative  simplicity 
of  manufacture  and  economy  of  gas- making 
plant,  all  point  to  its  probable  superiority  for 
lighthouse  purposes.  The  data  at  my  disposal 
are  not  sufficient  to  enable  me  to  say  with 


certainty  whether  the  cost  per  1,000  cubic  feet 
is  less  than  that  of  an  equal  quantity  of  cannel 
gas,  but  even  assuming  the  price  to  be  the 
same  in  both  cases,  the  higher  illuminating 
power  of  Pintsch’s  gas  would  make  it  at  least 
25  per  cent,  more  valuable  as  an  illuminating 
agent. 

During  the  trials  at  South  Foreland,  the 
bulk  of  the  comparisons  were  made  with 
cannel  gas,  and  a small  proportion  only  with 
Pintsch’s  oil  gas. 

Electricity.  — The  next  division  of  our 
sources  of  light  has  reference  to  electricity. 
This  illuminant  has  been  employed  with  suc- 
cess in  certain  lighthouses  in  this  country 
since  1862.  In  France  it  was  first  used  in 
1863,  but  of  late  years  it  has  received  a very 
considerable  impetus  in  that  country.  The 
limited  application  of  this  luminary  in  the 
United  Kingdom  is  not  due  to  any  practical 
difficulties  in  respect  of  its  installation,  but 
rather  to  a dislike  on  the  part  of  mariners  of 
its  extremely  dazzling  and  distressing  light 
when  they  are  close  to  it.  The  navigable 
channels  leading  to  and  from  our  ports  and 
harbours  are  mostly  near  land,  and  are  often 
crowded  with  shipping  ; a very  dazzling  light 
shining  across  the  navigation  at  such  a place 
would  be  likely  to  prove  a source  of  danger 
rather  than  of  safety.  Chiefly  on  this  account 
electricity  has  made  but  slow  progress  as  a 
lighthouse  illuminant  in  this  country. 

In  1857,  discovery  by  Faraday  of 

magnetic  induction  in  a coil  of  copper  wire, 
was  turned  to  practical  account  for  lighthouse 
illumination  by  Professor  F.  H.  Holmes,  whO' 
then  made  the  first  complete  magneto-electric 
machine.  In  that  year  trials  with  the  newly 
born  electric  light  were  commenced  at  South 
Foreland,  and  were  continued  until  1859.. 
Then  it  was  discontinued  at  South  Foreland, 
but  established  at  Dungeness  lighthouse  m 
1862.  After  some  further  experience,  a new 
lighthouse  on  Souter  Point  Coast  of  Durharrj 
was  lighted  up  with  the  electric  spark,  and  in 
1872  it  was  brought  back  as  a permanency  to 
its  first  home  at  South  Foreland,  and  has 
shone  there  successfully  ever  since.  In  1874, 
it  was  removed  from  Dungeness,  because  the 
point  was  low  and  dangerous,  and  mariners 
did  not  like  the  light  in  their  eyes,  and  couldi 
not  judge  their  distance  from  the  point.  In 
1877,  it  was  taken  to  the  Lizard  lighthouse. 
It  is  now  intended  to  show  electric  light  from 
the  lighthouse  on  St.  Catherine’s  Point,  Isle  of 
Wight,  and  from  the  High  Tower  on  the  Isle 
of  May,  Frith  of  Forth. 
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The  machines  originally  employed  for 
generating  the  necessary  electrical  energy 
were  constructed  on  the  magneto  - electric 
principle,  which  necessitate  the  use  of 
permanent  magnets  for  the  induction  of 
electricity.  I have  mentioned  that  Holmes 
made  the  first  machine  on  this  principle, 
and  Holmes’s  machines  are  at  present 
employed,  after  running  fourteen  years,  in 
maintaining  the  lights  shown  from  the  per- 
manent lighthouses  at  South  Foreland.  In 
1876,  some  trials  were  made  with  various 
electric  generators,  to  ascertain  which  kind 
of  machine  was  most  suitable  for  pro- 
ducing the  electric  light  for  lighthouses. 
The  verdict  was  in  favour  of  Siemens’s 
dynamo  machines,  and  accordingly  these 
machines  were  adopted  for  the  Lizard  Station 
in  1877. 

In  consequence  of  some  serious  irregularities 
in  the  working  of  these  machines,  and  because 
at  the  time  Baron  de  Meritens,  of  Paris,  had 
perfected  a very  powerful  and,  in  some  respects 
novel,  form  of  magneto-electric  machine,  it  was 
resolved  to  send  one  of  these  new  generators 
to  the  Lizard,  where  it  has  worked  most  satis- 
factorily for  several  years.  The  experience 
gained  at  Lizard  suggested  that  for  the  St. 
Catherine’s  station,  which  it  had  been  re- 
solved to  illuminate  with  electricity,  the  De 
Meritens  machines  should  be  employed,  and 
they  were  accordingly  ordered  ; but  as 
arrangements  were  then  being  made  for 
the  South  Foreland  experiments,  it  was 
agreed  that  these  machines  should  be  sent 
direct  to  South  Foreland,  to  be  used  in 
the  trials,  and  to  be  operated  by  the  steam- 
engines  already  established  there,  there  being 
a reserve  power  beyond  what  was  required 
for  the  permanent  electric  lights.  The 
De  Meritens  machine  consists  of  five  star- 
like  rings,  fixed  parallel  to  and  a little  distance 
from  each  other.  Each  ring  carries  twelve 
permanent  magnets  of  horse-shoe  pattern, 
with  their  poles,  converging  towards  a central 
horizontal  shaft.  Upon  the  shaft  are  mounted 
five  brass  wheels  or  discs,  which  revolve  within 
and  in  front  of  the  poles  of  the  magnets. 
Each  wheel  carries  twenty- four  helices  or  coils 
on  its  periphery,  and  one  revolution  causes  the 
twenty- four  coils  of  each  disc  to  pass  the 
twenty-four  poles  of  the  twelve  magnets  in 
each  ring,  thus  producing  alternate  currents  of 
positive  and  negative  electricity.  The  machine 
is  worked  at  a speed  of  600  revolutions  per 
minute,  and  the  result  may  be  popularly  stated 
thus — 


Coils.  Poles.  Rings.  RevoP 

24  X 24  X 5 X 600  =r  1,728,000  pulsations 
of  alternate  electricity  generated  in  one  minute. 
The  electrical  energy  so  excited  is  taken  off  by 
collectors  at  the  ends  of  the  shaft,  and  con- 
ducted by  leads  to  the  lighthouse  lantern.  At 
the  South  Foreland  the  distance  between  the- 
generating  machines  in  the  engine-room  and 
the  electric  light  lantern  was  850  feet,  and 
Professor  W.  Grylls  Adams  has  shown  that 
one-third  of  the  united  energy  developed  was 
expended  in  overcoming  the  resistance  of  this 
great  length  of  conducting  wire.  Had  the 
generating  machines  been  close  to  the  lantera., 
the  electric  light  exhibited  would  have  been 
reinforced  by  one-third  more  electrical  energy 
than  actually  reached  it.  As  a matter  of  fact, 
these  machines  were  made  forthe  St.  Catherines 
Station,  where  they  will  be  only  a very  shorfe 
distance  from  the  lighthouse. 

During  the  trials  the  machines  were  worked 
either  singly  or  coupled  up  with  two  machines, 
in  series,  and  occasionally  with  three  machines, 
in  quantity.  The  lights  shown  were  produced 
by  either— 

One  machine  with  an  average  current  qS 
125  amperes,  andE.M.F.  of  51  volts. 

Two  machines  in  quantity  for  one  arc  light, 
with  an  average  current  of  176  amperes,  and 
E.M.F.  of  60  volts. 

Two  machines  in  series  for  one  arc  light, 
with  an  average  current  of  182  amperes,  and 
E.M.F.  of  60  volts. 

Three  machines  in  quantity  for  one  arc  light, 
with  an  average  current  of  180  amperes,  and 
E.M.F.  of  60  volts. 

The  three  machines  could  not  be  coupled  up 
in  series,  and  the  result  of  their  being  coupled 
in  quantity  is  not  so  good  as  the  two  machines 
in  series,  which  gave  a current  of  182  amperes. 
The  high  resistance  with  the  three  machines 
was  due  to  the  fact  that  the  leads  were  not 
suitable  for  the  current  from  three  machines. 
It  will  be  seen  that  the  most  effective  results 
were  obtained  with  two  machines  coupled  in 
series  feeding  one  arc  light. 

II.— The  Mechanical  Means  by  which 

THE  ILLUMINANT,  WHEN  PRODUCED,  IS 

Sustained  and  Controlled. 

In  the  case  of  oil  this  important  function  is 
performed  by  the  burner.  I shall  not  occupy 
your  time  by  giving  a historical  account  of 
the  development  of  the  oil  burner  from  ancient 
days,  but  a few  observations  on  the  general 
principles  upon  which  oil  burners  for  light- 
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houses  are  constructed  may  perhaps  be 
acceptable. 

It  is  tolerably  well-known  that  when  oil  is 
consumed  in  a lamp,  it  is  converted  into  vapour 
by  heat,  and  that  the  oil  vapour  so  produced 
is,  by  the  application  of  flame,  caused  to  com- 
bine chemically  with  the  oxygen  in  the 
surrounding  atmosphere.  In  point  of  fact,  an 
oil  burner  is  analogous  to  a miniature  gas- 
works, where  the  gas  is  consumed  as  fast  as  it 
is  manufactured.  An  ordinary  mineral  oil 
burner  is  connected  with  a reservoir  contain- 
ing oil  below  it  by  means  of  a cotton  wick, 
the  lower  end  of  which  is  in  direct  contact 
with  the  oil,  the  upper  end  just  above  the  top 
of  the  burner.  By  capillary  action  the  oil 
creeps  upward  until  all  the  wick  is  saturated 
up  to  the  point  where  the  oil  is  to  be  converted 
into  vapour,  the  application  of  flame  only 
being  required  to  complete  vaporisation  and 
set  it  burning.  The  supply  of  oil  must  be 
properly  regulated.  With  heavy  fatty  oils, 
such  as  rape  or  sperm,  the  capillary  action  is 
not  vigorous  enough  to  bring  up  from  a re- 
ceptacle below  a sufficient  quantity  to  keep  the 
light  going,  and  in  that  case  the  actual  level 
of  the  oil  immersing  the  wick  must  be  close  to 
the  burning  point.  With  mineral  oil  the  level 
may  be  two  or  three  inches  below  the  burn- 
ing point,  and  its  capillarity  will  be  suffi- 
ciently active  to  conduct  it  to  the  top.  In  the 
case  of  large  lighthouse  lamps  the  main  re- 
servoir is  kept  at  a considerable  distance 
below  the  burner,  and  mechanical  means  are 
employed  to  force  the  oil  up  to  the  required 
level,  and  to  keep  it  constant  for  either  a heavy 
or  a light  oil.  To  make  combustion  perfect, 
and  to  prevent  smoke  and  soot,  a plentiful  and 
well-regulated  supply  of  oxygen  is  essential. 
In  the  latter  part  of  the  last  century,  Argand 
demonstrated  practically  how  such  a supply 
could  be  secured  for  a single  circular-wicked 
lamp,  and  the  principle  then  laid  down  has 
ever  since  been  followed  in  the  development  of 
the  construction  of  lamps  for  burning  oil.  In 
this  Argand  burner  you  see  a central  tube,  to 
which  air  has  access  at  the  bottom  ; the  wick 
surrounds  this  tube,  and  in  burning  gives  a 
circular  flame,  fed  by  the  air  coming  up  the 
centre.  The  glass  chimney  on  the  outside 
regulates  the  admission  of  air  to  the  outside  of 
the  ring  of  flame,  and  thus  perfect  combustion 
is  effected.  A further  development  of  the 
principle  was  made  by  Fresnel,  who  produced 
a burner  consisting  of  four  concentric  wicks, 
with  an  air  space  separating  each  wick  case, 
and  the  large  glass  chimney  enclosing  the 
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flame  completed  the  arrangement.  Sir  James 
Douglass  increased  the  number  of  rings  by 
two,  producing  the  six-wick  burner,  which  is 
now,  and  has  for  many  years  been  used  in 
many  Englsh  lighthouses,  and  was  the  repre- 
sentative oil  burner  employed  in  the  South 
Foreland  experiments.  It  should,  however,  be 
mentioned  that  Sir  James  Douglass  had  pro- 
ceeded still  further,  and  had  produced  seven, 
eight,  and  nine-wick  burners,  constructed  on 
an  improved  principle,  by  which  the  flames  are 
compressed  at  the  focal  plane,  so  that  their 
diameter  is  not  much  greater  than  that  of  the 
six- wick  burner,  while  the  intensity  of  the  light 
is  considerably  enhanced.  These  burners  were 
not  sufficiently  perfected  when  the  experiments 
began,  and  the  bulk  of  the  comparisons  were 
therefore  made  with  the  six-wick  burner.  But 
they  now  are  brought  into  good  working  order, 
and  there  is  every  reason  to  believe  they  will, 
before  very  long,  be  adopted  for  lighthouse 
work,  and  their  increased  efficiency  will  add 
much  to  the  effectiveness  of  the  lighthouses 
where  they  are  employed. 

In  connection  with  this  part  of  the  subject 
it  is  necessary  to  bear  in  mind  that  oil  burners 
require  careful  looking  after,  that  glass 
cylinders  are  a necessity,  and  that  wicks  of 
unusual  size  and  very  superior  quality  have  to 
be  provided. 

For  burning  gas,  the  arrangements  are  cer- 
tainly more  simple.  The  gas  is  led  by  pipes 
to  the  burner  in  the  ordinary  way,  a cock  is 
turned  on,  and  the  gas  lighted.  It  then  burns 
without  requiring  serious  attention  as  long  as 
the  gas  supply  lasts  ; it  requires  no  glass 
cylinders  nor  wicks,  no  trimming,  and  little 
cleaning,  all  of  which  are  points  in  favour  of 
the  gas  system.  The  gas  burners  used  in 
lighthouses,  and  as  exhibited  at  the  South 
Foreland,  are  those  of  Mr.  Wigham’s  patent. 
In  its  complete  form  the  burner  consists  of  five 
rings  of  gas  jets,  the  innermost  ring  having 
28,  the  next  48,  the  next  68,  the  next  88,  and 
the  outermost  108  jets,  the  diameter  of  each 
ring  being  respectively  4,  6|-,  8^,  9J,  and  iij 
inches.  With  the  gas  burning,  this  congre- 
gation of  jets  packed  in  the  space  of  a circle 
II J inches  in  diameter  gives  a flame  of  con- 
siderable intensity,  to  which  the  air  has  per- 
fectly free  access,  there  being  no  glass  chimney 
surrounding  it,  as  in  the  case  of  an  oil  light. 
This  huge  flame  is  controlled  in  great  measure 
by  the  draught  of  the  flue,  the  lower  part  of 
which  is  of  talc,  and,  with  the  latest  improve- 
ments as  developed  during  the  trials  at  South 
Foreland,  terminating  in  a sharp  frustum 
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of  an  inverted  cone,  and  into  the  lower 
opening  of  which  the  tongues  of  flame 
rush  in,  leaving  naked  the  thickest  and  most 
intense  portion.  This  tends  to  preserve  the 
flame  in  a uniform  shape,  which  object  is  also 
materially  assisted  by  a further  improvement, 
introduced  during  the  trials,  of  a talc  collar 
fixed  upon  a collar  of  perforated  zinc,  encir- 
cling the  lower  part  of  the  burner.  Air  passes 
through  the  perforations  on  to  the  outer  surfaces 
of  the  flame,  and,  besides  assisting  to  control 
the  shape  of  the  flame,  renders  combustion  of 
the  gas  more  vigorous.  The  reason  for  em- 
ploying talc  is  because  it  is  transparent,  and 
allows  a good  deal  of  light  to  pass  through, 
and  strengthen  the  general  illuminating  effect, 
which  would  be  lost  if  the  cases  and  collars 
w’ere  made  of  an  opaque  material.  From  the 
blaze  of  io8  jets,  the  flame  can  readily  be 
reduced  to  that  of  either  88,  68,  48,  or  28  jets. 
The  facility  with  which  this  can  be  accom- 
plished is  unquestionably  one  of  the  merits  of 
this  Wigham  gas-burner,  the  mercury  joint 
for  each  segment  being  a specially  ingenious 
arrangement. 

Two  well-known  gas-burners  were  sent  for 
trial  at  South  Foreland,  one  the  patent  6-ring 
burner  of  Mr.  Sugg,  the  other  a large 
size  Siemens’  regenerative  burner.  So  far  as 
the  working  of  these  burners  under  ordinaiy 
conditions  is  concerned,  there  is  no  fault  to 
find  with  them,  but  as  they  proved  to  be  un- 
suitable for  lighthouse  purposes,  I need  not 
dwell  upon  them. 

Sir  James  Douglass’s  6 and  10  ring  gas 
burners,  constructed  on  principles  similar  to 
those  of  his  improved  oil  burners  before  de- 
scribed, gave  results  so  satisfactory  in  the 
trials,  that  they  must  not  be  passed  by.  In- 
stead of  from  jets,  as  used  by  Mr.  Wigham, 
the  gas  issues  from  surface  holes  in  concentric 
rings,  and  each  ring  forms  a complete  cylinder 
of  flame,  fed  on  both  sides  by  the  air  ascend- 
ing the  spaces  separating  the  rings.  As  in 
the  oil  burners,  the  rings  of  flame  are  com- 
pressed to  the  smallest  diameter  possible  at 
the  focal  plane.  No  talc  cone  or  collar  is 
required  for  Sir  James  Douglass’s  burner,  but 
a glass  cylinder  is  necessary  to  preserve  the 
shape  of  the  flame,  by  regulating  the  air  sup- 
ply to  the  external  surface  of  the  outermost 
ring  of  the  flame. 

We  now  come  to  the  arrangements  for  the 
electric  light.  Assuming  the  requisite  current  to 
be  brought  with  uniform  steadiness  to  the  light- 
house lantern,  by  suitable  conducting  wires  or 
leads,  the  regulation  and  control  of  the  arc 


light  produced  between  two  carbon  terminals 
are  mainly  dependent  upon  the  action  of  the 
lamp  or  regulator,  the  delicate  and  ingenious 
mechanism  of  which  keeps  the  carbon  points 
as  nearly  as  possible  the  same  distance  apart. 
The  carbons  originally  used  were  supplied  by 
Baron  de  Meritens,  and  were  square  in  section, 
made  up  of  a number  of  smaller  square  car- 
bons, the  entire  bundle  being  40  m.m.  square. 
The  heat  caused  the  metallic  bands  by  which 
the  carbons  were  bound  together  to  melt,  and 
the  consequence  was  that  the  small  carbons 
frequently  fell  out  while  the  light  was  being 
exhibited.  Other  carbons,  circular  in  section, 
and  solid  throughout,  30  and  40  m.m.  in 
diameter,  were  also  tried ; but  those  which 
gave  the  best  results  in  the  trials,  and  were 
used  most  frequently,  were  the  Berlin  core 
carbons,  supplied  by  Messrs.  Siemens,  40  m.rr. 
in  diameter,  and  with  a core  of  graphite 
running  through  the  centre.  With  alternating 
currents  the  electric  arc  can  generally 
be  maintained  with  a fair  amount  of 
steadiness  with  carbons  that  are  tolerably 
homogeneous  in  their  composition,  but  there 
is  always  a liability  to  momentary  fluctuations, 
caused  perhaps  by  the  current  seeking  to 
make  its  exit  by  the  direction  of  least  resist- 
ance, and  thus  selecting  the  weakest  parts  of 
the  carbon.  The  incandescence  is  thus  liable 
to  be  transferred  from  side  to  side,  and  this 
gives  rise  to  the  appearance  of  momentary 
fluctuations.  This,  nowever,  has  not  been 
found  to  be  a very  serious  drawback  on  the 
whole  ; indeed,  in  one  sense,  it  may  be  ad- 
vantageous, as  conferring  a marked  individua- 
lity upon  the  electric  light,  enabling  it  to  be 
more  easily  recognised.  The  Berlin  carbons, 
with  their  graphite  core,  were  found  to  burn 
with  exceptional  steadiness,  possibly  because 
the  centre  core  affords  the  current  an  easier 
and  consequently  more  regular  course. 

It  may  bi  mentioned  that  some  50  m.m. 
carbons  were  burnt  in  the  engine-room  close 
to  the  generators,  with  the  full  current  of  two 
machines  in  quantity  without  loss  ; the  result 
being  a current  of  400  amperes  with  a low 
E.M.F.  of  45  volts  only. 

Before  proceeding  to  the  consideration  of 
the  third  division  of  the  subject,  it  is  desirable 
to  make  reference  to  what  is  known  as  the 
superposing  system  of  lights.  This  was  first 
introduced  by  Mr.  Wigham,  in  connection  with 
his  gas  system,  by  placing  in  a lighthouse 
lantern  two,  three,  or  four  burners  vertically 
over  each  other,  with  a distance  of  three  or 
four  feet  between  them.  By  this  means  a 
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column  of  light  of  great  power  is  obtained, 
which  it  was  supposed  would  rival  the  strongest 
electric  light,  and  thoroughly  eclipse  oil. 
Without  reference  to  any  patent  right  in  con- 
nection with  this  matter,  which  is  not  only 
beside  the  question  of  the  relative  merits  of  the 
illuminants,  but  has,  I believe,  been  completely 
disposed  of  since  the  point  was  brought  for- 
ward, the  question  naturally  arose — can  this 
method  of  piling  up  lights  be  applied  equally 
well  to  electricity  and  oil  ? No  doubt  at  all 
existed  as  to  electricity,  but  as  regards 
mineral  oil,  it  was  feared  that  its  tendency 
to  give  off  inflammable  vapour  at  high 
temperatures  would  prevent  the  placing  of 
such  lights  at  short  distances  above  one 
another,  as  the  oil  might  become  danger- 
ously heated.  Sir  James  Douglass,  however, 
effectually  disposed  of  any  doubt  on  the  subject 
by  putting  up  three  mineral  oil  burners  one 
above  the  other,  in  the  oil  lantern,  at  South 
Foreland,  each  lamp  being  fed  from  one 
reservoir  placed  below  the  floor  of  the  lantern, 
and  the  oil  being,  by  suitable  pressure  and 
regulation,  forced  up  the  respective  burners  by 
pipes,  and  maintained  at  the  necessary  con- 
stant level.  It  is  important  to  note  that  only 
three  oil  burners  were  superposed,  while  four 
gas  burners  were  superposed  in  an  equal 
vertical  space.  This  will  show  that  the  oil 
burners  were  separated  by  greater  distances 
than  the  gas  lights  were.  The  iron  chimneys 
which  carry  off  products  of  combustion  and 
regulate  draught  in  the  case  of  the  oil  lights 
were  cased  with  asbestos  cloth  and  silicated 
cotton  wool,  to  check  radiation  of  heat  from  the 
iron  surfaces ; thus  the  heat  was  kept  down 
very  successfully  in  this  lantern,  and  from  the 
experienced  gained  at  South  Foreland  there  is 
no  doubt  that  four  oil  lights  could  have  been 
as  safely  maintained  as  three.  The  electric 
lights  were  also  arranged  to  be  superposed, 
but  with  three  lights  only,  as  with  the  oil 
lanterns.  The  terms  used  for  describing  the 
different  order  of  superposition,  are  biform, 
triform,  and  quadriform,  representing  the 
superposition  of  two,  three  and  four  lights 
respectively.  It  is  not  necessary  to  enter  into 
further  details  concerning  this  method,  but 
future  references  to  biform,  triform,  and  quad- 
riform will  now  be  intelligible  to  those  who 
have  not  been  familiar  with  the  subject. 

III.— The  Appliances  for  utilising  the 
ISSUING  Rays  in  the  manner  most 
SERVICEABLE  TO  THE  MARINER. 

I must  again  ask  the  indulgence  of  the 


audience  in  dealing  vdth  this  part  of  my  paper. 
Of  necessity  I must  trouble  you  with  some 
further  elementary  details,  in  order  to  make 
the  whole  matter  clear. 

With  any  of  the  illuminants  of  which  I have 
spoken,  burning  under  the  most  favourable 
conditions,  and  radiating  light  in  all  directions, 
it  is  clear  that  some  provision  must  be  made 
for  using  the  issuing  rays  to  the  greatest 
advantage  for  the  purpose  required.  The 
light  is  wanted  by  the  sailor  to  shine  upon  the 
sea;  but  many  rays,  if  they  followed  their 
ordinary  course,  would  go  up  into  the  sky ; 
many  others  would  fall  on  the  floor  of  the 
lantern.  In  the  case  of  a lighthouse  on  shore, 
many  rays  would,  under  ordinary  circum- 
stances, go  landward.  In  none  of  these 
directions  is  light  wanted  to  be  sent  for  the 
sailor’s  benefit.  It  has,  therefore,  been  neces- 
sary to  devise  a method  of  utilising  such 
diverging  rays.  At  first  this  was  accomplished 
by  metallic  reflectors,  and  a considerable 
amount  of  success  was  and  is  still  attained  by 
this  method.  I need  not  enter  into  details 
respecting  the  principles  of  reflection ; the 
subject  is  too  well  known.  But  in  1821, 
the  celebrated  Augustin  Fresnel  perfected 
an  arrangement  of  glass  lenses  which,  with  a 
single  large  burner,  accomplished  the  object  in 
view  much  more  effectively  and  conveniently 
than  with  a number  of  small  burners  with 
reflectors.  Fresnel,  in  conjunction  with  Arago, 
had  invented  an  oil  burner  with  four  concentric 
wicks,  the  diameter  of  the  flame  being  3f  inches. 
This,  however,  he  placed  in  the  centre  of  a 
system  of  lenses  and  prisms  built  up  at  the 
proper  focal  distance  around  it,  so  that  nearly 
all  the  light  rays  emitted  were  received  upon 
some  part  or  other  of  the  inner  surface  of  the 
lenticular  structure,  the  lenses  and  prisms 
being  so  adjusted  that,  by  the  well  understood 
action  of  refraction,  the  rays  were  caused  to 
issue  from  the  other  side  of  the  glass  in  a con- 
solidated beam,  illuminating  only  the  sea  area 
between  the  distant  horizon  and  the  near  shore. 

For  a fixed  light  required  to  show  con- 
tinuously with  equal  effect  over  a given  arc  or 
circle,  vertical  condensation  only  is  requisite, 
the  rays  being  allowed  to  diverge  horizontally 
without  restriction.  For  this  purpose  a central 
refracting  belt  is  employed,  with  rows  of  totally 
reflecting  prisms  above  and  below  running 
parallel  to  it.  The  proper  adjustment  of  this 
apparatus  causes  a beam  to  issue  which 
illuminates  the  sea  area  within  the  horizon  in 
a constant  manner. 

For  a revolving  or  flashing  light  it  is 
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necessary  to  cut  up  this  all  round  continuous 
beam  into  segments.  As  before,  the  rays 
must  be  condensed  vertically,  but  in  addition 
they  must  be  condensed  horizontally  in  bundles, 
leaving  dark  spaces  between.  In  this  case  the 
apparatus  is  polygonal,  and  a condensed  beam 
issues  from  each  side  or  panel.  Instead  of 
a lenticular  belt  all  round,  each  panel  has  an 
annular  lens  with  concentric  refractors.  All 
the  rays  falling  upon  the  inner  surface  of  this 
lens  are  refracted,  and  issue  as  a condensed 
and  independent  beam  for  each  panel.  The 
upper  and  lower  prisms  in  each  panel  are 
curved  so  as  Jtacoincide  with  the  concentricity 
of  the  central  lens.  The  rays  being  squeezed 
or  condensed  into  bundles,  dark  spaces  are 
left  between  them.  On  the  whole  glass  ap- 
paratus being  made  to  revolve,  beams  of  light 
striking  the  sea  area  within  the  horizon, 
followed  by  intervals  of  darkness,  succeed 
each  other  with  regularity. 

The  flame  of  Fresnel’s  4-wick  burner  is  the 
basis  of  our  present  dioptric  system . Six  orders 
of  lights  were  instituted  in  Fresnel’s  time,  the 
first  order  being  specially  adapted  to  the 
dimensions  of  the  4-wick  flame,  so  that  the 
lenticular  instrument  should  receive  all  the 
rays  emitted  from  such  a flame.  For  second 
order  lights,  the  dimensions  of  the  flame  of  a 
3-wick  lamp  determined  the  radius,  focal 
distance,  <Scc.,  of  the  lenses  employed, 
and  so  on.  But  since  that  time  the  6-wick 
burner  has  come  into  use,  7,  8,  and  9-wick 
burners  are  on  the  threshold,  and  nearly  all 
Mr.  Wigham’s  gas  burners,  as  well  as  those 
of  Sir  James  Douglass,  have  largerflames  than 
Fresnel’s  4-wick  oil  burner.  Again,  the  electric 
light,  with  a smaller  luminous  centre  than 
Fresnel  ever  contemplated  for  a lighthouse 
illuminant,  has  come  into  action,  so  that,  in 
point  of  fact,  the  orders  of  apparatus  as  estab- 
lished by  Fresnel,  are  not  adapted  to  the  large 
and  small  flames  used  at  the  present  day. 
This  anomaly  is  in  a fair  way  of  being  set 
right,  for  Messrs.  Stevenson,  the  eminent 
lighthouse  engineers  of  Edinburgh,  have 
recently  designed  a lens  of  larger  radius 
adapted  to  an  illuminant  of  increased  diameter, 
and  have  obtained  some  striking  results  with 
a single  Douglass  lo-ring  gas  burner  against 
biform  108  jets. 

It  remains  for  me  now  to  explain  to  you  what 
were  the  lenticular  arrangements  employed  to 
give  the  best  results  for  each  lighting  system 
tested  at  South  Foreland.  It  w’ill  be  under- 
stood from  what  I have  previously  said,  that 
besides  the  single  light  of  each  system,  pro- 


vision was  made  for  showing  the  electric  light 
in  biform  and  triform  arrangement ; that  gas 
could  be  exhibited  in  biform,  triform,  or  quad- 
riform  ; and  that  oil  was  provided  to  show 
biform  and  triform  only.  Consequently,  for 
the  electric  and  oil  lights  three  sets  of  lenses 
were  required  to  be  mounted  in  each  lantern, 
and  for  the  gas  light  four  sets  were  neces- 
sary. By  the  term  sets  of  lenses,  I mean  one 
lens  arrangement  for  exemplifying  a fixed 
light,  the  other  for  showing  the  condensed 
beam  of  a revolving  light.  Lenses  being  very 
costly  articles,  it  was  necessary  to  have  a cer- 
tain regard  to  economy,  consistent  with  an 
effective  illustration  of  the  value  of  lenses  in 
connection  with  the  lights  to  be  exhibited 
Therefore,  one  panel  only  of  a fixed  belt,  and 
one  annular  lens  of  a revolving  apparatus, 
without  upper  and  lower  prisms  in  any  case, 
were  provided  for  each  light  of  each  system, 
the  quality  of  the  light  issuing  from  a portion 
cf  the  apparatus  being  exactly  the  same  as 
though  the  entire  apparatus  were  employed, 
the  only  essential  point  being,  that  in  judging 
the  value  of  the  light,  the  observer  should  take 
care  that  he  is  in  the  path  of  the  beam. 

The  three  towers  wLich  were  erected  at 
South  Foreland  for  the  exemplification  of  the 
three  systems,  were  180  feet  apart,  and  marked 
respectively  A,  B,  and  C.  A was  appropriated 
for  the  electric  light ; B for  the  gas  system 
as  developed  by  Mr.  Wighan  ; and  C for  the 
oil  system  and  the  Douglass  gas  burners. 

In  lantern  A there  were  three  electric  lamps 
on  three  stages,  and  for  each  lamp  was  pro- 
vided a panel  of  a fixed  apparatus  of  the 
second  order,  consisting  of  a segment  of  the 
central  belt  with  seven  smaller  segments  above 
it  and  seven  below  it.  The  chief  reason  for 
using  the  second  order  apparatus  appears  to 
be  that,  as  Sir  J. Douglass  practically  observes, 
it  affords  just  enough  space  for  a fairly  fat 
light-keeper  to  get  inside  and  manipulate  the 
lamps.  A third,  or  even  further  order  appa- 
ratus, would  have  been  sufficient,  although 
the  luminous  area  has  considerably  increased, 
since  the  early  days  of  the  electric  light,  where 
carbons  of  small  sections  were  used.  For 
exemplifying  the  revolving  beam,  an  exactly 
similar  panel  was  used  for  each  light  to  con- 
dense the  rays  vertically,  and  in  addition  four 
vertical  refracting  prisms  were  fixed  on  the 
outside  of  this  panel,  and  caused  to  issue  a 
condensed  beam  of  great  power.  It  may  here 
be  mentioned  that,  as  the  divergence  of  this 
beam  horizontally  was  very  small  (30°  con- 
densed to  5®),  it  was  necessary  to  take  pre- 
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cautions  to  ensure  observers  being  in  its  path. 
In  the  superposed  arrangement  the  distance 
separating  the  three  lights  was  7 feet,  and  the 
space  between  the  lenses  4 feet. 

In  lantern  B the  four  lights  had  each  panels 
for  exemplifying  a fixed  and  revolving  light. 
For  the  former,  each  light  was  furnished  with 
a segment  of  the  lenticular  belt  of  a first 
order  apparatus  without  upper  and  lower 
prisms.  For  the  revolving  light,  four  first 
order  lenses  of  annular  construction  were 
supplied,  each  subtending  a horizontal  angle 
of  60°.  The  beautiful  lenses  of  French 
manufacture  were  very  considerately  lent  for 
use  in  the  experiments  by  the  Commissioners 
of  Irish  lighthouses.  They  were  intended  for 
and  are  now  fixed  up  at  the  lighthouse  on  Mew 
Island,  coast  of  Ireland.  It  should  be  ob- 
served that  the  four  gaslights  themselves, 
being  much  closer  to  each  other  than  the  three 
electric  lights,  the  lenses  were  brought  much 
nearer  to  each  other,  and  instead  of  the  wide 
spaces  of  four  feet  as  between  the  electric 
lenses,  the  fixed  gaslight  lenses  were  not 
separated  by  more  than  half  a foot,  and  the 
revolving  lenses  were  practically  joined  to- 
gether, forming  a continuous  mass  of  glass 
nearly  seventeen  feet  high. 

In  lantern  C three  segments  of  a lenticular 
belt,  similar  in  all  respects  to  those  in  the  gas 
lantern,  were  mounted  for  the  fixed  light,  but 
owing  to  the  great  distance  apart  of  the  oil 
burners,  the  lenses  were  separated  by  distances 
of  three  feet,  which  naturally  told  against  the 
pillar  of  oil  light  in  comparison  with  that  of 
four  compactly  fitted  gas  burners,  shining 
through  four  lenses  practically  not  separated. 
In  the  revolving  light  an  endeavour  was  made 
to  compensate  for  this  defect  by  the  use  of 
lenses  of  larger  vertical  section,  such  as  are 
employed  at  the  Eddystone.  With  these 
larger  lenses,  made  by  Chance  Bros.,  of  Bir- 
mingham, the  outer  rings  were  of  flint  glass, 
which  has  a higher  refractory  index.  The 
horizontal  dimension,  and  the  focal  distance  of 
these  lenses  were  the  same  as  those  in  the  gas 
tower.  The  height  only  was  different,  it  being 
apparently  sought  to  make  up  by  lens-power, 
or  lens-area,  for  the  want  of  a fourth  light. 

This  completes  the  three  divisions  I ventured 
to  make  at  the  commencement  of  my  paper, 
and  it  will  be  evident  to  all  that  very  careful 
and  elaborate  arrangements  with  the  aid  of 
burners  and  lenses  have  been  made  in  each 
case  to  get  the  most  out  of  each  illuminant, 
and  to  exemplify  each  lighting  system  effec- 
tively at  South  Foreland.  But  the  value  of  a 


lighthouse  illuminant  is  not  reckoned  solely 
by  the  brightness  with  which  it  shines  through 
the  darkness  of  night.  For  clear  weather 
the  lights  of  ordinary  power  were  and  are 
sufficient  for  the  use  of  the  mariner,  provided 
a sufficient  individuality  be  given  to  each  by 
which  it  can  be  readily  recognised.  The 
whole  purpose  of  developing  these  larger  and 
more  powerful  lights  is  to  overcome  the  resist- 
ance offered  to  the  passage  of  light  rays 
through  the  atmosphere,  by  the  obstructing 
medium  of  watery  vapour  in  its  various 
gradations  from  thin  haze  to  thick  fog.  The 
times  have  long  gone  by  when  merchant 
ships  would  anchor  if  even  a small  fog 
appeared ; now-a-days  maritime  traffic  round 
our  coasts  stops  for  nothing.  Sound  fog 
signals  have  become  a necessity  of  the 
times,  to  be  sounded  so  soon  as  the 
effectiveness  of  lights  is  seriously  impaired  by 
a thickened  atmosphere.  But  it  is  very  de- 
sirable that  the  lights  should  hold  out  as  long 
as  possible;  that  though  the  effect  of  a haze 
might  be  to  lessen  the  range  of  a light,  yet 
that  its  rays  should  penetrate  sufficiently 
through  the  haze  to  be  of  some  practical 
service  to  the  mariner,  to  be  seen  by  him  in 
time  to  prevent  his  running  into  danger,  or  to 
guide  him  on  his  way.  If  any  one  illuminant 
is  proved  to  be  able  to  cope  more  successfully 
than  the  others  with  this  obstructing  medium, 
that  light  can  certainly  claim  to  be  superior 
for  lighthouse  purposes  in  thick  weather.  This, 
then,  is  the  great  problem  which  is  to  be 
solved  : which  of  the  three  systems,  oil,  gas, 
or  electricity,  when  exhibited  under  the  most 
favourable  conditions,  has  the  greatest  pene- 
trative power  in  thick  weather  ? And  in  con- 
nection with  the  solution  of  this  problem  it  will 
be  found  that  considerations  of  economy  and 
convenience  cannot  be  dissociated  from  the 
question. 

It  will,  doubtless,  be  evident  thatthe  question 
of  the  relative  merits  of  lighthouse  illu- 
minants  is  considerably  more  complicated  than 
the  general  public  think  it  is.  We  have  seen 
what  is  the  nature  of  the  competitive  illu- 
minants,  and  how  they  are  dependent  on 
burners  and  lenses  to  make  them  serviceable 
for  lighthouse  purposes;  also  how  they  were 
exemplified  in  A B and  C towers  at  South 
Foreland.  We  are,  therefore,  better  prepared 
to  enter  upon  the  direct  consideration  of  the 
actual  trials. 

A few  words  may  here  be  interpolated  re- 
garding the  personal  arrangements  for  carry- 
out the  experiments. 
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Upon  the  dissolution  of  the  Illutninants 
Committee,  for  reasons  which  need  not  be 
discussed  here,  this  tangled  question  was  by 
the  Board  of  Trade  referred  to  the  Corporation 
of  Trinity-house,  who  accepted  the  respon- 
sibility of  carrying  out  the  investigation,  seeing 
that  a great  deal  of  public  interest  had  been 
drawn  to  the  question.  A Committee  was 
formed  of  members  of  the  Corporation,  con- 
sisting of  Captain  Sydney  Webb,  the  deputy- 
master,  as  chairman  ; Captain  Nisbet,  Captain 
Weller,  Captain  E.  A.  Vyvyan,  Captain 
Burne,  Admiral  Sir  Leopold  McClintock, 
and  Mr.  John  Inglis,  secretary  to  the  cor- 
poration ; to  this  committee  I had  the 
honour  of  being  appointed  secretary  The 
first  thing  done  was  to  obtain  the  friendly 
co-operation  of  the  Scotch  and  Irish  Light- 
house Boards,  and  it  is  only  proper  to  state 
that  such  co-operation  was  most  cordially 
extended  by  both  Boards  and  their  officers 
to  the  Trinity-house  Committee.  The  Com- 
mittee had  the  great  advantage  of  fre- 
quent personal  communication  with  Mr. 
Thomas  Stevenson,  the  eminent  engineer  to 
the  Scotch  Lighthouse  Commissioners,  and 
with  Sir  Robert  Ball,  the  Astronomer-Royal 
of  Ireland,  and  Scientific  Adviser  to  the  Com- 
missioners of  Irish  Lights.  They  also  invited, 
and  were  fortunate  enough  to  secure,  the  aid 
of  Professor  W.  Grylls  Adams,  F.R.S.,  of 
King’s  College,  London,  and  Mr.  Harold 
Dixon,  of  Balliol  College,  Oxford,  the  former 
for  advice  and  assistance  in  respect  of  the 
electric  lighting  apparatus,  the  latter  for  aid 
in  carrying  out  the  necessary  photometric 
observ’ations  on  the  various  lights  to  be  ex- 
hibited. In  addition  they  had  the  great 
advantage  of  frequent  consultations  with  Mr. 
Vernon  Harcourt,  F.R  S.,  of  Trinity  College, 
Oxford,  who  watched  the  trials  on  behalf  of 
the  Board  of  Trade,  and  whose  knowledge  of 
photometric  work  is  probably  unequalled  in 
this  country  ; further,  the  invaluable  practical 
experience  and  profound  knowledge  of  light- 
house experiments  of  Sir  James  Douglass  were 
at  all  times  available,  and  the  suggestions  and 
opinions  of  representatives  of  foreign  light- 
house authorities  were  cordially  given  and 
received. 

It  was  in  full  view  of  all  the  world,  and 
specially  all  who  were  in  any  way  interested  in 
the  subject,  that  the  experiments  were  com- 
menced and  carried  through  ; the  whole 
arrangements  were  open  to  the  fullest  and 
freest  public  inspection.  It  is  essential  to 
make  it  quite  clear  that  the  Trinity  House 


Committee  courted  inquiry,  suggestion,  and 
inspection.  They  only  desired  to  arrive  at  a 
just  decision  ; and  I,  as  secretary  to  that  Com- 
mittee, and  with  all  respect  to  those  who  may 
have  been  inclined  to  think  otherwise,  venture 
to  challenge  anyone  to  prove  the  contrary. 

The  South  Foreland  station  was  selected  for 
the  trials  because  of  the  existing  facilities  for 
observations  on  land  and  at  sea,  and  because- 
there  was  a sufficient  reserve  of  steam  power, 
over  and  above  that  required  for  the  machines 
feeding  the  permanent  lights,  to  operate  the 
additional  electric  machines.  The  land  in  the 
neighbourhood  of  South  Foreland  is  undula- 
ting, but  has  no  hedges  and  few  trees,  andthere- 
fore  affords  facilities  for  observing  the  lights 
at  distances  of  between  two  and  three  miles. 

It  may  be  assumed  that  the  three  lighting 
systems  were  adequately  represented  by  the 
apparatus  set  up  at  South  Foreland ; the 
arrangements  for  exemplifying  the  electric  and 
cil  systems  in  A and  C towers,  were  made  under 
the  immediate  direction  of  the  Trinity-house 
Committee  and  their  engineer.  Sir  James 
Douglass.  The  exemplification  of  the  gas 
system  was  left  in  the  hands  of  Mr.  Wigham 
to  arrange,  as  he  thought  best,  for  the  exhi- 
bition of  his  quadriform  light.  It  is  true  that 
the  Committee  demurred  to  making  trial  of 
what  Mr.  Wigham  called  his  double  quadriform  , 
i.e.  two  sets  of  four  lights  placed  side  by  side- 
in  the  lantern,  which  he  urged  upon  them,  they 
not  having  any  practical  experience  of  the 
effect  of  burning  eight  large  gas  flames  in  a 
lighthouse  lantern  for  several  hours,  nor  could 
they  learn  that  the  Commissioners  of  Irish 
lights  had  had  any  such  experience.  With  this 
limitation  only,  Mr.  Wigham  had  perfect 
liberty  to  show  the  best  light  he  could  produce 
with  four  large  burners  placed  vertically;  his 
foreman,  Mr.  Higginbotham,  might  use  as 
much  or  as  little  gas  as  he  thought  proper ; he 
might  regulate  his  draught  as  he  liked;  he  had 
the  gas  manufacture  under  his  own  supervision, 
and  made  as  much,  or  as  little  as,  and  of 
what  quality,  he  pleased  ; the  cannel  coal  was 
specially  selected  by  Mr.  Wigham,  and  no- 
restriction of  any  kind  was  placed  upon  his 
foreman  as  to  the  mode  of  keeping  up  his  light. 
He  was  simply  required  by  the  committee  to 
show  a certain  light  at  a certain  time,  in  order 
that  it  might  be  compared  with  another  light, 
and  it  was  entirely  his  own  business  how  he 
produced  that  light.  He  was  not  controlled 
in  any  way  whatever,  and  I can  testify  that  it 
was  through  no  default  on  the  part  of  Mr. 
Higginbotham  that  the  gas  light  did  not  out-  ■ 


428 


JOURNAL  OF  THE  SOCIETY  OF  ARJS. 


\_March  12,  1886. 


■shine  the  most  powerful  electric  beam.  Mr. 
Higginbotham’s  mechanical  ingenuity  always 
being  applied  to  improve  the  gas-light,  and 
his  devoted  loyalty  to  the  interests  of  his 
employers,  were  noticeable  points  in  connec- 
tion with  the  gas-light  exhibition.  A Trinity- 
house  lightkeeper  was  on  duty  in  this  lantern, 
but  he  had  no  power  to  interfere  with  Mr. 
Higginbotham’s  management  of  the  light.  It 
should  also  be  mentioned  that  the  electric  and 
oil  towers  were  manned  by  Trinity-house 
keepers,  over  whom,  as  well  as  over  the  whole 
•experimental  establishment,  Mr.  J.  Sparling, 
the  very  intelligent  engineer  in  charge  of  the 
South  Foreland  permanent  station,  exercised 
a general  supervision,  subject  to  the  members 
of  the  Committee,  who  it  was  arranged  should 
be  constantly  on  the  spot. 

Observations. 

Assuming  all  the  necessary  arrangements 
to  have  been  made  for  exhibiting  the  various 
lights  at  the  South  Foreland,  the  next  matter 
for  consideration  is  how  they  were  ob- 
served. It  was  resolved  that  two  kinds  of 
■evidence  should  be  obtained  in  reference  to 
the  relative  merits  of  the  illuminants  as 
shown,  the  one  of  a practical  nature  from 
competent  eye  witnesses  at  various  distances, 
the  other  of  a more  scientific  or  expert 
character.  With  regard  to  the  former,  it  may 
be  stated  that  from  the  lightsmen  on  board  the 
Gull,  the  Goodwin,  and  the  Varne,  light- 
ships ; the  pilots  and  masters  of  vessels  navi- 
gating in  the  vicinity  ; the  Elder  Brethren  of 
Trinity-house  and  their  officers  ; the  Coast- 
guardsmen  between  the  South  and  North  Fore- 
lands ; valuable  data  were  obtained  respect- 
ing the  relative  merits  of  the  lights  in  different 
kinds  of  w’eather,  and  at  various  distances 
from  one  to  twenty-four  miles.  In  addition  to 
the  observations  so  made  at  sea  and  on  land, 
special  watchmen  were  detailed  to  observe  the 
lights  nightly  at  shorter  distances,  along  a line 
marked  off  by  posts  lOO  feet  apart,  and  running 
across  the  country  for  a total  distance  of  two 
aud  a half  miles,  all  the  competing  lights 
being  fully  visible  in  clear  weather  along  the 
whole  length  of  this  line.  Three  huts  were 
set  up  along  this  line — No.  i at  a distance  of 
2,144  feet,  or  nearly  half  a mile  from  the 
lights  ; No.  2,  6,200  feet,  or  nearly  one  and  a 
quarter  mile  ; and  No.  3 at  the  extreme  point, 
two  and  a half  miles.  The  night  walks  along 
the  lines,  the  blinding  effect  of  the  lights,  and 
the  welcome  shelter  in  the  huts  will,  doubtless, 
be  remembered  with  interest  by  many  of  the 


visitors  who  joined  the  observing  parties. 
This  short  range  was  very  serviceable  on 
nights  when  haze  or  fog  prevailed,  it  being 
possible  to  measure  with  a very  fair  approxi- 
mation to  accuracy  the  distance  at  which  each 
light  was  observed.  The  observations  made 
were  recorded  in  books  specially  prepared  for 
the  purpose,  on  a uniform  system  ; thus  all  the 
returns  were  made  in  the  same  way.  The 
instructions  were  as  follows  : — 

Instructio:qs  to  Observers. 

The  lights  to  be  observed  will  be  shown  from  three 
towers  in  a line  bearing  N. W.  from  the  permanent 
high  lighthouse,  and  wiU  be  identified  by  means  of 
the  letters  A,  B,  and  C respectively. 

When  possible,  observations  of  the  three  lights 
should  be  made  at  each  hour  from  8 p.m.  to  midnight. 

In  recording  an  observation,  put  down  in  the  A 
column  the  light  from  the  A tower  as  100,  and  in  the 
corresponding  B or  C column  put  down  the  number 
as  compared  with  100  which  represents  the  difference 
in  power.  Thus,  if  B appears  to  be  twice  as  good  as 
A,  and  C appears  to  be  only  half  as  good  as  A,  the 
record  should  be  A 100,  B 200,  C 50.  In  the  column 
headed  “Place  of  Observation,”  it  is  requested  that 
the  position  and  distance  from  South  Foreland  may 
be  stated  as  accurately  as  possible  at  every  observ'a- 
tion  recorded. 

The  state  of  the  atmosphere  each  night  is  to  be 
carefully  noted,  and  recorded  in  the  column  provided 
for  the  purpose,  in  one  or  more  of  the  following 
terms  : — Clear  ; cloudy ; very  dark  j moonlight ; 
hazy  ; slight  fog ; ordinary  fog  ; thick  fog ; drizzling 
rain  ; ordinary  rain  ; heavy  rain  ; snow  ; hail ; sleet. 
Each  night’s  record  to  be  signed  by  the  observer,  the 
place  of  observation  being  in  every  case  clearly 
indicated. 

Remarks  of  a special  nature  concerning  the  appear- 
ance of  the  lights  are  to  be  made  on  the  fly-leaf  pro- 
vided for  the  purpose.  Under  this  heading  observers 
should  record  any  apparent  difference  in  the  colour  ; 
any  apparent  unsteadiness,  variations,  or  obscurations 
of  the  lights ; also  the  effect  of  the  lights  upon  the 
clouds  ; and,  where  a fair  comparison  is  possible,  ot 
the  relative  value  of  other  lights  in  the  vicinity,  those 
on  the  French  coast,  for  example. 

The  other  kind  of  evidence  sought  to  be 
obtained  was  that  of  the  scientific  measure- 
ment of  lights  by  the  most  approved  photo - 
metrical  methods.  These  operations  were 
carried  on  at  the  three  huts  before  mentioned, 
and  in  a dark  gallery  380  feet  long,  specially 
constructed  for  the  measurement  of  large  and 
powerful  lights.  This  portion  of  the  investiga- 
tion was  mainly  in  the  hands  of  Mr.  Harold 
Dixon,  who  had  the  advantage  of  frequent 
communication  with  Mr.  Vernon  Harcourt 
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on  the  subject,  and  able  assistance  in  carrying 
out  his  work  from  Sir  James  Douglass,  Messrs. 
Lyle  and  Longford  (who  at  Dr.  Ball’s  sugges- 
tion were  sent  to  South  Foreland  as  the  repre- 
sentatives of  the  Irish  Lighthouse  Board),  and 
Mr.  Sparling.  All  the  various  lights  exhibited 
w’ere  subjected  to  measurement  both  as  naked 
flames  and  as  shown  through  lenses,  the  value 
of  each  being  expressed  in  numbers  of  candles. 
For  these  measurements  the  Harcourt  pentane 
standard  flame,  adjusted  to  correspond  with 
accuracy  to  the  average  flame  of  a number  of 
sperm  candles,  was  chiefly  employed ; but 
occasionally  a portion  of  the  flame  of  a mineral 
oil  Douglass  burner,  enclosed  in  a square  iron- 
sided lantern,  was  used.  A small  opening  in 
one  side  of  this  lantern  was  fitted  with  a 
Methven  screen,  so  adjustable  that  the  rays 
passing  through  the  opening  would  represent 
ij  2,  4,  or  other  convenient  candle-power, 
as  might  be  desired,  in  accordance  with  the 
single  flame  of  the  pentane  standard.  A 
portable  pentane  lamp  was  generally  used  in 
the  huts,  but  on  windy  nights  the  Douglass 
flame  was  found  to  be  very  serviceable,  being 
less  sensitive  than  the  unprotected  pentane 
flame.  In  the  photometric  gallery,  a standard 
pentane  flame  in  connection  with  a complete 
apparatus  for  making  the  gas  on  a sufficiently 
large  scale  was  available.  Without  going  into 
detail  respecting  the  manufacture  of  the  gas 
and  the  special  merits  of  the  pentane  standard 
of  light,  I may  here  record  the  fact  that  with 
its  aid  a great  deal  of  valuable  and  trust- 
worthy work  was  done. 

Although  I do  not  propose  to  enter  upon  a 
detailed  consideration  of  the  photometric 
methods  employed  by  Mr.  Harold  Dixon  and 
Mr.  Vernon  Harcourt,  the  subject  being  one 
which  could  not  be  adequately  discussed  in 
the  space  of  time  at  my  disposal,  yet  some 
remarks  of  a general  character  may  be  made 
upon  the  subject. 

Let  me  first  say,  for  the  benefit  of  those  to 
whom  photometry  is  a dark  study,  that  the 
standard  light  is  that  in  comparison  with 
which  the  light  under  test  is  to  be  measured. 
The  value  of  this  standard  light  is  expressed 
in  candle-pow'er. 

At  South  Foreland,  the  naked  lights  were 
measured  in  the  photometric  gallery,  and  the 
lights  through  lenses  at  No.  i or  No.  2 hut. 
. The  principle  mostly  adopted  with  the  former 
was  to  cause  the  light  of  the  standard  flame 
to  fall  on  one  side,  and  that  of  the  light  under 
'measurement  upon  the  other  side  of  a movable 
-screen  with  a translucent  star  disc  in  the 


centre.  By  moving  the  screen  to  and  fro 
along  the  graduated  bar,  a position  could  be 
found  where  the  stars  would  show  with  equal 
distinctness  on  both  sides  of  the  screen.  In 
such  circumstances,  the  illuminating  power  of 
the  burner  under  measurement  would  be 
directly  as  the  squares  of  the  distances  be- 
tween the  disc  and  the  burner,  and  between 
the  disc  and  the  standard  light. 

A modification  of  this  method  was  occasion- 
ally employed  in  the  gallery,  and  always  at 
No.  I hut,  distant  2,150  feet  from  the  lights. 
The  light  of  the  standard  flame,  and  that  of 
the  illuminant  under  test,  were  thrown  upon 
the  same  side  of  a disc  of  translucent  paper 
fixed  in  the  centre  of  an  opaque  screen,  while, 
by  means  of  an  umbrant  or  shadow-thrower, 
contiguous  portions  of  the  disc  were  illuminated 
by  the  standard  and  the  distant  light.  By 
moving  the  table  nearer  to  or  further  from  the 
standard,  a position  was  found  where  the 
illumination  in  the  three  divisions  of  the  disc 
appeared  to  be  equal.  By  this  method  direct 
measurements  of  all  the  lights  in  A,  B,  and  C 
towers  could  be  made  at  No.  i hut. 

At  hut  2 the  bar  photometer  with  the 
movable  star  disc  was  used,  but  owing  to  the 
great  distance  from  A,  B,  and  C lights,  6,200  ft. , 
it  was  found  necessary  to  condense  the  light 
from  the  distant  towers  by  a small  achromatic 
lens  interposed  in  the  path  of  the  beam  entering 
through  a circular  opening  in  the  window 
screen.  In  thus  condensing  the  light,  a certain 
loss  by  absorption  and  reflection  was  ex- 
perienced, but  in  all  measurements  the  requisite 
correction  on  this  account  was  applied. 

In  this  connection  it  was  feared  that  the 
difference  of  colour  between  the  light  of  the 
electric  arc  and  that  of  the  standard  flame 
would  be  a serious  difficulty,  and  would  prevent 
an  effectual  comparison  being  made  as  to 
relative  illuminating  power  of  the  different 
coloured  lights.  But  Mr.  Dixon  says  “that 
with  the  use  of  the  star  disc  no  such  difficulty 
was  felt.  Equality  of  distinctness  in  the  pattern 
of  the  star  on  both  sides  of  the  disc  could  be 
judged  without  difficulty,  although  both  star 
and  back  ground  appeared  of  complementary 
tints  on  the  two  sides.  Since  the  object  of  the 
investigation  was  to  determine  for  each  illu- 
minant the  total  quantity  of  light  which  affected 
the  eye  and  conferred  visibility  upon  the  lamp, 
independently  of  its  colour,  the  distinctness  of 
a pattern,  illuminated  by  lights  of  different 
colour,  seemed  to  afford  a criterion  of  their 
true  illuminating  power  less  open  to  error  than 
any  method  of  striking  an  average  between 
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the  illuminating  power  of  separate  groups  of 
coloured  rays  filtered  from  each  beam  by  the 
interposition  of  coloured  media.  It  was  also 
found  that  different  observers  made  concordant 
measurements  of  the  electric  light  with  the 
star  disc.” 

The  lights  were  exhibited,  watched  by  many 
observers,  and  measured  by  the  indefatigable 
photometrists  over  a period  of  twelve  months. 
During  that  period  a large  amount  of  valuable 
evidence  was  collected,  by  the  aid  of  which  the 
committee  were  subsequently  enabled  to  state 
their  conclusions  with  definiteness. 

Results. 

At  a comparatively  early  stage  of  the  trials 
it  was  found  that  no  practical  advantage  was 
gained  by  superposing  electric  lights,  but  that, 
for  the  reasons  previously  stated,  a sufficiently 
effective  result  was  obtained  from  one  arc  fed 
by  two  electric  machines.  This  form  of  light 
was  accepted  by  the  Committee  as  that  best 
suited  for  the  exposition  of  the  electric 
system,  and  that  upon  which  it  should  be 
judged  in  respect  of  its  merits  as  a lighthouse 
illuminant. 

For  gas,  the  columnar  light  of  the  quadriform 
arrangement,  with  a burner  of  io8  jets  for  each 
tier,  was  the  highest  power  available,  and  was 
regarded  as  the  best  representative  of  the  gas 
system. 

For  oil,  the  Committee  had  resolved  to  rely 
upon  the  perforriiance  of  the  six-wick  burners, 
which  had  been  in  use  in  the  Trinity  House 
service  for  many  years;  and  three  of  these, 
mounted  in  triform  arrangement,  as  has  been 
described,  were  adopted  by  the  Committee  as 
representing  the  best  effect  which  could  then 
be  produced  with  the  oil  system. 

It  will  be  plain  that  for  the  large  flame  lights 
there  was  ample  recognition  of  the  value  of  the 
system  of  superposing,  a recognition,  doubtless, 
very gratifyingto'^Mr.  Wigham,  who  successfully 
developed  the  system  with  his  gas  apparatus, 
although  others  may  have  tentatively  preceded 
him  in  the  same  direction.  It  was  certainly 
proved  by  the  trials  that  the  system  possesses 
some  real  advantages.  But  it  is  very  essential 
that  provisions  be'made  to  check  the  radiation 
of  heat  from  the  flue  pipes.  With  the  super- 
posed oil  burners  effectual  measures  were 
adopted,  but  not  in  the  case  of  gas,  conse- 
quently with  the' four  great  gas  lights  burning 
in  a lighthouse  lantern,  the  heat  generated 
would  be  so  considerable  as  to  endanger  the 
safety  of  the  lenses,  and  render  the  lantern 
uninhabitable.  Mr.  Higginbotham,  Mr.  Wig- 


hatti’s  foreman,  bore  the  heat  in  the  gas 
lantern  at  South  Foreland  like  a genuine 
salamander;  but  there  are  some  lighthouse 
keepers,  who  would  be  likely  to  frizzle  and 
grill  under  such  conditions.  I may  mention 
that  the  temperatures  in  the  lantern,  when 
the  four  burners  were  alight,  ranged  from 
180®  F.  in  the  lowest  tier,  to  370  F.  in  the 
highest.  It  was  this  great  heat,  taken  in  con- 
junction with  the  cracking  of  some  of  the 
lenses,  which  influenced  the  Committee  in 
declining  to  try  Mr.  Wigham’s  double  quad- 
riform light,  in  which  eight  instead  of  four 
burners  were  to  be  burned  in  the  lantern.  If 
four  burners  made  the  temperature  370°,  what 
would  eight  burners  have  done  ? 

A great  number  of  experiments  were  of 
course  made  with  the  lower  powers  of  the 
respective  illuminants,  and  information  gained 
which  will  be  of  very  great  value  in  the  light- 
house service  ; but  in  stating  the  results  of  the 
trials,  it  will  be  sufficient  to  regard  each  light 
as  shown  at  its  highest  power,  viz  Electric, 
one  light,  two  machines  ; gas,  four  lights,  108 
jets  ; oil,  three  lights,  six  wicks. 

Clear  Weather.  — In  fine  weather  it  was 
evident  that  all  the  lights  were  too  good,  and  that 
for  merely  sending  an  effective  beam  of  light  to 
the  horizon  on  a dark  clear  night,  no  one  was 
really  better  than  another,  although  it  may  be 
said  that  the  experimental  electric  light  was 
regarded  as  a nuisance  rather  than  otherwise 
by  mariners  in  the  near  neighbourhood  of  the 
South  Foreland.  It  is  quite  certain  that  for 
clear  weather  the  lower  powers  of  any  one  of 
the  illuminants  would  be  sufficiently  service- 
able for  the  requirements  of  the  mariner,  either 
as  a fixed  or  a revolving  light.  This  is  proved 
by  the  reports  made  by  distant  observers,  who, 
on  a clear  night,  would  record  that  the  single 
lights  were  not  less  effective  than  the  triform 
or  quadriform  arrangement.  In  this  con- 
nection, t.e.,  as  regards  clear  weather,  the 
only  points  really  noticeable  are  in  respect  of 
the  adaptability  of  the  lights  for  occultations, 
one  of  the  distinctive  characteristics  used  for 
lighthouse  lights,  and  for  marking  special 
dangers  by  means  of  coloured  sectors.  As 
regards  occultations,  it  is  clear  that,  although 
with  the  electric  light  a simple  arrangement 
might  be  devised  of  breaking  contact  and 
renewing  it  at  certain  periodic  intervals,  it 
would  not  be  accomplished  without  some  risk 
to  the  steadiness  of  the  light,  and,  more- 
over, would  not  be  worth  while,  because 
the  generation  of  electricity  would  still  be 
going  on,  and  nothing  would  be  saved.  In 
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the  case  of  oil,  it  is  not  very  easy  to  turn  the 
light  up  and  down  to  produce  the  effect  of 
occultation.  If  it  were,  some  saving  in  oil 
consumption  might  perhaps  be  gained,  but  it 
would  be  very  small.  To  produce  occultation 
with  electric  and  oil  lights  it  is  therefore 
necessary  to  employ  a simple  mechanism,  by 
which  a cylindrical  screen  falls  and  eclipses 
the  light  for  the  requisite  period,  and  is  then 
drawn  up.  But  with  gas,  the  turning  off  and 
on  of  the  supply  is  sufficient  to  produce  occul- 
tation in  an  economical  and  effective  manner. 
This  is  certainly  a point  to  the  credit  of  the 
gas  system,  but  its  effective  application  is 
limited  to  fixed  lights,  for  it  is  questionable 
whether  this  kind  of  occultation  can  be  applied 
with  success  to  flashing  or  revolving  lights. 

For  coloured  sectors  it  is  necessary  that  the 
limiting  radii  should  be  as  sharply  defined  as 
possible,  that  mariners  may  know  immediately 
they  go  over  the  border  line.  With  large  flame 
lights,  the  border  lines  are  not  clearly  defined, 
but  instead  are  found  areas  of  uncertain  light 
of  varying  width.  With  the  electric  light  this 
width  is  only  a few  feet  at  a distance  of 
mile ; with  the  gas  light  at  full  power  it  is 
over  140  feet  at  the  same  distance  ; and  with 
the  oil  light  at  full  power  it  appears  to  be 
between  50  and  60  feet.  The  changing  of  the 
points  of  incandescence  in  the  carbons  causes 
the  electric  light  line  to  move  within  a range 
of  15  feet,  but  the  line  of  definition  is  always 
sharp.  The  width  of  the  uncertain  light 
increases  in  proportion  to  the  distance,  and  it 
is  consequently  of  importance  to  obtain  the 
sharpest  possible  definition  of  the  sector. 
Electric,  for  this,  is  certainly  the  best,  the  oil 
system,  with  6-wick  burners,  being  a good  deal 
better  than  the  gas  system  with  great  108  jet 
burners. 

Haze  and  Fog. — We  now  come  to  the  ques- 
tion of  haze  and  fog. 

The  gradations  of  atmospheric  transparency 
are  numerous,  and  it  is  between  such  extremes 
that  the  mariner  finds  powerful  lights  specially 
useful.  It  is  when  the  atmospheric  trans- 
parency is  impaired  more  or  less  that  these 
strong  lights  are  required.  It  is  very  difficult  to 
graduate  the  opacity  of  the  atmosphere,  but 
for  our  purpose  it  will  be  convenient  to  separate 
weather  which  in  a general  way  is  misty  or  hazy 
from  that  which  is  essentially  foggy. 

The  general  result  of  all  the  observations 
made  in  respect  of  haze,  show  iucontestably 
that  the  single  electric  light,  as  shown  from 
the  A tower,  greatly  excels  the  most  powerful 
superposed  gas  or  oil  light  in  penetrating 


power,  either  as  a fixed  or  revolving  light. 
Of  284  eye  observations  recorded  as  made  in 
weather  not  clear,  but  without  actual  fog,  the 
mean  per-centage  of  superiority  of  the  electric 
light  over  gas  is  about  36,  and  over  oil  41. 
These  per-centages  must  not  be  taken  literally, 
they  are  are  not  intended  to  convey  exact 
numerical  ratios,  but  are  founded  upon  the 
estimates  of  many  and  various  observers  at 
different  positions,  and  possibly  under  different 
conditions.  But  the  general  verdict  of  su- 
periority of  the  electric  light  in  such  condi- 
tions of  weather  is  plain  and  unmistakable. 
It  is  always  better  than  anything  else. 

As  regards  gas  and  oil,  231  observations  of 
quadriform  gas,  108  jets  revolving,  as  compared 
with  triform  oil  6 wicks  revolving,  made  at 
times  when  the  transparency  of  the  atmosphere 
was  impaired  by  mist,  haze,  rain,  or  snow, 
show  that  the  gas  light  has  a mean  per-centage 
of  superiority  of  5 *8  per  cent.  When  shown 
as  fixed  lights,  the  superiority  of  gas  over  oil  is 
increased  to  12-2  per  cent,  as  the  mean  of  72 
observations.  In  this  case  the  body  of  mis- 
cellaneous observers  give  their  verdict  that 
the  gas  light  is  better  than  the  oil  light. 
This  advantage  does  not  mean  that  the  re- 
volving gas  light  penetrates  to  a greater 
distance  than  the  revolving  oil  light,  but 
merely  that  at  the  points  of  observation,  near  or 
far  where  both  are  seen,  the  gas  light  is  re- 
garded as  better  than  the  oil  light.  But,  for 
all  practical  purposes,  the  oil  light  is  seen 
whenever  the  gas  light  is  seen,  although  it  is 
evident  that  the  gas  is  the  better  light  of  the 
two,  as  it  ought  to  be  with  its  four  lights 
against  three.  As  a fixed  light,  the  gas  cer^ 
tainly  has  the  best  of  the  oil.  The  four  closely 
packed  108-jet  gas  flames  showing  through 
their  closely-fitted  lenses,  yield  a column  cf 
light  very  superior  to  that  of  the  three  widely 
separated  6-wick  oil  lights.  As  exemplified 
at  South  Foreland,  the  oil  light  was  beaten  by 
the  fixed  gas  light.  But  without  stopping  to 
inquire  whether  a better  effect  could  have  been 
made  with  the  fixed  oil  light,  it  may  be  said 
that  fixed  lights  are  gradually  becoming  of 
less  importance,  owing  to  the  necessity  for 
providing  lights  with  distinctive  character- 
istics, for  condensing  the  rays  into  strong 
beams,  and  to  avoid  lighthouse  lights  being 
mistaken  for  anchor  or  other  lights  on  board 
vessels  at  sea. 

In  actual  fog  the  electric  , again  holds 
its  own.  The  experience  of  fogs  at  South 
Foreland,  though  not  large,  was  sufficient  to 
furnish  valuable  comparisons,  and  it  was 
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proved  beyond  question  that  the  single  electric 
light  pierced  a greater  depth  of  fog  than  the 
highest  powers  of  either  gas  or  oil.  The  quad- 
riform  gas  and  triform  oil  lights  were  prac- 
tically equal  in  fog,  though  some  observers 
occasionally  recorded  the  gas  as  a few  feet 
better.  But  in  such  fogs  the  mariner  would 
not  derive  the  slightest  advantage  from  any 
light.  The  recorded  distance  to  which  lights 
were  carried,  or  where  they  were  picked  up  in 
the  fog,  range  mostly  between  700  and  2,000 
feet  from  the  lights  themselves,  and  the 
superiority  of  the  electric  light  is  determined 
by  its  penetrating  200  or  300  feet  further  than 
the  gas  or  oil  lights.  The  most  powerful 
electric  light  was  shut  out  on  one  occasion  at 
1,450  feet,  on  another  at  1,500,  another  at 
1,700,  on  another  at  1,500,  another  at  1,300 
feet.  It  will  be  plain  to  all  here  that  no 
mariner  could  possibly  be  benefited  by  a light 
which  was  not  visible  at  such  distances  from 
the  lighthouse.  And  for  purposes  of  navi- 
g-ation  a difference  in  the  visibility  of 
the  lights  of  200  or  300  feet  is  of  no  value 
whatever.  One  remarkable  fact  stands  out 
prominently  here,  viz.,  the  greater  ratio  of 
absorption  by  the  fog  of  the  electric  rays  as 
compared  with  the  gas  and  oil  rays.  Fortu- 
nately for  the  electric  light,  as  shown  at  South 
Foreland,  it  possessed  a large  reserve  of 
Initial  intensity,  which  enabled  it,  notwith- 
standing its  much  greater  proportion  of  loss  by 
absorption  of  its  more  refrangible  rays,  to 
penetrate  further  than  the  other  illuminants. 
With  three  lights  of  equal  candle  power,  one 
•electric,  one  gas,  one  oil,  exhibited  in  a foggy 
atmosphere,  there  is  little  doubt  that  the 
electric  would  be  eclipsed  at  a much  shorter 
distance  than  the  others  ; but  as  the  electric 
beam  can  be  made  so  much  more  intense 
than  it  is  possible  to  make  the  gas  or  oil  beam, 
the  electric  light,  though  heavily  handicapped, 
heats  its  competitors  in  fog  by  the  super- 
abundance of  its  own  luminous  energy. 

Such,  then,  are  the  results  obtained  from  the 
testimony  of  eye  witnesses.  The  photometric 
measurements  entirely  corroborate  the  eye 
observations  as  to  the  superiority  of  the 
electric  light  in  all  weathers,  both  in  re- 
volving and  fixed  phase.  They  also  give  the 
io8-jet  gas  burner  a superiority  over  the 
h-wick  oil  burner,  when  both  were  shown 
through  similar  lenses;  and,takingthe  mean  of 
all  weathers,  the  former  is  credited  w'ith  an 
advantage  ol  16  per  cent  over  the  latter.  But 
it  is  important  to  note  Mr.  Harold  Dixon’s 
remarks  on  this  point.  He  says  “ this 


difference  in  illuminating  power  means  but 
slight  difference  in  penetrating  power.  In 
many  observations,  both  on  sea  and  land,  in 
haze  and  in  thick  fog,  the  quadriform  108-jet 
gas  light  was  picked  up  just  before,  but  only 
just  before,  the  triform  6-wick  oil  light ; in 
other  observations  the  two  lights  were  picked 
up  simultaneously.”  This  exactly  coincides 
with  the  evidence  of  the  eye-vutnesses,  and 
supports  the  belief  that  the  four  lights  in  the 
gas  lantern  just  managed  to  hold  their  own 
and  no  more  against  the  three  lights  in  the  oil 
lantern. 

The  Table  in  p.  433  gives  the  value  of  all 
the  burners  in  clear  weather.  The  results  are 
stated  for  a single  burner  in  each  case,  but  to 
obtain  the  value  of  quadriform  gas  or  triform 
oil,  it  is  only  necessary  to  multiply  by  four  or 
three. 

The  experiments  have  shown  clearly  that, 
light  for  light  i.e.  diameter  for  diameter,  gas 
and  oil  are  very  much  alike  in  illuminating 
power;  indeed,  under  such  conditions,  the  oil 
flame  seems  to  be  rather  the  better.  They  have 
also  shown  that  oil  lights  can  be  superposed 
with  the  same  facility  as  gas  lights,  and  can 
be  exhibited  under  similar  conditions,  with  one 
exception,  that  no  oil  flame  has  yet  been 
brought  to  the  enormous  size  of  the  108  jet 
burner.  But  as  this  enormous  size  of  flame  is 
not  required,  this  is  not  of  great  consequence. 
As  the  two  lights  were  shown  to  be  so  nearly 
equal,  the  questions  of  convenience  and  economy 
assumed  very  considerable  importance  in  con- 
nection with  their  relative  merits  as  lighthouse 
illuminants.  It  had  to  be  considered  that 
the  gas  system  could  not  be  taken  to  a rock 
lighthouse  or  used  on  board  a light  vessel, 
therefore  its  application  would  have  to  be 
limited  to  lighthouses  on  the  mainland.  The 
necessity  for  the  erection  of  gasworks,  gas- 
holders, mains  and  pipes,  &c.,  involved  a large 
expense,  all  of  which  might  be  justifiable  if 
the  advantage  to  be  gained  were  proportionate. 
But,  on  the  other  hand,  mineral  oil  was  found 
to  be  so  cheap,  so  easily  supplied  and  stored, 
and  so  easily  managed,  that  the  balance  of 
advantage  was  seen  to  be  distinctly  in  its 
favour.  Here  is  the  real  enemy  which  has 
beaten  the  gas  system.  As  I before  observed, 
the  arguments  employed  in  the  early  part  of 
this  discussion  to  demonstrate  the  economy  of 
the  gas  system  were  based  on  the  then 
prices  of  rape  seed  oil  at  4s.  q^d.,  3s.  lo^d., 
2s.  qd.  per  gallon,  but  times  are  changed; 
mineral  oil  has  now  replaced  the  high  priced 
rape  seed  oil,  and  is  supplied  at  6d  per  gallon. 
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Table  of  Photometric  Values. 


Dimensions  of  the  flame. 

Illuminating  power  in 

candles  (mean  results). 

Name  of  Burner. 

r w'eather. 

On  the 
burner. 

At  focal 
plane. 

Height. 

Naked 

flames. 

xurougu  lenscb  m ciua: 

Cylndr.belt. 

Eddystone. 

Mew  Island. 

6-wick  oil,  Douglass,  old  pattern  . 

inches. 

44 

inches. 

4l 

inches. 

5 

730 

fixed  light. 
5,000 

revolv.  light. 
64,000 

revolv.  lights 
48,000 

7-wick  oil,  Douglass,  new  pattern  . 

si 

4i 

6 

947 

8,100 

60,000 

49,000. 

8-wick  oil,  Douglass,  new  pattern  . 

5s 

^2 

1,400 

9-wick  oil,  Douglass,  new  pattern  . 

7i 

Si 

1,785 

6-ring  gas,  Douglass  (cannel) 

4I 

2i 

5 

825 

6,700 

92,000 

70,000- 

10  ring  gas,  Douglass  ,,  

7i 

5s 

2,500 

12,899 

105,000 

94,000, 

108-jet  gas,  Wigham  ,,  

i‘T 

III 

13* 

2,300 

15,600 

59,000 

88-jet  gas,  Wigham  ,,  

9i 

9i 

13* 

1,400 

13,000 

54,000. 

68-jet  gas,  Wigham  ,,  

7l 

ll 

13* 

990 

8,800 

48,000- 

48-jet  gas,  Wigham  ,,  

6 

6 

12* 

680 

5,700 

42,000- 

28-jet  gas,  Wigham  ,,  

44 

4l 

12* 

250 

3,000 

33,000 

Regenerative  gas,  Siemens  (cannel) 

10 

lO 

6 

600 

3,300 

10,000 

Regenerative  gas,  Siemens,  small  1 
size  (cannel) J 

4 

4 

4 

194 

... 

6 ring  gas,  Sugg  (cannel) 

ll 

72 

8'^ 

824 

5,600 

55,000 

Electric,  i machine  

\ 

10,000 

120,000 

Cylndr.  belt 
with  vertical 
prisms, 
revolv.  light 

1,250,000 

Electric,  2 machine  

15,000 

150,000 

1,500,000 

* to  5 inches  of  these  heights  are  naked  flames,  the  remainder  is  surrounded  by  a transparent  talc  chimney. 


It  is  this  fact  which  has  demolished  all 
elaborate  computations  to  prove  the  economy 
of  gas.  Notwithstanding  Mr.  Wigham’s 
great  ingenuity  and  perseverance,  circum- 
stances over  which  he  has  no  control  have 
vanquished  him  ; and  if  at  any  time  Mr. 
Wigham  can  bring  down  the  price  of  coal-gas 
so  that  the  light  is  less  costly  than  that  of 
mineral  oil,  he  may  reasonably  expect  that  oil 
will  then  have  to  take  a back  seat.  But  that 
time  is  not  yet. 

The  whole  result  may  be  approximately 
stated  as  follows  : — For  expenditure  of  raw 
material  only,  without  reference  to  plant, 
labour,  &:c.,  a six-wick  mineral  oil  lamp  burn- 
ing for  six  hours  would  consume  four  gallons  | 
of  oil  at  6d.rr2s.,  or,  say,  3s.  including  wicks, 
cylinders,  &:c.  A 108-jet  burner  alight  for  the 
same  period  would  consume  1,800  cubic  feet  of 
gas,  at  a cost  of  not  less  than  los.  for  coal 
alone.  Taking  all  these  considerations  into 
account,  it  will  not  be  surprising  to  this 
audience  to  hear  that  the  final  conclusion  of 
the  Committee  was  : — 

“ That  for  ordinary  necessities  of  lighthouse  illumi- 
nation, mineral  oil  is  the  most  suitable  and  economical 
illuminant,  and  that  for  salient  headlands,  important 
landfalls,  and  places  where  a very  powerful  light  is 
required,  electricity  offers  the  greatest  advantages.” 


DISCUSSION. 

The  Chairman,  in  opening  the  discussion,  pointed 
out  the  thorough  manner  in  which  the  testing  of  the 
lights  in  the  experiments  spoken  of  had  been  carried 
out  over  long  intervals  of  time,  and  under  a variety  af 
circumstances.  No  doubt,  therefore,  could  attach  to  the 
conclusions  arrived  at.  From  a practical  point  of  view, 
one  of  the  most  interesting  results  was  the  short 
distance  penetrated  by  the  most  powerful  lights,  and 
it  seemed  that  a doubling  or  trebling  of  the  lights  in. 
many  cases  very  little  increased  their  power  of  pene- 
tration through  fog.  Perhaps,  after  all,  that  wa&. 
what  might  have  been  expected,  fur  when  powerful 
lights  of  many  thousand  candles  were  entirely 
quenched  at  the  distance  of  a few  thousand  feet,  it. 
was  evident  that  in  every  few  hundred  feet  of  thab 
distance  the  lights  must  be  diminished  inconsiderable: 
proportion.  Further  particulars  as  to  the  less  pene- 
trating power  of  the  electric  light  as  compared  witL 
oil  or  gas  would  be  interesting.  To  a certain  extent 
people  were  misled  by  ordinary  London  experience 
of  fogs.  It  was  a matter  of  common  observation  in 
London,  a few  years  ago,  when  the  electric  lights  were 
burning  on  the  embankment,  that  at  a very  moderate 
distance  they  seemed  to  be  almost  as  red  as  the  ga& 
lights  burning  beside  them,  but  that  effect  was  more 
likely  to  be  produced  by  the  London  smoke  rather  than 
by  what  could  be  properly  called  fog.  When  the  sun 
at  midday  is  shining  through  a bank  of  cloud  which 
allows  its  outline  to  be  visible,  it  is  seen  not  altered 
in  colour,  but  in  its  original  whiteness.  At  sunset,. 
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it  was  true,  when  the  sun  shines  through  a lower 
stratum  of  the  atmosphere,  a red  colour  is  perceptible, 
but  that  appearance  could  not  properly  be  attributed 
to  fog  or  cloud,  otherwise  the  same  effect  would  be 
observed  when  the  sun  was  high  in  the  heavens, 
and  its  rays  had  to  pass  through  a mile,  or  a mile 
and  a-half  of  cloud.  A little  more  than  a year  ago 
he  had  himself  witnessed  the  experiments  with  these 
lights,  and  had  spent  a very  interesting  night  walk- 
ing between  the  huts  spoken  of,  placed  at  various 
distances  from  them,  and  in  observing  the  effects  of 
the  lights,  and  the  careful  arrangements  made 
with  reference  to  photometry.  As  to  the  com- 
parison of  the  effect  of  lights  of  different 
colours,  he  saw  the  star-disc  arrangement  spoken  of 
in  the  paper,  and  had  verified  the  possibility  of 
taking  very  accurate  observations  in  spite  of  differ- 
ence in  colour  between  the  electric  and  gas  and  oil 
lights.  Within  the  last  week  Captain  Abney  and 
General  Festing  had  brought  before  the  Royal 
Society  a very  interesting  account  of  some  elabo- 
rate observations  which  had  been  made  upon 
this  very  subject  of  the  photometry  of  different 
coloured  lights,  and  they  had  proved  (rather  to  the 
surprise  of  many)  that  it  was  possible  to  make  com- 
parisons between  lights  of  very  various  colours, 
between  white  light  and  the  green,  or  red  lights 
and  the  spectrum,  almost  as  accurately  (Captain 
Abney  said,  within  i or  2 per  cent.)  as  could  be 
done  between  lights  of  absolutely  the  same  colour. 
In  estimating  the  rapidity  of  the  alternation  of  the 
currents,  Mr.  Edwards  appeared  to  have  multiplied 
the  number  of  coils  by  the  number  of  revolutions, 
assuming  that  each  coil  sent  a distinct  pulse.  He 
thought  the  arrangement  was  such  that  each  passage 
of  the  coils  in  front  of  the  magnet  gave  one  pulse, 
so  that  the  number  of  coils  should  not  be  multiplied 
by  the  number  of  revolutions  to  obtain  the  number 
of  pulses.  He  scarcely  thought  that  the  number 
of  pulses  could  be  so  many  as  over  a million  in  a 
minute,  as  had  been  stated,  but  some  of  the  gentle- 
men present  would  probably  be  able  to  speak  upon 
that  point. 

Professor  W.  G.  Adams,  F.R.S.,  said  that,  from 
his  own  personal  observations  and  measurements,  he 
could  bear  Mr.  Edwards  out  in  many  of  the  remarks 
which  he  made  with  regard  to  the  relative  illuminating 
powers  of  gas  and  oil,  and  of  the  electric  light,  under 
the  arrangements  for  their  comparison  which  were 
made  at  the  South  Foreland.  As  regards  the  com- 
parison of  oil  and  gas,  he  thought  Mr.  Edwards  had 
given  a full  and  fair  account  of  their  relative  merits, 
and  had  drawn  just  conclusions  on  them.  He  would 
strongly  emphasize  the  praise  of  the  Douglass  6 
and  lo-ring  gas-burners,  for  he  felt  sure  that  all 
who  had  had  the  opportunity  of  judging  must  be 
of  opinion  that  for  the  compactness  of  the  burner, 
the  concentration  and  steadiness  of  the  flame,  and 
for  the  remarkable  economy  of  gas,  these  Douglass 
gas-burners  far  surpassed  any  other  gas-burner  which 


had  ever  been  tried  for  lighthouse  work.  The  6-ring 
burner,  inches  in  diameter,  gives  the  light  of 
108-jet  gas,  ii^  inches  in  diameter,  and  only  con- 
sumes one-third  of  the  amount  of  gas  consumed  by 
the  108-jet  burner.  The  lo-ring  Douglass  gas-burner, 
inches  in  diameter,  gives  60  per  cent,  better  light, 
and  only  consumes  two-thirds  of  the  gas  of  the 
Wigham  108-jet  burner.  The  relative  smallness  of 
these  flames  is  of  great  importance  in  their  use  behind 
a lighthouse  lens.  And  here  he  would  draw  attention 
to  a fallacy  which  seemed  to  exist  in  certain  quarters, 
and  from  which  Mr.  Edwards  did  not  seem  to  be 
quite  free,  but  which  had  been  fully  proved  to  be  a 
fallacy  by  the  experiments  at  the  South  Foreland. 
It  is  assumed  that  a second  order  lens,  or  even  a 
third  or  a fourth  order  lens,  is  quite  large  enough  for 
a source  of  light  of  small  size  like  the  electric  fight. 
The  results,  as  given  by  Mr.  Edwards,  have  shown  that 
if  the  object  was  to  prove  the  superiority  of  the  electric 
fight  over  any  other  fight  for  lighthouse  use,  then  the 
second  order  lens  was  quite  sufficient  to  show  this  supe- 
riority under  any  conditions  of  weather.  As  long  as  oil 
and  gas  flames  were  of  moderate  size,  say  four  inches 
in  diameter,  second  order  lenses  did  fairly  well ; but 
when  flames  6 or  8 inches  in  diameter  came  into  use, 
there  was  found  to  be  little  or  no  increase  in  the  fight, 
and  so  the  lenses  too  must  grow,  and  we  must  have 
Fresnel’s  first-order  lenses.  Then,  again,  the  flame 
grows  to  10  or  ii  inches,  and  even  first-order  lenses 
give  very  little  increase  over  smaller  flames,  as  shown 
by  comparison  of  Wigham  88-jet  and  108-jet  gas  in 
Mr.  Edwards’  table ; and  so  it  becomes  necessary  to 
construct  a lens,  as  Mr.  Stevenson  has  done,  which 
considerably  exceeds  in  size  what  has  hitherto  been 
called  “ the  first-order  lens.”  The  experiments  at  the 
South  Foreland  have  shown,  and  ISIr.  Edwards’ 
table  proves  it,  that  lights  concentrated  into  a smaller 
focus,  and  especially  electric  lights,  gain  more  than 
any  others  by  the  use  of  larger  lenses.  Compare 
the  Douglass  6- wick  oil  (730  candles),  the  Wigham 
68-jet  gas  (990),  and  the  Douglass  6-ring  gas  (825), 
when  used  behind  the  same  Mew  Island  lens. 
Much  more  is  this  the  case  with  the  electric  fight. 
Had  Mr.  Edwards  completed  his  table,  and  given  the 
illuminating  power  of  the  electric  light  through  the 
Mew  Island  lens,  as  given  in  his  (Professor  Adams’s) 
report,  the  numbers  15,000,000  and  18,000,000  would 
have  been  seen  in  the  last  columns  of  that  table  as 
compared  with  59,000  for  the  108-jet  gas.  The 
multiplying  power  of  the  lens  for  the  electric  light 
would  have  been  1,500,  whereas  for  the  108-jet  gas 
it  is  only  25,  and  about  38  for  the  Douglass  lo-ring 
gas.  It  will  be  seen  that,  with  the  cylindrical  belt 
with  vertical  prisms,  the  multiplying  power  for 
electric  fight  is  125,  and  for  the  Mew  Island 
lens  it  is  twelve  times  as  great,  or  1,500- 
For  the  adequate  comparisons  of  the  electric  fight 
with  other  systems  of  lighthouse  fighting,  it  is 
essential  that  the  same  lenses  should  be  used,  and 
for  this  as  well  as  for  some  other  reasons,  we  must 
look  upon  the  results  of  the  South  Foreland  expeii- 
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merits  as  only  showing  that  the  electric  light  is 
superior  to  every  other  light,  but  not  by  any  means 
as  showing  what  the  electric  light  is  capable  of 
doing.  His  (Professor  Adams’s)  report  showed  that 
much  more  has  been  done,  and  that  under  favourable 
conditions  far  more  of  the  electric  energy  can  be  con- 
verted into  light-giving  rays.  The  merits  of  the 
electric  light  as  a lighthouse  illuminant  cannot,  as  his 
report  showed,  be  arrived  at  simply  by  the  results  as 
shown  from  the  A tower  at  the  South  Foreland, 
without  taking  into  account  the  loss  of  energy  to 
w’hich  ]Mr.  Edwards  had  alluded,  and  wFich  would 
not  exist  in  any  permanent  installation.  With  regard 
to  these  experiments,  he  (Professor  Adams)  had  been 
asked  by  practical  men  how  it  is  that  so  little  light  as 
10,000  or  12,000  candles  is  obtained  from  the  expen- 
diture of  so  much  energ}’,  wFen  we  get  more  efficiency 
and  far  more  effective  work  from  our  dynamo 
machines.  To  some  extent  this  is  true,  and  may 
easily  be  accounted  for.  A machine  does  most  effective 
work  when  the  external  resistance  of  the  circuit 
is  not  greater  than  the  internal  resistance  of 
the  machine ; now  in  this  case  the  internal  resist- 
ance of  the  De  Meritens  machine  is  *05  ohms,  and 
the  resistance  of  the  leading  wires  to  the  tower  (to 
say  nothing  of  the  lamp  and  the  electric  arc)  is  ’077 
ohms,  or  more  than  half  as  much  again.  Hence  it 
will  be  evident  t©  all  practical  men  that  these  excellent 
De  Meritens  machines  can  do  far  more  than  has 
hitherto  been  done  with  them.  Whereas  the  light  m 
the  A tower  is  given  by  a current  of  100  amperes,  or 
at  most  130  amperes,  the  machine  has  given  a current 
of  420  amperes  when  the  electric  lamp  was  not  far 
away  from  the  De  Meritens  machine.  With  regard 
to  the  apology  of  Mr.  Edwards,  or  the  reason  he 
alleges  why  the  electric  light  has  not  been  used  in 
England,  although  it  has  been  received  more  favour- 
ably in  France  (on  the  French  coast  there  are  42 
electric  lights),  he  would  ask  if  the  mariners  ever 
object  to  the  dazzling  brightness  of  the  sun,  and  if  the 
electric  light  does  not  more  nearly  resemble  brilliant 
moonlight  t ]Mr.  Edwards  said  the  electric  light  was 
removed  from  Dungeness,  because  mariners  disliked 
it,  but  he  (Professor  Adams)  had  shown  in  his 
lecture  at  Aberdeen,  before  the  British  Association, 
what  mariners  thought  of  the  electric  light  of  the 
South  Foreland  when  it  was  first  established  there  ; 
he  quoted  from  a work  of  M.  Petit,  translated 
by  Mr.  Edwards.  :M.  Petit  says “ The  advantages 
of  the  system  have  been  highly  appreciated  by 
mariners,  and  the  increase  of  range  of  the  lights  has 
been  very  marked  in  slightly  foggy  weather.  It  cer- 
tainly enables  mariners  to  continue  their  voyage,  and 
to  enter  a port  at  night,  when  they  would  not  have 
been  able  to  do  so  with  oil  lights.”  M.  Petit  for 
many  years  w'as  Commander  of  a steamer  on  the 
postal  service  from  Ostend  to  Dover.  To  M.  Petit’s 
paper,  and  to  his  (Professor  Adams)  report  to  the 
Trinity-house,  as  well  as  to  his  lecture  at  Aberdeen, 
he  must  refer  for  proof  that  the  step  from  oil  lights  of 
1870  to  electric  light  of  1884  represents  an  improve- 


ment in  the  proportion  of  from  30  per  cent,  to 
90  per  cent,  in  lighthouse  illumination,  and  that 
the  number  of  nights  on  which  the  electric  light 
is  seen  20  miles  away  is  about  90  in  every  100. 
On  a few  very  thick  nights  an  increase  of  lOO-fold 
in  the  source  of  light,  whether  it  be  electricity, 
gas,  or  oil,  will  hardly  increase  the  distance  to 
which  the  light  is  seen  by  100  yards.  He 
thought  Mr.  Edwards  must  have  made  a mistake 
in  his  description  of  the  mode  of  coupling  the 
machines.  The  two  machines  coupled  parallel  have 
an  E.M.F.  of  60  volts,  and  a current  of  176  amperes, 
and  the  two  machines  in  series  are  said  to  be  also  of 
60  volts,  and  a current  very  nearly  the  same  ; these 
values  seem  to  show  that  in  this  case  the  coupling  must 
have  been  also  parallel,  probably  the  opposite  poles  of 
the  magneto  machines  were  connected.  He  was  glad 
to  hear  Mr.  Edwards  state  that  the  electric  light  can 
generally  be  maintained  with  a fair  amount  of 
steadiness,  and  that  the  fluctuations  have  not  been 
very  serious,  but  I think  no  friend  to  electric  lighting 
can  ever  hold  with  him  that  its  unsteadiness  may  be 
advantageous.  As  regards  the  size  of  lenses  used  in 
the  A tower,  they  extended  only  over  30^^  of  arc,  bring- 
ing the  bundle  of  rays  into  a parallel  beam,  whereas 
the  Mew  Island  lenses  in  the  B tower  extended 
over  60°  of  arc,  both  horizontally  and  vertically. 
With  regard  to  the  greater  absorption  of  the  electric 
beam  by  the  atmosphere,  the  experiments  with  steam 
fogs  had  shown  that  it  was  by  no  means  so  great 
as  was  previously  supposed.  The  illumination 
given  by  the  blue  and  violet  rays  is  very  small, 
and  even  if  they  were  absorbed,  the  total  light 
would  not  be  thereby  very  much  reduced.  The 
experiments  at  the  South  Foreland  have  shown 
that,  using  the  large  Mew  Island  lens,  with  the 
108-jet  gas  of  2,400  candles,  and  the  electric  light  of 
12,000  candles  with  the  smalleiTens,  the  electric  light 
in  clear  weather  was  at  least  sixteen  times  as  bright, 
and  in  foggy  weather  was  about  thirteen  times  as 
bright  as  the  gas  light,  the  excess  of  absorption 
for  the  electric  light  being  about  20  per  cent,  more 
in  foggy  than  in  clear  weather.  Had  the  same 
lenses  been  used  for  both  electric  light  and  gas, 
the  illumination  given  by  the  electric  light  would 
have  been  from  150  to  200  times  the  light  from  gas. 

Professor C.  Vernon  Harcourt,  F.R.S.,  said  one 
of  the  points  of  most  general  importance  was  that  raised 
by  the  Chairman  as  to  the  relative  absorption  of  the 
electric  and  of  other  lights  by  the  atmosphere  in  a 
certain  condition.  It  might  be  that  one  of  the 
causes  why  the  electric  light  was  credited  with 
suffering  more  by  atmospheric  absorption  was  that 
so  many  observations  were  made  in  London,  and 
that  London  fog  differed  perceptibly  from  such  haze 
and  mist  as  was  met  with  at  sea  ; and  it  might  differ 
in  respect  of  possessing  this  selective  absorption  in 
much  greater  degree  than  when  the  air  was  simply 
obscured  by  suspended  particles  of  water.  When 
there  was  rain  falling,  or  there  was  a wet  fog,  such 
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as  was  met  with  sometimes  on  ascending  a mountain, 
the  obstruction  to  the  light  was  suffered  equally 
by  light  of  all  degrees  of  refrangibility,  and  it 
might  be  that  when  the  water  was  more  finely 
divided,  as  in  a haze,  that  this  selective  absorption 
occurred  where  the  size  of  the  globules  was  com- 
parable with  the  wave-length.  He  was  glad  to  hear 
Professor  Adams’s  remarks  as  to  the  degree  to 
which  absorption  reached.  Becquerel  stated  that  for 
solar  light  the  rays  from  blue  to  violet  were  14  per 
cent,  of  the  whole  ; but  it  had  been  stated  that  the 
proportion  of  these  rays  was  greater  in  the  electric 
light  than  in  the  solar  light ; and  perhaps  in  that 
case  the  total  absorbed  in  this  selective  way  might  be 
more  than  14  per  cent.  It  was  very  important  to 
have  some  such  limit  fixed  to  the  possible  loss  of 
light  in  this  way.  It  was  also  important  to  under- 
stand that  the  way  in  which  the  atmospheric  absorp- 
tion acted  was,  as  Professor  Adams  had  described’ 
that  each  stratum  of  thick  air  which  the  light  passed 
through,  cut  off  a certain  fraction,  and  that  the 
same  abstraction  happened  to  all  light  of  the 
same  colour,  and  was  of  such  a character  that 
there  might  be  a great  disproportion  between 
the  increase  which  might  be  produced  in  the  light 
and  the  cone  of  rays  which  was  the  consequence 
of  that  increase.  If  the  fog  were  such  that  one  of 
Mr.  Wigham’s  single  lights  were  extinguished  at  two 
miles,  the  quadriform  light  would  only  extend  to 
2*1  mile,  or  something  like  that.  Sometimes  expres- 
sions were  used  as  if  it  were  possible  to  produce  a 
light  of  such  a kind  that  it  would  go  clean  through  a 
fog,  but  that  was  quite  impossible.  It  was  not  like 
an  engine  cutting  through  a snow  drift,  which  might 
be  too  thick  for  one  engine,  or  even  two,  to  get 
through,  but  by  putting  on  three  or  four  they  might 
force  their  way  right  through  into  the  clear  space 
beyond.  That  could  not  happen  at  all  in  any  homo- 
geneous haze,  but  something  like  it  might  happen  in 
exceptional  cases  where  the  haze  was  limited  in  extent, 
so  that  the  weaker  light  might,  perhaps,  just  get 
through ; then  a more  powerful  light  might  go  through 
and  travel  on,  and  in  that  way  might  appear  to  have 
twice  the  range  of  the  weaker  light.  It  had  struck  him 
several  times,  in  witnessing  these  experiments,  that 
the  electric  light  was  tried  under  less  favourable  cir- 
cumstances than  any  of  the  others,  the  only  reason 
he  could  suppose  being  that  those  who  were  already 
experienced  in  it.  felt  perfectly  sure  that,  tried  in  any 
way,  it  would  prove  the  most  powerful  light.  There 
were  smaller  lenses,  there  was  the  imperfection  in  the 
long  leads,  and  one  or  two  other  circumstances ; for 
instance,  it  would  have  been  possible  to  work  one  of 
the  arc  lights  with  the  whole  Fresnel  arrangement, 
as  there  was  no  heat  given  off  by  the  arc,  though 
with  gas  or  oil  flames  that  would  not  be  possible ; 
but  the  suppression  of  part  of  the  Fresnel  arrange- 
ment cut  off  some  30  per  cent,  of  the  available  light. 

Mr.  Harold  Dixon  remaiked  that  the  Chair- 
man, who  was  one  of  the  greatest  living  authori- 


ties on  light  and  colour,  seemed  to  intimate  that 
the  red  appearance  of  the  sun  at  sunset  was  due 
to  the  character  of  the  London  atmosphere,  and  that 
a simple  cloud  did  not  produce  that  change  of  colour. 
But  they  all  knew  that  a sunset  at  sea  had  a red 
tinge,  so  that  he  did  not  think  London  fog  could  be 
the  only  element  in  the  change  ; it  might  be  in  the 
different  sizes  of  the  globules  of  water.  He  should 
like  to  ask  if  comparatively  large  globules  of  water 
suspended  in  the  air  would  act  equally  on  all 
kinds  of  light ; and  would  very  finely  divided 
particles  of  water  act  selectively,  or  must  there 
be  some  solid  particles  present.  He  begged  to  thank 
Mr.  Price  Edwards  for  the  great  kindness  and  tact 
he  had  shown  in  conducting  the  experiments  at  the 
South  Foreland,  where  he  must  have  sometimes 
found  it  a difficult  task  to  reconcile  his  duties  to  the 
Elder  Brethren  with  the  requirements  *f  the  scientific 
gentlemen. 

Mr.  Henry  Wigham  said  he  had  listened  to  the 
paper  with  great  interest,  having  been  associated  with 
the  experiments  from  the  beginning,  and  also  with  all 
his  brother’s  investigations,  and  he  might  be  allowed 
to  mention  one  or  two  points  in  which  his  brother 
took  exception  to  the  report  of  the  Trinity-house. 
As  Mr.  Edwards  had  said,  he  wished  to  show  his 
double  quadriform  lamp,  but  that  was  objected  to  on 
two  grounds  ; one  being  that  it  had  not  been  used  in 
any  lighthouse  up  to  that  time ; but  they  allowed 
the  electric  light  to  be  shown  in  a more  powerful 
form  than  it  ever  had  been  shown  in  any  lighthouse  ; 
and  the  same  remark  applied,  he  believed,  to  Sir 
James  Douglass’s  6-ring  gas-burners  with  cylinders. 
Another  objection  to  the  double  quadriform  gas  lamp 
was  that  it  might  crack  the  lenses  from  the  heat. 
The  reason  \vhy  the  Irish  Lights  Commissioners 
withdrew  from  the  investigation  on  the  former  occa- 
sion was  because  his  brother  was  not  allowed  to  use 
his  double  quadriform  lamp  ; but  it  had  been  tried 
since  the  experiments  at  the  Foreland  were  com- 
pleted at  the  Howth  Bailey  lighthouse,  as  was 
witnessed  by  the  Commissioners,  by  Mr.  Howard 
Grubb,  and  by  Professor  Barrett,  and  the  result  was 
to  practically  double  the  light.  The  result  of  the 
Trinity-house  experiments  was  that  gas  and  oil  were 
about  equal,  and  that  the  electric  light  was  more 
powerful  than  gas,  but  if  his  brother  had  been 
allowed  to  show  his  more  powerful  light  the  result 
might  have  been  altogether  different. 

Mr.  Inglis  thought  the  correspondence  on  the  sub- 
ject proved  that  the  real  reason  why  Mr.  Wigham  was 
not  permitted  to  show  his  double  quadriform  lamp 
was  the  danger  which  was  apprehended  from  a double 
furnace,  so  to  speak,  in  a lantern,  which  had  already 
been  raised  by  a single  one  to  370®  Fahr.  It  was 
also  thought  that  the  experiment  was  not  worth  try- 
ing, because  they  had  already  learned  from  Mr. 
Harold  Dixon’s  investigations  that  multiplying  lamps 
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meant  multiplying  power,  and,  therefore,  there  was  no 
need  to  try  the  experiment  and  run  the  risk  of  break- 
ing the  lenses.  They  might  also  have  said  that  what 
•could  be  done  by  gas  could  be  imitated  in  oil,  and 
the  result  would  be  practically  the  same,  and,  there- 
fore, for  all  practical  purposes,  the  test  had  been 
carried  far  enough.  The  lighthouse  administration 
in  England,  Scotland,  and  Ireland,  were  quite  agreed 
that  gas  was  a verj'  convenient  method  of  illumi- 
nating, but  it  was  more  expensive  than  oil,  and  they 
were  bound  to  choose  the  cheaper  illuminant  in  the 
interest  of  those  who  had  to  pay  for  it. 

]\Ir.  Crompton  said  that  if  it  were  true,  as  Mr. 
Wigham  had  said,  that  a much  better  light  could 
have  been  given  with  gas  had  the  double  quadriform 
lamp  been  used,  it  was  undoubtedly  true  that  a much 
better  light  could  have  been  given  by  electricity. 
The  whole  electric  apparatus  was  antiquated,  and 
electric  engineers  could  hardly  understand  why 
it  was  shown.  The  figures  given  by  Professor 
Adams  in  his  report  showed  that  they  generally 
got  from  to  2 candles  per  watt,  whereas  in 
ordinary  commercial  arc  lighting  they  got  4^.  Pro- 
fessor Adams  had  explained  some  of  the  reasons 
for  this  enormous  difference,  but  not  enough  to 
account  for  more  than  a small  per-centage  of  it. 
He  took  it  from  experience  in  connection  with  military 
and  naval  search  lights,  that  the  loss  was  mainly  in 
the  electric  light  being  smothered  between  the 
enormous  carbons  which  were  used.  For  military 
and  naval  lights  they  got  over  that  by  throwing  the 
light  in  one  direction,  and  having  one  carbon  larger 
than  the  other  they  were  able  to  get  a glowing  disc  — 
a light  crater — on  the  positive  carbon.  Then  the 
question  arose,  would  a light  all  in  one  direction 
do  for  this  purpose  Well,  for  revolving  lights 

it  was  the  very*  thing  ; for  an  all  round  fixed 
light  the  difficulty  of  managing  it  was  increased, 
but  it  could  be  overcome.  Some  makers  in  America, 
and  others  in  England,  were  getting  extraordinarily 
steady  current  light  from  a surface  of  glowing  carbon 
by  means  of  multiform  negative  poles.  It  had  never 
been  considered  worth  while  to  work  that  out,  be- 
cause the  Trinity-house  so  far  had  been  content  with 
the  De  Meritens  magneto-electric  current  machine 
and  the  Berger  lamp,  both  of  which  were  obsolete. 
He  had  gone  carefully  into  the  figures  of  the  report, 
which  he  thought  were  hardly  fair  to  the  electric 
light,  as  they  were  taken  on  the  supposition  that  an 
enormous  electric  light,  twenty  times  as  strong  as  that 
of  the  108-ring  gas  jet,  should  be  used  at  all  times. 
The  electric  light  was  as  capable  of  being  used  for  a 
small  light  as  a big  one,  and  if  arranged  so  as  to  give 
sufficient  light  for  ordinary  fair  weather,  the  cost  of 
coal,  carbons,  and  attendance  would  be  enormously  re- 
duced, and  instead  of  the  electric  light  being  shown  as 
rather  dearer  than  gas,  and  about  two  and  a half  times 
as  dear  as  oil,  it  might  be  brought  down  to  about 
one-and-a-half  times  the  cost  of  oil.  The  Liverpool 
Conservancy  Board  had  been  persuaded  to  adopt  it 


in  their  lightships,  and  they  were  now  arranging  for 
it  in  a new  lightship  to  be  built.  There,  instead  of 
using  the  dioptric  principle,  they  were  going  back 
to  the  older  catoptric  system  with  parabolic  re- 
flectors. There  would  be  four  lights  in  each  lantern, 
two  burning  at  a time,  and  each  giving  a pencil  of 
light,  approximately  30”  open,  opposite  to  one 
another,  and  revolving  twice  in  a minute. 

Mr.  Price  Edwards,  in  reply,  after  thanking 
Messrs.  Adams,  Dixon,  and  Vernon  Harcourt  for 
their  remarks,  said  he  thought  IMr.  Wigham  was 
under  a little  misapprehension  with  regard  to  the 
Irish  Commissioners  retiring  from  the  former  com- 
mittee because  the  double  quadriform  light  was  not 
tried ; that  was  not  specifically  stated,  but  there  was  a 
resolution  passed  in  general  terms  with  reference  to 
Mr.  Wigham  showing  the  best  he  could.  He  had 
been  informed  that  Mr.  Wigham  exhibited  the  double 
quadriform  lamp  at  Howth  Bailey  at  his  own  expense, 
that  the  Irish  Commissioners  did  not  see  it  officially, 
but  as  a matter  of  curiosity  from  the  other  side  of  the 
water,  and  there  were  no  particulars  of  the  ventilating 
arrangements.  With  regard  to  Mr.  Allard’s  figures, 
he  believed  that  since  the  termination  of  the  expe- 
riments he  had  been  describing,  the  French  authorities 
were  holding  their  hands  a little,  and  were  more  in- 
clined to  continue  the  use  of  oil. 

The  Chairman,  in  reply  to  Mr.  Dixon,  said  he 
did  not  intend  to  draw  any  great  distinction  between 
the  atmosphere  of  London  and  elsewhere  in  its  effect 
on  the  setting  sun,  except  in  regard  to  quantity. 
Wherever  the  atmosphere  was  full  of  small  floating 
particles,  such  as  pollen  (and  chloride  of  sodium  they 
knew  was  always  present)  those  particles  would 
exercise  a light  disturbing  effect.  When  the  particles 
were  of  transparent  matter,  in  size  a large  multiple 
of  the  wave-length  of  light,  they  would  exercise  no 
selective  action ; through  a cloud  of  particles  of  the 
magnitude  of  i-iooo  inch,  or  40  wave-lengths,  the 
sun’s  light  was  of  much  the  same  quality  as 
without  it.  But  when  the  particles  were  very  much 
smaller,  the  case  was  very  different.  The  scattering 
power  of  the  small  particles  varied  inversely  as  the 
fourth  power  of  the  wave-length,  and,  therefore, 
would  be  much  greater  at  the  blue  than  the  red  end 
of  the  spectrum,  varying  continuously  all  the  way 
down.  If  the  blue  light  were  scattered  laterally 
more  than  the  red,  it  could  only  be  at  the  ex- 
pense of  the  transmitted  light,  so  that  as  the  light 
passed  through  a greater  thickness  of  such  a stratum 
it  reddened  more  and  more.  But  this  was  not  a case 
of  extinction,  but  of  diversion ; in  some  cases  it  might 
happen  that  the  light  originally  diverted  came  back 
again  to  the  eye  ; because  the  blue  light  scattered 
laterally  might  be  scattered  laterally  again,  and 
thus  come  out  in  the  original  direction  ; and  thus 
the  excessive  redness  of  the  light  directly  transmitted 
would  be  compensated  by  the  excessive  blueness 
of  some  of  the  light  which  reached  the  eye  after 
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being  scattered.  In  the  paper  by  Captain  Abney 
and  General  Festing,  this  law  had  been  experimentally 
verified,  which  was  a matter  of  great  interest  to  him, 
as  it  formed  the  subject  of  one  of  the  first  papers  he 
published  nearly  twenty  years  ago.  They  found  that 
the  light  transmitted  by  a turbid  medium,  a fine 
precipitate  of  mastic  in  water,  followed  very  closely 
the  theoretical  law  derived  from  the  principle  he  had 
just  stated.  He  concluded  by  moving  a vote  of  thanks 
to  Mr.  Price  Edwards  for  his  paper. 

The  vote  of  thanks  was  carried  unanimously,  and 
the  meeting  adjourned. 

Mr.  J.  N.  Shoolbred  writes: — “It  will  proba- 
bly be  of  interest,  taken  in  connection  with  Mr.  Price 
Edwards’s  account  of  the  experiments  at  the  South 
Foreland,  if  I give  a few  particulars  as  to  some  of 
the  lighthouses  illuminated  by  electricity  on  the 
French  coasts,  which  are  given  mainly  on  the 
authority  of  M.  E.  Allard,  the  Engineer-in-Chief  of 
the  Lighthouse  &c.  service  in  France — a position 
corresponding  to  that  of  Sir  James  N.  Douglass  in 
this  country. 

“ These  statements  are  rendered  more  interesting 
from  the  fact  that  the  electric  machines  now  in  favour 
with  the  French  lighthouse  authorities  are  De  Meritens 
magneto  machines,  of  almost  precisely  the  same 
type  as  used  at  the  South  Foreland,  while  the 
earlier  French  magneto  machines,  known  as  the 
‘Alliance,’  are  almost  identical  with  those  used  here 
under  the  name  of  ‘ Holmes,’  Professor  F.  H. 
Holmes  having  had  (as  stated  by  himself  to  me) 
much  to  do  in  1853  with  the  transformation  of  the 
original  Nollet  machine  (made  in  1849,  being  the  first 
electric  machine  of  sufficient  size  to  require  the  aid 
of  a steam-engine)  into  the  ‘ Alliance  ’ machine  of 
the  French  lighthouses. 

“ Thus  the  lighthouse  authorities  on  both  sides  of 
the  Channel  have  used  practically  the  same  electric 
machines,  both  in  their  earlier  use  of  this  illuminant, 
also  in  their  present  arrangements,  with  a more  ex- 
tended knowledge  of,  and  experience  in,  electric 
lighting.  In  all  cases  it  will  be  noted  how  they 
adhered  to  magneto-electric  machines  in  preference 
to  dynamo- elec  trie  ones,  despite  of  the  inferior  results 
of  the  former,  as  stated  by  Mr.  Crompton.  Not 
that  dynamo  machines,  with  the  current  continuous 
in  one  direction,  have  not  been  used  in  lighthouse 
illumination.  The  Siemens  machines  here  (and  I i 
believe  those  of  Gramme  construction  in  France) 
were  both  tried  for  some  time.  But  they  were  found 
to  be  liable  to  much  more  frequent  interruptions  in 
the  lighting  (a  matter  of  the  gravest  importance  in 
lighthouse  illumination)  than  were  the  magneto 
machines,  which  also  gave  less  trouble  in  mainten- 
ance. Hence  the  preference  for  the  latter,  despite 
of  their  alleged  inferior  efficiency. 

The  Lighthouses  Lighted  by  Electricity 

ARE  : — 

In  England. 

first  lighted  Dec.  8,  1858. 


Souter  Point  first  lighted  1871. 

Lizard „ ,,  1877. 

St.  Catherine’s,  Isle  of  Wight (in  construction)^ 

hi  France. 


La  Heve,  Havre  (2  lights),  first  lighted 

Grisnez ,,  ,, 

Palmyre,  mouth  of  Gironde  ,,  ,, 

Planier,  ,,  ,,  Rhone  ,,  ,, 

Balcines,  Isle  de  Re  ,, 

Calais ,,  ,, 

La  Canche  (2  lights)  ....  ,,  ,, 

Dunkerque  ,,  ,, 


Dec.  26,  1863. 
Feb.  15,  1869.. 
Nov.  3,  1881. 
Dec.  I,  1881. 
Oct.  I,  1882. 
Oct.  I,  1883. 
Oct.  15,  1884.. 
Dec.  — , 1885. 


N.B. — -“Alliance”  machines  are  in  use  in  the  first 
three,  “De  Meritens”  in  the  remainder. 


“It  will  be  of  interest  to  compare  the  following 
figures  as  to  the  relative  cost  of  lighthouse  illumina- 
tion by  electricity  and  by  oil  (as  given  by  M.  Allard 
in  his  “ Memoire  sur  les  Phares  Electriques,”  1880),. 
with  those  given  in  the  official  Report  of  the  South 
Foreland  experiments  (Part  I.,  pp.  62  and  63.) 
M.  Allard  gives  the  following  as  to  the  cost  of  the 
electric  installation  La  Heve  (two  lighthouses),  Havre. 

First  outlay. 


Buildings  13,84a 

2 Steam-engines  688 

4 “ Alliance  ” machines  2,008 

8 “ Serrin”  lamps 480 

Optical  apparatus,  &c 1,024 

Sundries  240 


;^i8,28o 

Annual  working  expenses. 


Salaries  277 

Repairs,  coal,  carbons,  &c 40a 

Maintenance  of  buildings,  &c 218 

Interest  at  3|  per  cent 640 


;^L535 

For  an  oil  light  of  the  first  class  M.  Allard  puts 


down  : — 

First  outlay. 

£ 

Apparatus,  buildings,  &c 7,200 

Annual  working  expenses. 

£ 

Maintenance  33  ^ 

Interest  at  3|  per  cent 252 


While  in  the  Report  of  the  South  Foreland,  the 
electric  light  station  is  placed  as  : — 

First  Outlay. 

£ 

Lantern,  optical  apparatus,  and  buildings.,  I4>345 


Two  steam-engines  i>250 

Two  De  Meritens  machines,  three  lamps, 

cables,  &c 2,154 


South  Foreland 


^■17,749 
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Annual  Working  Expenses. 


Wages,  coke,  carbons,  &c 800 

Repairs  and  renewals  4^7 

Interest  at  4 per  cent 


;^i,927 

While  for  a first-class  oil  light  station,  as  at  Anvil 
Point,  Devon,  it  gives  as  : — 


First  Cost. 

£ s.  d. 

Apparatus,  buildings,  See 8,064  18  3 

JVorking  Expenses. 

Wages,  See 244  9 ii 

Repairs  and  renewals  I57  3 ^ 

Interest  at  4 per  cent 322  ii  2 


4 7 


Miscellaneous. 

♦ 

COLONIAL  AXD  lEDIAy  EXHIBITION. 

Amongst  recent  arrivals  at  the  Exhibition  are  Sir 
Samuel  Davenport,  Assistant  Executive  Commis- 
sioner, in  charge  of  the  South  Australian  exhibits  ; 
Dr.  Von  Haast  (Professor  of  Geology  in  Canterbury 
College,  New  Zealand),  Commissioner  in  charge  of 
the  New  Zealand  exhibits ; Mr.  H.  E.  Wodehouse, 
Honorary  Secretar}^to  the  Hong  Kong  Commission  ; 
Mr.  Hawtayne,  Executive  Commissioner  for  British 
Guiana;  the  Honourable  James  E.  Mason,  Executive 
Commissioner  for  P'iji ; and  Dr.  Watt,  of  the  Bengal 
Educational  Department,  in  charge  of  the  Economic 
.Section  of  the  Indian  Courts.  Every  colony  is  now 
represented  at  the  Exhibition  by  a Commissioner, 
who  is  actively  superintending  the  preparation  of  his 
court. 

Goods  for  the  Exhibition  arrive  daily  in  large 
quantities,  and  up  to  the  nth  of  March  no  less  than 
7,coD  packages  had  passed  through  the  goods 
entrance,  and  found  their  way  to  their  respective 
courts.  As,  however,  at  present,  carpenters  and 
decorators  hold  sway  in  most  of  the  galleries,  the 
work  of  unpacking  and  placing  the  exhibits  has,  with 
the  exception  of  India,  not  yet  proceeded  very  far, 
but  in  a very  few  days  great  progress  will,  doubtless, 
be  made. 

Six  courts — New  South  Wales,  Victoria,  Queens- 
land, New  Zealand,  the  Cape  of  Good  Hope  and 
Natal— will  have  conservatories  adjacent  ; and  the 
two  lower  basins  on  either  side  of  the  Central  Courts 
will  be  spanned  by  rustic  bridges,  connecting  New 
Zealand  with  South  Australia,  and  Queensland  with 
Cyprus.  ^ 

If  the  exhibits  in  the  courts  are  'bi^.half  as  bright 
in  colour  as  the  w'alls  and  roofs  are  mow  becoming, 
the  Exhibition  wiU  be  very  gay.  In  many  instances 


the  work  of  decoration  has  been  placed  in  the  hands, 
of  Messrs.  Gillow  and  Co. 

New  SouthWales  is  painted  in  an  arrangement  of 
blue-grey  and  carmine,  with  a frieze  of  birds  and 
flowers  ; while  the  neighbouring  court  of  Queens- 
land has  walls  of  French-grey  and  salmon  colour, 
with  red  and  yellow  stripes  on  the  ribs  of  ti  e 
roof.  In  Western  Australia,  the  typical  black  swan 
(familiar  to  every  schoolboy  who  collects  stamps),, 
is  everywhere  apparent  on  a primrose  ground.  New 
Zealand  is  bright  with  yellow,  vermilion  and  blue  ; 
and  the  West  Indian  Gallery  is  painted  in  pale  blue- 
grey  and  buff,  with  a dull  red  dado.  The  predomi- 
nating colour  in  the  Maltese  Court  is  Indian  red,, 
which  will  harmonise  well  with  the  sage  green  of 
Cyprus ; the  latter  court  will  have  a frieze  of  Lotus 
flower  and  other  designs  taken  from  Cypriote  pottery  ► 
The  Cape  Court  is  being  harmoniously  treated  in  sage 
green,  dull  red,  and  drab,  while  near  by  the  West 
African  section  stands  out  in  black  and  yellow  stripes 
heightened  by  red.  Compared  with  some  of  the 
other  courts,  the  Canadian  decoration  appears  sombre 
in  tone.  Along  the  ribs  runs  a conventional  design 
of  foliage  in  dull  green  ; and  the  dado  is  surmounted 
by  a frieze  of  a garland  connecting  medallion  heads 
of  Greek  deities.  In  India  the  decoration  of  the 
roof  is  left  to  the  thousand  banners,  containing 
eighteen  varieties,  which  will  be  suspended  from  it ; 
but  Ceylon  is  being  painted  yellow,  green  and  red. 

By  arrangement  with  the  authorities  of  the  South 
Kensington  Museum,  the  India  Museum  will  be 
maintained  as  an  integral  part  of  the  Exhibition ; 
and  facilities  will  thereby  be  aflbrded  for  the  com- 
parison of  the  art  treasures  of  that  collection  with 
those  which  will  be  seen  in  the  Indian  courts  of  the 
Exhibition.  These  arrangements  will  not,  however^ 
interfere  in  the  slightest  degree  with  the  usual  free 
admission  of  the  public  to  the  museum  ; but,  on  the 
other  hand,  they  will  doubtless  induce  many  to  visit 
the  museum,  who  have  hitherto  passed  heedlessly  by. 

At  previous  exhibitions,  a lack  of  seats  throughout 
the  buildings  has  been  felt.  The  want  will  be 
amply  supplied  this  year ; and  advantage  has  been 
taken  of  the  timber  which  several  of  the  colonies, 
are  sending  over  to  construct  scats  of  colonial 
wood,  which  will  serve  the  double  duty  of 
rests  for  the  weary  and  objects  of  interest  to  those 
concerned  in  timber  of  all  kinds.  Amongst  others, 
there  will  be  seats  of  pine,  from  Queensland ; of 
redgum,  of  iron  bark  and  of  blackwood,  from  South 
Australia  ; and  of  bluegum  from  Victoria. 


INTERNATIONAL  CONFERENCE  ON 
MUSICAL  PITCH.* 

In  November,  1885,  the  Austrian  Government 
invited  other  Governments  to  send  representatives 

* Beschluesse und  Protokolle  der  Internationalen  Stimmton- 
Conferenz  in  Wien,  1885.  Veroeffentlicht  vom  k.  k.  Minis- 
terium  fiier  Cultur  und  Unterricht.  Vienna,  1885.  The 
Resolutions,  as  passed  unanimously,  are  placed  first  and 
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to  a Conference  for  the  purpose  of  establishing  a 
Universal  Musical  Pitch.  The  following  delegates 
attended  : — 

Austria. — Baron  von  Bezecny,  Honorary  President ; 
Herr  Fidler,  Chief  of  Department  (Sections-chef), 
representing  the  Minister  of  Education ; Dr.  Hans- 
lick,  Professor  at  the  University;  Herr  Hellmes- 
berger,  Conductor  of  the  Court  Band  (Kapelle)  ; 
Herr  Jahn,  Director  of  the  Court  Opera ; Herr 
IComzak,  Military  Bandmaster,  representing  the 
War  Office;  Dr.  von  Stefan,  President,  Professor  at 
Ihe  University;  Dr.  Zeller,  Member  of  Council  of 
Department  (Sectionsrath),  representing  the  Govern- 
ment, and  Reporter;  Herr  Zellner,  General  Secretary 
•of  the  Society  of  the  Friends  of  Music  (Gesellschaft 
•der  Musikfreunde). 

Hungary. — Dr.  Max  Schuetz. 

Italy. — Professor  Pietro  Blaserna,  Vice-President ; 
Maestro  Arrigo  Boito,  composer. 

Prussia. — Herr  Blumner,  Director ; Herr  von 
Bronsart,  Intendant ; Prof.  Engel;  Herr  Joachim> 
Director,  Vice-President ; Prof.  Koslek  ; Dr.  Wueil- 
-ner,  Director. 

Russia. — M.  Grushka,  Military  Bandmaster ; Prof. 
Leschetitzky. 

Saxony. — Prof.  Fuersternau,  Dr.  Reinecke,  Con- 
ductor of  the  Band^  (Kapellmeister),  Herr  Schuch 
Conductor  of  the  Band. 

Sweden. — Secretary  Dr.  Svedbom. 

Wuertemherg. — Prof.  Dr.  Faisst,  Herr  Seifriz, 
Director  of  Court  Music. 

Secretary,  Baron  von  Weckbecker,  precis  writer.* * 

A. — Principal  Resolutions. 

The  International  Conference  on  Musical  Pitch  in 
Vienna,  in  its  sittings  of  the  i6th,  17th,  i8th,  and 
19th  November,  1885,  unanimously  adopted  the 
following  resolutions  : — 

I.  There  shall  be  one  single  International  Normal 
Musical  Pitch  Note.  This  Normal  Pitch  Note  shall 
be  that  A which  is  determined  by  870  simple 
•vibrations  in  a second  [that  is,  the  French  Diapason 
Normal  of  435  double  vibrations  in  a second]. 

To  represent  this  Pitch  Note,  a normal  tuning-fork 
shall  be  constructed  so  as  to  give  the  normal  note  at  a 
temperature  of  15°  Centigrade  [r=  59^’  Fahrenheit, 
as  used  in  England,  and  12'='  Reaumur,  as  much  used 
in  Germany,  being  the  temperature  for  which  the 
French  Diapason  Normal  was  constructed.  Tuning- 
forks  flatten  on  increase,  and  sharpen  on  decrease  of 
temperature,  by  about  i vibration  in  20,000  for  each 
degree  Fahrenheit,  or  about  i in  ir,iii,  say  11,000, 
for  each  degree  Centigrade.  Hence  the  necessity  of 

translated  in  full.  The  Discussions  are  given  in  abstract 
The  words  in  [ ] and  the  footnotes  have  been  added  by  the 
Translator  as  elucidations.  The  report  is  published  in  the 
J.  and  R.  School-book  Depot  at  Vienna. 

* France,  Spain,  and  Belgium,  which  had  adopted  the 
French  pitch,  were  not  represented.  There  was  also  no  one 
from  England,  where  the  Government  does  not  concern  itself 
svith  music,  except  to  grant  capitation  fees  for  singing  in 
^)rimary  schools. 


assigning  the  temperature.  Harmonium  reeds  alter 
in  the  same  directions  to  twice  that  extent]. 

For  carrying  out  this  resolution,  which  is  indis- 
pensably necessary  in  the  interests  of  practical 
musical  cultivation,  the  Conference  likewise  unani- 
mously recommends  the  following  regulations  to  all 
Governments  concerned : — 

II.  The  acceptance  and  introduction  of  the  normal 
pitch  note  shall  be  universal  and  obligatory.  In 
especial  it  shall  extend  to  all  public  and  private 
educational  establishments  in  which  music  is  culti- 
vated, and  similarly  also  to  musical  societies,  theatres, 
and  so  forth. 

Military  bands  shall  adopt  the  normal  pitch  as 
soon  as  possible,  and  at  latest  on  the  occasion  of 
replacing  the  -wooden  wind  instruments. 

Similarly,  the  patrons  and  authorities  of  churches 
are  to  be  influenced  to  make  the  pitch  of  their  organs 
agree  with  the  normal  as  soon  as  possible,  and  in  any 
case  on  the  occasion  of  rebuilding  or  general  repairs. 

HI.  Respecting  the  time  within  which  the  intro- 
duction of  the  normal  pitch  shall  be  completed, 
individual  States  should  appoint  the  shortest  possible 
interval. 

IV.  In  order  to  preserve  the  normal  pitch  note 
from  alteration,  the  following  regulations  shall  be 
adopted : — 

(a.)  All  establishments  and  bodies  whose  duty  it 
is  to  accept  the  normal  pitch,  shall  be  responsible 
for  the  preserv'ation  of  the  pitch  note  correctly  within 
the  sphere  of  their  action,  and  for  that  purpose  must 
possess  a verified  tuning  fork.  Other  sounding  bodies, 
such  as  harmonium  reeds,  pitch  pipes,  and  so  forth, 
are  declared  unsuitable  for  the  authentic  reproduction 
of  the  normal  pitch  note. 

ip.)  Governments  concerned  shall  subject  the  un- 
altered condition  of  the  normal  pitch  note  in  all  these 
establishments  to  a constant  supervision,  by  properly 
appointed  authorities. 

[c.')  Each  State  concerned  shall  appoint  an  office 
to  preserve  the  normal  tuning  fork,  to  test  all  forks 
brought  to  it  for  verification,  to  set  them  right,  and 
to  authenticate  them  by  a stamp. 

{d.')  Only  such  forks  shall  be  declared  suitable  for 
testing  and  authenticating  as  satisfy  the  followng 
conditions  : — 

{d.  i.)  The  forks  must  be  made  of  unhardened 
steel. 

{d.  2.)  The  prongs  must  be  parallel,  and  at  least 
half  a centimetre  [one-fifth  of  an  inch]  in 
breadth.* 

{d.  3.)  The  space  left  for  the  stamp,  between  the 
internal  bend  of  the  fork  and  the  tang  [or 
handle],  must  be  at  least  a centimetre  [two- 
fifths  of  an  inch.] 

{d.  4.)  The  fork  to  be  verified  must  be  quite  free 
from  rust,  and  polished  white,  or  blued. 

* This  probably  refers  to  the  breadth  across  the  prongs, 
not  to  their  thickness.  In  that  case,  most  ordinary  tuning 
forks  satisfy  it ; but  it  is  quite  a minimum  size  for  a normal 
or  standard  fork. 


March  12,  188  6.1 


JOURNAL  OF  THE  SOCIETY  Ot  ARTS. 


(<?.)  The  office  of  verification  has  to  authenticate 
the  correctness  of  the  f ik,  first  by  the  international 
stamp,  consisting  of  the  figures  870,  enclosed  in  an 
ellipse ; and  secondly,  by  the  stamp  of  the  particular 
Government. 

B.— Subsidiary  Resolutions. 

In  order  to  preserve  the  normal  pitch,  all  theatres 
and  institutions  for  concerts  are  to  submit  to  the 
following  regulations : — 

V.  The  wind  instruments  to  be  used  at  these 
institutions  shall  be  tuned  to  the  normal  pitch  at  24® 
Centigrade  [ — 74'4®  Fahrenheit  ~ I9‘2°  Reaumur]. 
Instrument-makers  shall  show,  by  unimpressed  factory 
pitch-mark,  that  they  guarantee  their  instruments  to 
have  been  thus  tuned. 

VI.  The  most  suitable  instrument  to  settle  the 
proper  tuning  in  orchestras,  and  hence  to  preserve 
the  normal  pitch,  is  a tuning-fork  kept  in  motion  by 
electricity.  AVhere  this  is  not  in  use,  the  oboe  should 
not  be  employed  for  tuning  from,  until  it  has  been 
thoroughly  warmed.  The  conductor  of  the  concert 
is  responsible  for  the  perfectly  correct  pitch  of  his 
orchestra. 

VII.  Organs  shall  be  brought  to  the  normal  pitch 
at  such  mean  temperatures  as  shall  be  suitable  for 
the  special  circumstances  under  which  they  are  used.* 
flavin.  The  formation  of  centres  for  militaiy' music  is 
absolutely  necessary  for  the  proper  carrying  out  of 
the  principal  resolutions  of  the  Conference,  and  shall, 
therefore,  be  undertaken  as  soon  as  possible. 

First  Sitting. 

The  Conference  was  welcomed  on  Monday,  i6th 
November,  1885,  by  the  Minister  of  Education,  Dr. 
Gautsch  von  Frankenthurn  himself,  who,  in  a brief 
speech,  partly  in  German  and  partly  in  French,  said 
that  his  predecessor,  Baion  von  Conrad,  had  caused 
full  attention  to  be  paid  to  the  subject  of  their 
deliberations,  and  that  the  Austrian  Government  had 
called  together  an  International  Conference  at  the 
instance  of  the  Society  of  Friends  of  Music,  at  Vienna, 
the  Directors  of  the  Court  Palace  Band  (Hofburg- 
kapelle),  of  the  Opera,  of  the  Burg  Theatre,  and  of  the 
Court  Palace  Music,  and  at  that  of  that  first  Orpheo- 
nist  Society,  the  Male  Voice  Choir  (Maenner-Gesang 
Verein),  believing  that  it  was  a question  which  could 
only  be  settled  internationally. 

• Organs  vary  greatly  with  temperature,  sharpening  by 
heat  and  flattening  by  cold,  that  is,  in  exactly  the  opposite 
direction  from  tuning  forks,  to  an  extent  which  may  be  found 
with  sufficient  correctness  thus  : To  the  existing  pitch  in 
double  vibrations  of  an  open  metal  cylindrical  pipe  at  the 
•existing  temperature  add  4 per  cent.,  divide  the  result  by 
1,000  to  2 places  of  decimals,  multiply  the  result  by  the 
number  of  degrees  F.  between  the  observ-ed  and  required  tempe- 
rature and  add  to,  or  subtract  from,  the  observed  pitch. 
Thus,  if  the  observed  pitch  at  39°  Fahr.  be  426,  adding  4 per 
■cent,  or  i7'04,  we  obtain  443*04,  which,  divided  by  1,000, 
gives  ‘44304.  To  find  the  pitch  at  59°  Fahr.  or  20"’  warmer, 
•add  20  times  this,  or  8‘86,  and  the  result  is  434'86,  sufficiently 
near  to  the  normal  pitch,  as  organs  are  so  extremely  sensitive 
to  temperature  that  they  cannot  be  trusted  to  maintain  their 
pitch  exactly  for  an  hour. 
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The  Minister  having  withdrawn,  and  the  officers 
having  been  elected.  Dr.  Zeller,  on  behalf  of  the 
Government,  introduced  the  motions  that  it  was  hoped 
would  be  passed.  He  said,  confining  himself  to 
modern  times,  that  the  question  had  occupied  the 
musical  world  for  200  years,  instancing  Praetorius, 
Mersenne,  Sauveur,  and  Chladni.  He  then  men- 
tioned Scheibler’s  proposed  A 440.*  It  was  not, 
however,  till  25  yeais  later,  in  1859,  that  a pitch  was 
established  by  law  in  Fiance.  This  first  step  was 
much  followed.  Belgium  adopted  it  in  1863.  But 
how  unfortunate  it  -was  that  France  established  a 
national  instead  of  an  international  standard,  was 
shown  by  Belgium  having  drifted  up  to  A 451,  from 
which  it  reverted  to  French  pitch  by  royal  decree  on 
19  March,  1885.  In  Austria,  French  pitch  had  been 
adopted  in  1862,  but  in  1882-3  it  had  reached  44 1|- 
and  441.  Measurements  made  a few  weeks  ago  in 
the  Court  Opera  at  Vienna  show  449  to  450  vib.f 
Italy  did  not  adopt  a uniform  pitch.  That  adopted 
in  1884  applied  to  the  army  only,  and  selected  as  a 
standard  B flat  456  vib.  Hence  we  had  only  to 
deal  with  two  fixed  pitches,  this  and  the  French. 

The  Austrian  Government  thought  it  right  to  call 
a preliminary  committee  of  experts,  which  Dr. 
Zeller  joined  on  the  part  of  the  Government.  This 
consisted  of  Baron  von  Bezeeny  (who  presided  after 
the  death  of  Baron  von  Hofman)  ; Ludwig  Boesen- 
dorfer,  pianoforte  maker  to  the  Court ; Dr.  Johannes 
Brahms;  Nikolaus  Dumba ; Prof.  Dr.  Gaensbacher  ; 
Prof.  Dr.  Hanslick  ; Herr  Helmesberger,  Court  Band 
Conductor ; Herr  Jahn,  Conductor  of  the  Court 
Opera ; Herr  Kremser,  Choir  Conductor ; Herr 
Komzak,  Military  Bandmaster  (especially  represent- 
ing the  War-office) ; Prof.  Dr.  von  Lang ; Herr  Hans 
Richter,  Vice-Conductor  of  the  Court  Band ; Heir 
Stecher,  instrument  maker;  Prof.  Dr.  von  Stefan, 
Herr  Uhlmann,  instrument  maker  to  the  Court ; 
Herr  Winkelmann,  singer  at  the  Court  Opera  ; and 
Herr  Zellner,  General  Secretary  to  the  Society  of 
the  Friends  of  Music.  To  this  committee  Dr.  Zeller 
paid  a warm  tribute. 

The  Government,  fully  a year  ago,  especially  con- 
sulted the  Society  of  Friends  of  Music  in  Vienna  as 
to  the  means  to  be  employed  for  securing  an  inter- 
national pitch — (i)  by  the  Legations  in  the  form  of 
inquiries ; (2)  by  a commission  regulating  Austria 
alone.  The  first  plan  would  lead  to  indefinite  delay. 

* All  pitches  were  given  in  single  vibrations,  but  are  here 
translated  into  the  double  vibrations  usual  in  England. 

•i  Strauss’s  band  from  Vienna,  at  the  Inventions  Exhibition, 
used  A 452.  It  is  remarkable  that  at  Vienna  in  1814  musical 
pitch  first  began  to  rise  in  Europe,  Mozart’s  pitch,  A421.L 
having  been  used  up  to  that  time  ; that  in  1823  it  was  A 437L 
according  to  Naeke,  an  excellent  authority  ; that  about  1834 
Scheibler  found  pitches  at  Vienna  varying  from  A 434  to  A 441, 
on  which  was  founded  his  proposal  of  A 440:  that  the  old 
sharp  Vienna  pitch  was  A 456,  and  in  performance  even 
reached  A 466,  according  to  Naeke,  in  1862  ; that  it  was  then 
reduced  to  French  pitch,  and  afterwards,  as  shown  in  the 
text,  rose  again  to  A 450,  and  yet  that  no  voice  -was  raised 
the  Vienna  Conference  in  favour  of  a sharp  pitchy  but  that 
the  whole  controversy  turned  on  A 435  and  A 432, 
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The  experience  of  France  showed  that  only  an  inter- 
national conference  could  succeed.  No  other  ready 
way  suggested  itself,  and  how  could  a positive  result 
be  expected  when  France  defended  A 435,  and  Italy 
B flat  456  } 

The  Italian  pitch  was  meant  to  be  Meerens’s  A 432, 
which  was  arrived  at  as  the  third  perfect  Fifth  above 
C 64  on  the  violoncello,  and  for  scientific  purposes 
seems  the  best.  If  a standard  had  to  be  selected  de 
novo  it  would  be  impossible  to  neglect  the  scientific 
basis  on  which  Italy  relies.*  But  the  practical 
musician  requires  his  tempered  scale.  He  cannot  com- 
prehend the  fuss  made  over  a difference  of  6 simple 
or  3 double  vibrations  between  435  and  432.  He  wants 
a pitch  suitable  to  the  singer,  and  then  not  a mathe- 
matical but  a tempered  scale.  Now  in  this  scale 
B flat  456  gives  A 430-4  instead  of  A 432  ! Passing 
over  further  consequences,  Dr.  Zeller  said  that  French 
pitch  acquired  its  popularity  from  its  being  the  first 
pitch  settled  by  law.  Hence  in  the  Austrian  pre- 
liminary committee  even  the  representatives  of 
physical  science  considered  that  a regard  to  circum- 
stances (Opportunitaets  - Ruecksichten)  compelled 
them  to  adopt  the  French  Diapason  Normal. 

Dr.  Zeller  proceeded  in  the  name  of  the  Austrian 
Government  to  move  Res.  I given  above. 

Prof.  Blaserna  explained  in  great  detail  the  circum- 
stances which  decided  Italy,  after  the  Milanese 
congress  in  1881,  to  accept  A 432.  He  defended  the 
scientific  value  of  this  pitch  on  account  of  easier 
calculation,  more  natural  construction,  and  hence 
greater  simplicity  for  theoretical  instructions,  f Never- 
theless he  declared  himself  authorised  by  the  Italian 
Government  to  say  that  Italy  had  no  objection  to  any 
other  pitch  beside  A 432,  provided  that  this  other 
pitch  were  unanimously  accepted,  or  at  least  had  a 
sufficiently  large  majority.  (Loud  applause.) 

Baron  von  Bezeeny  and  Herr  von  Bronsart  expressed 
their  great  satisfaction  at  this  announcement,  and  the 
latter  laid  weight  on  the  circumstances  which  gave 
A 435  the  preference  over  the  incontestable  scientific 
advantages  of  A 432.  Director  Wuellner  and  Pro- 
fessor Engel  agreed  with  the  last  speaker ; but 
!Maestro  Boito  dwelt  on  the  scientific  labours  of 
Meerens  and  Sauret,  and  inveighed  against  oppor- 

'*  No  one  seems  to  have  remarked  that  A 432  is  not  even 
scientifically  good,  for  it  is  obtained  from  C,  and  )-et  is  not 
the  A of  the  key  of  C,  for  that  in  just  intonation  should  be 
A 4261,  that  is  a comma  flatter,  and  in  equal  temperament 
A430’6.  Nor  is  there  any  but  an  arithmetical  advantage  is 
having  C 64,  128,  256,  and  this  is  broken  by  an  infinitesimal 
deviation  from  exactness,  while  in  practical  tuning  the  devia- 
tion is  alwa)'s  much  more  than  infinitesimal.  For  a tempered 
scale  moreover,  A 432  gives  Vi  flat  457-7  and  not  456  as  was 
adopted  in  Italy,  while  B flat  456  gave  A 430-4,  as  stated  in 
the  text,  so  that  the  result  was  a confusion  in  every  way.  By  a 
misprint  in  the  German,  the  violincello  C is  made  to  have  164 
in  place  of  64  vib. 

t In  the  (proceedings)  of  the  Accadetttia  dei 

Lincei,  at  Rome,  for  6 December,  1885,  Prof.  Blaserna,  who 
is  the  secretary,  gives  an  account  of  this  Conference,  and 
devotes  the  latter  part  of  his  paper  to  showing  that  Meerens’s 
A 432  has  not  a scientific  foundation,  although  he  does  not 
adduce  the  points  mentioned  in  the  last  note. 


tunism,  which  in  this  case  he  considered  an 
anachronism.  Director  Blumner  and  Dr.  Wuellner 
opposed  these  views,  and  pleaded  for  French  pitch. 
Director  Seifriz,  considering  the  question  of  cost 
entailed  by  the  introduction  of  a lower  pitch  than 
the  French,  agreed  with  the  last  speakers.  Dr. 
Svedbom,  in  the  name  of  Sweden,  said  he  should 
vote  for  French  pitch.  The  discussion  was  continued 
by  Messrs,  von  Bronsart,  Blaserna,  Faisst,  and 
Engel,  who  mostly  sided  with  the  Government 
Representative. 

Professor  Von  Stefan  said  the  question  did  not 
turn  upon  having  a pitch  number  easily  divisible  as 
432  ;*  that  was  merely  an  advantage  to  arithmetical 
esthetics,  against  which  we  must  set,  that  French 
pitch  was  legally  adopted  in  France,  Belgium,  and 
Russia,  t that  it  was  used  in  many  Institutes  in 
Germany,  and  generally  in  Austria.  Conductor 
Hellmesberger  proposed  that,  after  hearing  these 
opinions,  voting  on  the  pitch  should  be  deferred  till 
next  day,  with  which  Professor  Blaserna  agreed,  but 
Professor  Hanslick  wanted  to  vote  immediately,  and 
Director  Joachim  thought  that  they  might  defer 
voting  till  next  day,  but  proceed  at  once  to  consider 
other  points.  On  taking  divisions  on  these  motions, 
the  voting  on  pitch  was  deferred,  and  the  present 
sitting  closed. 

Second  Sitting. 

On  Tuesday,  17th  November,  President  Prof,  von 
Stefan  gave  a summaiy  of  the  previous  day’s  dis- 
cussion, and  considered  that  it  was  not  necessary  to 
put  the  first  sentence  of  Resolution  I.  to  the  vote. 
But  Herr  Zellner  proposed  to  prefix  the  following 
lines  to  the  second  sentence — 

“ Considering  that  although  the  choice  of  A 432 
would  offer  a series  of  advantages  which  should  not 
be  undervalued,  both  for  the  theoi-y  and  practice  of 
music,  yet,  after  the  position  assumed  in  many 
countries  in  respect  to  this  subject,  and  especially 
after  the  gratifying  manner  in  which  the  Italian 
Government  had  met  the  other  view,  French  pitch 
appears  now  to  be  the  only  one  fitted  to  become  an 
international  pitch,  the  Conference  resolves  that, 
&c.,”  as  in  Res.  I. 

Director  Joachim  thought  that  such  an  introduc- 
tion would  impair  the  force  of  the  resolution.  It  was 
absolutely  impossible  to  say  that  one  pitch  note  was 
decidedly  the  best,  and  then  select  another.  Prof. 
Hanslick  agreed  with  this  view.  Prof.  Blaserna 
merely  wished  that  it  should  appear  in  the  resolution 
or  elsewhere,  that  the  Conference  had  seriously  con- 
sidered the  pitch  A 432,  as  this  would  strengthen 
the  hands  of  the  Italian  Government  in  the  indirect 
pressure  upon  theatres  which  was  all  they  could 
exert. 

* He  meant  divisible  by  2 for  the  Octave,  this  does  not 
apply  to  432,  which  gives  216,  108,  54,  27  and  there  stops, 
although  that  is  lower  than  any  note  usually  employed  ; but 
he  was  no  doubt  thinking  of  the  128,  64,  32,  16,  8,  4,  2,  i, 
whence  the  432  was  derived. 

t And  in  Spain  on  i8th  March,  1879. 
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The  President  remarked  that  though  at  first  only  ’ 
the  bare  resolutions  would  be  published,  copies  of 
the  reports  of  the  meetings  would  be  sent  to  all 
governments,  and  thus  Italy  would  see  all  that  had 
been  done ; but  to  meet  Prof.  Blaserna’s  views  he 
proposed  that  “the  Austrian  Government  be  re- 
quested to  inform  the  Italian  Government  that  the 
Conference  fully  and  thankfully  appreciated  the  way 
in  which  the  Italian  representatives  had  met  their 
views;  that  they  had  accurately  and  maturely  con- 
sidered the  advantages  of  the  Milanese  pitch,  but, 
nevertheless  had  resolved,  for  cogent  reasons,  not  to 
adopt  it.” 

Conductor  Hellmesberger  Warmly  seconded  this 
proposal.  Professor  Blasemaand  Maestro  Boitowere 
satisfied,  and  it  was  agreed  to.  Then  Herr  Zellner’s 
introduction  becoming  superfluous,  the  two  first 
clauses  of  Res.  I.  were  put  and  carried  unanimously 
amid  much  applause  and  cries  of  “ Bravo  !” 

The  third  paragraph  of  Res.  I.  was  then  agreed  to, 
-with  a trifling  change,  which  occasioned  some  debate. 
Prof.  Blasema  proposed  that  after  “870  simple 
vibrations”  should  be  inserted  or  “435  complete 
vibrations.”  The  consideration  of  this  point  was 
deferred,  and,  ultimately,  the  addition  was  rejected. 

On  Res.  II.,  par.  i,  much  debate  arose  on  account 
of  the  expense  that  would  be  occasioned,  but  Dr. 
Zeller  showed  that  it  was  a logical  consequence  of 
Res  I.  In  par.  2 there  had  been  a permission  for  a 
time  to  use  a tempered  B pitch  note  of  460*9  vib., 
to  be  called  A,  and  hence  to  make  the  pitch  a semi- 
tone higher  than  French  pitch,  but  this  was  struck 
out,  and  the  whole  resolution  agreed  to. 

In  Res.  III.  there  had  been  a clause  fixing  the 
time  for  the  introduction  of  the  normal  pitch  to  one 
year  for  Vienna,  and  two  years  for  the  rest  of  the 
empire,  without  prejudice  to  the  latitude  allowed  for 
military  instruments  and  organs  ; but  this  not  being 
international,  was  omitted,  and  then  Res.  III.  was 
agreed  to  as  above. 

Res.  IV.,  pars,  a and  b,  were  agreed  to  without 
change  ; c with  a merely  verbal  change  ; d,  i and  2, 
as  they  stood.  The  next  had  originally  run 
thus  : — 

“ (^-  3-)  The  tang  [handle]  must  be  cylindrical 
throughout,  and  may  be  provided  half  way  up 
with  a screw-worm,  if  desired. 

“ {d.  4.)  The  space  left  for  the  stamp,  between 
the  internal  bend  of  the  fork  and  the  tang, 
must  be  at  least  one  centimetre. 

“ {d.  5.)  The  fork  must  be  tuned  as  near  as  pos- 
sible to  the  normal  pitch  note,  and  polished 
white,  or  blued. 

“ 6.)  The  mark  of  a verified  fork  shall  con- 

sist:— (i.)  In  its  having  the  stamp  of  the 
proper  office  ; (2.)  in  being  blued  after  verifi- 
cation ; and  (3.)  in  .showing  no  white  file 
mark. 

“ {d.  7.)  As  a uniform  mark  of  verification,  a 
Latin  A within  a circle  = A orbis,  was  pro- 
posed to  the  Conference  ; but  the  individual 


States  should  be  permitted  to  have  a particular 
mark  to  show  their  own  action.” 

This  gave  rise  to  much  discussion.  Professor 
Blaserna  having  shown  that  the  form  of  the  handle,, 
and  the  screwing  of  a fork  on  a resonance  box,  only 
influenced  the  length  of  time  for  which  a fork 
vibrated,  and  not  its  rapidity;  on  the  motion  of 
Director  Joachim,  d.  3.  above  was  omitted ; d.  4.  was 
retained  almost  unaltered.  On  a motion  of  Professor 
Blaserna  in  the  following  sitting,  d.  5.  was  slightly 
altered.  On  the  motion  of  Professor  Blaserna  d.  6. 
l^as  entirely  omitted.  The  form  of  the  mark  was 
altered,  as  all  nations  do  not  call  the  note  A [the 
French  call  it  La].  The  use  of  D N (for  diapason 
normal)  was  proposed  and  rejected,  and  the  number 
870  in  an  ellipse  chosen.  A sub-committee  was  ap- 
pointed to  prepare  the  subsidiary  resolutions  B. 

Thh’d  Sitting. 

On  Wednesday,  November  i8th,  the  details  of 
Res.  IV.  were  again  considered,  and,  finally,  it  was 
unanimously  passed,  as  given  at  the  beginning  of 
this  report. 

Much  discussion  arose  respecting  Res.  V.  as  to 
the  proper  temperature,  but  it  was  finally  adopted 
as  at  the  beginning.*  In  Res.  VI.  the  electric-motive 
system  of  Herr  Zelluer  was  mentioned,  but  it  was 
objected  that  this  might  be  improved,  and  the  name 
was,  therefore,  omitted. t 

For  Res.  VII.  it  was  found  impossible  to  fix  a 
temperature  of  tuning  for  organs  in  different  countries 
(such  as  Sweden  and  Italy),  and  at  different  seasons. 
This  was,  therefore,  left  to  the  discretion  of  the 
tuner.  An  attempt  to  fix  the  pitch  for  which  piano- 
fortes should  be  tuned  failed,  although  Herr  Schuch, 
warmly  seconded  by  Professor  Engel,  insisted  that 
this  should  be  the  case  for  those  used  in  teaching 
singing,  and  the  sitting  closed. 

Fourth  Sitting. 

The  fourth  and  last  sitting  took  place  on  Thurs- 
day, 19th  November,  1885.  Res.  VII.  was  recon- 
sidered. Dr.  Wuellner  considered  that  this  was  not 
yet  satisfactory,  and  Dr.  Faisst  and  Prof.  Blaserna 
warmly  agreed.  Dr.  Faisst  read  a detailed  motion 
on  organs,  with  and  without  orchestral  accompani- 
ments, and  used  in  warmed  or  unwarmed  spaces. 
Herr  Zellner  wished  concert  organs  to  be  treated  as 
orchestral  instruments,  and  hence  to  be  excluded  from 

* The  rule  probably  means  that  the  wind  instrument  at 
24°  C is  to  give  the  note  A of  the  pitch  of  the  tuning  fork 
at  15°  C.  Thus,  Avhen  the  instrument  gets  warmer  as  the 
concert  proceeds,  its  pitch  will  be  only  slightly  too  high. 
Whereas,  if  it  were  tuned  when  cold,  it  would  become  very 
much  too  sharp. 

t Herr  Zellner  informs  the  Translator  that  his  electrical 
tuning  fork  was  shown  in  action  to  the  Conference,  and  has 
been  adopted  by  the  opera  houses  in  Vienna,' Pesth,  Berlin, 
Dresden,  Stuttgart,  Leipzig,  and  the  Conservatories  of 
Music  in  Vienna  and  Berlin,  and  the  Berlin  “ Sing- 
academie.”  In  its  absence  a loud  reed  freshly  tuned  by  3 
beats  in  a second  above  a fork  3 double  vibrations  too 
flat,  and  kept  in  action  by  a constant  blast,  would 
I certainly  be  effective. 
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Res.  VII. ; church  organs  should  be  tuned  at  15°  C.* 
Prof.  Engel  considered  that  the  great  diversities  of 
climate  precluded  any  temperature  being  named. 
Prof.  Koslek  was  for  giving  up  Res.  VII.  Further 
discussion  on  the  temperature  in  Res.  V.  ensued. 
Prof,  Blaserna  considering  that  20°  C.  better  repre- 
sented the  mean,  but  Herr  Von  Bronsart  said  it  was 
better  to  begin  too  low  and  sharpen  to  pitch,  than 
to  begin  right  and  sharpen  afterwards.  Res.  V. 
remained  unaltered,  and  Res,  VII.,  as  given  above, 
passed  unanimously. 

Dr.  Zeller  then  proposed  that,  in  accordance  with 
a resolution  of  the  Preliminary  Committee,  the 
harmonium  should  be  used  in  place  of  the  violin  for 
giving  instruction  in  singing.  Dr.  Svedbom  said  the 
harmonium  was  almost  universally  used  in  Sweden. 
After  objections  by  Prof.  Engel,  Dr.  Faisst,  Dr, 
Wuellner,  and  Herr  Joachim,  Dr.  Zeller  said  that 
he  had  sufficiently  discharged  his  duty  to  the  Pre- 
liminary Committee  by  bringing  their  proposal  for- 
ward, and  asked  leave  to  withdraw  it.f  And  he  then 
introduced  the  question  (discussed  in  the  Preliminary 
Committee)  of  a uniform  naming  of  the  Octaves,  the 
32  foot  Octave  being  the  first,  the  16  foot  the  second 
and  so  on,  but  it  was  settled  that  this  lay  out  of  the 
province  of  the  Conference.  J 

Dr.  Zeller  then  proposed  Res.  VHI.  for  the  pur- 
pose of  controlling  military  music,  which  plays  such 
an  important  part  in  all  countries.  The  resolution 
met  with  much  applause  and  sympathy,  and  was 
unanimously  adopted.  This  finished  the  proper 
business  of  the  Conference,  but  on  the  written  request 
•of  the  Wuertemberg  Government  for  an  examina- 
tion of  the  proper  construction  of  tuning  forks,  and 
the  measurement  of  pitch,  the  President  called  on 
Herr  von  Stefan,  who  read  a short  paper  on  the  sub- 
ject to  the  following  effect : — 

The  points  to  be  aimed  at  in  the  construction  of 
tuning  forks  are — (i)  invariability  of  pitch,  (2)  length 
of  time  of  audible  vibration,  (3)  adaptability  for  the 
optical  methods  of  examination. 

(i.)  This  depends  on  inalterability  of  mass,  form. 


* This  is  seldom  possible,  but  if  the  temperature  is  observed, 
the  pitch  of  the  pipe  at  the  existing  temperature  that  should 
give  A 435  at  i5°C,  could  be  calculated  for  that  temperature 
lay  the  rule  already  given,  and  the  pipes  tuned  to  that,  and 
thence  the  whole  organ  tuned.  Suppose  the  temperature 
were  80**  F.,  then  an  A435  pipe  at  59*^  F.=  15°  C.,  would 
shew  445  vib.,  and  the  A pipe  at  80°  F.  should  be  tuned  to  such 
a fork.  The  tuner  would  be  provided  with  about  a dozen 
forks  about  4 vib.  apart,  and  of  known  pitches.  This  pipe 
being  properly  tuned,  the  rest  are  easily  adjusted  by  the 
rule  in  Ellis’s  Helmholtz,  2d.  ed.,  p.  489. 

t Both  the  Tonic  Sol-fa  College,  and  the  promoters  of  the 
French  Cheve  system  of  teaching  singing,  find  that  purity  of 
intonation  is  best  reached  without  any  accompaniment. 
The  violin,  generally  used  in  Germany,  may  be  played  much 
•out  of  tune. 

t The  designation  of  the  Octaves  by  the  old  foot-length  of 
their  longest  pipe  is  already  in  general  use,  and  was  employed 
in  the  text.  If  this  number  of  feet  is  prefixed  to  the  name  of 
each  note  in  the  Octave,  as  in  Ellis’s  “ History  of  Musical 
Pitch,”  notes  can  be  perfectly  represented  ; thus  the  tuning 
A 435  is  2 A,  or  A in  the  two  foot  Octave. 


and  elasticity.  Cast  steel  is  best  for  these  purposes. 
Gilding  protects  forks  from  chemical  injury.*  Ac- 
cording to  Koenig,  in  1878  the  Paris  diapason  was 
0-45  vib.  too  sharp,  and  according  to  T^Ir.  H.  Wild, 
the  St.  Petersburg  fork  was  0’2  too  sharp  in  1883. 
Whether  these  were  original  or  subsequent  errors 
cannot  be  determined,  f A tuning  fork  alters  more 
at  first  than  afterwards,  hence  the  same  precautions 
must  be  used  as  in  determining  the  zero  point  of 
thermometers.  As  frequent  use  probably  affects  the 
elasticity;  forks  for  verification  should  not  be 
be  compared  with  the  original  standard,  but  with  an 
auxiliary  fork.J 

(2.)  This  is  best  reached  by  having  the  prongs 
uniform  throughout,  parallel,  and  considerably 
far  apart.  The  vibrations  of  a tuning  fork  are 
diminished  in  duration  by  a resonance-box,  and 
the  more  so  the  more  accurately  the  box  is 
turned  to  it,  and  if  it  is  not  tuned  to  it,  the 
pitch  is  altered,  although  to  an  extremely  small 
extent.  Hence  the  standard  tuning’fork  should  not 
be  placed  on  a resonance-box.  A resonator  to  be 
used  by  the  ear  may  be  added,  but  it  should  not  form 
a part  of  the  stand  of  the  fork.  This  has  been  dis- 
regarded in  the  standard  forks  hitherto  constructed.* 

(3.)  The  optical  method  gives  the  surest  result. 
But  it  is  not  safe  to  use  a separate  mirror.  Hence 
the  outer  extremities  of  the  prongs  for  at  least  a 
centimetre  [two-fifths,  or,  say,  half  of  an  inch]  should 
be  brightly  polished.  A single  bright  spot  would 
suffice  for  the  use  of  the  vibration-microscope. 
Former  standard  forks  have  not  been  adapted  for 
this  examination,  as  was  felt  very  unpleasantly  in  the 
examination  of  the  St.  Petersburg  fork  in  1883.  The 
optical  method  is  closely  connected  with  Koenig’s 
tuning-fork  clock.  He  concluded  by  recommending 
for  immediate  use  Koenig’s  forks  of  870  simple 
vibrations  at  15*^  Centigrade,  as  he  had  found  them 
very  accurate. 

The  Resolutions  were  then  read  over  to  be  formally 
passed,  and  it  was  determined  that  in  Res.  I.,  “ 870 
simple  vibrations,”  and  not  “435  complete  vibra- 
tions,” should  be  used,  because  the  expression  was 
quite  unambiguous.  § 

* The  Diapason  Normal  at  Paris  is  gilt.  It  is  now  much 
the  custom  to  plate  with  nickel.  Both  processes  are  apt  to 
slightly  affect  the  pitch  after  tuning,  and  if  they  are  subse- 
quently filed,  the  protection  is  lost.  But  this  is  only  for  philo- 
sophical purposes  requiring  much  greater  accuracy  than  is 
attainable  in  music, 

t There  is  every  reason  to  believe  that  the  pitch  of 
Scheibler’s  tonometer  remained  absolutely  correct  from  1837, 
his  death,  till  it  was  examined  in  1880.  See  Ellis’s  “ History 
of  Musical  Pitch,”  art.  i8. 

t Greatest  accuracy  would  be  attained  by  making  this 
auxiliary  fork  about  3 vib.  too  flat,  the  exact  difference  being 
determined  by  beats.  The  fork  to  be  verified  should  then  be 
made  that  number  of  beats  in  a second,  counted  through  10 
or  20  seconds,  sharper  than  the  auxiliary  fork.  The  unison 
itself  could  not  be  determined  nearly  so  closely  except  by  an 
optical  method,  which  involves  delicate  apparatus. 

? The  method  of  reckoning  simple  vibrations  is  founded  on 
the  swing  of  the  pendulum,  and  is  scientifically  accurate  only 
for  the  vibrations  of  simple  tones.  In  all  compound  tones. 
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The  rest  of  the  sitting  was  occupied  in  formal 
votes  of  thanks  to  the  Officers,  the  Minister  of 
Education,  the  Government,  and  the  Emperor. 

Alex.  J.  Ellis. 


Coprespondence. 


TIDE  PREDICTING  MACHINE. 

T regret  that  I should  inadvertently  have  appeared 
to  commit  myself  to  the  statement  that  ISfr.  Roberts 
is  the  inventor  of  the  tide  predicting  machine.  I 
■called  it  Roberts’s  because  it  was  exhibited  as  his  at 
the  Inventions  Exhibition,  and  because  it  was 
■described  as  his  in  the  number  of  the  Engineer  to 
which  I referred  for  details.  I regret  this  the  more, 
because  the  question  of  priority,  &c.,  was  raised  in 
the  discussion  on  the  paper  of  Sir  William  Thomson, 
read  before  the  Institution  of  Civil  Engineers  on 
March  ist,  1881.  Without  wishing  to  raise  this 
question,  I may  say  that  I should  also  have  mentioned 
the  names  of  Sir  William  Thomson  and  ]\Ir.  Beau- 
champ Tower,  and  not  that  of  Mr.  Roberts  alone. 

C.  V.  Boys. 


SLIDE  RULE. 

Mr.  Beauchamp  Tower  writes  to  correct  a mistake 
in  the  report  of  his  remarks  on  p.  387,  col.  i ; line  lO 
should  read — '■H’leo  minutes  in  a week,”  instead  of 
“one  minute.”  The  paragraph  commencing  “The 
■slide  rule  ” (11.  13-17)  should  read— “ The  slide  rule 
gave  a uniform  degree  of  accuracy  in  all  parts  of  its 
■scale,  the  distance  between  the  divisions  is  inversely 
.as  the  numbers,  for  instance,  the  distance  betweeen 
qo  and  lOO  is  very  nearly  the  same  as  that  between 
10  and  II,  so  that  an  error  of  reading  of  such  a 
dimension  as  to  represent  an  inaccuracy  of,  say, 
I per  cent,  in  one  part  of  the  scale,  would  give  an 
inaccuracy  of  i per  cent,  in  every  part  of  the  scale.” 


MEETINGS  OF  THE  SOCIETY. 
Ordinary  Meeting.s. 
Wednesday  evenings,  at  Eight  o’clock  : — 
March;  17. — “Eastern  Carpets.”  By  Vincent 
J.  Robinson.  Sir  Geokge  Birdwood,  M.D., 
C.S.I.,  will  preside. 


the  vibration  one  way  and  the  return  the  other  do  not  take 
place  in  the  same  time,  though  the  sum  of  the  two  times  is 
constant.  This  points  out  the  double  or  complete  vibration 
as  being  the  proper  one  to  be  used.  Hut  as  in  practice  the 
number  of  simple  vibrations  in  a second  is  always  taken  to 
be  double  that  of  the  comi)lete  vibrations,  no  error,  although 
J 1 some  matters  considerable  inconvenience,  arises  from  the 
use  of  simple  vibrations. 


March  24. — “ Domestic  Electric  Lighting.”  By 
W.  H.  Preece,  F.R.S.  Sir  Frederick  Abel, 
D.C.L.,  C.B.,  F.R.S.,  Chairman  of  Council,  will 
preside. 


Foreign  and  Colonial  Section. 

Tuesday  evenings,  at  Eight  o’clock  : — 

March  23. — “ Canada  and  its  National  Highway.” 
By  Alexander  Begg.  Sir  Charles  Tupper, 
K.C.M.G.,  will  preside. 

April  13. — “The  Progress  of  the  British  Posses- 
sions in  the  last  quarter  of  a century.”  By  P.  L. 
SlMMONDS. 


Applied  Chemistry  and  Physics  Section. 

Thursday  evenings,  at  Eight  o’clock  : — 

March  25.—  “ Certain  Methods  for  the  Utilisation 
of  Refuse  and  Dust  Fuels.”  By  Walter  G. 
jSIcMillan,  F.C.S.,  Demonstrator  of  Metallurgy, 
King’s  College,  London. 

April  8. — “ Asbestos  and  its  Applications.”  By 
James  Bo^  d. 

AIay  13. — “The  Scientific  Development  of  the 
Coal  Tar  Colour  Industry.”  By  Professor  R. 
Meldola,  F.C.S. 


Indian  Section. 

Friday  evenings,  at  Eight  o’clock  ; — 

March  19. — “ Experiences  on  the  Afghan 
Frontier.”  By  William  Simpson. 

April  2. — “The  History  of  Archeology  in  India.” 
By  James  Gibbs,  C.S.I.,  C.I.E.,  late  Member  of  the 
1 Viceroy’s  Council.  Sir  George  Birdwood,  C.S.I., 
oSIember  of  the  Council,  will  preside. 

May  7. — “Indian  jManufactures  from  a Prac- 
tical Point  of  View.”  By  B,  II.  Baden 
Powell,  C.I.E.  The  Right  Hon.  Lord  Harris 
will  preside. 

May  21. — “Everyday  Life  of  Indian  Women,  as 
revealed  in  their  own  sayings.”  By  Capt.  Richard 
CARNAC  TEilPLE. 

The  above  dates  are  liable  to  alteration. 


Cantor  Lectures. 

The  Fourth  Course  will  be  on  “ Petroleum 
and  its  Products.”  By  Boverton  Redwood, 

F.C.S. 

Lecture  II.— March  15. — Production,  Transporta- 
tisn,  and  Storage  of  Cr^ade  Petroleum.  Well 
drilling.  Use  of  the  Torpedo.  Pipe-line  system. 
Bulk  Tiansportation. 
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Lecture  III. — March  22. — Manufacture  of  Petro- 
leum Products  Naphtha,  Burning  Oil,  Lubricating 
' Oil,  Paraffin.  Methods  of  distillation  and  purification. 
Barrel  and  case  making.  Testing  : — Flashing  point, 
'viscosity,  lubricating  power,  melting  point. 


Additional  Lectures. 

Six  Elementary  Lectures  on  “ Electricity” 
Tvill  be  delivered  by  Professor  George  Eorbes, 
on  Saturday  afternoons,  at  Three  o’clock  : — 


Lecture  I. — April  3. — Electromotive  Force  and 
Potential. 

Lecture  II. — April  10. — Currents  and  Resistance. 


Lecture  III. — May 
Lecture  VI. — May 
nomena. 

Lecture  V. — May 
Lecture  VI. — May 


I.- 


-Magnetism. 

-Electro-magnetic 


Phe- 


15. — Induction. 

22. — Electrical  Measurement. 


Tuesday  evenings,  at  Eight  o’clock  : — 

‘‘  Japanese  Art  Work.”  By  Ernest  Hart. 

Lecture  I. — May  4. — Japanese  Metal  Work. 

Lecture  II. — May  ii. — Japanese  Porcelain  and 
Pottery. 

Lecture  III. — May  18. — Japanese  Picture  Books 
■and  Drawings. 

The  rules  of  admission  to  these  Lectures  will 
be  the  same  as  for  the  Cantor  Lectures.  Each 
member  has  the  right  of  admission  for  himseif 
.and  one  friend. 

Tickets  available  for  all  the  Society’s  meet- 
ings were  supplied  to  all  the  members  at  the 
.commencement  of  the  Session. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  March  15... SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Mr, 
Boverton  Redwood,  ‘‘  Petroleum  and  its  Pro- 
ducts.” (Lecture  II.) 

Chemical  Industry  (London  Section),  Burlington- 
house,  W.,  8 pm.  Adjourned  meeting  on  IMr. 
'r.  B.  Lightfoot's  paper,  “ Ice  Making  and  Cooling 
Machinery.” 

British  Architects,  9,  Conduit-  street,  W.,  8 p.m. 
Mr,  J.  B.  Gass,  “ Some  American  Methods.” 

National  Indian  Association,  'VVillis’s-rooms,  St. 
James’s,  S.’W.,  4 p.m.  Annual  Meeting,  under  the 
presidency  of  H.R.H.  the  Duke  of  Connaught, 

Medical,  ii,  Chandos-street,  W.,  82  p.m. 

Asiatic,  22,  Alhcmarle-street,  W.,  4 p.m. 

Victoria  Institute,  7,  Adelphi-terrace,  W.C.,  8 p.m. 
l\Ir.  I . A.  .A.llcn,  “ 1 he  Negro  and  Negroid  Races.” 
-UESDAY,  March  i6...Ro3'al  Institution,  Albemarle-street, 
W.,  3 p.m.  Prof.  A.  Gamgee,  “New  Function  of 
Circulation.”  (Lecture  IL) 

Civil  Engineers,  25,  Great  George-street,  S.W., 
8 p.m.  I.  Discussion  on  Mr.  Dugald  Clerk’s 
paper,  “ The  Explosion  of  Homogeneous  Gaseous 
Mixtures.”  2.  Three  papers  on  “ The  Economical 


Construction  and  Operation  of  Railways  in  newly- 
developed  Countries,  or  where  small  returns  are 
expected.”  By  Mr.  Robert  Gordon,  l\Ir.  J.  R. 
Mosse,  and  iMr.  G.  C.  Cuningham. 

Statistical,  School  of  Mines,  Jermyn-street,  S.W., 
7I  p.m.  Mr.  Stephen  Bourne,  “ Foreign  and 
Colonial  Tariffs  as  Influencing  Prices  and  Affecting 
Trade.” 

Pathological,  53,  Berners-street,  Oxford-street,  W., 
8J  pm. 

Zoological,  II,  Hanover- square,  W.,  8j  p.m. 

Wednesday,  March  17. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Mr.  Vincent  Robinson, 

“ Eastern  Carpets.” 

Meteorological,  25,  Great  George-street,  S.AV., 

7 p.m.  I.  Mr.  AVilliam  Ellis,  “ Brief  Historical 
Account  of  the  Barometer.”  2.  E.xhibition  of 
Barometers  and  other  Instruments  im-ented  during 
the  past  >-ear. 

Patent  Agents,  55,  Chancer>*-lane,  AV.C.,  7^  p.m. 
Discussion  on  papers  by  Mr.  Hardinghara  and 
M.  dePass. 

Huguenot  Society  of  London,  Criterion,  Piccadilly, 
AV’^.,  8 p.m.  Air.  G.  H.  Overend,  “ The  Field 
Preachings  at  Antwerp  in  1566,  with  some  account 
of  the  erection  of  Protestant  Temples  in  that 
City.” 

Archaeological  Association,  32,  Sackvillc-street,  AV., 

8 pm.  I.  Air.  AV.  de  Gray  Birch,  “Legendary 
History  of  St.  Nicholas  of  Alyra.”  2.  Air.  Thos» 
Alorgan,  “ Notes  on  Haslemcrc.” 

Thursday,  AIarch  18... Royal,  Burlington-house,  AA’’.,  4^ p.m. 
Antiquaries,  Burlington-house,  AV.,  8|  p m. 

Linnean,  Burlington-house,  AV.,  8 p.m.  i.  Air. 
AVm.  Fawcett,  “ New  Species  of  Balanophora  and 
Thonningia.”  2.  Prof.  P.  AI.  Duncan,  “ Aladre- 
poria  of  the  Alergui  Archipelago.”  3.  Air.  C.  B. 
Clarke,  “ Botany  of  the  Naga  Hills.” 

Chemical,  Burlington-house,  AA^.  8 p.m. 

Society  for  the  Encouragement  of  Fine  Arts,  3, 
Conduit-street,  AV.,8p.m.  Air.  Herman  Alerivalc, 
“ The  Drama  of  the  Da}-.” 

Parkes’  Aluseum  of  Hygiene,  74A,  Alargaret  street, 
AV.,  8 p.m.  Captain  AI.  P.  AVolff,  “ The  Rational 
Alimentation  of  the  Labouring  Classes.” 

Royal  Institution,  Albemarle-street,  AA^,  8 p.m. 
Prof.  AV.  Boyd  Dawkins,  “The  Ancient  Geo- 
graphy of  Britain.”  (Lecture  HI.) 

Historical,  ii,  Chandos-street,  AV.  8 pm. 
Numismatic,  4,  St.  Alartin’s-place,  AV.C.,  7 p.m, 

Friday,  AIarch  19.. .SOCIETY  OF  ARTS,  John-street, 
Adelphi,  AV.C.,  8 p m.  (Indian  Section.)  Air. 
AA^'iHiam  [.Simpson,  “ Experiences  on  the  Afghan 
Frontier.” 

United  Service  Institute,  AVhitehall  - yard,  S.AV., 
3 pm.  I.  Colonel  J.  B.  Richardson,  “The 
■‘AVeldon’  Range-finder.”  2.  Air.  Arnulpli 
Alallock,  “The  ‘Alallock’  Range-finder.” 

Royal  Institution,  Albemarle-street,  AV.,  8 p.m, 
AVeekly  Aleeting.  9 p.m.  Air.  AA''.  H.  AI.  Christie, 
“ L'niversal  Times.” 

Philological,  University  College,  AV.C.,  8 p.m.  Dr. 
AVhitley  Stokes,  “ The  Old  Breton  Glosses  at 
Orleans.” 

Saturd.vy,  AIarch  20... Geologists’  Association,  University 
College,  AV.C.,  2.^  p.m.  ATsit  to  the  Science 
Schools,  South  Kensington.  Demonstration  by 
Professor  J udd. 

Royal  Institution,  Albemarle-street,  AV.,  3 p.m.  Air. 
E.  B.  Poulton,  “ The  Nature  and  Protective  Use 
of  Colour  in  Caterpillars.”  (Lecture  II.) 
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NOTICES. 

♦ 

CANTOR  LECTURES. 

The  second  Cantor  Lecture  on  “Petroleum 
and  its  Products”  was  delivered  by  BOVERTON 
Redwood,  F.I.C.,  F.C.S.,  on  Monday  even- 
ing, 15th  inst.  The  lecturer  gave  a detailed 
description  of  the  methods  adopted  in 
obtaining  the  crude  petroleum  in  various 
countries,  contrasting  the  laborious  operation 
of  excavating  the  wells  by  hand,  which  is 
practised  in  Japan,  with  the  comparatively 
expeditious  system  by  which,  in  the  United 
States,  wells  are  drilled  to  a depth  of  as  much 
as  2,400  feet.  The  process  of  drilling  with  a 
“ string”  of  tools  nearly  60  feet  in  length  and 
weighing  about  2,000  lbs.  was  described,  and 
the  difficulties  and  dangers  attending  the 
various  operations  were  enumerated.  The 
“torpedoing”  of  wells  to  increase  their  pro- 
ductiveness was  also  referred  to,  and  it  was 
incidentally  mentioned  that  no  less  than  8 tons 
of  nitroglycerine  were  used  for  this  purpose  in 
the  Bradford  field  during  the  month  of  July 
last.  The  latter  part  of  the  lecture  was  devoted 
to  a description  of  the  methods  of  transporta- 
tion and  storage.  The  trunk  lines  of  the 
National  Transit  Company,  in  the  United 
States,  conveying  the  crude  oil  from  the  wells 
to  the  refineries,  were  stated  to  be  of  the 
3^S^§regate  length  of  i ,330  miles,  the  line  from 
Clean  to  New  York  having  a length  of  300 
miles,  with  1 1 pumping  stations  ; the  greatest 
elevation  above  tide-water  being  2,490  feet 
and  the  capacity  of  the  line  28,000  barrels  per 
day,  under  a working  pressure  of  900  lbs.  per 
square  inch.  The  lecture  was  illustrated  by  a 


number  of  models  and  a series  of  lantern 
photographs. 

The  lectures  will  be  published  in  the 
Journal  during  the  autumn  recess. 


Proceedings  of  the  Society. 

♦ 

FIFTEEN  TH  ORDINARY 
MEEIING. 

Wednesday,  March  17,  1886  ; Sir  George 
Birdwood,  M.D.,  C.S.I.,  in  the  chair. 

The  following  candidates  were  proposed  for* 
election  as  members  of  the  Society  : — 

Dunn,  John,  i,  John-street,  St.  James’s- square,. 

S.W. 

Greenman,  Charles,  76,  Clayton-road,  Peckham, 

S.E. 

Robinson,  Edward  A.,  Combe  Down,  Bath. 

Storey,  H.  S.,  Lancaster. 

The  following  candidates  were  balloted  foF 
and  duly  elected  members  of  the  Society  : — 

Blythe,  Herbert,  Church,  Lancashire. 

Brookes,  Thomas  William,  The  Grange,  Nightingale- 
lane,  S.W. 

Brown,  William  A.,  Cliff  Lodge,  Greenock. 

Field,  George  W.,  23,  Park-street,  Park-lane,  W. 
Peter,  Otho  Bathurst,  Northernhaye,  Launceston, 
Cornwall. 

Tate,  Edwin,  21,  Mincing-lane,  E.C. 

Thompson,  James  Elliot,  Thornliill-park,  Sunderland,. 

The  paper  read  was — 

EASTERN  ART  CARPETS.. 

By  Vincent  J.  Robinson. 

The  approach  to  our  subject  can  only  be 
made  through  a short  avenue  of  historic  fact.. 
Woollen  manufacture  in  some  form  is  of  the 
highest  antiquity,  and  was  probably  one  of  the- 
very  first  which  man  contrived  for  his  personal 
comfort. 

In  the  pastoral  life  of  Central  Asia,  illus- 
trating the  commencement  of  civilisation, 
flocks  of  sheep  and  goats  furnished  the  skins 
used  by  the  nomads  for  covering  both  their 
bodies  and  the  floors  of  their  tents.  As 
civilisation  progressed,  the  tribes  under  the 
patriarchal  life  represented  in  the  Bible  had 
invented  the  arts  of  weaving  and  of  dyeing,, 
had  begun  to  remove  the  fleece  from  the 
skin  of  the  animal  whilst  still  living,  and 
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to  contrive  clothing,  and,  finally,  hangings  and 
carpets,  for  their  tents.  The  women  of  the 
tribes,  who  drove  their  flocks  from  pasture  to 
pasture,  had  then,  as  they  have  at  the  present 
day,  abundance  of  leisure,  and  the  most 
exquisite  wool  with  which  to  work  their  devices. 
It  was  under  these  conditions  that  the  art  of 
carpet  weaving  began. 

The  designs  used  noware  doubtless  those  in 
use  in  the  time  of  Abraham,  and  probably  for 
centuries  before.  Peculiar  and  distinguishing 
patterns  marked  the  work  of  each  tribe,  and  by 
these  patterns  it  is  to  this  day  often  possible 
for  the  expert  to  determine  the  district  whence 
particular  carpets  have  originated.  Such 
testimony  from  written  sources  of  information 
alone  would  hardly  suffice  to  identify  any 
details  with  precision.  Fortunately,  we  have 
in  Egypt  tombs  and  mural  graphic  evidences 
which,  taken  in  conjunction  with  other  facts, 
enable  us  to  form  a tolerably  accurate  idea 
of  the  antiquity  and  distribution  of  these 
arts.  The  earliest  indication  of  the  actual 
operation  of  weaving  is,  I believe,  depicted  in 
the  tomb  of  Beni  Hassan,  which  carries  us 
back  to  3000  B.c.  This  painting  shows  two 
figures  at  work  at  a loom,  precisely  like  those 
now  in  use  all  over  the  East,  and  resembling 
the  “ Haute  Lisse  ” still  employed  for  tapestry 
in  Europe. 

The  Egyptians  were  only  able  to  work  with 
lines  or  checked  patterns,  any  further  orna- 
mentation had  to  be  added  with  the  needle. 
At  what  time  the  pile  or  plush-like  surface 
was  introduced  into  weaving  there  is  no 
evidence  to  show,  but  the  Egyptians  appear 
to  have  used  it,  and  in  speaking  of  carpets  as 
distinct  from  tapestries,  we  may  regard  this  as 
a distinguishing  feature. 

The  earliest  floor  coverings  of  which  we  have 
pictorial  record  are  those  indicated  in  the 
pavements  of  the  palace  at  Nineveh,  where 
the  practice  of  dividing  the  interior  of  build- 
ings by  means  of  hangings  or  drapery,  which 
in  later  times  were  replaced  by  solid  walls, 
may  be  compared  with  the  treatment  of  the 
floor  spaces.  A carpet  was  spread  for  the 
occupants  to  sit  upon.  Subsequently  the  de- 
sign of  the  carpet  came  to  form  a part  of  the 
permanent  pavement,  and  this  was  shown  by 
inlaying  it  with  coloured  tesserae. 

Admitting  this  evidence  as  to  the  use  of 
some  kind  of  carpet  like  those  on  the  pave- 
ment at  Nineveh,  we  conclude  that  carpets  for 
the  floors  of  buildings  existed  before  the  8th 
century  B.C. ; and  they  probably  were  of  the 
kind  still  made  in  Syria,  and  known  by  the 


term  “ Geleem,”  being  woven  in  a peculiar 
manner,  limiting  the  pattern  to  geometric 
forms  with  varied  colouring.  The  designs  on 
the  pavement  are  those  of  some  of  the  carpets 
still  in  use  in  Syria. 

Babylon  was,  however,  the  great  centre  of 
textile  manufactures,  and  is  referred  to  as  the 
place  renowned  for  woven  and  embroidered 
fabrics  in  the  highest  perfection,  and  for  all 
the  varieties  known  in  ancient  times  among 
Asiatic  nations.  As  proof  of  the  high  estima- 
tion in  which  Babylonian  work  was  held, 
Plutarch  mentions  that  Cato  having  received 
a Babylonish  garment  as  a legacy,  sold  it,  as 
being  too  costly  for  a citizen  to  wear. 

The  use  of  gold  thread  in  the  weaving  of 
their  stuffs  originated  there,  and  they  excelled 
in  what  are  described  as  cloths  of  divers 
colours,  as  well  as  in  embroidery  work.  (Pliny, 
viii.,  48  ; Ezekiel,  xxvii.,  24,  B.c.  500  ; Joshua, 
vii.,  21,  B.c.  1427).  They  also  appear  to  have 
introduced  for  ornamental  purposes  the  figures 
of  birds  and  animals,  as,  for  instance,  the 
cheetah,  or  sporting  leopard ; the  homa,  or 
tree  of  life.  They  also  made  use  of  symbolic 
forms,  like  the  two-handled  vase,  although 
this  is,  strictly  speaking,  Jewish. 

It  was  in  Babylon  that  those  manufactures 
took  their  rise,  which  have  been  carried  on  in 
succeeding  ages  in  the  countries  between  the 
Persian  Gulf  (or,  rather,  the  Suleiman  range 
of  mountains)  and  the  Mediterranean  : cer- 
tainly the  most  conspicuous  features  of 
mediaeval  Persian  work  were  derived  thence. 
The  carpets  of  Babylon  were  as  highly  prized 
as  their  other  manufactures.  The  prosperity 
of  the  city  probably  decayed  before  our  era, 
since  Pliny  says  that  the  manufacture  of 
carpets  was  carried  on  by  the  Parthians. 
(i.,  viii.,  c.  73.)  Some  remains,  however, 
lingered  on  the  Euphrates,  for  the  looms  of 
Arech  were  long  celebrated,  and  it  is  not 
unlikely  that  the  carpets  so  much  valued  by 
the  Greeks,  and  subsequently  by  the  Romans, 
were  made  there.  It  is  certain  that  the 
traditions  remained  in  Baghdad  in  the  time  of 
the  Caliphs,  and  so  late  as  the  15th  century  of 
our  era  some  kind  of  carpets  were  made  by 
the  monks  in  a Christian  monastery  near 
Mosul. 

The  manufacture  of  Babylonian  carpets,  as 
we  have  seen,  was  carried  on  by  the  Parthians  ; 
later  on  the  Milesians  are  spoken  of  as  con- 
spicuous in  connection  with  them.  Aristo- 
phanes, writing  in  the  5th  century  B.C.,  men- 
tions Milesian  fleeces.  The  people  of  Sybaris 
wore  garments  of  Milesian  wool,  and  Phy- 
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larchus  says  there  was  a law  exempting  the 
importers  from  all  taxes.  In  England  we  are 
said  to  be  on  the  way  to  becoming  Sybarites, 
but  carpet  importers  may  look  in  vain  for  such 
privileges,  even  from  a Liberal  government. 
Aristophanes  also  says  the  Greeks  brought 
from  Ecbatana,  in  Medea,  winter  clothing 
covered  with  long  tufts  (Vesp.  v.,  1132), 
which  I take  to  mean  material  covered  with 
pile;  this  is  probably  the  first  notice  we  have 
of  it.  Thus  we  trace  the  spread  of  woven 
productions  westward.  Sardis  manufactured 
carpets,  and  Cyprus  was  renowned  for 
embroideries  ; the  Coraxi,  on  the  Euxine,  or 
Black  Sea,  becoming  noted  as  time  went  on. 

These  people  are  probably  the  modern 
Caratshai  of  the  Caucasus,  and  we  thus 
identify  so  much  of  antiquity  for  those 
beautiful  rugs  which  are  commonly  called 
Daghastan,  with  which  Europe  was  recently 
flooded  for  three  or  four  years,  and  of  which 
genuine  specimens  are  no  longer  to  be  had. 

The  Greeks  seem  never  to  have  had  any 
considerable  woollen  manufactures  of  their 
own  ; their  genius  was  probably  unsuited  to 
such  pursuits.  They  admired  whilst  they  de- 
pended for  their  supplies  upon  the  Easterns, 
whom  they  most  inconsistently  stigmatised  as 
barbarians. 

So  far  as  concerned  textiles,  the  Greek 
colonists  in  Asia  Minor  did  little  more  than 
transport  the  productions  of  the  countries  which 
they  colonised.  That  carpets  were  used  in 
Greece  for  their  floors,  and  for  putting  under 
couches,  is  certain  from  many  passages  in  their 
authors.  Xenophon  remarks,  “They  even  put 
the  feet  of  their  couches  on  carpets,  to  prevent 
resistance  from  the  floor,  that  the  carpets  may 
yield  to  it.”  And  Cleitus,  a friend  of  Alexander, 
used  to  walk  about  on  a carpet  whilst  talking 
to  those  who  came  to  see  him. 

The  admiration  of  the  Greeks  for  Eastern 
textiles  was  handed  on  with  other  luxuries  to 
Rome,  and  we  have  in  Latin  authors  an 
increasing  number  of  allusions  to  the  subject. 

After  the  Roman  conquests  in  Persia,  all  that 
group  of  manufactures  hitherto  known  as 
Babylonian,  Parthian,  &c.,  are  now  referred 
to  under  the  designation  Persian,  by  which 
name  they  may  be  said  to  be  known  all  through 
the  middle  ages  to  this  day.  For  instance,  in 
280  B.C.,  Callixenus  describes  the  pavilion  of 
Ptolemy  Philadelphus  with  carpets  of  finest 
wool  with  pattern  on  both  sides,  and  thin 
Persian  cloths  having  representations  of 
animals  embroidered  on  them.  In  this  feature 
of  animals  either  woven  or  embroidered  on 


carpets  and  other  fabrics,  we  notice  the  old 
Babylonian  traditions,  which  remained  in  favour 
with  the  Persians  through  mediaeval  times, 
and  continued  to  this  century — affording  a very 
remarkable  instance  of  the  continuity  of 
Eastern  traditions.  The  Romans  greatly 
valued  Eastern  fabrics,  and  some  they  bought 
for  their  weight  in  gold.  The  sums  paid  for 
beautiful  productions  may  be  realised  from 
what  Pliny  says  about  Nero,  who  paid  four 
millions  of  sesterces  (about  ;^33,ooo),  for  a 
Tricliniaria  Babylonica. 

With  reference  to  these  Tricliniaria  Baby- 
lonica, Sir  George  Birdwood,  in  his  preface  to 
my  book  on  Eastern  carpets,  gives  a quite 
original  and  no  doubt  perfectly  truthful  deriva- 
tion of  the  Kinari  carpet  of  the  Persians,  which 
to  this  day  they  use  in  the  same  form  as  the 
Tricliniaria  Babylonica  of  the  Romans. 

Pursuing  the  history  of  carpets  into  India, 
we  are  met  by  a profound  obscurity,  for  until 
comparatively  recent  times,  namely,  until  the 
loth  century  of  our  era,  India  may  be  said  to 
have  no  history  of  its  own,  unless  the  very 
meagre  facts  furnished  by  its  epic  poems 
may  supply  its  place. 

In  the  Mahabharata  and  the  Ramayana, 
which  contain  incredible  descriptions  of  im- 
possible events,  there  are  a few  notices  of 
textiles  and  of  colours.  Beyond  this  we  have 
only  a few  Buddhistic  inscriptions  at  wide  in- 
tervals of  time,  of  the  reign  of  Asoka,  which 
was  supposed  to  have  dated  a little  earlier 
than  the  time  of  Alexander  the  Great.  These 
are  all  the  data  we  have  by  which  to  fix  early 
Indian  chronology.  India  is  supposed  to 
have  derived  her  arts  from  the  valley  of  the 
Euphrates ; but  we  only  know  that  there  was 
a regular  trade  route  between  those  countries 
through  Saba  and  Dada  on  the  Arabian  coast 
(Isaiah  xl.,  6;  Ezekiel  xxvii.,  15,  20);  then 
through  Gerrhei  (Diod.  iii.,  41,  Strabo  15}, 
and  finally  by  Kenar  (Isaiah  xl.,  7). 

About  1400  B.C.,  the  Mahabharata  de- 
scribes the  coloured  garments  worn  by  men 
and  women,  and,  later,  about  540  B.c.,  the 
first  synod  of  Buddhistic  monks  was  held,  in 
which  they  arranged  themselves  according  to 
rank,  dressed  in  yellow  robes,  the  colours 
being  precisely  those  which  now  distinguish 
the  religious  orders  of  Hindoos  and  Buddhists. 

The  kind  of  dresses  worn  in  the  6th  century 
A.D.  may  be  seen  in  the  rock-cut  temples  of 
Ajunta,  and  they  possibly  did  not  much  differ 
during  the  centuries  from  200  B.c.  to  800  A.D. 
But  we  have  from  these  sources  no  trace  of 
carpets.  There  is  reason  to  believe  that  2,000 
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or  even  3,000  years  ago,  the  Indians  had 
attained  a higher  state  of  refinement  than 
they  now  possess.  The  traveller  through  the 
Carnatic  or  Mysore  is  struck  with  innumerable 
proofs  of  there  having  been  a time  when  those 
regions  were  the  nursery  of  the  fine  arts. 
Indeed,  the  peninsula  from  the  Ganges  to 
Cape  Cormorin  abounds  with  marks  of  anti- 
quity, arts,  science,  and  civilisation. 

We  may  infer  that  at  no  period  of  their 
history  could  a Rajpoot  chief  have  been  unable 
to  write  his  name,  or  even  to  have  celebrated 
his  own  achievements  in  verse. 

With  the  slender  materials  at  our  disposal, 
we  cannot  discover  when  carpets  came  to  form 
one  of  their  luxuries.  The  Mahommedan  con- 
quest may,  however,  be  taken  as  the  epoch 
when  India,  in  her  North-West  and  Central 
Provinces,  underwent  profound  modifications. 
The  provinces  to  the  south  of  Nerbudda, 
which  had  been  conquered  by  the  Hindoos  at 
the  time  corresponding  to  the  beginning  of  the 
Christian  era,  were  very  little  affected  by  the 
Mahommedan  invasion,  and  the  caste  system 
introduced  by  the  Hindoos,  with  all  the  atten- 
dant influence  on  the  relations  of  life  and  its 
occupations,  remained,  until  quite  recently, 
almost  undisturbed.  And  it  is  in  the  southern 
part  of  India  that  we  have  Hindoo  designs  in 
their  integrity,  bold  and  vigorous  in  colour, 
geometric  in  form. 

In  considering  the  origin  of  woollen  manu- 
factures, Nature  seems  herself  to  have  defined 
the  districts  in  which  we  might  expect  it  to 
have  arisen. 

As  no  bones  of  the  sheep  have  been  found 
in  the  caves  of  Europe,  it  is  probable  that 
the  animal  was  not  native  there — indeed,  it 
would  appear  to  have  been  indigenous  to 
Central  Asia.  There  the  nomadic  tribes  had 
large  flocks  and  herds,  although,  according  to 
Justin,  they  were  ignorant  of  manufactures. 
This  would  apply  only  to  very  early  times. 
But  though  India  possessed  sheep,  there  is  no 
proof  that  wool  was  used.  Cotton  and  other 
vegetable  substances  were  invariably  employed 
for  weaving.  Central  Asia  being  the  chief 
point,  breeding  of  the  animals  spread  thence 
west  and  south  across  the  Himalayan  range 
into  India,  where  some  of  the  favourable  con- 
ditions reappeared  at  intervals  in  the  table- 
land of  that  Peninsula. 

In  Rajpootana,  and  along  the  Neilgherries, 
in  the  Deccan  and  in  Malabar,  vast  tracks  of 
land  support  immense  flocks  of  sheep,  pro- 
ducing wool  of  every  quality  except  the  finest. 
The  very  finest  wool,  called  is  only  to 


be  found  in  Turkestan,  at  Bokhara  and 
Samarkand.  This  is  the  undergrowth  which 
appears  only  in  the  cold  season.  The  fleece  is 
shorn,  and  the  ;put  combed  from  the  under 
part  of  it.  Cashmere  takes  this  wool  for  her 
shawls.  About  Cabool  and  Moultan  carpets 
of  small  size  were  formerly  made  from  the 
refuse  portions  of  but  the  competition  of 
the  Government  goals  has  quite  destroyed  the 
industry. 

In  Afghanistan,  and  westerly  at  Khorassan, 
and  about  Shiraz  and  Kerman,  similar  con- 
ditions led  to  like  results.  In  the  moun 
tain  ranges,  having  an  altitude  of  4,500  feet 
about  Shiraz,  7,600  feet  around  Herat,  some  o-f 
the  best  wool  in  the  world  for  carpet  purposes 
is  grown,  and  it  was  from  this  material  that 
those  1 6th  century  carpets  were  made.  The 
wool  was  lustrous  and  soft,  of  a texture  pro- 
duced by  the  sweet  pasturage  on  which  the 
sheep  fed.  In  some  of  these  districts  thn 
animals  are  covered  with  cloths,  to  protect  and 
give  greater  softness  to  the  fleece.  The  sheep, 
with  large  tails,  to  which  reference  is  made  by 
Ctesias,  were  not  of  Indian  but  either  of 
Persian  or  Arabian  breed,  and  the  tails  are 
now  used  for  the  manufacture  of  Persian  hats. 
These  sheep  are  shorn  twice  a year,  and  the 
value  of  the  finest  wool,  as  I understand,  is 
about  los.  6d.  per  lb.,  inferior  kinds  descend- 
ing to  as  little  as  4d.  per  lb. 

In  the  lower  and  hotter  altitudes  the  wool  is^ 
shorter  and  the  staple  coarser,  not  so  lustrous, 
and  not  so  well  adapted  for  carpet  manufacture. 
These  varieties  can  only  be  used  by  mixture  in 
the  manufactures  of  coarser  quality  and  bolder 
designs. 

Carpets  combining  these  conditions,  un- 
rivalled for  effective  decoration,  were  formerly 
made  about  Hyderabad,  in  the  Deccan  and  in 
Scinde,  and  the  North-West  Provinces;  but,  like 
so  many  other  native  industries,  the  action  of 
the  Government  has  doomed  them  to  extinction. 
In  the  more  inaccessible  mountain  ranges, 
sheep  are  used  as  beasts  of  burden  ; they  are 
driven  unshorn  to  the  place  whence  the 
merchandise  is  to  be  removed,  when  the  fleeces 
are  exchanged  for  the  corn  or  other  commo- 
dities with  which  they  return  laden,  each 
animal  carrying  about  18  lbs.  weight. 

The  carpet  maker  having  supplied  himself 
with  the  wool  best  suited  to  his  purpose,  has 
still  to  be  careful  that  it  has  been  properly 
cleansed.  This  is  an  elaborate  process,  since 
there  is  as  much  grease  and  dirt  as  there  is 
wool  when  the  fleece  is  taken  from  the  animal. 
The  successful  spinning  of  the  w'ool,  and  also 
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the  dyeing  operations,  depend  on  its  having 
been  thoroughly  freed  from  this,  although  it  is 
difficult  to  ascertain  in  what  these  operations 
actually  consist. 

In  some  districts  the  wool  would  appear  to 
be  simply  washed  with  soaps,  after  which  it  is 
regularly  beaten  out  with  an  instrument  re- 
sembling a violoncello  bow,  to  remove  all  the 
coarse  substances,  and  leave  the  soft  part  of 
the  wool  in  the  required  condition.  In  other 
districts  I am  inclined  to  think  the  wool  is 
washed  or  cleansed  in  what  is  called  its  yolk, 
and  I suggest  that  this  is  the  possible  explana- 
tion of  the  comparative  freedom  which  the 
oldest  and  most  glossy  of  the  antique  carpets 
have  from  destruction  by  moth.  This,  how- 
ever, may  be  also  due  to  the  more  healthy 
condition  of  the  animals  furnishing  the  fleeces. 
The  other  materials  principally  employed  in 
carpet  manufacture  are  camel’s  and  goat’s 
hair,  and  also  (but  very  much  less  frequently) 
that  of  the  yak  and  the  ibex.  The  finest  of 
these  is  the  pashm,  or  hair  which  grows  close 
to  the  body  of  the  goat,  procured  chiefly  in  the 
mountains  of  Afghanistan. 

In  Southern  India  silk  is  occasionally  used, 
a material  giving  wonderfully  lustrous  effect  to 
the  pile  of  the  carpet,  but  scarcely  so  appro- 
priate. This  lustre  appears  to  greater  ad- 
vantage when  the  medium  is  goat’s  or  camel’s 
hair,  and  is  less  liable  to  injury  from  wear. 
An  example  of  the  silk  manufacture  taken  from 
the  Vincent  Robinson  collection,  and  shown 
on  the  walls  of  the  Society’s  room,  is  constructed 
entirely  of  silk,  and  made  at  Warrunghul,  pro- 
bably in  the  i6th  century.  As  a mere  piece  of 
weaving  it  is  marvellous,  having  400  stitches 
to  the  square  inch.  Of  course,  such  specimens 
were  never  intended  for  the  feet,  but  only  to 
be  sat  upon — in  the  East. 

But  even  in  the  north  of  Europe  carpets  in 
those  days  were  not  put  upon  the  floor.  In 
England  the  floors  were  covered  with  rushes 
until  early  in  the  17th  century.  Euphues 
replies  to  the  Lady  Flavia,  “ Faire  ladie,  it 
were  unseemlie  to  strew  green  rushes  for  his 
coming,  whose  compagnie  is  not  worth  a 
straw.” 

Early  in  the  i6th  century,  a carpet,  in  Eng- 
land, meant  a table-cover,  as  we  find  in  Ben 
Jonson’s  plays,  and  also  from  Dyce’s  Notes  on 
Middleton’s  Works.  We  are  all  familiar  with 
the  appearance  of  these  table-covers  from  the 
old  Dutch  pictures,  one  of  the  most  magnificent 
being  the  Terburg,  in  the  Royal  collection. 
Those  illustrated  by  the  Dutch  are  all  of 
Turkish  manufacture  of  the  i6th  century. 


The  designs,  geometric  in  treatment,  recall- 
ing Turcoman  Nomad  work — but  the  colouring 
that  of  Smyrna  at  its  very  best. 

Sir  William  Browne,  writing  from  Flushing, 
in  1602,  says,  ” I have  bought  a Turkey  carpet 
for  my  lord  of  Bergeveny,  7 Dutch  ells  long. 
It  cost  27  pounds  sterling,  but  it  is  esteemed 
very  fine,  and  well  worth  the  money  ” ( ” Sidne}’’ 
Letters,”  vol.  2,  p.  26). 

The  modern  Smyrna  carpets  have  so  de- 
generated, as  even,  in  England,  not  to  be 
accounted  ornamental  ; but  then,  as  Mr. 
Browning  says  (“The  Ring  and  the  Book,”) 
we  are  content  with 

“ A mat  to  save  bare  feet, 

Since  carpets  constitute  a cruel  cost.” 

England,  however,  in  this  matter  of  cost, 
presents  a curious  contrast  to  the  Venetian 
and  other  States  of  North  Italy  in  the  15th 
and  i6th  centuries,  whose  grandeur,  like  that 
of  England,  was  based  on  trade.  Sismondi 
very  happily  notices  this  when  he  says,  that 
trade  was  then  carried  on  by  the  nobles  with 
princely  magnificence  ; idleness  only  was  dis- 
graceful, whatever  the  rank  of  the  person 
indulging  in  it. 

Returning  to  our  subject,  the  wool  is  then 
spun  and  subsequently  dyed,  the  latter  pro- 
cess being  one  of  the  most  formidable  in  con- 
nection with  the  manufacture,  upon  the  suc- 
cessful performance  of  which,  much  of  the 
beauty  and  durability  of  the  carpet  depend. 

Any  extended  investigation  into  dye  stuffs, 
and  methods  of  dyeing,  would  be  out  of  place 
here ; yet,  I cannot  altogether  pass  the 
subject  over,  pausing  only  to  consider  the 
three  primary  colours — red,  yellow,  and  blue. 
Where  the  baneful  effects  of  modern  innova- 
tion and  commercial  demands  have  not  been 
felt  by  the  natives,  and  in  those  districts  where 
nature  has  provided  the  local  dyer  with  mate- 
rials at  hand,  his  ingenuity  has  usually  been 
productive  of  excellent  results  unassisted  from 
without. 

In  other  districts,  where  innovations  have 
recently  interfered,  the  natives  were  formerly 
dependent  only  on  their  local  supplies  and 
primitive  methods,  and  this  alone  is  sufficient 
to  account  for  the  variations  in  tone,  and  much 
of  the  beauty  of  colour,  which  I have  already 
shown  to  result  from  the  varying  geographical 
conditions  under  which  the  wool  itself  was 
obtained.  It  would  almost  appear  capable  of 
proof,  too,  that  something  of  their  brilliancy 
aud  durability  depended  on  the  fresh  condition 
of  the  raw  material  when  used. 
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Wool,  when  exposed  to  a multiplicity  of 
operations,  including  boiling,  looses  much  of 
its  cellular  fatty  matter ; this  must  impair  its 
glossy  appearance  and  its  durability. 

Red. — Modern  carpets  are  dyed  red  chiefly 
with  lac  or  cochineal ; but  the  proper  materials, 
and  those  from  which  the  old  reds  were  made, 
are,  in  the  first  place,  kermes,  and  in  the 
second,  mungeet,  or  Indian  madder  {Rubia 
cordifolia).  For  a short  account  of  kermes 
I would  refer  to  the  remarks  in  my  book, 
‘‘  Eastern  Carpets.”  A cheap  substitute  for 
kermes  is  cochineal  [Coccus  each),  not  strictly 
a vegetable  substance,  it  being  an  incrustation 
formed  by  an  insect  on  the  bark  of  several 
species  of  the  ficus. 

The  process  for  the  use  of  madder,  practised 
by  the  natives,  stated  briefly  is  this  : — A de- 
coction is  made  from  the  galls  of  the  tamarisk 
(the  Mai  far  ash  of  the  natives)  to  facilitate  the 
absorption  of  the  dye  in  which  the  wool  is 
steeped  ; it  is  then  submitted  to  the  hot  solu- 
tion of  madder,  which  is  fixed  by  the  alum 
mordant. 

These  are  the  materials  most  generally 
used  ; but  there  is  little  doubt  that  a great 
variety  of  other  substances  and  methods  of 
using  them  have  obtained  in  districts  in  which 
different  materials  are  indigenous ; as,  for 
instance,  in  Mooltan,  where  the  morinda  is, 
or  was  formerly,  used  as  a red  dye. 

Yellow. — The  pomegranate  is  another 
Eastern  dyestutf  peculiarly  valuable,  having 
both  astringent  and  colouring  properties,  thus 
serving  both  as  mordant  and  as  dye.  It  pro- 
duces, with  potash  or  ammonia,  a fine  yellow, 
or  with  ferruginous  salt,  a black.  All  parts  of 
the  plant  are  astringent,  but  the  rind  is  the 
part  generally  used. 

This  fruit,  as  we  know,  is  only  found  in 
warm  climates,  the  best  coming  from  Bala- 
beag,  near  Cabool,  Candahar,  and  Jellalabad. 
It  grows  also  in  Afghanistan  and  Beloochistan 
at  elevations  of  about  6,000  feet,  and  on  the 
east  of  the  Suleiman  range  at  about  4,000  feet. 
All  these  places,  as  well  as  Mazanderan, 
Bokhara,  and  Asia  Minor — all  countries, 
indeed,  where  the  pomegranate  is  indi- 
genous— singular  enough,  correspond  to  the 
districts  where  the  finest  wool  is  grown,  and 
whence,  as  a consequence,  come  the  most 
magnificent  carpets  in  the  world. 

Blue. — The  use  of  indigo  is  generally 
known.  Any  particular  reference  to  the 
methods  of  its  employment  by  Orientals  would 
be  unnecessary  for  our  present  purpose.  The 
plant  is  indigenous  in  India,  and  the  dye  has 


been  used  from  time  immemorial,  in  proof  of 
which  we  have  actual  specimens  of  mummy 
cloths  found  at  Thebes,  which  have  been 
subjected  to  chemical  tests.  At  a much  later 
date  it  was  only  known  to  the  Greeks  and 
Romans  as  a pigment,  and  it  was  not  until 
after  the  middle  of  the  i6th  century  that  it 
came  into  use  in  Europe. 

It  may  be  of  interest  to  notice  that  there  were 
no  dyers  in  England  until  1472,  when  Edward 
III.  incorporated  a society  of  them  in  London, 
bringing  them  from  Flanders. 

The  chemical  changes  indigo  passes  through 
on  exposure  to  the  sun’s  rays  afford,  as  it 
appears  to  me,  a lesson  which  we  should  do 
well  to  consider  seriously,  namely,  that  there 
is  no  possible  substitute  for  the  sun  as  an  agent 
in  the  process  of  dyeing.  Science  has  per- 
formed wonders,  but  at  present  she  has  failed 
to  produce  artificially,  in  the  laboratory  or 
the  dye  house,  that  which  nature  has  provided 
gratuitously  for  the  artificer  in  a hot  climate 
under  the  fierce  rays  of  a tropical  sun. 

Tracing,  then,  the  acknowledged  superiority 
of  oriental  carpets  to  their  cause,  may  we 
not  conclude  that  geographical  and  climatic 
conditions  exist  which  account  for  their  un- 
rivalled perfection,  and  which  it  is  beyond  the 
power  of  man  in  northern  latitudes,  backed  by 
all  his  science,  to  imitate  ? 

The  mere  manipulation  in  the  manufacture 
of  carpets  is  the  same  all  over  the  East,  and  need 
not  be  minutely  described  here,  consisting  as 
it  does  in  knotting  with  a double  twist  the 
wool  forming  the  pile  of  the  carpet  firmly  upon 
the  foundation.  This  latter  is  made  with  the 
finest  sorts  of  wool,  cotton,  or  silk  set  up  on 
horizontal  beams,  forming  the  loom,  and  being 
the  nearest  approach  to  machinery  the  most 
magnificent  carpet  ever  needs.  The  artificer 
sits  on,  or  a little  above,  the  ground,  with  his 
legs  in  a hole  fronting  his  work,  which  is 
wound  on  to  the  bottom  roller  as  it  is  com.- 
pleted,  the  pile  being  cut  to  the  required 
length  for  the  finished  surface  of  the  carpet. 

In  the  coarser  kinds  of  Indian  carpets  a 
workman  can  do  about  5 or  6 inches,  of  about 
18  inches  wide,  in  a day,  at  a cost  of  about 
3 annas.  For  the  finer  kinds  longer  time  is 
required.  Coarse  rugs  are  generally  made 
of  cotton  for  the  Hindoos,  and  of  wool  for  the 
Mahommedans.  The  latter,  especially  in 
Persia  and  Arabia,  frequently  use  silk  and 
even  gold  thread  for  the  carpets  intended  for 
shrines,  and  formerly  even  precious  stones 
were  added.  In  a country  like  India,  where 
the  class  es  of  society  may  be  divided  abruptly 
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into  the  extremely  rich  and  the  very  poor,  we 
should  expect  necessarily  to  find  only  two 
kinds  of  manufacture,  a great  number  of 
coarse  fabrics  and  a few  of  exquisite  fineness. 
For  the  production  of  the  latter  the  people  of 
India  seem  formed  by  nature.  In  the  Hindoo, 
with  his  supple  form,  pliant  fingers,  and  ex- 
quisite sense  of  colour,  aided  by  his  inde- 
fatigable perseverance,  we  perceive  the 
Heaven-born  weaver.  Where  in  Europe,  with 
all  our  mechanical  appliances,  can  we  rival 
the  muslins  of  Dacca  ? And  yet  they  are  pro- 
duced without  machinery,  without  capital,  and 
without  the  organisation  so  much  relied  upon 
by  Europeans.  The  weaver  is  a solitary 
individual,  working  a loom  consisting  of  a 
few  bits  of  wood  roughly  put  together,  with  no 
expedient  for  rolling  up  the  warp,  and  often 
compelled  to  ply  his  work  in  the  open  air  in  all 
vicissitudes  of  weather,  since  his  hut  is  of  in- 
sufficient capacity  to  contain  it. 

If,  again,  we  consider  the  artistic  power  of 
these  peoples,  we  are  still  more  impressed 
with  their  seemingly  unconscious  and  special 
gifts.  It  may  be  called  an  instinct,  for  even 
in  those  races,  devoid  of  mental  and  social 
cultivation,  we  find,  not  the  germs  only,  but  the 
full  growth  of  a faculty  for  harmonious  colour 
and  design,  and  this  in  a degree  to  which 
Western  nations  more  elevated  in  the  social 
scale  can  make  no  pretension.  This  subject 
of  design  is  one  of  the  most  interesting  features 
in  Oriental  work,  its  origin  and  development 
one  of  the  most  difficult  to  pursue. 

Much  of  the  success  of  the  Orientals  seems 
to  be  in  their  abhorence  of  novelty ; indeed,  I 
should  like  to  make  it  an  axiom  that  in  fine 
design  novelty  must  be  excluded.  How  far 
this  may  accord  with  the  practice  of  the 
Orientals  may  be  judged,  when  we  reflect  that 
the  greater  number  of  the  designs  in  use  to- 
day not  improbably  met  the  gaze  of  hundreds 
of  generations  before  the  time  of  Abraham. 

Thus  the  pattern  which  has  had  the  widest 
reception  in  modern  times  for  carpets  is  the 
one  commonly  known  as  “ Heratee,”  a name 
given  it  recently  without  any  justification, 
unless,  indeed,  for  the  reason  that  it  was 
never  made  there.  There  is  now  no  tracing 
the  origin  of  this  charming  design  from  which 
thousands  of  carpets  have  been  made,  with  no 
two  alike.  Ihe  theme  remains,  but  the  colour- 
ing,  and  even  the  scale  of  drawing,  is  ever 
changing  with  marvellous  ingenuity.  I can 
stop  to  consider  only  one  more  pattern 
of  Indian  origin,  as  the  other  was  of  Per- 
sian. This  pattern  seems  to  have  been  sug- 


gested by  orchid  growth,  the  blossom  of 
the  dendrobium  being  a very  conspicuous 
and  beautiful  feature.  It  could  only  have  been 
devised  by  a people  with  art  instincts  both 
passionate  and  fanciful,  who  wove  into  their 
designs  the  magic  hues  of  poetry  and  fiction  ; 
whose  touch,  so  far  from  vulgarising  by 
attempts  at  novelty,  antiquates  and  ennobles. 

The  grandeur  of  the  Oriental  treatment  of 
design  may  be  illustrated  in  a vivid  manner 
by  reference  to  the  carpet  formerly  filling 
the  Hall  of  Forty  Columns  at  Ispahan, 
some  fragments  of  which  still  remain 
there.  It  was  originally  135  feet  long  by 
about  65  feet  broad,  of  extremely  fine  quality, 
with  pattern  enlarged  and  coloured  on  a 
gigantic  scale,  and  a colossal  border  befitting 
the  space  in  which  it  was  spread.  Afghan 
artificers  alone  could  have  fabricated  such  a 
gorgeous  and  palatial  thing  with  an  equal 
refinement  of  detail.  Where  could  a fitting 
place  be  found  for  such  a work  but  in  the 
palace  of  an  Italian  noble  of  the  Middle  Ages, 
whose  rooms  were  marble  halls,  and  whose 
chairs  were  thrones  of  state  ? 

Where  in  England,  then  or  now,  are  we 
likely  to  find  places  sufficiently  spacious  for 
similar  triumphs?  The  contemplation  of  such 
designs,  as  it  were,  emancipates  us  from 
the  matters  ot  fact  of  daily  life  ; we  are 
carried  away  by  a kind  of  admiration,  bidding 
us  wander  beyond  the  radius  of  our  prejudices, 
yet  restraining  us  within  the  limits  of  tra- 
dition. This  tradition,  too,  is  a part  of  the 
inheritance  of  the  human  race,  and  to  abandon 
it  in  favour  of  novelty  is  to  forfeit  one  of  our 
highest  privileges. 

It  is  impossible  to  exaggerate  the  influence 
of  the  Saracens  on  the  textiles  of  Southern 
Europe,  especially  those  of  Spain  and  of  Sicily, 
and  it  is  curious  that  this  has  not  at  present 
received  the  attention  it  seems  to  deserve. 
Among  their  many  characteristics,  no  proper 
distinction  seems  hitherto  to  have  been  made, 
and  they  are  all  classed  together  under  the 
generic  name  of  Persian.  Even  the  French, 
who  have  been  the  only  serious  collectors  of 
textile  treasures  in  this  century,  do  not  dis- 
criminate. Yet  many  of  the  most  wonderful 
carpets,  as  well  as  of  other  stuffs,  are  most 
unquestionably  Saracenic.  I am  aware  that  at 
present  I am  unsupported  in  this  opinion,  but 
careful  comparison  will,  I think,  in  time  estab- 
lish it  as  the  correct  one,  and  that  in  fact  those 
carpets  hitherto  known  as  Persian,  but  found 
in  Spain  and  Southern  Italy,  were  indeed  made 
there  by  Saracenic  artificers. 
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The  only  alternative  to  this  theory  is,  as  the 
work  indicates,  that  Baghdad  and  the  valley 
of  the  Euphrates  was  the  source,  but  at  the 
date  of  their  manufacture  production  must 
have  ceased  there.  I confess  to  great  re- 
luctance in  admitting  such  an  antiquity  as 
the  latter  half  of  the  15th  century  for  some  of 
these  specimens,  but  increased  opportunities 
of  comparison  have  gone  far  to  remove  this 
objection.  The  Saracenic  element  is,  indeed, 
so  evident,  that  I can  only  feel  astonished  its 
existence  should  not  have  been  recognised  by 
other  investigators. 

What  an  influence  is  there  in  a name  ! That 
of  Persia  having  become  a kind  of  shibboleth, 
by  which  all  kinds  of  wonders  might  be  worked 
among  dealers,  it  may  have  been  thought 
dangerous  to  disturb  or  risk  its  supremacy, 
and  thus  weaken  the  devotion  of  a public  too 
preoccupied  to  reconsider  the  reasons  for  its 
faith. 

The  Saracens  were  driven  out  of  Spain  about 
1490,  but  many  of  their  number  remained,  and 
w^e  have  every  reason  for  assuming  that 
Saracenic  artificers  worked  in  Spain  for  a 
century  later.  That  Spain  was  originally 
provided  with  carpets  direct  from  Persia  is 
abundantly  evident ; of  this,  one  instance  will 
suffice.  Abdoul  Rahman,  the  third  ruler  of 
Cardova,  in  the  loth  century,  was  presented 
by  Abu  Melik  on  his  appointment  as  Grand 
Vizier,  with  a variety  of  costly  and  most 
magnificent  treasure,  among  which  are 
particularised  thirty  Persian  carpets,  as  being 
brought  and  laid  at  the  foot  of  his  throne. 
Oriental  influence  came  also  to  Portugal,  but 
from  further  east,  about  the  time  of  the  expul- 
sion of  the  Saracens  from  Spain.  When  Vasco 
da  Gama  began  that  celebrated  voyage  of  his 
in  which — 

“ For  many  a day  and  many  a dreadful  night, 
Incessant  labouring  round  the  stormy  Cape,” 

he  brought  from  the  western  coast  of  India 
wonders  of  the  arts,  adding  fresh  sources  of 
inspiration  scarcely  less  powerful  than  those 
which  already  abounded  in  that  favoured 
peninsula. 

It  is  a remarkable  circumstance  that,  with 
all  the  wealth  of  Europe,  there  is  probably  no 
Royal  collection  save  only  that  of  the  Sultan 
of  Turkey  which  possesses  really  good  sped' 
mens  of  choice  Oriental  carpets.  Very  much 
the  same  may  be  said  of  all  the  museums  of 
Europe,  for  with  the  exception  of  a German 
fragment,  I know  of  none  that  are  in  them- 
selves of  any  importance,  or  which  would 


compare  with  examples  in  the  hands  of  private 
collectors.  In  the  public  interest  it  is  a sub- 
ject too  for  much  regret  that  there  is  now 
hardly  any  possibility  of  supplying  this  defect, 
since  all  the  choicest  existing  examples  known 
have  been  absorbed.  The  last  places  to  look 
for  fine  carpets  now  are  probably  those  which 
originally  produced  them.  Most,  if  not  all,  of 
the  splendid  examples  have  been  sent  away. 

Where  are  now  the  grand  Durbar  carpets  of 
India  ? In  England  one  only  of  these  is  to  be 
seen  (as  far  as  I am  aware)  in  what  is  now 
known  as  the  Vincent  Robinson  collection. 
In  France  several  private  collectors  have  each 
two  or  three  very  important  specimens,  but  no 
person  in  England  could  be  found  to  pay  the 
prices  which  the  French  owners  have  given 
for  them.  Of  one  carpet  alone  it  may  be 
said,  that  were  it  known  to  be  for  sale,  ever}'' 
connoisseur  in  Europe  would  be  attracted,  and 
thus  draw  a greater  crowd  of  pilgrims  than  the 
one  that  annually  accompanies  the  holy  carpet 
itself  to  the  Kaaba.  Such  specimens  as  these 
ought  to  be  in  some  national  collection,  for  the 
formation  of  public  taste. 

Yet,  I am  unpatriotic  enough  to  say  that  I 
should  be  sorry  to  see  them  in  any  English 
museum,  when  I remember  that,  only  a few 
years  ago,  it  was  deliberately  proposed,  and, 
I believe,  partly  executed,  to  cut  all  the  East 
India  Company’s  collection  into  small  frag- 
ments, for  the  purpose  of  distributing  them 
among  the  museums,  as  if  they  were  so  many 
bits  of  cotton  shirting  or  calico.  What  should 
we  say  if  the  pictures  in  the  National  collec- 
tion were  to  be  similarly  served,  on  the  plea 
that  fresh  producers  could  judge  of  the  mate- 
rials and  skill  employed  in  the  original  by 
examining  a fragment  of  it  ? 

This  comparison  is  not  so  far-fetched  as  it 
may  at  first  appear,  since  an  art  carpet 
must  be  seen  as  a whole  for  a judgment  to  be 
formed  of  the  distribution  of  its  pattern  and 
the  relation  of  its  parts,  the  latter  being 
seldom  repetitive. 

But,  indeed,  we  have  no  collection  in  England 
of  any  value  to  the  nation  from  an  art  point  of 
view.  It  is  difficult  to  understand  with  what 
motive  the  carpets  now  at  South  Kensington 
Museum  were  collected.  If  to  show  specimens 
of  the  chef  d' ceuvres  of  a past  work,  it  is  failure, 
as  there  are  not  half  a dozen  examples  of  fine 
work  in  the  museum.  If  it  was  designed  to 
show  off  and  advocate  the  jail  productions  of 
India,  for  whose  advantage  was  it  intended  ? 
Certainly  not  for  the  art  student,  nor  for  the 
carpet  designer,  nor  for  the  public,  because  all 
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three  classes  go  there  for  instruction,  and  to 
see  what  to  covet  and  imitate,  not  what  to 
avoid. 

But  the  whole  action  of  the  Government  of 
India,  in  reference  to  the  carpet  industry  of 
the  countr)’,  as  was  demonstrated  by  Sir 
George  Birdwood,  has  been  characterised  by 
a sort  of  blind  infatuation.  It  may  be  briefly 
sketched  thus: — Twenty  years  ago— the  repu- 
tation of  India  for  its  carpets  having  been 
established  in  Europe  at  the  first  Exhibition 
of  1851,  and  subsequently  well  developed  by 
private  enterprise— the  Government  of  India, 
casting  about  in  the  midst  of  difficulties  with 
taxation,  blundered  on  the  scene  in  the  follow- 
ing manner  : — 

In  all  the  jails  in  India,  several  thousand 
prisoners  were  being  maintained  as  a burden 
on  the  revenues  of  the  country  during  their 
term  of  ser\-itude,  and  it  occurred  to  some  one 
in  authority  that  if  any  kind  of  work  could  be 
taught  them,  their  imprisonment  might  be 
made  a source  of  profit  instead  of  loss.  In 
an  evil  hour  they  hit  upon  the  carpet  industry 
as  one  which  was  flourishing,  with  a new  life 
imparted  to  it,  and  a wide  field  for  expansion. 

Now  this  new  life,  had  it  been  allowed  to 
develop  itself  naturally,  would  have  continued 
t©  increase  in  the  old  methods  with  the  results 
which  had  obtained  its  reputation,  and  with 
ever-increasing  prosperity.  The  native  weavers, 
whose  numbers  would  have  multiplied  whilst 
the  demand  for  their  work  increased,  would 
have  benefited  first,  and  the  general  trade  of 
the  country  still  augmented  in  a legitimate 
manner. 

I have  already  shown  that  the  reputation  of 
these  carpets  was  not  a fresh  creation  ; it  was 
an  art  upon  the  practice  of  which  thousands 
of  our  fellow- subjects  in  India  depended  for 
their  livelihood.  It  had  its  traditions,  its 
methods,  its  caste.  We  know  that  these 
people  have  held  their  pre-eminence  in- the  art 
of  flat  surface  decoration  during  all  historic 
time.  The  most  cultivated  peoples  among  the 
ancients  admired  and  acknowledged  it.  In 
mediaeval  times  it  was  equally  sought  after,  and 
the  only  kindred  arts  which  claimed  any 
considerable  merit  whatever  were  those 
founded  upon  it.  No  rival  had  at  any  time 
supplanted  it.  The  Government,  backed  by  the 
credit  of  this  great  nation,  set  itself  to 
trade  on  the  reputation  which  had  been 
thus  obtained,  and  deliberately,  by  the  intro- 
duction of  cheaper  methods,  and  what  was 
practically  slave  trade,  to  undersell  the  art 
weaver.  Buildings  were  adapted,  plant  on  so- 


called  improved  English  or  European  models 
obtained  and  fixed,  and  the  armaments  of 
chemical  laboratories  with  theirprocesses  intro- 
duced ; and  such  a system  of  organised  work 
set  up  as  completely  transformed  not  only 
the  trade  but  actually  the  carpets  themselves 
which  were  the  foundation  of  it.  Instead  of 
the  individuality  of  the  designs,  the  subtle 
tones  of  many  shaded  colours,  the  curious 
testimony  which  each  carpet  bore  to  its  own 
history,  in  which  each  individual  weaver  left 
some  marks,  unconsciously  often,  of  the 
beginning  or  the  ending  of  his  day’s  work,  the 
record  of  the  finish  of  one  pot  of  dye  and  the 
beginning  of  another ; the  lassitude  which 
came  over  the  weaver  when  he  became  a little 
weary,  and  enlarged  the  scale  of  his  work  ; the 
slight  transition  of  colouring  perhaps  which 
often  characterises  the  two  ends  of  a very 
large  carpet.  All  these  subtle  changes, 
which  were  so  charming  in  the  old  carpets, 
the  jail  authorities  set  to  work  energeti- 
cally to  disregard,  and  ultimately,  by  elabo- 
rate organisation,  to  drive  clean  out  of  the 
business.  By  degrees  the  poorer  weavers 
disappeared  altogether  from  the  scene.  It 
must  be  borne  in  mind  that  formerly,  under 
the  old  system,  these  people  harvested  their 
crops  in  their  proper  season,  so  that  there 
were  many  and  vexatious  intervals  of  cessation 
and  delays,  no  doubt,  for  the  expectant  pur- 
chaser who  had  advanced  his  money  in  the 
olden  time,  and  whose  patience  was  often 
somewhat  taxed  before  he  got  his  carpet.  But 
then  who  would  expect  a picture,  for  which  a 
commission  had  been  given  to  a painter,  to  be 
delivered  at  his  house  the  moment  it  was 
wanted,  like  a door-mat  oraton  of  coals  ? When 
at  length  the  carpet  did  arrive,  what  a lovely 
object,  what  fresh  delights  awaited  the  happy 
possessor,  as,  during  months  afterwards,  the 
little  irregularities  of  its  early  existence  were 
discovered  one  by  one,  like  strange  surprises? 
The  jails,  however,  worked  on,  and  the  authori  - 
ties, with  their  cheaper  methods  and  increased 
profits,  were  encouraged  to  extend  the  opera- 
tions to  a great  number  of  the  principal  jails 
throughout  the  country,  regardless  of  the 
artistic  character  of  the  work  they  produced ; 
laboriously  matching  colours,  and  counting 
stitches,  and  blind  to  any  other  necessity  than 
the  durability  of  their  work,  even  in  this  not 
being  uniformly  successful.  The  great  aim 
of  the  jail  authorities  was  to  imitate  the  outline 
of  the  detail  in  each  pattern,  to  match  the 
colours  as  the  assistant  in  a draper’s  shop 
would  do,  but,  above  all,  to  guarantee  the 
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durability  of  the  article  they  produced. 
The  whole  concern  had  degenerated  into 
a mere  money-making,  trumpery  machine- 
shop  trading  affair,  worked  on  money  borrowed 
from  the  nation.  The  whole  character  of  the 
work  was  changed.  The  gentlemen  in  charge 
of  the  jails  found  themselves  in  a most  novel 
position.  They  were  military  or  medical 
gentlemen,  or  of  some  other  profession,  but 
suddenly  they  had  become  manufacturers. 
With  no  training  or  special  talent  for  such 
occupation,  they  had  to  plunge  into  unknown 
mysteries.  No  doubt  they  were  perfectly 
sincere  in  the  belief  that  the  task  was  not 
beyond  their  powers,  which,  had  it  consisted 
simply  in  discriminating  between  a good  and 
durable  carpet  and  a bad  one,  and  reproducing 
it,  would  have  been  perfectly  true.  All  the 
varied  art  and  poetry  of  the  ideal  was  for  them 
as  nothing.  For  them,  those  carpets  which 
have  for  the  artist  dreamy  imaginings  did  not 
exist.  Such  carpets  are  in  fact,  poems  in 
wool ; they  are  transcendental,  and  are  beyond 
the  comprehension  of  realistic  men,  to  whom 
a carpet,  however  lovely,  is  a carpet  and 
nothing  more. 

But  in  these  days  of  machinery  and  steam  we 
live  at  a rate  beyond  all  precedent.  When, 
therefore,  all  the  new  processes  intruded  on 
the  Indian  weaver  have  become  fixed  and 
settled,  and  the  traditional  processes  which 
have  survived  so  many  centuries  have  fallen 
into  disuse  and  oblivion,  who  on  earth  is  to 
revive  them  ? 

Observe  the  result  in  this  case.  Men  were 
employed  to  superintend  the  prisoners,  and 
the  latest  improvements  from  Europe  were 
introduced  by  degrees,  and,  as  a consequence, 
an  enormous  output  of  carpets,  which  are  no 
better,  if  they  are  no  worse,  than  English  ones, 
made  in  the  same  way  by  hand. 

Government  officers  are  naturally  not  con- 
cerned about  the  overthrow  of  a handicraft 
which  they  do  not  understand.  But  observe 
the  grave  consequences.  The  loss  of  the  repu- 
tation of  Indian  carpets  as  art  fabrics,  which 
was  their  claim  to  public  admiration,  has 
already  set  in,  in  those  quarters  where  it  was 
originally  created,  viz.,  among  artists  and 
leaders  of  taste,  who,  be  it  remarked,  the 
public  invariably  follow  in  the  long  run. 

In  matters  of  taste  there  is  no  disputing. 
Now,  it  is  quite  possible  to  demonstrate  that 
an  artist  or  a manufacturer  is  incapable  of 
commanding  an  army  in  the  field,  or  to 
cure  malignant  disease,  but  it  is  quite  another 
matter  to  prove  the  incapacity  of  a military  or 


medical  man  to  design  or  manufacture  a 
carpet  or  any  other  textile.  Yet  the  one  is  as 
inconsistent  as  the  other.  Each  of  these  pur- 
suits requires  the  devotion  of  a life,  and  in  the 
proportion  as  the  individual  is  qualified  for  the 
one,  in  that  degree  he  is  disqualified  for  the 
other  usually. 

As  an  instance  of  the  infatuation  of  the 
English  authorities  in  their  treatment  of  the 
native  arts,  I will  give  one  or  two  short 
quotations  from  a recent  pamphlet  printed  in 
Bombay,  being,  in  fact,  a report  on  dye-stuffs 
to  our  Government  at  home,  made  by  a local 
officer.  He  says — 

‘‘They  (the  natives)  can  give  beautiful  and  perma- 
nent colours but  the  methods  of  dyeing 

practised  in  India  are  generally  tedious  and  com- 
plicated, and  there  is  no  doubt  that  if  Western  skill 
and  Western  science  be  applied  to  the  products,  a 
great  improvem.ent  will  be  readily  effected.” 

A great  “improvement!”  In  what  way 
does  this  gentleman  suppose  that  we  can  im- 
prove them  ? He  goes  on  to  say  that—' 

“ Although  chemical  science  is  not  understood  by 
the  natives,  the  richness  of  the  natural  products, 
the  results  of  happy  accidents  and  elaborate  pains- 
taking experiments  in  their  employment,  have 
been  fruitful  of  good  results.” 

Is  the  official  mind  incapable  of  connecting 
cause  and  effect  ? May  we  not  refer  these 
“good  results”  to  those  “elaborate  pains- 
taking experiments  ” with  the  “ happy  acci- 
dents ” we  know  invariably  to  follow,  and  from 
which,  I believe,  they  can  only  be  obtained  ? 
The  chemistry  of  Nature  works  for  the  native, 
however  tediously ; and  I know  of  no  instance 
in  which  Western  science  has  interfered  in 
art  work  without  disaster. 

It  has  all  along  been  assumed  that  the 
manufacture  of  these  carpets,  which  has  in- 
cidentally been  the  ruin  of  the  caste  weaver,  as 
a matter  of  course,  has  been  one  of  great  profit 
to  the  Government,  and  consequent  saving  of 
taxes  to  the  country.  I should,  however,  like 
to  raise  one  or  two  questions  on  this  point, 
leaving  altogether  aside  the  State  policy  or 
morality  of  the  matter.  Have  the  accounts 
been  so  kept  as  to  show  the  whole  expendi- 
ture involved  in  the  undertaking,  in  the  same 
way  as  an  ordinary  manufacturer,  trading 
with  his  own  or  borrowed  capital,  would  have 
to  do  ? 

Manufacturers  and  even  Indian  carpet  weavers 
have  their  creditors  to  answer  to,  if  their 
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accounts  do  not  include  every  item  and  balance 
themselves.  They  have,  therefore,  to  allow 
for  such  charges  as  these,  under  the  head  of 
capital  account : — Building  account ; first  cost 
of  plant,  &C.  ; first  cost  of  materials  ; what 
charges  have  been  made  on  account  of  labour 
of  the  prisoners  or  of  their  maintenance  and 
superintendence  ; maintenance  and  repair  of 
machinery  and  buildings ; simple  interest  on 
monies  advanced  by  the  Government. 

Now,  it  is  evident  that  these  jails  have 
always  been  a kind  of  charge  in  account  with 
the  taxes  of  the  country.  If,  therefore,  the 
trade  has  been  profitable,  clearly  the  taxes  of 
the  countr}^  should  have  been  relieved,  since 
the  profits  arising  from  the  trading  ought  to  be 
in  excess  of  any  charge  in  connection  with  the 
manufacture.  But  unless  labour  and  rent 
charges  have  been  added  in  account,  the 
weavers  have  been  undersold  with  no  corres- 
ponding advantage  to  the  taxes.  Even  then 
it  partakes  of  the  nature  of  a monoply,  and, 
as  such,  carries  us  back  to  one  of  the  forms  of 
corruption  which  it  has  been  our  pride  to 
suppose  completely  a thing  of  the  past,  never 
more  to  be  revived. 

If  I am  correct,  some  of  the  above  charges 
have  not  been  provided  for  in  the  way  which 
a manufacturer,  without  the  resources  of  the 
Government  at  his  back,  could  have  made 
profitable,  and  although  I do  not  for  a moment 
imply  that  there  has  been,  or  possibly  could 
have  been,  any  misappropriation  of  money,  I 
should  like  most  distinctly  to  say  that,  unless 
the  accounts  of  these  jails  are  charged  with 
every  item  of  expense,  including  labour,  the 
prime  cost  of  their  productions  cannot  have 
been  fairly  represented,  and  their  profits  merely 
illusory,  involving  either  on  the  one  hand 
the  underselling  of  the  native  weavers,  with  a 
seeming  profit  and  a real  loss,  or  on  the  other 
a monopoly,  supported  practically  by  slave 
labour. 


DISCUSSION. 

Mr.  Hunter  Donaldson  said  the  paper  con- 
tained a large  amount  of  very  valuable  information, 
and  also  showed,  what  he  already  knew,  that  Mr. 
Robinson  was  an  enthusiast  who  believed  that  true 
art  could  only  be  found  in  connection  with  Oriental 
design.  He  ventured  to  question  that  view,  for 
though  he  admired  Oriental  work,  he  also  believed  it 
was  possible  to  have  very  beautiful  carpets  designed 
on  an  altogether  different  basis.  It  seemed  to  be 
suggested  that  Eastern  productions  were  alone  en- 


titled to  be  called  art  carpets.  The  word  “art” 
was  one  which  he  thought  people  were  getting 
rather  sick  of ; it  had  been  applied  to  almost  every 
production,  but  certainly  if  it  was  not  possible  to 
have  an  art  carpet  which  was  not  Oriental,  it  would 
be  a great  pity,  for  there  must  be  many  people  who 
could  not  afford  to  indulge  in  such  expensive  luxuries. 
With  reference  to  what  had  been  implied  rather 
than  expressed,  he  would  suggest  that  there  were 
other  forms  of  art  which  were  quite  as  true  as  that 
which  was  illustrated  on  the  walls.  Mr.  Robinson 
had  had  a long  acquaintance  with  them,  and  had 
come  to  love  them ; as  with  vice,  which  it  had  been 
said  you  first  endure,  then  pity,  and  then  embrace,  Mr. 
Robinson  had  come  to  that  frame  of  mind  in  which  he 
could  embrace  even  what  he  (Mr.  Donaldson)  should 
call  vicious  in  Oriental  carpets.  In  some  of  these  speci- 
mens there  were  exceedingly  beautiful  forms,  lovely 
colour,  and  delightful  suggestiveness,  and  what  had 
been  said  of  the  beautiful  carpet  of  undoubtedly 
Saracenic  origin  would  tend  to  support  his  view,  but 
he  could  not  agree  in  his  unreserved  admiration  for 
all  Oriental  work.  There  were  good  and  bad  amongst 
them,  and  the  one  at  the  back  of  the  Chairman  cer- 
tainly seemed  to  him  utterly  bad.  It  suggested  a 
form  of  disease,  and  was  certainly  not  a thing  he 
could  expend  his  love  upon.  A broad  general  princi- 
ple might  be  laid  down,  that  the  flat  treatment  would 
commend  itself  to  all  persons  of  cultivated  taste,  but 
there  was  a kind  of  carpet  in  which  there  was  not 
that  flat  treatment,  and  yet  it  was  very  admirable. 
He  referred  to  the  Aubusson  carpets,  in  which  there 
were  generally  flowers  at  the  outside  and  in  the 
middle,  which  was  usually  covered  by  a piece  of 
furniture ; but  between  the  centre  and  the  border, 
which  no  one  trod  upon,  there  was*  flat  treatment, 
and  if  beautiful  form,  combined  with  harmonious 
colouring,  were  acceptable  to  the  cultivated  taste, 
then  an  Aubusson  carpet  was  just  as  beautiful  in  its 
way  as  the  Oriental,  and  in  just  as  true  taste.  He 
knew  Mr.  Robinson  held  very  strongly  that  there 
was  no  truth  outside  the  Oriental,  but  in  that  he 
ventured  to  think  he  was  altogether  wrong.  There 
were  examples  of  French  carpets,  and  also  English — 
but  especially  French — which- were  equally  beautiful, 
and  therefore,  while  he  agreed  that  these  carpets 
had  at  all  events  the  merit  of  being  the  original 
carpet,  and  suggested  to  all  manufacturers  com- 
binations of  colour  and  form  which  were  on  the 
whole  extremely  acceptable,  still  there  were  amongst 
them  good,  bad,  and  indifferent,  and  whilst  some 
were  exceedingly  beautiful,  others  were  equally  de- 
testable. 

Mr.  PuRDON  Clarke  said  he  had  the  charge  of 
the  large  number  of  carpets  which  had  been  mentioned 
to-night  as  being  examples  of  what  should  not  be 
either  owned  or  copied.  Of  course,  when  he  looked 
at  the  specimens  exhibited  he  could  not  but  wish  that 
the  nation  possessed  more  like  them,  but  he  believed 
they  had  one  which  Mr.  Robinson  had  probably 
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forgotten,  though  it  was  a leading  carpet  in  his 
collection  some  years  ago.  The  silk  carpet  had 
puzzled  a great  many  people ; whether  it  was  of 
Turkish  origin  or  Persian  was  not  known,  and  pro- 
bably never  would  be ; all  that  was  known  about  it  was 
that  several  of  the  same  pattern  came,  from  time  to 
time,  from  Armenia.  All  that  was  known  of  the 
Saracenic  carpet  was  that  it  was  neither  Indian, 
Persian,  nor  Turkish ; perhaps  a hundred  examples  of 
them  were  known  altogether;  oneor  two  only  in  Persia, 
where  they  were  considered  strangers,  a dozen  or  so 
in  palaces  in  India,  and  in  two  of  the  shrines,  and  the 
remainder  in  S pain,  in  Toledo,  Saragossa,  and  Seville, 
and  in  all  these  places  they  were  spoken  of  as 
strangers.  They  could  be  traced  back  about  300 
years,  but  beyond  that  nothing  was  known  of  them. 
The  carpet  in  the  centre  probably  came  from  Central 
Asia  about  the  same  time,  but  it  was  covered  with 
Tartar  designs,  and  in  fact  it  was  very  much  Chinese 
in  design.  There  was  a fragment  in  the  corner  of  the 
room  which  certainly  came  from  Central  Asia  ; there 
were  many  MSS.  existing  showing  the  same  treat- 
ment of  figures  and  peculiar  costumes,  and  it  was 
probably  the  oldest  piece  in  the  room,  possibly  500 
years  old,  but  the  central  portion  was  unconnected 
with  the  others — in  fact  it  was  a lot  of  pieces  sewn 
together. 

Mr.  John  Sparkes  said  that  during  the  reading  of 
the  paper,  a feeling  of  regret  which  he  had  often  felt, 
was  intensified  that  some  means  were  not  taken  to  ob- 
tain authentic  copies,  by  photography  or  otherwise,  of 
these  historical  carpets,  of  which  very  few  existed  in 
Europe.  It  seemed  to  him  that  public  money  would 
be  very  well  spent  on  such  an  object.  Mr.  Donaldson 
had  severely  criticised  the  carpet  in  the  centre,  but  in 
all  probability  it  was  seen  under  a disadvantage  in 
that  position  as  a wall  decoration.  No  doubt  it  was 
meant  to  lie  flat,  not  to  be  trodden  upon,  but  in  all 
probability  to  be  sat  upon.  He  could  conceive  of 
number  of  Oriental  diplomatists,  when  engaged  in 
council,  and  endeavouring  to  get  the  better  of  their 
antagonists,  being  very  much  engaged  in  studying 
the  miniature  figures  represented.  Under  such  con- 
ditions the  carpet  would  have  a very  different  effect, 
and  the  wonderfully  fine  work  in  it  would  be  more 
appreciated.  The  impression  on  his  mind,  as  an 
outsider,  was  that  the  wealth  of  design  as  well  as  the 
colour  was  what  made  the  beauty  of  these  Eastern 
carpets.  There  was  no  absolute  repetition,  as  there 
could  be  none  when  each  row  of  stitches  was  madefrom 
a prescription  made  at  the  time.  There  was  no  me- 
chanical repetition,  and  therefore  the  carpets  were  more 
likely  to  commend  themselves  to  artistic  perceptions 
than  to  the  average  public.  It  was  a good  thing  that 
many  did  not  exist,  for  they  were  precious  things, 
which  would  be  appreciated  only  by  a few  who  were 
able  ^to  see  the  poetry  in  wool  which  they  really 
were. 

Mr,  L.  Foreman  Day  said  he  had  designed  two  or 


three  carpets,  but  it  was  a very  hopeless  kind  of 
business.  There  were  in  most  styles  good,  bad,  and 
indifferent ; but  the  English  carpet  was  a monstrosity 
as  compared  with  the  Oriental.  The  very  carpet 
which  Mr.  Sparkes  said  should  be  sat  upon,  and 
which  Mr.  Donaldson  had  sat  upon,  did  not  seem  to 
him  so  hideous — in  fact,  he  had  been  admiring  it  the 
whole  evening.  He  did  not  see  any  disease  it  it,  but 
if  there  were,  and  designeis  were  inoculated  with  it,  it 
would  be  all  to  the  benefit  of  English  art.  One  reason 
why  English  carpets  could  not  possibly  be  equal  to- 
Oriental  was  that  they  were  manufactured,  and  a 
carpet  manufactured  was  a carpet  spoiled,  and  ai 
design  spoiled.  The  English  manufacturer  appeared 
to  think  that  the  more  even  and  hard  he  could  make 
a thing,  the  better  it  was  ; the  Oriental  was  content 
with  the  inequalities  which  came  of  working  with  his. 
hands,  and  with  the  delight  which  came  of  making 
beautiful  things.  It  was  not  possible  to  produce 
beautiful  woik  by  machinery  as  it  was  by  hand  labour. 
He  did  not  know  what  the  machine  would  do  if  you 
gave  it  a chance,  but  at  present  the  only  endeavour 
was  to  produce  cheapness,  which  was  a very  different 
thing  from  economy,  and  altogether  abominable.  If 
the  British  manufacturer  would  devote  his  time,  energy^ 
and  capital  to  seeing  what  the  machine  could  do 
in  the  way  of  beauty,  there  would  perhaps  be  a 
chance. 

Mr.  Martin  Wood  remarked  that  Mr.  Robinson, 
in  his  paper,  had  utterly  smashed  the  jail  system  of 
manufacturing  carpets,  but  he  had  listened  in  vain 
for  any  suggestion  as  to  how  the  native  industry  was  to 
be  restored.  He  referred  to  the  great  impetus  given, 
to  the  manufacture  by  the  Exhibition  of  1851,  which 
had  not  been  allowed  to  develop  itself  naturally,  and 
he  would  ask  why  did  not  the  trade  then  develop 
itself,  when  there  was  a demand  in  the  West.  He 
could  only  suggest  that  it  was  because  the  weavers 
were  too  poor,  that  they  could  not  increase  their  num- 
bers sufficiently  rapidly,  as  was  the  case  with  other 
handicrafts  in  different  parts  of  India.  Mr.  Robinson 
had  not  gone  into  the  abstruse  question  of  the  origin 
of  these  designs,  and  had  not  even  stated  where  the 
different  specimens  which  were  exhibited  came  from, 
which  would  have  been  very  interesting,  as  they 
were  very  diverse  in  character.  He  should  like  to 
ask  the  Chairman  if  the  ;pict  which  had  been  referred 
to  was  really  wool ; he  had  understood  that  it  was 
down,  and  that  it  grew  on  many  other  animals 
besides  sheep.  If  Mr.  Robinson  were  an  enthusiast, 
he  was  certainly  justified  in  his  enthusiasm,  but  the 
question  was,  how  could  that  enthusiasm  be  applied 
so  as  to  revive  this  indigenous  art  in  India. 

Sir  Philip  Cunliffe-Owen,K.C.M.G.,  said  after 
the  diverse  views  which  had  been  expressed  by  Mr. 
Donaldson  and  others,  he  could  hardly  be  expected 
to  say  anything  about  the  relative  merits  of  Oriental 
and  other  carpets,  but  he  had  much  pleasure  in 
moving  a vote  of  thanks  to  Mr.  Robinson,  which  he 
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might  say  was  due  to  him,  not  only  from  that  meet- 
ing, but  from  the  whole  English  people.  On  the  part  of 
those  who  had  had  to  do  with  the  various  exhibitions, 
he  tendered  him  their  warmest  thanks  for  his  hearty, 
generous,  and  liberal  co-operation,  and  in  fact  he  did 
not  know  what  they  would  have  done  without  him. 
He  took  a most  important  part  in  connection  with 
the  Paris  Exhibition  of  1878,  where  he  had  quite  a 
triumphal  section  in  the  Indian  court,  and  did  honour 
not  only  to  England  and  to  Oriental  carpets,  but  to  the 
Exhibition  itself.  To  him  was  due  that  great 
development  which  had  taken  place  in  the  public 
taste  in  this  direction  since  that  date,  and  he  had 
been  informed  by  the  Bon  Marche  in  Paris  that  since 
1878  the  conductors  of  that  establishment  had  spent 
more  than  half  a million  sterling  in  Oriental  carpets. 
The  book  which  Mr.  Robinson  had  published  on  the 
subject  was  well  worthy  of  him.  It  took  him  years  of 
labour ; it  was  beautifully  illustrated  from  drawings 
by  Mr.  Robinson’s  sister,  and  chromo-lithographed 
by  Mr.  Griggs,  and  was  a perfect  epitome  of  Mr. 
Robinson’s  love  for  these  carpets.  They  owed  very 
much  to  him  at  South  Kensington.  When  the 
India  Museum  was  transferred  from  the  India-office 
to  South  Kensington  they  had  the  privilege  of  having 
the  magnificent  collection  of  Mr.  Robinson’s  best 
carpets,  and  for  some  years  a special  court  was 
entirely  devoted  to  them. 

The  Chairman,  in  putting  the  motion  to  the 
meeting,  said  he  would  confine  his  remarks  to  one 
practical  point,  which  was  his  conviction  that  they 
had  seen  the  last  of  the  good  old  style  of  Indian 
carpets.  The  splendid  display  of  Indian  carpets 
made  at  the  Great  Exhibition  of  1851  first  awakened 
his  friend  Mr.  Vincent  Robinson’s  enthusiasm  in 
them  ; and  the  Indian  Government  had  contributed 
very  largely  in  carpets  to  the  various  International 
Exhibitions  held  since  then,  and  more  largely,  perhaps, 
to  the  forthcoming  Exhibition  than  to  any  of  the  pre- 
vious ones.  But  he  was  sorry  to  say  that  of  all  that  were 
sent  there  was  not  one,  so  far  as  they  had  yet  been 
unpacked,  that  was  not  absolutely  vile  in  colouring. 
It  was  perfectly  awful  to  note  the  degeneration  that 
had  taken  place  in  the  artistic  qualities  of  Indian 
carpets  in  recent  years.  At  one  time  he  attributed  this 
degeneration  almost  exclusively  to  the  influence  of  the 
Government  Schools  of  Art  and  the  jails  ; but  at 
present  he  felt  that  it  was  chiefly  due  to  the  influ- 
ence of  English  commerce  on  the  historical  handi- 
crafts of  India,  and. that  the  Schools  of  Art  were 
really  doing  all  they  could  to  stem  the  tide  of  de- 
terioration due  to  it.  At  least  this  was  true  of  the 
School  of  Art  at  Bombay,  under  Mr.  Griffiths  ; and 
at  Lahore,  under  Mr.  Kipling;  and  Madras,  under 
Mr.  Havell.  At  one  time  you  might  go  into  the 
bazaar  at  Bareda  or  at  Bombay,  and  select  any  textile 
fabric  blindfold,  and  it  was  sure  to  prove  enchanting; 
but  now  it  was  almost  impossible  to  find  any  of  these 
stuffs  in  Western  India  which  were  not  tainted  with  the 


aniline  dyes.  This  had  gone  so  far  that  even  the  most 
sacred  articles  used  in  the  worship  of  the  gods  were 
contaminated  with  them.  There  was  a sort  of  glove 
worn  when  telling  the  beads  on  a rosary  before  the 
gods,  and  all  the  samples  of  it  sent  to  the  forth- 
coming ‘Exhibition  from  the  Bombay  Presidency^ 
were  ruined  artistically  by  the  thread  used  in  em- 
broidering them  being  coloured  with  aniline  dyes 
It  was  a most  remarkable  fact,  for  the  use  of  these 
dyes  on  such  articles  amounted  to  a ceremonial 
pollution  of  them.  Nearly  all  the  textile  fabrics 
sent  from  Bombay  were  smitten  with  the  same  pris- 
matic leprosy — he  could  call  it  nothing  else.  As  for 
the  origin  of  patterns,  it  was  an  abstruse  question, 
hard  to  solve  without  tiresome  qualifications.  The 
correlation  of  patterns  could  only  be  sought  ia 
religious  symbolism,  and  it  was  only  through  the 
conquests  of  the  Turks  and  Mongols  having  placed 
a barrier  between  the  East  and  the  West  for  nearly 
300  years,  that  the  absolute  unity  of  the  industrial 
arts  of  Europe  and  Asia  had  been  lost  sight  of  in  the 
West,  and  that  we  went  so  far  astray  in  all  our 
speculations  as  to  the  origin  of  conventional  deco- 
rative forms.  With  regard  to  Mr.  Martin  Wood’s 
question,  he  was  not  aware  of  any  diiference  in  the 
structure  of  the  nnder-wool  used  for  the  finer 
Cashmere  carpets  and  shawls  to  distinguish  it  speci- 
fically from  wool. 

The  vote  of  thanks  having  been  carried  unanimousljv 

Mr.  Vincent  Robinson,  in  reply,  said  he  felt 
quite  overwhelmed,  first,  by  Mr.  Donaldson’s  criti- 
cism ; and  secondly,  by  the  extremely  eulogistic  terms 
in  which  Sir  Philip  CunlifFe-Owen  had  spoken.  He 
would  endeavour,however,  if  possible,  to  throw  off  Mr. 
Donaldson’s  nightmare.  Mr.  Donaldson  admitted  that 
theflat  treatment  was  the  correct  one,  and  then  he  went 
on  to  say  he  admired  the  Aubusson  carpets,  and  that 
they  might  at  any  rate  stand  on  an  equal  footing  with 
the  Oriental  ones.  Enlarging  upon  them,  he  said  that 
the  border  was  a thing  upon  which  the  people  never 
trod  ; and  if  people  went  about  a room  lowering  their 
eyes  and  raising  their  feet  as  they  passed  the  border, 
they  might  avoid  such  a catastrophe,  but  he  was 
more  absent  minded,  he  did  not  always  want  to  see 
exactly  where  he  was  stepping,  and,  therefore,  he 
preferred  the  Oriental  patterns.  Mr.  Clarke  said  the 
large  carpet  was  from  Central  Asia,  but  he  did  not 
think  that  opinion  would  bear  investigation.  The 
pattern  had  no  doubt  Tartar  features  in  it,  but  at  the 
time  of  Tamerlane  there  was  a great  admixture  of 
patterns,  and  though  he  had  no  proof  of  it,  he 
believed  the  carpet  was  made  in  Baghdad,  or  some- 
where in  the  Euphrates  valley. 

Sir  Philip  Cunliffe-Owen  said  he  hoped  the 
members  would  reserve  their  judgment  on  the  Indian 
carpets  in  the  Exhibition  until  they  had  seen  them,^> 
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he  thought  the  Chairman  had  given  too  gloomy  a 
description  of  them. 

The  paper  was  illustrated  by  a collection  of  Oriental 
art  carpets,  exhibited  by  Mr.  Vincent  Robinson, 
which  were  hung  on  the  walls  of  the  meeting 
room. 


APPLIED  CHEMISTRY  Cf  PHYSICS 
SECTION. 

Thursday,  March  nth,  1886;  Capt.  W.  DE 
W.  Abney,  F.R.S.,  in  the  chair. 

The  paper  read  was  on  Films  and  Paper 
as  Substitutes  for  Glass  in  Photography.” 
By  Leon  Warnerke. 

The  report  of  the  meeting  will  be  given  in 
next  week’s  number  of  the  Joiir7ial. 


UNIFORM  MUSICAL  PITCH. 

The  following  Circular  and  Memorandum 
are  in  course  of  issue  to  Professors  of  Music 
at  all  Colleges  and  Universities,  Principals 
of  all  Public  and  Private  Colleges,  Academies, 
Institutions  and  Schools  for  the  Promotion  of 
Music,  Private  Teachers  of  Singing, 
Conductors  of  Choirs  and  Bands,  Public 
Singers  and  Instrumentalists,  Professional 
and  Amateur  Musicians,  and  others  interested 
in  Music  : — 

Circular. 

March,  1886. 

Sir  (or  Madam), — I am  instructed  by  the  Council 
of  the  Society  of  Arts  to  send  you  the  enclosed 
Memorandum  on  Uniform  Musical  Pitch,  and  to  ask 
you  to  have  the  kindness,  in  the  interests  of  Music, 
to  reply,  in  the  manner  stated,  to  the  three  ques- 
tions given  below,  which  are  based  upon  the  facts 
stated  in  the  Memorandum. 

Your  obedient  Servant, 

H.  TRUEMAN  WOOD, 
Secretaiy. 

Questions. 

Questions  i and  2 should  be  answered  by  Yes  or 
No  only,  without  any  addition,  question  3 by  the 
number  of  double  vibrations  in  a second  for  either 
A or  C (not  for  both  notes,  to  prevent  error),  also 
without  any  additions.  The  Council  of  the  Society 
of  Arts  will,  however,  be  greatly  pleased  to  receive 


further  remarks,  on  separate  pieces  of  paper,  wiitten 
on  one  side  only,  and  duly  signed. 

It  is  particularly  requested  that  the  answers 
may  be  sent  to  the  Secretary  of  the  Society  of  Arts, 
Adelphi,  London,  W.C.,  not  later  than  30th  April, 
1886. 

Questions. 

1.  Do  you  consider  it  advisable  that  a Uniform 

Musical  Pitch  should  prevail  in  England  ? 

2.  If  you  answer  Question  i in  the  affirmative,  are 

you  willing  to  accept  the  French  Pitch  A 435, 
giving  equally  tempered  C 517J-,  in  England, 
in  order  that  the  LTniform  English  Pitch  may 
be  the  same  as  the  officially  Uniform  Inter- 
national Continental  Pitch  } 

3.  If  you  answer  Question  2 in  the  negative,  and 

Question  i in  the  affirmative,  what  is  tire 
Uniform  Pitch  that  you  would  prefer  for  use 
in  England  } 

Name 

Professsion 

Address 

Date 

The  signer  is  requested  to  state  if  he  or  she  is  a 
Professor  of  Music  or  Physics,  adding  at  what  L^ni- 
versityor  College,  a Mus.D.  or  Mus.B.,  the  Principal 
of  any  College,  Academy,  School,  or  other  Institu- 
tion for  Music,  a Teacher  of  Singing,  a Professional 
Singer  (adding  the  kind  of  voice),  a Band  Conductor, 
a Choir  Conductor,  an  Instrumentalist  (adding  the 
name  of  the  instrument),  an  Amateur,  &c. 

It  is  requested  that  names  may  be  given,  as  it  is 
desired  they  should  appear  in  the  list  (should  one  be 
published).  Ladies  are,  therefore,  requested  to 
prefix  Mme.,  Mile,  Mrs.,  or  Miss,  to  their  names, 
to  prevent  mistakes,  and  gentlemen  to  give  any 
title  or  any  initials  they  may  wish  added  to  their 
names. 


M EMORANDUM. 

I.  On  1st  July,  i860,  a Standard  Pitch  Note  called 
the  Diapason  Noi-n  al,  and  consisting  of  A making 
870  single  or  435  double  vibrations  in  a second,  giving 
C SUj  in  equal  temperament,  was  established  fcr 
France  by  Imperial  Decree,  founded  on  the  recom- 
mendation of  a Government  Commission,  signed  by 
the  following  members  : — Messrs.  Pelletier  (on  the 
part  of  the  Government),  Despretz  and  Lissajous 
(physicists),  General  Mellinet  (on  the  part  of  the 
bands  of  the  army),  Camille  Doucet  and  Ed.  Monnais 
(for  the  theatrical  and  operatic  department  and  con- 
servatory of  music),  and  Halevy,  Auber,  Berlioz, 
Meyerbeer,  Rossini,  and  Ambroise  Thomas  (six  well 
known  composers).  This  pitch  has  remained  in  use 
ever  since. 
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At  that  time  the  pitch  of  the  French  opera  was 
A 448,  giving  equally  tempered  C 532^,  exactly  a 
quarter  of  a Tone  higher  than  the  pitch  proposed, 
but  only  one  member  (understood  to  be  M.  Berlioz) 
proposed  that  the  fall  should  not  exceed  an  eight  of 
a Tone,  which  would  have  given  A 441  and  equally 
tempered  C 525y’o.  The  pitch  adopted  was  exactly 
a quarter  of  a Tone  sharper  than  Handel’s. 

2.  On  19th  jMarcli,  1879,  Spain  adopted  the 
French  Standard  Pitch. 

3.  On  19th  March,  1885,  Belgium  adopted  the 
same  Pitch  by  Royal  Decree. 

4.  On  20th  June,  1885,  a public  meeting  held  in 
St.  James’s  Hall,  convened  and  presided  over  by  the 
Principal  of  the  Royal  Academy  of  IMusic,  voted 
that  “in  order  to  annul  the  great  inconvenience  con- 
sequent on  the  discrepancy  of  Pitch  in  this  and  other 
countries,  it  is  desirable  to  adopt  the  French  Normal 
Diapason  ” or  Pitch  Note. 

At  this  time,  English  wind  instruments  are  usually 
made  to  the  pitch  A 452,  C 537^,  exactly  one-third 
of  a Tone  sharper  than  the  French  Pitch  ; and  seven- 
twelfths  of  a Tone  (that  is  rather  more  than  a semi- 
tone) sharper  than  the  pitch  used  by  Handel,  Mozart. 
Beethoven,  Rossini,  and  Weber. 

5.  On  i6th,  17th,  i8th,  and  19th  November,  1885, 
an  International  Conference  on  Musical  Pitch,  called 
by  the  Austrian  Government  at  the  instance  of  the 
principal  musical  societies  of  Vienna,  and  of  the 
Directors  of  the  Court  Band  and  Court  Opera, 
assembled  at  Vienna,  and  was  attended  by  Delegates 
(being  mostly  Conductors  of  Bands,  Directors  of 
Concerts  and  Operas,  Composers  and  Physicists) 
from  the  Governments  of  Austria,  Hungary,  Italy, 
Prussia,  Russia,  Saxony,  Sweden,  and  Wurtemburg. 
This  Conference  unanimously  adopted  French  Pitch, 
which  thus  became  the  International  Pitch  of  the 
Continent  of  Europe. 

At  this  time  the  pitch  of  the  Opera  at  V'ienna  is, 
in  the  report,  stated  to  have  been  A 450,  giving 
C 535  lo-  Ed.  Strauss’s  band,  from  A'^ienna,  at  the 
Inventions  Exhibition  in  1885,  used  A 452,  that  is, 
one-third  of  a Tone  higher  than  the  pitch  adopted. 
Not  a single  voice  was  raised  in  favour  of  a high 
pitch  at  the  Conference  ; on  the  contrary,  high  piich 
was  spoken  of  only  to  be  condemned.  The  Pome- 
ranian Regimental  Brass  Band  at  the  Inventions 
Exhibition  played  exactly  a semitone  higher  than 
French  Pitch,  which  appears  from  the  recent  dis- 
cussions in  A^ienna  to  be  a practice  among  some 
German  military  bands,  and  would  enable  them  to 
play  in  French  Pitch,  when  necessary,  by  trans- 
position. 

All  the  principal  Governments  of  continental 
Europe  have,  therefore,  officially  adopted  P'rench 
Pitch,  although  some  time  must  elapse  before  it  can 
be  thoroughly  brought  into  action  for  all  military  and 
civil  bands  by  the  assenting  Governments. 

6.  On  I2th  Feb.,  1886,  the  Society  of  Arts,  which 
on  3rd  June,  1859,  had  recommended  a Pitch  Note 
E 528,  giving  equally  tempered  A 444,  and  was  the 


only  public  body  in  England  by  which  a different 
musical  pitch  had  been  advanced,  published  a notice 
that  they  declared  in  favour  of  the  French  Standard 
Pitch  Note  A 435,  giving  equally  tempered 
C 5^3* 

7.  English  colleges,  academies,  operas,  concerts, 
private  musicians,  instrument  makers,  and  others, 
are  in  the  habit  of  using  a great  variety  of  different 
pitches,  varying  from  A 435,  giving  equally  tempered 
C 517’  to  A 455r’o,  giving  equally  tempered  C 544. 
The  last  pitch  was  used  at  the  AA^agner  Festival  at 
the  Albert  Hall  in  1877,  to  the  great  annoyance  of 
that  composer,  and  inconvenience  of  his  singers,  as 
he  himself  stated. 

In  view  of  this  difference  of  practice,  the  Society 
of  Arts  is  desirous  of  ascertaining  the  opinions  of  as 
large  a number  of  theoretical  and  practical  musicians 
as  possible,  with  regard  to  the  desirability  of  reducing 
the  various  pitches  to  uniform'ty,  either  on  the  French 
basis  or  on  any  other. 

March,  1886. 


Miscellaneous. 

• ♦ 

COLOX/AL  AXD  IX D I AX  EXHIBITIOX. 

The  Royal  Commission  has  recently  issued  a 
prospectus  of  the  Exhibition,  of  which  no  less  than 
44  pages  are  occupied  by  lists  of  influential  Com- 
missions appointed  by  the  Colonial  Governments,  and 
of  committees  in  India.  These  lists  alone  show  how 
wide  spread  is  the  interest  displayed  in  the  Exhibi- 
tion, and  what  important  steps  have  been  taken 
to  ensure  a successful  representation  of  the  partici- 
pating colonies. 

Indian  Empire. 

It  may  be  as  well  here  to  say  a few  words  with 
regard  to  the  means  which  have  been  employed  in 
forming  the  collections  in  the  Indian  Courts. 

At  the  request  of  the  Secretary  of  State  for  India 
in  Council,  and  with  the  sanction  of  H.R.H.  the 
Prince  of  AVales,  Executive  President  of  the  Royal 
Commission,  all  the  arrangements  for  the  Indian 
Section  of  the  Exhibition  have  been  entrusted  to  the 
Secretary  to  the  Royal  Commission,  Sir  Philip 
Cunliffe-Ovven.  The  Commissioner  for  India  is  Mr. 
E.  C.  Buck,  B.C.S.,  Secretary  to  the  Government  of 
India  in  the  Revenue  and  Agricultural  Department. 

The  official  collections  have  been  made  under  the 
general  administration  and  direction  of  the  Revenue 
and  Agricultural  Department  of  the  Government. 
The  economic  products  have  been  collected  by 
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Dr.  George  Watt,  of  the  Bengal  Educational  De- 
partment ; Mr.  B.  Ribbentrop,  Officiating  Inspector- 
General  of  Forests  to  the  Government  of  India  ; and 
Babu  Trailokya  Nath  Mukharji,  of  the  Revenue 
and  Agricultural  Department  of  the  Government  of 
India ; assisted  by  the  Exhibition  Committees  ap- 
pointed by  the  Bengal  and  Bombay  Governments 
and  the  Chambers  of  Commerce  at  Calcutta,  Bombay 
and  Rangoon. 

The  art  ware  and  fabrics  have  been  brought  together 
by  committees  and  special  officers  appointed  by  the 
Governments  of  the  various  provinces,  or  the  rulers 
of  native  States. 

The  Indian  Section  of  the  Exhibition  may  be 
divided  into  five  parts.  In  the  Central  Court  will  be 
found  the  art  ware  and  fabrics ; in  the  South  Court 
wiU  be  the  Imperial  economic  collections ; in  the 
North  the  private  exhibits  and  the  tea  and  coffee 
industries;  in  the  Arcade  the  geographical  and 
military  collections  of  the  Government  Depart- 
ments; while  in  the  Palace  and  its  forecourt  all 
the  art  wealth  of  India  will  be  displayed  in  a prac- 
tical manner. 

The  Central  Court  has  been  subdivided  amongst 
the  provinces  and  states.  Commencing  at  the  east 
end,  the  following  is  the  order : — Rajputana,  con- 
taining the  Jeypore,  Kotah,  Karanli,  Ajmere,  Jod- 
phore,  Bikanir  and  Ulwur  sections  ; Central  India  ; 
Bombay  and  Baroda  ; Bengal,  with  Nepal ; North- 
West  Provinces  and  Oudh  ; the  Punjab  ; Kashmir ; 
the  Central  Provinces ; Assam  ; Burma  ; Madras  ; 
and  lastly,  at  the  Queen’s-gate  end,  Mysore,  Coorg, 
and  Hyderabad.  Each  court  will  have  its  distinctive 
sereen ; and  thus  will  be  presented  a series  of  screens, 
with  carving  in  wood  or  stone,  in  inlaid  work  or  in 
plaster,  representative  of  the  many  styles  of  art  in 
India.  Reserving  for  a future  article  a detailed  de- 
scription of  these  interesting  objects,  it  may  be  said 
that  they  have  been  executed  by  native  workmen  in 
India,  at  the  expense  of  the  Royal  Commission  sup- 
plemented by  liberal  grants  from  several  of  the  native 
chiefs.  They  are  mostly  of  an  almost  uniform  height  of 
about  ten  feet,  and  vary  in  length  according  to  the 
amount  of  space  occupied  by  the  provinces  to  which 
they  belong.  In  each  court  will  be  placed  a skeleton 
map  of  India,  with  the  particular  province  plainly 
indicated  and  all  the  principal  towns  in  it  shown. 
Visitors  will  thus  be  able  to  realise  at  a glance 
the  special  portion  of  the  empire  in  which  they 
are  studying ; and  by  this  means  they  will  be  the 
more  readily  able  to  compare  the  products  of  the 
various  provinces. 

Some  of  the  principal  features  of  the  Imperial 
Economic  Court  will  , be  a raised  map  of  India,  pre- 
pared by  Major  Strahan,  R.E.,  of  the  Survey-office; 
a model  of  an  agricultural  village  from  Lucknow, 
and  trophies  of  various  objects — e.g.,  grain,  paper, 
cotton,  jute,  silk,  rope,  dyes,  gums,  indigo,  and  lac  ; 
and  a forestry  archway,  15  feet  high,  and  a bamboo 
bridge.  In  the  court  will  be  placed  twelve  ethno- 
logical groups  representing  the  races  of  India;  and 


near  by,  in  the  South  Promenade,  will  be  erected  a 
Burmese  pavilion. 

The  representation  of  the  teas,  coffees,  and  cocoas 
from  India — together  with  those  of  Ceylon  and  the 
West  Indies — will  be  placed  in  the  North  Court  of 
the  South  Galleries,  where  a space  200  feet  long  has 
been  set  aside  for  the  purpose.  The  exhibits  will  be 
shown  in  glass  vessels,  arranged  in  small  courts,  and 
subdivided  into  districts.  The  infused  tea  and  coffee 
will  be  supplied  to  visitors,  and  the  purity  of  the 
infusions  will  be  ensured  by  the  experienced  and  in- 
fluential members  of  the  committee  appointed  to 
represent,  for  this  special  purpose,  India  and  the 
Colonies. 

Tea,  coffee,  cocoa,  and  chocolate,  will  be  sold  in 
packets  of  various  sizes  in  order  that  visitors  may  be 
enabled  to  test  the  qualities  at  their  homes.  A 
number  of  native  attendants  in  their  picturesque 
costumes,  from  India  and  Ceylon,  wiU  be  stationed 
in  the  court. 

The  Indian  tobacco -room  is  also  situated  in  the 
North  Court.  The  best  growers  and  makers  of  cigars 
have  responded  to  the  invitation  of  the  Government 
of  India,  and  there  will  be  a good  display  of  the 
products  of  this  rising  industry.  It  is  only  of  late 
years  that  the  Indian  cigar  has  been  manufactured 
of  a quality  suited  for  use  in  Europe ; but  success 
has  attended  the  efforts  in  that  direction,  and  a 
large  trade  is  now  opening  out.  Cigars  will  be 
supplied  to  visitors,  who  will  be  enabled  to  test 
them  in  the  Upper  Gardens.  In  the  vicinity  of 
the  band  stands  will  be  erected  two  kiosks  where 
Indian  cigars  and  Colonial  cigars  and  cigarettes  wiU 
be  sold. 

The  shops  in  the  forecourt  of  the  Indian  palace — 
the  decorative  woodwork  for  which  is  being  carved  in 
London  by  native  workmen — will  be  fiUed  with 
native  artisans  brought  home  in  charge  of  Dr.  Tyler. 
They  will  be  genuine  artisans,  such  as  may  be  seen 
at  work  within  the  precincts  of  the  palaces  of  some 
of  the  Indian  princes.  The  following  industries  will 
be  shown  in  practice : — Carpet  weaving,  wood-carving 
and  turning,  gold  and  silversmith’s  work,  Delhi  em- 
bossed copper  work,  brass  founding,  seal  engraving, 
sweetmeat  making,  earthenware  and  glazed  ware, 
stone  carving,  cotton  printing  and  dyeing,  silk 
weaving,  Kincob  weaving,  clay  figure  making  from 
Lucknow,  and  miniature  painting. 


It  is  confidently  expected  that  the  arrangement  of 
the  Colonial  Courts  this  year  will  rebut  the  charge  of 
want  of  interest  which,  at  previous  Exhibitions,  has 
not  unfrequently  been  brought  against  them. 

A brief  indication  of  what  may  be  expected  in 
some  of  the  principal  courts  is  given  below. 

Canada. 

All  those  who  can  call  to  mind  the  attrac- 
tive and  instructive  manner  in  which  Mr.  Wilmot, 
and  his  fellow  Executive  Commissioners,  arranged 
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the  Canadian  Court  at  the  International  Fisheries 
Exhibition,  will  expect  to  find  the  Dominion  this 
year  no  less  prominently  represented. 

The  President  of  the  Canadian  Commission  is 
the  Marquess  of  Lome,  K.T.  ; the  Vice-President, 
Viscount  Monck,  G.C.M.G.  ; and  the  Execu- 
tive Commissioner,  the  Honourable  Sir  Charles 
Tupper,  G.C.M.G.,  High  Commissioner;  while  any 
members  of  the  Government  of  the  Dominion  who 
may  be  in  London  during  the  Exhibition  will  act  as 
Honorary  Commissioners. 

The  court  will  contain  a collection  of  minerals, 
made  by  Dr.  Selwyn  and  other  officers  connected 
with  the^  Geological  Survey  statistics  and  speci- 
mens of  the  mineral  wealth  of  Port  Arthur  ; a 
classified  collection  of  all  the  woods  of  the  Dominion, 
supplemented  by  photographs  showing  the  natural 
growth  of  the  trees,  and  a trophy  of  woods  and  a 
valuable  entomological  collection.  It  will  also  con- 
tain very  varied  collections  of  fruits  and  grains,  and 
an  exhibit  which  wiU  specially  appeal  to  athletes  and 
sportsmen— a selection  of  the  different  kinds  of 
snow  shoes,  toboggans,  lacrosses,  and  other  im- 
plements used  in  Canadian  sports,  together  with 
the  photographs  of  the  games  and  sports  in 
progress;  a collection  made  by  Colonel  Stockwell, 
of  birds,  minerals  and  roots  from  Anticosti ; 
models  of  an  ice  palace  and  a dairy  farm ; and  a 
collection  of  tobaccos  grown  in  Canada. 

There  will  also  be  an  exhibit  of  a copy  of  every 
newspaper  and  periodical  published  in  the  Dominion. 

Canada  will  be  the  only  Colony  which  will  have, 
to  any  extent,  machinery  in  motion. 

New  South  Wales. 

The  Earl  of  Rosebery  is  President  of  the  London 
Commission  for  New  South  Wales,  and  Sir  Daniel 
Cooper,  Bart.,  is  Vice-President.  Sir  Alexander 
Stuart,  the  Executive  Commissioner,  is  on  his  way 
from  Sydney ; and,  pending  his  arrival.  Sir  Daniel 
Cooper  and  Sir  Saul  Samuel,  the  Agent-General  for 
the  Colony,  are  Acting  Commissioners — assisted  by 
Mr.  G.  C.  Levey,  C.M.G.  The  Commission  in 
Sydney  numbers  no  less  than  seventy-six  members, 
with  Sir  James  Martin  as  President.  It  contains 
amongst  other  prominent  men  in  the  colony  the 
President  of  the  Legislative  Council,  the  Speaker  of 
the  Legislative  Assembly,  the  Minister  of  Justice, 
the  President  of  the  Chamber  of  Commerce,  the 
Minister  of  Public  Instruction,  the  Director  of  the 
Botanic  Gardens,  the  Curator  of  the  Australian 
Museum,  the  Government  Astronomer,  the  Geo- 
logical Surveyor,  the  Surveyor  General  and  the 
Government  Examiner  of  Coal  Fields. 

Up  to  the  20th  of  January,  no  less  than  1,176 
packages  had  been  shipped  from  Sydney  for  the  New 
South  Wales  Court. 

All  the  industries  of  the  colony  will  be  duly 
represented— especially  wool,  minerals,  leathers,  oils, 
and  wines.  The  Department  of  Mines  will  exhibit  a 


large  collection  of  specimens  of  gold,  copper,  tin,  and 
antimony,  and  fossils  showing  the  geological  forma- 
tion of  the  colony.  Timber  will  be  shown  both  in 
the  rough  and  manufactured  ; and  dining  and  bed- 
rooms will  be  seen  containing  ordinary  furniture 
and  billiard  tables.  The  fisheries  will  be  represented 
by  specimens  in  spirits  and  by  pictures.  Access  to 
the  court  will  be  through  a triumphal  arch,  and 
painting,  sculpture,  and  photography  will  be  weT 
represented.  The  last-named  will  include  views  of 
the  most  beautiful  scenery  and  the  finest  buildings  in 
the  colony. 

Victoria. 

The  President  of  Melbourne  Commission  for 
Victoria  is  Mr.  Joseph  Bosisto,  and  amongst 
the  twenty-four  other  members  of  the  Commission 
are,  the  Mayor  of  Melbourne  and  the  Presidents  of 
the  Ballarat  Agricultural  and  Pastoral  Association, 
the  National  Agricultural  Society,  the  Melbourne 
Chamber  of  Commerce  and  the  Chamber  of  Manu- 
factures. In  London  the  colony  is  represented  by 
Mr.  Murray  Smith,  C.M.G.,  Agent-General,  as 
Executive  Commissioner,  and  Mr.  James  Thomson, 
as  Secretary. 

It  is  estimated  that  there  will  be  about  five 
hundred  exhibitors  and  little  short  of  eleven  thou- 
sand exhibits  in  the  Victorian  Court  alone,  which  is 
being  prepared  under  the  immediate  superintendence 
of  Mr.  Bosisto  (who  has  recently  arrived  in  London), 
and  Mr.  Thomson.  Victoria,  like  New  South  Wales, 
is  approached  through  a triumphal  arch.  The 
most  attractive  features  will  perhaps  be  the 
fern  gully,  for  which  a conservatoiy  is  being 
erected  in  the  Central  Avenue,  and  the  aviary' 
of  the  birds  of  the  colony.  Examples  of  Victorian 
timber  of  every  description  will  be  shown  by  the 
Technological  Museum,  by  Baron  Von  Muller, 
Government  Botanist,  and  others.  Baron  Von  Muller 
will  also  contribute  a collection  of  rare  plants  in 
albums.  Moths,  butterflies,  beetles,  and  other  in- 
sects, will  be  represented.  There  will  be  specimens 
of  pure  Merino  sheep  from  the  Carngham  Stud 
Flock,  and  many  varieties  of  wool.  Mr.  Guilfoyle, 
the  Director  of  the  Melbourne  Botanic  Gardens,  will 
contribute  collections  of  fibres  and  carpological  speci- 
mens, and  Professor  McCoy  will  send  a large  selec- 
tion of  examples  of  natural  histroy. 

A collection  of  Eucalyptus,  and  other  prepara- 
tions from  the  indigenous  vegetations  of  Australia, 
will  be  contributed  by  Mr.  Joseph  Bosisto.  There  will 
also  be  collections  of  articles  made  by  the  Aborigines 
of  Victoria,  by  the  School  for  the  Blind,  and  ot 
articles  prepared  under  the  direction  of  the  Penal 
Department  of  Victoria,  and  a model  of  Quarantine 
Station  exhibited  by  the  Central  Board  of  Health. 
Pottery  ware,  wood  ware,  saddlery  and  harness, 
tweeds,  blankets  and  flannels,  furs,  gold  specimens 
from  the  celebrated  Rowe  Brothers  mine  at  Fryers- 
town,  and  the  Sandhurst  mines,  specimens  of  steel 
and  copper  engraving,  of  stereotyping,  and  of  book- 
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binding  and  printing  will  be  seen  in  the  court, 
which  will  further  contain  many  oil  and  water-colour 
paintings,  supplemented  by  numerous  photographs. 

The  Victorian  Commission,  in  Melbourne, has  made 
special  efforts  to  secure  a full  and  complete  repre- 
sentation of  the  wines  of  the  colony;  and  in  the 
cellars  of  the  Royal  Albert  Hall  and  in  the  court 
will  be  many  hogsheads  of  different  varieties. 

Mr.  Thomson  has  brought  over  with  him,  as 
attendants  in  the  court,  two  native  boys  who  are 
proficient  in  the  purely  Australian  art  of  boomerang 
throwing. 


At  the  meeting  of  the  Common  Council,  on 
March  nth,  Mr.  W.  H.  Pannell,  Chairman  of 
the  Colonial  and  Indian  Reception  Committee, 
brought  up  a report  expressing  the  opinion  of  the 
Committee  that  the  visit  to  this  country^  of  the 
Colonial  and  Indian  Representatives  on  the  occasion 
of  the  coming  exhibition  would  be,  so  far  as  the 
Corporation  were  concerned,  most  appropriately 
recognised  by  a service  in  St.  Paul’s  Cathedral,  at 
which  the  Lord  Mayor  and  the  Corporation  should 
attend  in  state,  and  by  a reception  and  ball  to  be 
given  in  the  Guildhall,  and  the  committee  recom- 
mend that  they  should  be  authorised  to  make  and 
carry  out  the  necessary  arrangements  at  a cost  not 
exceeding  000.  After  some  discussion  the  report 
was  adopted. 


ELECTRIC  LIGHTING. 

The  following  memorandum  accompanies  Lord 
Rayleigh’s  Electric  Lighting  Act  (1882)  Amendment 
Bill,  which  has  just  been  printed; — “The  main 
object  of  this  Bill  is  to  amend  the  Electric  Lighting 
Act,  1882,  so  as  to  place  electric  lighting  under- 
takings in  the  same  position  as  gas  undertakings  both 
as  regards  privileges  and  obligations.  The  chief 
provisions  are: — i.  That  where  electricity  is  not 
ascertained  by  meter,  the  consumer  shall  not  use  any 
lamp  other  than  such  as  has  been  provided  or 
approved  of  by  the  undertakers,  or  any  lamp  cal- 
culated to  expend  more  electricity  than  he  has 
contracted  to  pay  for.  This  is  done  by  clauses 
3 to  6 of  the  Bill,  which  in  effect  re-enact  {inutatis 
7nutandis)  the  sections  18  to  20  of  the  Gasworks 
Clauses  Act,  1847,  without  the  exception  as  to 
the  use  of  burners  made  by  section  12  of 
the  Electric  Lighting  Act,  1882.  2.  Section  18 

of  the  Electric  Lighting  Act,  1882,  which  expressly 
prohibited  the  undertakers  from  prescribing  any 
special  form  of  lamp  or  burner,  is  repealed,  and 
instead,  the  proviso  that  where  electricity  is  supplied 
by  meter  no  local  authority  or  person  shall  be  at 
liberty  to  use  any  form  of  lamp,  or  use  the  electricity 
supplied  so  as  to  interfere  with  the  proper  supply  to 


other  persons,  is  re-enacted  substantively.  (Clause  7.) 
3.  Section  27  of  the  Electric  Lighting  Act,  under 
which  local  authorities  may,  after  the  expiration  of 
21  years,  purchase  the  undertaking  by  paying  the 
then  value  of  all  suitable  lands,  buildings,  works,  &c., 
of  such  undertakers,  without  any  addition  in  price, 
in  respect  of  compulsory  purchase,  or  of  goodwill,  or 
of  any  profits,  is  repealed.  (Clause  8.)  4.  The 

profits  of  undertakers  are  limited  to  the  rate  pre- 
scribed by  the  provisional  order  or  special  Act,  or 
where  no  rate  is  prescribed,  to  10  per  cent,  per  annum. 
The  principle  whereby  dividends  are  increased  cr 
diminished  in  inverse  ratio  to  increase  or  diminution 
of  price  is  introduced  on  the  method  of  the  sliding 
scale  applied  to  gas  undertakings,  except  that 
having  regard  to  the  small  price  charged  per  electrical 
unit  as  compared  with  the  price  charged  per  1,000 
cubic  feet  of  gas,  the  dividend  is  increased  or  reduced 
by  5s.  per  ^100  in  respect  of  every  one  farthing 
instead  of  id.,  as  in  the  price  of  gas.  (Clause  9.) 
5.  New  or  additional  capital  in  the  undertaking  to 
be  offered  to  the  public  by  auction,  in  accordance 
with  the  usual  auction  clauses  applied  to  gas  under- 
takings. (Clause  10.)  6.  The  undertakers  are  to 

furnish  a sufficient  supply  of  electricity  to  owners  or 
occupiers  situate  within  twenty  five  yards  from  the 
main.  (Clause  ii.)  7.  The  undertakers  are  to 
supply  electricity  for  public  lamps.  (Clause  12.)  8. 

Mains  are  to  be  kept  fully  supplied.  (Clause  13.)  9. 

Penalties  similar  to  those  of  the  Gas  Acts  are 
provided  in  case  of  default  by  the  undertakers. 
(Clause  14.)  10.  Local  authorities  to  have  similar 

powers  of  acquisition  of  the  undertakings  by  agree- 
ment as  are  given  them  in  the  case  of  gas  by  the 
Public  Health  Act,  1875,  section  162.  (Clause  15.) 
II.  Penalties  to  be  recovered  summarily.  (Clause 
16.)” 


MINING  INDUSTRIES  OF  GERMANY. 

Germany  possesses  a vast  and  almost  inexhaustible 
supply  of  fossil  fuel,  for  the  most  part  of  excellent 
quality,  and  the  Adress-Buch  Deutscher  Export- 
Firmen  states  that  the  following  are  the  most  im- 
portant sources  of  coal  supply.  The  coal  basin  of 
the  Lower  Rhine  and  Westphalia,  generally  termed 
the  Ruhr  Basin,  which  covers  an  area  of  about  2,900 
square  kilometres,  and  has  been  estimated  to  con- 
tain 55,000,000,000  tons  of  coal ; the  coal-fields  near 
Aix  la  Chapelle  producing  annually  on  the  average 
one  and  a half  million  tons ; the  coal  basin  of  the 
Saar  in  the  south-west  district  of  the  Rhenish  pro- 
vince, intheBavarianPalatinate,  and  in  the  eastempor- 
tion  of  Lorraine,  estimated  to  contain  45,000,000,000 
tons  of  coal,  and  producing  annually  6,000,000  tons ; 
the  coal-fields  of  Upper  Silesia  (Konigshiitte),  with 
an  area  of  480  square  kilometres,  containing  about 
50,000,000,000  tons,  and  an  annual  output  of 
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1 1,000,000  tons ; the  coal-fields  of  Saxony  and  the 
coal  basin  of  Lower  Silesia  (Waldenburg)  with  an 
annual  output  of  3,000,000  tons.  Brown  coal  or 
lignite,  although  found  in  large  quantities  in  Middle 
Germany,  from  Silesia  to  the  Rhine,  has  but  little 
importance  for  export,  and  it  is  mostly  of  inferior 
quality.  The  brown  coal  found  in  the  province  of 
Saxony  ( Weissenfels)  is  remarkable  as  having  formed 
the  foundation  of  a strongly  developed  industry  in 
the  lighter  and  heavier  sorts  of  coal  tar  oils, 
and  their  further  treatment.  The  total  pro- 
duction of  coal,  throughout  the  whole  of  the 
German  Empire,  amounted  in  1881  to  48,688,164 
tons,  valued  at  £i2,6it^,ooo,  and  of  lignite  to 
12,852,000  tons,  with  a value  of  ;^i, 906,000.  Pit 
coal  is  exported  from  Upper  Silesia  to  Austria 
and  to  Russia,  and  from  the  districts  of  the  Rhine 
and  the  Saar  to  the  Netherlands,  France,  Belgium, 
and  Switzerland.  Considerable  quantities  have  also 
recently  been  exported  to  Italy,  owing  to  the  opening 
of  the  St.  Gothard  Railway,  and  finally  to  the  sea- 
ports of  Germany  and  the  Netherlands  for  transport 
to  Denmark,  Sweden,  and  Norway.  The  tota 
amount  of  coal  exported  in  i88r  amounted  to 
7,458,246  tons,  and  of  coke  430,272  tons.  The  ore 
which  is  of  most  importance  in  the  German  export 
trade  is  the  iron  ore,  more  especially  the  iron  ore  of 
Luxembourg,  and  that  exported  from  Lorraine  to 
Belgium  and  France.  In  1881  the  amount  of  iron 
ore  produced  was  7,573,000  tons,  valued  at 
^1,804,000;  and  the  amount  exported  1,443,000 
tons.  Of  the  total  output  about  35  per  cent,  is 
brown  hematite,  from  the  Rhenish  Province,  Silesia, 
Luxembourg,  Lorraine,  and  Hanover  ; about  25  per 
cent,  of  spathose  iron  ore  from  the  Rhenish  Province, 
Westphalia,  Siegerland,  Thuringia,  and  Wurtem- 
burg;  18  to  20  per  cent,  of  black  band  in  Rhenish 
AVestphalia,  Silesia,  and  in  the  coal  districts  of  the 
Saar;  9 to  10  per  cent,  of  red  hematite  in  Nassau, 
Siegen,  AVetzlar,  Hesse,  Saxony,  and  Thuringia. 
The  remainder  consists  of  magnetic  iron  ore,  fre- 
quently found,  but  seldom  in  large  beds  ; of  clay  iron 
ore  found  in  Luxembourg,  Lorraine,  on  the  Rhine 
Westphalia,  and  Silesia  ; and  of  the  bog  iron  ore 
found  in  the  lowlands  and  in  the  Northern  plains.  Of 
the  other  ores,  such  as  silver,  tin,  zinc,  cobalt,  nickel, 
manganese,  &c.,  large  quantities  are  obtained,  but 
very  little  is  exported.  Of  lead  and  copper  ores  only 
2,756  foris  were  exported  in  1881.  As  regards  mineral 
salts,  the  most  important  of  these  are  rock  and 
common  salt,  in  both  of  which  Germany  is  very  rich, 
there  being  still  unexplored,  very  thick  beds  of  rock 
salt  in  the  provinces  of  Brandenburg,  Posen,  Hanover, 
and  in  many  districts  of  the  plains  of  Northern 
Germany.  Besides  these,  there  are  the  famous 
Cainite  and  other  potash  and  bitter  salts  in  the  pro- 
vince of  Saxony  (Stassfurt),  and  in  the  Duchy  of 
Anhalt,  of  which  considerable  quantitities  are 
annually  exported.  In  the  year  1881  the  production 
of  rock  salt  amounted  to  3^2,000  tons;  of  common 
salt  to  457,000  tons;  cainite  to  161,000;  other 


potash  salts  to  745,000 ; and  chloride  of  potassium 
to  113,000  tons;  while  the  quantity  of  common 
salt  exported  during  the  same  year  amounted  to 
185,000  tons. 


A NETV  BOXWOOD. 

By  John  R.  Jackson,  Curator  of  the  Museums,  Kew, 

In  connection  with  the  subject  of  boxwood  and  its 
substitutes  (see  Joimial  of  Society  of  Arts,  April 
10  and  17,  1885),  a brief  account  of  the  discovery  in 
South  Africa  of  a new  species  of  boxwood  will,  no 
doubt,  be  of  interest  to  the  readers  of  the  Journal^ 

In  the  spring  of  last  year  a correspondent  at  East 
London,  Cape  of  Good  Hope,  wrote  me  to  the  effect 
that  he  had  a considerable  quantity  of  Cape  boxwood 
and  other  hard  woods  growing  on  his  farm,  which  he 
was  anxious  to  turn  to  some  account  if  the  wood  was 
really  valuable  for  engraving  purposes,  and  asking  for 
the  name  of  some  London  firm  to  whom  samples 
could  be  sent,  with  a view  of  introducing  it  to  the 
market.  To  this  I replied,  giving  the  name  of  a 
well-known  firm,  and  asking  that  a good  sample 
might  be  sent  for  the  Kew  Museum.  Later  on,  a 
specimen  was  received,  together  with  small  specimens 
of  the  foliage.  Upon  comparison  of  this  foliage  and 
wood  with  those  of  Celastrus  huxifolhis,  L.,  which 
is  generally  known  as  Cape  box,  it  was  found  that 
they  did  not  agree,  and  upon  a more  careful  exami- 
nation of  the  wood,  and  comparing  it  with  true  box, 
the  two  woods  were  found  to  be  nearly  identical,  and 
the  foliage  itself  came  very  near  to  _ that  of  Buxiis 
semperviretis  ; it  was,  therefore,  clearly  a species  of 
Biixus,  and  probably  B.  setnpervirens  itself,  which 
had  perhaps  been  introduced  into  the  colony.  The 
tree  was  described  by  the  sender  as  growing  to  ar-h 
average  height  of  about  30  feet,  and  as  a rule 
not  exceeding  twelve  to  fourteen  inches  in  diameter. 
The  principal  of  the  firm  to  whom  samples  of  the 
wood  were  sent  for  trial  writes  thus  : — “I  have  had 
pieces  distributed  amongst  six  practical  men,  and 
though  they  all  report  favourably  of  its  appearance, 
they  unite  in  saying  that  it  does  not  cut  smoothly, 
but  harsh  and  ragged,  and  that  the  cutter  ‘ blurrs 
on  the  wood,  whereas  genuine  box  cuts  quite  smoothly. 
There  is  also  a nasty  tendency  to  split  from  the  centre 
outwards  instead  of  the  clean  way  in  which  boxwood 
splits,  so  that  the  end  of  every  piece  has  a series  of 
star-shakes.  In  addition,  every  log  I have  cut  has 
very  many  black  specks,  quite  spoiling  it  for  first-rate 
work,  even  if  good  in  other  respects.” 

Nothing  more  was  heard  of  boxwood  from  the 
Cape  until  the  following  paragraph  appeared  in  the 
Indiati  Forester,  for  November  last : — “ Among  the 
recent  arrivals  we  notice  a sample  parcel  of  Cape 
boxwood  delivered  at  the  AVest  India  Dock  per 
Warwick  Castle,  consisting  of  fifty- five  pieces,  weigh- 
ing nearly  three  tons.  The  logs  are  of  good  sizes,  sound 
and  clean  grown.  This  wood  possesses  a closeness 
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of  grain  almost  equal  to  the  best  Abassian  boxwood, 
and  it  is  thought  will  suit  admirably  for  engravers’ 

, purposes.  From  the  specimens  of  this  wood,  and 
engravings  printed  from  it,  which  were  shown  at  the 
Forestry  Exhibition,  at  Edinburgh,  last  year,  it  would 
appear  to  be  one  of  the  best  hard  woods  yet  put 
forward  as  a substitute  to  supply  the  demand  for  the 
ever  diminishing  supply  of  boxwood.” 

At  the  end  of  December  last,  specimens  were 
received  at  Kew  from  Capetown  of  the  plant,  the 
wood  of  which  it  was  said  was  then  being  cut  in  the 
Kaffraria  forests  as  a substitute  for  box.  In  the 
Forests  Reports  it  seems  the  surveyors  refer  to  it  as 
Cape  box,  and  naturally  concluded  it  was  Celastrus 
^uxifolius,  but  upon  examination  at  Kew  it  has  been 
proved  to  be  a new  species  of  Buxus,  and  has  been 
named  by  Professor  Oliver  Buxus  macowani^  in 
honour  of  Mr.  P.  Macowan,  Director  of  the  Botanic 
■Garden,  Cape  of  Good  Hope. 


COOKING  BY  MA CHINER  Y. 

The  Scienza  ^er  Tutti^  of  Milan,  gives  a descrip- 
tion of  the  machinery  and  appliances  used  at  the 
Restaurant  Marguery,  on  the  Boulevard  Bonne 
jSTouvelle,  Paris.  The  basement  of  this  establish- 
ment consists  of  two  floors  below  the  level  of  the 
street,  which  contain,  besides  very  extensive  cellars, 
kitchens,  and  larders,  the  various  labour-saving 
machines ; these  consist  principally  of  machines  for 
crushing  and  reducing  to  pulp,  washing  machines, 
machines  for  cleaning  knives,  bottles,  and  plates,  for 
roasting  meat,  &c.,  and  also  for  roasting  coffee. 
These  machines  are  driven  by  a gas-engine,  and  a 
second  engine  is  kept  in  readiness  in  case  it  should 
be  required.  Some  of  the  machinery  is  driven 
by  belting  from  shafting,  whilst  others  receive  their 
motion  by  means  of  electricity  supplied  by  a Gramme 
machine.  The  machine  for  crushing  bones,  lobsters, 
pulping  meat,  carrots,  potatoes,  beans,  &c.,  consists 
of  two  discs  revolving  vertically  in  opposite  direction, 
which  discs  are  furnished  with  a number  of  radial 
teeth,  so  that  when  in  motion  the  bones  or  other 
substances  put  into  a hopper  above  are  crushed 
between  them,  the  degree  of  fineness  being  regulated 
by  a set  screw,  by  means  of  which  the  discs  are 
brought  further  or  more  apart.  The  machine  for 
washing  consists  of  a fine  sieve,  through  which  the 
jiure  is  made  to  pass  by  means  of  flat  stiff  brushes 
carried  on  arms  projecting  from  a vertical  shaft 
revolving  above  it.  The  roasting  machines  for  coffee 
nnd  for  meat  are  driven  by  belting  from  a counter 
shaft,  the  number  of  revolutions  and  degree  of  cook- 
ing being  regulated  to  a nicety  by  the  cook’s  assist- 
ants, who  know  the  exact  amount  of  time  required. 

The  machine  for  washing  plates  deserves  particular 
attention.  It  consists  of  a circular  trough,  divided 
into  two  compartments,  one  for  hot,  and  the  other  for 
cold  water,  which  latter  is  being  constantly  renewed. 


Above  this  trough  revolves  a vertical  axle,  which 
carries  just  above  the  water  level  a ring,  hinged  to 
which  are  eight  curved  arms,  the  extremities  of  which 
are  provided  with  a kind  of  three-jawed  clip,  which 
seizes  the  plate,  and  holds  it  tightly  by  the  rim. 
Above  the  level  of  the  water  is  an  annular  guide  bar, 
bent  in  such  a way  that  when  the  machine  is  in 
motion  the  jointed  arms,  which  pass  over  it  carrying 
the  plates,  are  depressed,  and  the  plates  alternately 
dipped  into  the  hot  water,  turned  in  a vertical  posi- 
tion whilst  they  are  passed  between  brushes,  which 
effectually  clean  them  on  both  sides.  They  are  next 
lifted  out  of  the  water,  and  then  plunged  suddenly 
into  the  cold  water  tank,  from  which  they  come  out 
perfectly  clean,  and  are  taken  off  by  an  assistant  and 
put  on  a rack,  in  order  that  the  water  may  drain  off, 
and  finally  are  wiped  dry.  This  machine  is  capable 
of  washing  4,000  plates  per  day. 

The  machine  for  washing  bottles  is  also  very  in- 
genious, and  is  driven  by  an  electro-motor.  The 
four  bottles  which  are  washed  at  the  same  time  are 
fixed  on  spindles,  which  cause  them  to  revolve  at 
the  rate  of  300  revolutions  per  minute,  under  a 
stream  of  water  at  high  pressure  between  brushes 
which  press  against  the  sides  externally  and  internally. 
The  bottle  only  remains  32  seconds  in  the  machine, 
during  which  time  it  has  made  180  revolutions 
against  the  brushes,  which  do  not  fail  to  clean  it 
effectually.  Previous  to  adopting  the  machine,  tw'O 
men  and  one  boy  were  required  to  wash  from  700  to 
800  bottles  per  day.  Now  no  fewer  than  400  per 
hour  can  be  cleaned,  and  this  with  a far  smaller  per- 
centage of  breakage  than  in  the  usual  w'ay.  The 
machine  is  exceedingly  simple,  and  can  be  easily 
taken  to  pieces  and  cleaned.  The  brush  used  for 
cleaning  the  inside  of  the  bottle  is  fixed  upon  a 
flexible  bar,  and  is  forced  against  the  sides  by  an 
india-rubber  spring. 


THE  CULTIVATION  OF  LICORICE  IN 
SICILY. 

Consul  Woodcock,  of  Catania,  says  that  there  are 
two  species  of  the  licorice  plant  in  his  consular  dis- 
trict. The  one  sends  down  a main  root  to  the  depth 
of  from  three  to  six  feet,  with  but  few  lateral  roots  ; 
the  other  does  not  sink  so  deep  in  the  earth,  but 
creeps  beneath  the  surface  at  a depth  of  from  sLx 
inches  to  two  feet,  the  latter  being  most  productive, 
and  the  most  highly  prized.  It  is  stated  that  if  the 
licorice  plant  were  cultivated,  instead  of  being  allowed 
to  grow  wild,  it  would  yield  much  larger  results  ; but 
the  Sicilians  are  of  opinion  that  its  culture  will  not 
pay,  so  they  are  satisfied  by  collecting  it  as  produced 
by  nature  in  its  wild  state.  No  use  is  made  of  the 
stem  except  for  fuel.  The  licorice  plant  grows  most 
luxuriantly  in  the  valleys  adjacent  to  streams  of 
water ; it  is,  however,  found  among  the  foot  hills  of 
the  mountains,  but  grows  less  luxuriantly  there.  It 
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requires  a moist  soil,  consisting  of  a clay  loam ; the 
climate  must  be  warm,  such  as  is  adapted  to  the 
growth  of  oranges,  lemons,  and  other  semi-tropical 
fruits.  It  cannot  endure  frosts,  or  cold,  high  altitudes. 
The  root  continues  to  grow  for  four  or  five  years, 
w’hen  it  is  considered  in  the  best  condition  for 
gathering.  The  root  will  continue  to  grow  for 
ten  or  twelve  years  longer,  but  it  is  not  con- 
sidered so  rich  in  juice-yielding  quality.  The  crop 
is  gathered  from  the  same  ground  once  in  four  or 
five  years,  and  on  the  average  100  pounds  of  the  root 
produces  sixteen  pounds  of  licorice  paste.  During 
the  months  of  June,  July,  August,  and  September, 
and  the  first  part  of  October,  the  root  is  not  disturbed 
for  the  reason  that  it  is  then  in  full  vegetation,  and 
for  the  further  more  important  reason  that  the  ground 
is  drj'  and  baked  by  the  sun,  and  it  is  with  much 
ditnculty  and  great  expense  that  it  can  then  be  dug. 
As  soon  as  the  autumn  rains  set  in  in  sufficient  quan- 
tity to  saturate  the  ground,  the  root  harvest  com- 
mences. During  the  months  above-mentioned  the 
manufactories  of  licorice  are  idle,  doing  little  or 
nothing  in  the  way  of  manufacture.  In  Catania 
itself  there  are  seven  manufactories  of  licorice,  which 
employ  from  twenty  to  forty  hands  each.  When 
the  roots  are  taken  from  the  earth,  they  are  bound  in 
bundles  and  carried  on  the  backs  of  mules  from  the 
fields  to  the  factories,  where  they  are  laid  by  for  a 
time  to  season.  When  the  roots  are  sufficiently 
cured,  men  and  women  with  hatchets  cut  them 
in  pieces  ranging  from  three  to  six  inches  in  length. 
These  are  then  plunged  into  a vat  of  water  and 
thoroughly  washed.  They  are  then  crushed  in  a mill 
of  rude  construction.  It  consists  of  two  circular 
stones  of  lava,  one  in  horizontal  position,  and  the 
other,  whichis  perpendicular,  restinguponit.  Through 
the  centre  of  the  upper  stone  is  an  axle,  to  which  is 
attached  a mule,  which  revolves  it  slowly  in  a circle 
upon  the  lower  stone.  A workman  with  a wooden 
shovel  is  constantly  employed  in  keeping  the  roots 
beneath  the  revolving  stone.  When  the  roots  are 
sufficiently  crushed,  they  are  placed  with  water  in 
kettles  and  boiled  for  twenty-four  hours.  They 
are  then  removed  from  the  kettles  and  placed 
beneath  a screw  press,  and  all  the  juice,  which 
is  thoroughly  pressed  out,  runs  into  a cistern 
beneath.  This  juice  is  pumped  from  the  cistern 
and  passed  through  a sieve  into  kettles  and  the 
boiling  resumed.  The  sediment  from  the  strainer  is 
again  pressed ; the  contents  of  the  boiling  kettles  is 
a second  time  filtered.  When  boiled  to  the  proper 
consistency,  it  is  removed  to  a broad  shallow  kettle 
over  a slow  fire,  where  workmen,  with  spades,  con- 
tinue to  stir  it  until  it  becomes  dense  enough  for 
paste ; it  is  then  removed  and  placed  in  wooden 
moulds  of  the  size  they  wish  the  cakes,  or  worked  by 
the  workmen  into  little  rolls  or  sticks.  When  cold 
and  hard,  the  cakes  are  wrapped  in  paper  and  boxes 
for  export.  The  little  rolls  or  sticks  of  licorice  are 
placed  upon  shelves  to  dry,  and  when  they  become 
perfectly  dry  and  hard,  they  are  packed  in  laurel 


leaves  in  boxes.  In  preparing  the  root  for  market,, 
women,  with  knives,  scrape  off  the  bark,  and  then, 
cut  it  into  pieces  of  about  half  an  inch  in  length,  or 
as  desired  by  the  purchaser.  These  are  then  dried 
in  the  sun,  and  placed  in  bags  for  export. 


KING  OF  THE  BELGIANS’  PRIZE. 

A prize  of  25,000  francs,  or  ^5,000,  is  offered  every 
year  by  Leopold  II.,  now  sovereign  of  the  Conga 
Free  State  as  well  as  the  King  of  the  Belgians,  for 
the  best  essay  on  some  predetermined  subject  tending 
to  advance  the  well-being  of  mankind.  The  com- 
petition is  alternately  restricted  to  Belgians,  and 
thrown  open  to  the  whole  world,  being  settled  by  an 
international  jury.  The  subject  of  this  year’s  com- 
petition, open  to  the  whole  world,  was  “ The  Best 
Means  of  Improving  Sandy  Coasts  ; ” and  the  prize 
has  been  awarded  by  an  international  jury,  including 
some  of  the  most  eminent  English  and  French 
engineers,  to  M.  De  Mey,  engineer  of  Fonts  et 
Chaussees,  Bruges,  against  59  competitors.  This  is 
only  the  second  time  that  the  international  prize  has 
been  awarded,  that  in  1880,  the  year  that  the  prize 
was  instituted,  having  been  adjudged  to  M.  A. 
Wauters,  archivist  to  the  Brussels  Municipality,  for 
his  “History  of  the  Origin  of  Communal  Franchise 
in  Belgium.”  The  subject  for  the  essay  at  the  next 
international  competition  is  “ The  Progress  of  Elec- 
tricity Applied  to  Motive  Power  and  Illumination,, 
its  Applications  and  Economical  Advantages.”  The 
essays  for  competition,  which  must  be  written  in, 
French,  or  translated  into  that  language,  are  to  be 
sent  before  the  ist  January,  1889,  to  the  Minister  of 
Agriculture,  Industry  an  Public  Works,  from  whom 
the  conditions  of  the  competition  may  be  obtained. 


METAL  WORK  OF  THE  BURMESE. 

Both  Burmans  and  Shans  are  expert  blacksmiths. 
The  latter  forge  all  the  dahs  (native  hatchets)  used 
by  themselves  and  their  neighbours  in  the  Hotha. 
valley,  and  they  annually  resort  to  Bhamo,  and  the 
villages  in  the  Kakhyen  hills,  for  the  purpose  of 
manufacturing  them.  Their  bellows  are  of  the  most 
primitive  stamp,  consisting  of  two  segments  of 
bamboo,  about  4 inches  in  diameter  and  5 feet  long, 
set  vertically,  forming  the  cylinders,  which  are  open 
above  and  closed  below,  except  by  two  small  bamboo 
tubes,  which,  converge  and  meet  at  the  fire.  Each, 
piston  consists  of  a bunch  of  feathers,  or  other  soft 
substance,  which  expands  and  fits  tightly  in  the 
cylinder  while  it  is  being  forcibly  driven  down,  and, 
collapses  to  let  the  air  pass  as  it  is  being  drawn  up.. 
A boy,  perched  on  a high  seat  or  stand,  works  the 
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two  pistons  alternately,  by  the  sticks  serving  as  piston 
rods.  Charcoal  is  used  for  fuel. 

The  casting  of  large  and  small  articles  in  brass, 
bronze,  and  other  alloys,  is  much  practised,  always 
adopting  the  method  known  as  a cire  perdue.  First  a 
clay  model  is  made,  and  coated  with  beeswax  to  the 
thickness  of  the  intended  cast,  and  again  covered 
with  an  outer  skin  (2  inches  thick)  of  clay,  mixed 
with  finely-chopped  straw;  this  latter  coat  is  pro- 
vided with  funnel-lilce  holes,  for  pouring  in  the  molten 
metal,  at  intervals  of  4 inches,  and  with  straw-holes 
for  letting  out  imprisoned  air.  Holes  are  also  pro- 
vided at  the  bottom  for  the  escape  of  the  melted  wax. 


Correspondence. 


ELECTRICAL  DISTRIBUTION. 

On  reading  over  the  paper  which  I read  to  the 
Society  of  Arts  on  February  17th  last,  “On  Some 
Points  in  Electrical  Distribution,”  I find  that,  when 
speaking  of  secondary  generators,  there  is  an  omis- 
sion which  may  be  apt  to  mislead.  When  treating 
of  the  arrangements  of  these  generators  in  parallel^ 
my  remarks  in  the  body  of  the  paper  have  reference 
only  to  such  generators  as  those  which  have  been 
specially  under  my  notice — where  the  difference  of 
potential  at  the  terminals  either  of  the  primaiy  or 
secondary  circuit  is  not  so  great  as  thousands  of  volts. 
I feel  that  I ought  to  have  taken  some  notice  of  those 
generators  in  which  the  difference  of  potentials  of  the 
primary  may  be  several  thousand  volts.  In  this  case, 
of  course  the  fall  of  potential  in  the  main  conductors 
is  of  far  less  moment.  There  a distance  of  a mile 
causes  as  little  trouble  as  does  100  yards  in  a direct 
supply.  The  ratio  of  the  maximum  values  of  the 
difference  of  potentials  at  the  terminals  of  the  primary 
and  secondary  coils  may  be  expressed  by  the  follow- 
ing relation : — 

V'2  “ p'2  _ 2p'  r'  (p'2  - 2pV  + C2 

Adopting  the  same  notation  as  in  the  appendix  to 
my  lecture. 

Now,  r'  is  always  very  large  compared  with  p',  and 
p is  large  compared  with  r’  in  the  present  case. 

V2  p2  p2 

Hence,  this  reduces  to  — = 1 approximately. 

V'2  r'2  C2 

If  be  small  compared  with  r'  2,  then  we  might 
V2  p2 

have  — — — a constant.  Hence  it  appears  that, 

V'2  c-2 

with  a generator  the  resistance  of  whose  secondary 
circuit  is  large,  and  the  resistance  of  the  primary  coil 
large  even  when  compared  with  that,  we  may  attain 
constant  e mfvo.  the  lamp  circuit  by  maintaining  con- 


stant pressure  at  the  terminals  of  the  primary,  and  (in 
the  case  where  the  emf  oi  the  dynamo  is  very  great) 
this  may  be  attained  by  keeping  the  e m f at  the 
terminals  of  the  dynamo  constant. 

I have  seen  no  experiments  to  judge  how  far  this 
approximation  has  been  reached  in  actual  practice, 
but  I have  been  promised  to  inspect  such  an  arrange- 
ment shortly. 

George  Forbes. 

P.S. — Please  notice  the  following  erratum  in  the 
appendix  to  my  paper.  In  the  expression  for  V'2 — 
for{r'-\-p^read(r’  — p'j2.  G.  F. 


HARBOURS  OF  REFUGE. 

We  have  no  harbour  of  refuge  on  the  coasts  of 
England  that  is  worth  the  name.  There  is  a beautiful 
site  at  no  great  distance  from  the  metropolis,  and  it 
is  surprising  that  no  attention  is  paid  to  it.  I allude 
to  Pegwell  Bay,  between  Ramsgate  and  Sandwich. 
Here  a harbour  can  be  formed  embracing  the  whole 
of  the  Downs  as  an  entrance,  and  the  Stour  Estuary' 
can  be  excavated  as  far  as  Canterbury  if  necessary ; the 
land  is  now  a marsh,  and  used  for  grazing  purposes. 
There  is  a magnificent  back  water,  and  no  engineering 
difficulties  are  to  be  found.  It  is  commanded  by  two 
railways,  and  the  scheme,  if  carried  out,  would  relieve 
the  overcrowded  Thames,  and  the  avoidance  of  many 
dangers  would  enhance  its  value  to  all  engaged  in  the 
shipping  interests  of  the  United  Kingdom.  I most 
earnestly  ask  your  attention  to  this  grand  scheme,  as 
a means  of  finding  labour  for  the  starving  unemployed 
thousands  on  a work  urgently  needed,  on  a site  so 
much  better  and  so  well  adapted  than  any  other. 
The  Dover  harbour,  as  a harbour  of  refuge,  is  simply 
absurd.  The  money  that  has  been  wasted  for  years 
on  this  place  might  have  been  more  judiciously  ex- 
pended at  the  site  known  as  Pegwell  Bay.  Dover 
will  never  have  a harbour  of  refuge  ; the  configura- 
tion of  the  land  will  not  admit  of  it.  There  is  only 
sufficient  space  and  convenience  for  Continental 
steamers. 

T.  W.  Ayleshum, 
Commander,  late  Indian  Navy. 

Sutton,  March  6th,  1886. 


General  Notes. 

^ 

Bronze  Casting  in  Belgium. — A full  report 
by  Sir  J.  Savile  Lumley  on  Bronze  Casting  in 
Belgium  was  published  in  the  Consular  Reports,  on 
subjects  of  commercial  and  general  interest.  Part 
I.  (Commercial  No.  2,  1884.)  Sir  J.  Savile  Lumley 
gives  an  historical  account  of  bronze  casting,  and 
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description  of  the  processes  of  manufacture.  The 
report  can  be  seen  by  members  in  the  Society’s 
Library. 

Congress  on  Internal  Navigation. — During 
the  Congress  held  at  Brussels  in  May  last,  the  engi- 
neer Di  Gioia,  delegate  of  the  Italian  Government, 
described  a method  of  planting  the  banks  of  the  Suez 
Canal  with  date  palms,  in  order  to  consolidate  them. 
With  reference  to  this  subject,  as  reported  in  the 
Journal^  vol.  xxxiii.,  p.  908.  Mr.  W.  J.  Addis, 
civil  engineer,  at  Maulmain,  British  Burmah,  wrote 
to  the  President  of  the  Congress  that  he  had  found 
the  Andropugon  shoe7ianthus,  a species  of  palm,  the 
best  plant  for  this  purpose.  It  will  grow  readily 
from  a single  root,  and  should  be  lopped  six  months 
after  being  planted.  The  loppings  constitute  an  ex- 
cellent material  for  paper-making,  and  easily  fetch 
5s.  a ton  for  this  purpose  in  India. 

Turkish  Wine. — A recent  number  of  the  Journal 
de  la  Chainbre  de  Cojnmerce  de  Constantinople  gives 
some  particulars  respecting  wdne  growing  in  Turkey. 
The  demand  for  the  wine  of  that  country  has  con- 
siderably increased  of  late,  and  more  particularly  last 
year.  The  produce  of  the  vineyards  situated  between 
Cadi-Kau  and  Pendah  was,  for  the  greater  part, 
purchased  at  comparatively  high  prices  by  French 
importers.  The  exports  from  this  district  wdiich,  in 
1884,  amounted  to  760,000  okes,  to  the  value  of 
8,050  Turkish  pounds,  reached  in  the  following 
year  to  i,6oo,coo  okes,  to  the  value  of  22,000  Turkish 
pounds ; wFilst  the  red  wines  of  Kizil  and  Raprak, 
which  were  formerly  paid,  on  the  average,  at  the 
rate  of  i^  piastre  per  oka,  fetched  on  the  spot,  last 
year,  prices  varying  from  2 to  2\  piastres.  The 
French  purchasers  were  not  limited  to  the  above- 
mentioned  districts,  but  large  quantities  of  wine  were 
exported  from  other  provinces. 

Production  of  Coal  in  Russia.— The  pro- 
duction of  coal  in  the  Russian  empire  has  increased 


considerably  during  the  last  ten  years,  as  is  shown 

by  the  following  statistics  : 

— 

1873  

..  puds  71,586,328. 

1874  

••  M 78,795.093- 

1875  

,,  104,772,688. 

1876  

..  ,,  111,299,028. 

1877  

„ 108,137,094. 

1878  

..  ,,  153,981,727. 

1879  

„ 178,238,013. 

1880  

„ 200,784,874. 

1881  

••  » 213,258,477. 

1882  

..  „ 210,193,536 

The  production  of  coal  in  Russia  is,  however,  very 
small  indeed,  when  compared  with  the  immense  area 
of  that  empire,  as  that  of  Great  Britain,  in  1883, 
amounted  to  not  less  than  9,689,693,036  puds  ; that 
of  Germany  to  3.531,623,487  puds ; whilst  Belgium 
produced  1,073,050,329  puds.  With  a greater  ex- 
tension of  the  railway  system,  so  that  the  centres  of 
production  would  be  put  in  communication  with 
those  of  consumption,  a large  development  might  be 
given  to  that  industry’. 


MEETINGS  OF  THE  SOCIETY, 

Ordinary  Meetings. 

Wednesday  evenings,  at  Eight  o’clock  : — 

March  24. — “Domestic  Electric  Lighting.”  By 
W.  H.  Preece,  F.R.S.  Sir  Frederick  Abel, 
D.C.L.,  C.B.,  F.R.S. , Chairman  of  Council,  will 
preside. 

March  31. — “Methods  for  rendering  the  Blind 
Self-supporting.”  By  T.  R.  Armitage,  M.D. 

April  7. — “ Preparation  of  Drawings  for  Photo- 
graphic Re-production.”  By  J.  S.  Hodson. 

April  14. — “The  Treatment  of  Sewage.”  By 
Dr.  C.  Meymott  Tidy.  Sir  Frederick  Abel, 
D.C.L.,  C.B.,  F.R.S.,  will  preside. 


Foreign  and  Colonial  Section. 

Tuesday  evenings,  at  Eight  o’clock  : — 

March  23. — “ Canada  and  its  National  Highway.” 
By  Alexander  Begg.  Sir  Charles  Tupper, 
G.C.M.G.,  W’ill  preside. 

April  13. — “The  Progress  of  the  British  Posses- 
sions in  the  last  quarter  of  a century.”  By  P.  L. 
SiMMONDS. 

May  6. — “ The  Commerce  and  Industries  of  New 
South  Wales.”  By  Edward  Combes,  C.M.G., 
President  of  the  Board  of  Technical  Education  of 
New  South  Wales. 


Applied  Chemistry  and  Physics  Section. 
Thursday  evenings,  at  Eight  o’clock  : — 
March  25.  — “ Certain  Methods  for  the  Utilisation 
of  Refuse  and  Dust  Fuels.”  By  Walter  G. 
McMillan,  F.C.S.,  Demonstrator  of  Metallurgy, 
King’s  College,  London. 

April  8. — “Asbestos  and  its  Applications.”  By 
James  Boyd. 

May  13. — “The  Scientific  Development  of  the 
Coal  Tar  Colour  Industry.”  By  Professor  R. 
Meldola,  F.C.S. 


Indian  Section. 

Friday  evenings,  at  Eight  o’clock  : — 

March  19. — “ Experiences  on  the  Afghan 
Frontier.”  By  William  Simpson. 

April  2. — “The  History  of  Archaeology  in  India.” 
By  James  Gibbs,  C.S.I.,  C.I.E.,  late  Member  of  the 
Viceroy’s  Council.  Sir  George  Birdwood,  C.S.I., 
Member  of  the  Council,  will  preside. 

May  7. — “Indian  Manufactures  from  a Prac- 
tical Point  of  View.”  By  B,  H.  Baden 
Powell,  C.I.E.  The  Right  Hon.  Lord  Harris 
will  preside. 

May  21. — “Everyday  Life  of  Indian  Women,  as 
revealed  in  their  own  sayings.”  By  Capt.  Richard 
Carnac  Temple. 

The  above  dates  are  liable  to  alteration. 
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Cantor  Lectures. 

The  Fourth  Course  will  be  on  “ Petroleum 
and  its  Products.”  By  Boverton  Redwood 

F.C.S. 

Lecture  III.— March  22. — Manufacture  of  Petro- 
leum Products  : — Naphtha,  Burning  Oil,  Lubricating 
Oil,  Paraffin.  Methods  of  distillation  and  purification. 
Barrel  and  case  making.  Testing  ; — Flashing  point, 
viscosity,  lubricating  power,  melting  point. 

Lecture  IV. — March  29. — The  uses  of  Petroleum 
and  its  products.  Illumination  : — Paraffin  candles, 
mineral  oil  and  spirit  lamps,  air-gas,  natural  gas. 
Heating : — Crude  Petroleum  and  Petroleum  residuum 
as  fuel,  mineral  oil  stoves.  Natural  gas  as  fuel. 
Lubrication.  Pharmaceutical. 


Additional  Lectures. 

Six  Elementary  Lectures  on  “ Electricity  ” 
vdll  be  delivered  by  Professor  George  Forbes, 
on  Saturday  afternoons,  at  Three  o’clock  ; — 

Lecture  I. — April  3. — Electromotive  Force  and 
Potential. 

Lecture  II. — April  10. — Currents  and  Resistance. 

Lecture  III. — May  i. — Magnetism. 

Lecture  VI. — May  8. — Electro-magnetic  Phe- 
nomena. 

Lecture  V. — May  15. — Induction. 

Lecture  VI. — May  22. — Electrical  Measurement. 


Tuesday  evenings,  at  Eight  o’clock  : — 

“ Japanese  Art  Work.”  By  Ernest  Hart. 

Lecture  I. — May  4. — Japanese  Metal  Work. 

Lecture  II. — May  ii. — Japanese  Porcelain  and 
Pottery. 

Lecture  III. — May  18. — Japanese  Picture  Books 
and  Drawings. 

The  rules  of  admission  to  these  Lectures  will 
be  the  same  as  for  the  Cantor  Lectures.  Each 
member  has  the  right  of  admission  for  himseif 
and  one  friend. 

Tickets  available  for  all  the  Society’s  meet- 
ings were  supplied  to  all  the  members  at  the 
commencement  of  the  Session. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  March  22. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Mr. 
Boverton  Redwood,  Petroleum  and  its  Pro- 
ducts.” (Lecture  III.) 

Surveyors,  12,  Great  George- street,  S.W.,  8 p.m. 
Mr.  William  Matthews,  “ The  Taxation  of  Real 
Property.” 

Geographical,  University  of  London,  Burlington- 
gardens,  W.,  8^  p.m.  Mr.  J.  Annan  Bryce, 
“ Burma  : the  Country  and  the  People.” 

Medical,  ii,  Chandos- street,  W.,  8J  p.m. 

East  India  Association,  Exeter-hall,  Strand,  W.C., 
3 p.m.  Mr.  Nanda  Lai  Ghosh,  “ The  Coming 
Inquiry  into  the  Administration  of  India.” 


Tuesday,  March  23. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Foreign  and  Colonial.) 
Mr.  Alexander  Begg,  “ Canada  and  its  National 
Highway,”  illustrated  by  Lantern  Views. 

Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Prof.  A.  Gamgee,  “ New  Function  of  Circulation.” 
(Lecture  III.) 

Medical  and  Chirurgical,  53,  Berners-street,  Oxford- 
street,  W.,  8^  p.m. 

Civil  Engineers,  25,  Great  George-street,  .S.W., 

8 p.m.  Discussion  on  papers  by  Messrs.  R. 
Gordon,  J.  R.  Mosse,  and  G.  C.  Cuningham  o.n 
“ The  Economical  Construction  and  Operation  of 
Railways  in  newly- developed  Countries,  or  where 
.small  returns  are  expected.” 

Anthropological,  3,  Hanover-square,  W.,  8.^  p.m* 
Capt.  C.  R.  Conder,  “The  Present  Condition  of 
the  Bechuana,  Koranna,  and  Matabele  Tribes.” 

Horticultural,  South  Kensington,  S,W.  Promenade 
Show. 

Wednesday,  March  24. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Mr.  W.  H.  Preece, 

“ Domestic  Electric  Lighting.” 

Geological,  Burlington-house,  W.,  8 p.m.  i.  Mr. 
James  Thomson,  “ The  Genus  Diphyphyllu7n, 
Lonsdale.”  2.  Dr.  W.  T.  Blanford,  “ Additional 
Evidence  of  the  occurence  of  Glacial  conditions 
in  Palmozoic  times,  and  on  the  age  of  the  beds 
containing  plants  of  Mesozoic  type  in  India  and 
Australia.”  3.  Mr.  G.  W.  Lamplugh,  “ Glacial 
Shell-beds  in  British  Columbia.” 

Royal  Society  of  Literature,  4,  St.  Martin’s-place, 
W.C.,  8 p.m. 

Civil  and  Mechanical  Engineers,  7,  Westminster- 
chambers,  S.W.,  7 p.m.  Mr.  B.  Haughton, 

“ Wave  Motion.” 

Thursday,  March  25. ..SOCIETY  OF  ARTS,  John-street, 

Adelphi,  W.C.,  8 p.m.  (Chemical  and  Physical  j 
Section.)  Mr.  Walter  G.  McMillan,  “ Certain 
Appliances  for  the  Utilisation  of  Refuse  and  Dust 
Fuels.” 

Royal,  Burlington-house,  W.,  4^  p.m. 

Antiquaries,  Burlington-house,  W.,  8^  p m. 

Royal  Institution,  Alberaarle-street,  W.,  8 p.m. 
Prof.  Dewar,  “Electro-Chemistry.”  (Lecture  I.) 

Telegraphic  Engineers  and  Electricians,  25,  Great 
George-street,  S.W.,  8 p.m.  Paper  on  Electric 
Lighting  by  means  of  low  resistance  glow  lamps. 

Friday,  March  26.. .United  Service  Institute,  Whitehall- 
yard,  3 p.m. 

Civil  Engineers,  25,  Great  George-street,  S.W.,  72 
p.m.  (Students’  Meeting.)  Mr.  William  Andrew 
Legg,  “ The  Construction  of  the  Hirnant  Tunnel 
on  the  Line  of  Aqueduct  of  the  Vyrnwy  Water- 
works for  the  supply  of  Liverpool.” 

Royal  Institution,  Albemarle-street,  W.,  8 p.m. 
Weekly  Meeting,  9 p.m.  Professor  W.  Chandler 
Roberts  Austen,  “ Certain  Properties  Common  to 
Fluids  and  Solid  Metals.” 

Quekett  Microscopical  Club,  University  College, 
W.C.,  8 p.m.  Papers  by  Messrs.  Michael,  Mor- 
land,  and  Nelson. 

Clinical,  53,  Berners-street,  W.,  8 p.m. 

Browning,  University  College,  W.C.,  8J  p.m.  Mr. 
Arthur  Symons,  “ Browning’s  Metrical  Develop- 
ment especially  in  regard  to  Blank  Verse.” 

Saturday,  March  27. ..Physical  Science  Schools,  South  Ken-  ' 
sington,  S.W.,  3 p.m.  Professor  S.  P.  Thompsorr 
“ An  Arc  Lamp  Suitable  for  the  Duboscq 
Lantern.” 

Botanic,  Inner  Circle,  Regent’s-park,  N.W.,  3I  p.m.  I 

Royal  Institution,  Albemarle-street,  W.,  3 P*m* 
Mr.  Howard  Grubb,  “ The  Astronomical  Tele-  j 
scope.”  (Lecture  I.)  , 
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All  communications  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelphi,  London,  W.C. 


NOTICES. 

^ 

CANTOR  LECTURES. 

The  third  lecture  of  the  Course  on  “ Petro- 
leum and  its  Products,”  was  delivered  at  the 
Society  of  Arts,  on  Monday  evening,  22nd  inst., 
by  Boverton  Redwood,  F.T.C.,  F.C.S. 
The  lecturer  demonstrated  by  diagrams, 
specimens,  and  experiments,  the  processes 
of  manufacturing  the  various  commercial 
products  from  crude  petroleum  and  shale, 
and  quoted  statistics  showing  that  the  out- 
turn of  burning  oil  from  the  refineries  of 
the  United  States  and  Russia  amounted,  for 
the  year  1885,  to  about  586,00.'', 000  imperial 
gallons,  and  about  118,800,000  imperial 
gallons  respectively.  Of  the  oil  manufactured 
in  the  United  States  nearly  203,000,000  im- 
perial gallons  were  consumed  in  the  country, 
and  the  remainder  was  exported  in  6,985,657 
barrels  and  16,528,844  cases.  These  barrels 
weighed  collectively  more  than  1,222,000 
tons.  If  piled  six  high  they  would  cover  a 
space  of  about  half  a square  mile,  and  if 
placed  end  to  end  would  extend  for  3,638 
miles.  The  tin  employed  in  the  manu- 
facture of  the  cases  weighed  more  than 

38.000  tons,  and  would  cover  more  than  five 
square  miles.  The  lecturer  dealt  with  the 
methods  of  distribution  of  the  products,  and 
described  in  detail  the  making  of  barrels  and 
cases  by  machinery,  mentioning  that  a single 
factory  in  the  United  States  turned  out  per  day 

10.000  finished  barrels,  and  another  30,000 
wooden  cases,  each  containing  two  tins. 

The  representative  collection  of  specimens 
and  apparatus  used  in  illustrating  the  lectures 
will  remain  open  to  inspection  in  the  Society’s 
rooms  during  the  ensuing  fortnight.  After 
Monday  next  the  collection  will  include  all  the 


principal  forms  of  mineral-oil  lamps  and 
stoves.  Any  person  interested  in  petroleum 
manufacture  can  obtain  admission  by  apply- 
ing to  the  Secretary  of  the  Society  of 
Arts. 

The  lectures  will  be  published  in  the 
Journal  during  the  summer  recess. 


WESTGARTH  ESS  A VS. 

The  three  essays  by  W.  Woodward,  H.  H. 
Bridgman,  and  J.  Corbett,  to  which  the  prizes 
offered  by  Mr.  William  Westgarth  were 
awarded  by  the  Society  of  Arts  in  1885,  are 
now  published  under  the  title  of  “ Essays  on 
the  Street  Re-alignment,  Re-construction, 
and  Sanitation  of  Central  London,  and  on  the 
Re- housing  of  the  Poorer  Classes.”  The 
volume  is  published  by  George  Bell  and  Sons 
at  15s.,  but  copies  can  be  obtained  by  members 
of  the  Society  of  Arts  for  los.  each,  on  applica- 
tion to  the  Secretary. 


ERA  CTICA  L EX  A MINA  TION  IN 

VOCAL  AND  INSTRUMENTAL  MUSIC. 

The  next  examination  in  London  will  be  held 
by  Mr.  W.  A.  Barrett,  Mus.Bac.  Oxon,  at  the 
House  of  the  Society  of  Arts,  18,  John-street, 
Adelphi,  W.C.,  during  the  week  commencing 
Monday,  24th  May,  1886. 

Full  particulars  can  be  obtained  on  appli- 
cation to  the  Secretary. 


Proceedings  of  the  Society. 

♦ 

APPLIED  CHEMISTRY  & PHYSICS 
SECTION. 

Thursday,  March  nth,  1886;  Capt.  W.  DE 
W.  Abney,  F.R.S.,  in  the  chair. 

The  paper  read  was — 

FILMS  AND  PAPER  AS  SUBSTITUTES 
FOR  GLASS  IN  PHOTOGRAPHY. 

By  Leon  Warnerke. 

The  use  of  paper  for  obtaining  photographic 
negatives  is  by  no  means  new.  Long  before 
glass  was  introduced  as  a support  for  the 
sensitive  film  of  collodion  or  albumen,  paper 
was  known  as  the  most  convenient  medium 


472 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


[Afarch  26,  1886. 


for  the  photographic  employment  of  the  salts 
of  silver  sensitive  to  light.  The  system  most 
generally  employed  consisted  in  impregnat- 
ing the  paper  with  haloid  salts  (principally 
iodides).  Sheets  of  the  paper,  after  drying, 
were  floated  on  the  bath  of  silver  nitrate,  and 
dried  again.  The  negative  paper  so  prepared 
was  not  so  sensitive  as  the  wet  collodion  plates 
subsequently  introduced  ; however,  it  was  capa- 
ble of  giving  results  that  can  be  favourably  com- 
pared with  those  of  newest  processes  of  photo- 
graphy. Also  the  paper  used  for  this  process 
was  thin,  and  chosen  of  the  finest  quality  as 
regards  texture.  The  necessity  of  improving  the 
transparency  of  it  was  felt  so  much,  that  in- 
variably it  was  submitted  to  the  additional 
operation  of  waxing.  This  was  done  by 
impregnating  the  paper  with  wax,  and  taking 
away  the  excess  by  the  aid  of  a hot  iron.  This 
waxing  operation  was  performed  sometimes 
before  sensitising,  sometimes  after  develop- 
ment and  fixing. 

The  invention  of  the  collodion  process, 
principally  in  consequence  of  its  superior 
sensitiveness,  soon  dethroned  the  paper  pro- 
cess, which  was  so  completely  forgotten,  that 
those  persons  who  began  the  practical  study 
of  photography  after  1850  are  scarcely  ac- 
quainted with  the  details  of  it. 

In  the  year  1875,  Mr.  Valentine  Blanchard 
proposed  a different  system  of  paper  nega- 
tives. Through  the  kindness  of  this  gentle- 
man, I am  enabled  to  show  you  a large 
number  of  these  negatives.  From  the  small 
original  on  wet  collodion,  an  enlarged  trans- 
parency was  produced  in  the  camera.  From 
this  a print  was  made  on  ordinary  albumen- 
ised  paper,  waxed  afterwards,  and  this  was 
used  like  an  ordinary  negative.  From  the 
specimens  in  your  hands  you  can  judge  of  the 
value  of  this  simple  process.  In  his  paper 
read  before  the  Photographic  Society,  Mr. 
Blanchard  says  that  “a  paper  negative  is  more 
manageable  than  a glass  negative,  and  the 
tone  given  by  the  grain  of  the  paper  is  regarded 
as  an  absolute  improvement  by  all  artists.” 

For  more  than  thirty  years  the  glass  wet- 
collodion  process  was  exclusively  used  by 
photographers  at  home,  and,  with  some  ex- 
ceptions, also  out  of  doors.  The  exceptions 
were  the  various  collodion  dry-plate  processes. 
In  these  processes  the  burden  of  the  outdoor 
photographer  was  lightened  a little,  the  tent, 
chemicals,  and  laboratory  required  for  the 
wet  process  not  being  necessary ; but  glass, 
with  all  its  disadvantages,  still  kept  its 
position. 


Some  thirteen  or  fourteen  years  ago,  I con- 
ceived the  idea  of  abandoning  the  use  of 
glass,  and  I consequently  prepared  a so- 
called  sensitive  negative  tissue.  This  was  a 
film  composed  of  layers  of  collodion  and 
india-rubber  produced  on  fine  enamelled  paper, 
to  which  it  was  attached  during  exposure  and 
development,  and  easily  separated  after  fixing 
and  drying.  The  sensitive  surface  consisted 
of  collodion  emulsion.  The  collodion  tissue 
was  used  either  in  the  shape  of  blocks,  con- 
taining one  dozen  sheets  of  the  tissue  enclosed 
between  sheets  of  zinc,  and  interleaved  with 
orange  tissue  paper,  in  order  to  intercept  the 
light  that  can  be  passed  through  the  thickness 
of  the  sheet  of  tissue  during  exposure ; or  in 
long  bands,  containing  sometimes  as  many  as 
100  negatives,  for  use  in  the  roller  slide.  This 
tissue  was  capable  of  giving  a perfect  result  in 
every  respect,  being  transparent,  and  devoid  of 
any  grain.  The  tissue  negatives  were  superior 
to  those  on  glass  in  all  cases  where  blurring 
was  apprehended.  Special  convenience  was 
offered  for  making  combination  negatives,  for 
printing  in  clouds,  for  panoramic  negatives 
composed  from  several  sections.  I had  occa- 
sion to  secure  a great  many  negatives  on  the 
collodion  tissue;  they  remain  serviceable  now; 
and  I am  able  to  submit  for  your  inspection 
some  whose  age  at  the  present  moment  is 
thirteen  years.  The  roller  slide  used  by  me 
was  contained  in  a box  two  inches  thick  ; by 
revolving  the  rollers,  the  tissue  could  be  caused 
to  pass  from  one  roller  to  the  other,  and  the 
exposure  made  as  in  an  ordinary  slide.  In 
order  to  judge,  when  requisite,  the  quantity  of 
tissue  unwound,  numbers  were  printed  on  the 
front  surface  of  the  tissue,  and  these  numbers 
were  visible  through  the  small  opening  in  the 
sliding  shutter,  protected  by  non-actinic  glass. 

The  use  of  collodion  tissue  was  not  the  only 
attempt  to  avoid  glass  in  collodion  time. 
The  late  Mr.  Woodbury  also  introduced  a 
very  convenient  system,  partly  superseding 
glass.  In  his  system  the  outdoor  photo- 
grapher had  to  take  as  man}'-  glass  plates  as 
were  necessary  for  a day’s  work.  These  glass 
plates  were  rubbed  with  talc,  and  covered 
with  collodion  emulsion  in  the  evening,  and 
exposure  made  next  day.  The  following  evening 
the  plates  were  developed,  fixed,  and  washed, 
and  a sheet  of  gelatine  paper  soaked  in 
water  was  squeegeed  to  the  finished  negative, 
and  dried,  after  which  the  paper,  with  collodion 
film  attached  to  it,  could  be  peeled  off  from 
the  glass,  and  it  was  immediately  ready  for 
preparation  with  collodion  emulsion  for  the 
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next  day’s  work.  Collodion  negative  films, 
temporarily  transferred  to  the  paper,  were 
again,  when  convenient,  re-transferred  to  the 
glass,  and  for  that  it  was  only  necessary  to 
take  a glass  plate  covered  with  gelatine 
rendered  insoluble  by  the  aid  of  alum.  The 
paper  bearing  the  film  was  squeegeed  to  it 
under  water,  and  left  to  dry;  then  it  was 
immersed  in  tepid  water,  causing  the  melt- 
ing of  the  soluble  gelatine  with  which  the 
paper  was  covered,  while  the  collodion  film 
remained  permanently  attached  to  the  glass. 

The  history  of  photography  teaches  us  un- 
mistakeably  that  the  sensitiveness  of  the 
negative  plates  is  their  most  important  quality, 
and  that  it  is  appreciated  far  more  than  any 
other  consideration.  The  introduction  of 
gelatine  plates,  superior  in  sensitiveness  to 
their  predecessors,  rendered  the  collodion 
process  a mere  historical  reminiscence  of  the 
past,  and  with  it  collodion  tissue  was  put  aside. 

Gelatine  plates  are  now  introduced  uni- 
versally ; but  the  facility  of  obtaining  the 
plates  commercially,  and  the  rapidity  of  ex- 
posure, have  only  increased  the  number  of 
plates  used,  and  with  that,  all  the  inconveni« 
ences  accompanying  the  use  of  the  glass  when 
away  from  the  studio. 

Efforts  to  get  a suitable  substitute  for  glass 
have  not  been  wanting.  Mr.  Pumphrey,  of  Bir- 
mingham, advocated  the  use  of  sheets  of  gela- 
tine covered  with  emulsion.  I can  show  you  a 
specimen  negative  supplied  to  me  by  this 
gentleman  several  years  ago. 

Through  the  kindness  of  Mr.  Werge  I can 
show  you  an  apparatus  devised  by  Mr. 
Pumphrey  for  the  use  of  his  films,  called  a 
filmograph.  This  is  a rigid  box,  serving  as  a 
camera  and  changing  box  ; the  films  to  be  used 
in  this  apparatus  are  5X4.  There  is  a 
focussing  screen  secured  in  position  by  a 
spring,  and  the  same  spring  will  help  to  re- 
place the  focussing  glass  by  a box  slide  con- 
taining 100  films  lying  flat.  In  the  top  side  of 
the  camera  box  are  two  openings,  protected  with 
nonactinic  glass,  designed  for  the  introduction 
of  the  light  necessary  for  watching  the  opera- 
tion of  changing  the  plates.  One  only  of  the 
openings  is  used  at  a time,  according  to  the 
position  of  the  sun.  There  is  a sleeve  to  in- 
troduce the  hand,  and  an  opening  through 
which  the  interior  of  the  box  can  be  seen. 
One  hand  is  sufficient  to  remove  the  exposed 
film  from  the  front  position  in  the  box  slide, 
and  to  put  it  at  the  back  of  all  the  films. 

Similar  gelatine  films  are  also  manufactured 
by  Professor  Stebbing,  in  Paris.  To  Messrs. 


Bring  and  Page  I am  indebted  for  the  appa- 
ratus devised  by  Stebbing  for  the  use  of  his 
films.  This  is  a roller  camera  of  quarter 
plate  size,  it  is  intended  for  permanent  focus  ; 
there  is  no  focussing  screen,  but  in  order  to 
judge  of  the  position  of  the  view  of  the  plate, 
a view  meter  is  hinged  on  the  top  of  the 
camera.  Inside  the  camera  there  are  two 
rollers  on  which  the  film  is  wound.  To  indi- 
cate, when  necessary,  the  quantity  of  the  film 
that  has  been  wound,  there  is  an  alarum 
arrangement  producing  an  audible  click. 

Mr.  Balagny,  of  Paris,  prepared  gelatine 
films  on  paper.  The  negatives  taken  on  his 
paper  were  conspicuous  at  the  Brussels  In- 
ternational Photographic  Exhibition,  in  1883. 

Mr.  Thibault,  of  Paris,  is  the  manufacturer 
of  another  system  of  substitutes  for  glass.  In 
this  case,  there  is  a card  sufficiently  rigid  to 
be  used  in  the  ordinary  dark  slide,  like  glass. 
This  film  is  mounted  on  the  card  in  such  a 
manner  that  it  can  be  developed  and  fixed 
still  on  the  card;  when  dry,  it  is  easily 
separated  from  the  card,  and  it  has  a con- 
siderable thickness,  so  that  it  remains  flat,  and 
permits  printing  without  any  other  support. 
These  films  are  very  carefully  prepared,  but, 
owing  to  the  mode  of  preparation,  cannot  but 
be  very  expensive. 

Messrs.  Morgan  and  Kidd,  and  Eastman 
and  Co.,  introduced  negative  paper,  consisting 
of  paper  of  the  finest  quality  covered  with 
gelatine  emulsion.  In  this  case  the  printing 
is  done  through  the  paper.  Messrs.  Eastman 
and  Co.,  to  avoid  prolonged  printing  through 
the  paper,  recommend,  after  the  drying  of  the 
negative,  that  it  shouldbe rendered  transparent. 
At  first  boiling  castor  oil  was  recommended  ; 
subsequently,  however,  vaseline  was  found 
more  convenient.  The  introduction  by  Messrs. 
Eastman  and  Co.  of  this  paper  (thanks  to  the 
careful  preparation  of  the  paper,  and  thorough 
understanding  of  the  business)  aroused  general 
interest  in  it,  and  I think  that  it  is  not  necessary 
to  be  endowed  with  the  gift  of  prophecy  to 
assert  that  the  paper  era,  already  begun, 
constitutes  a new  departure  in  the  history  of 
photography. 

Ever  since  collodion  emulsion  was  given 
up  in  consequence  of  its  slowness,  I have 
been  working  at  the  best  system  to  supersede 
glass  as  a support  to  the  gelatine  emulsion 
film.  My  aim  was  to  devise  a system  which 
should  possess  not  only  the  convenience  of 
dispensing  with  brittle  and  heavy  glass,  but 
give  ultimate  technical  results  equal  to  the 
best  reached  by  any  other  process.  I think 
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my  patent  negative  paper,  introduced  in  1880, 
fulfils  this  last  condition.  This  process  ema- 
nated from  the  principle  discovered  by  myself, 
that  in  a gelatine  emulsion  film  all  the  parts 
exposed  to  the  action  of  light  and  developed 
with  pyrogallol  became  insoluble  in  warm 
w’ater. 

Practically,  the  paperis  covered  with  gelatine 
emulsion,  and  exposed  in  the  camera  like  an 
ordinary  plate,  in  an  ordinary  slide,  or  in  the 
roller  slide.  Development  with  ordinary 
alkaline  pyrogallol  follows.  After  development, 
he  paper  bearing  the  negative  image  is  put 
under  water,  in  contact  with  a glass  plate,  and 
squeegeed  to  it ; after  ten  or  fifteen  minutes  it 
is  plunged  in  a dish  of  tepid  water  (tempera- 
ture 29°  to  30^  Centigrade),  when  it  will  be 
observed  that  the  paper  serving  as  a temporary 
support  can  be  peeled  off,  all  the  gelatine  not 
affected  by  light  is  dissolved,  and  the  image 
only  is  firmly  attached  to  the  glass.  From 
what  has  been  said  of  this  development,  it  will 
be  seen  that  fixing  with  hyposulphite  can  be 
either  used,  or  omitted  altogether. 

Now  the  negative  thus  developed  has  the 
transparent  parts  formed  by  the  bare  glass, 
and  that  will  permit  us,  in  case  of  need,  to  use 
intensification  with  acid  silver  and  pyro,  or  iron. 
This  is  a very  important  means  of  improving 
the  negatives,  but  quite  inadmissible  with 
gelatine  plates,  where  the  transparent  parts 
formed  of  gelatine  are  instantly  stained  red  by 
such  treatment. 

Permanganate  of  potash  intensification, 
applied  with  such  success  to  carbon  prints,  is 
equally  well  adapted  here.  These  prints  can 
be  stained  with  dyes,  such  as  aniline  and 
others,  which,  when  applied  to  the  positive 
prints,  permit  us  to  obtain  a variety  of  effects. 
I am  in  my  paper  to-night  restricted  to  the 
description  of  substitutes  for  glass  for 
negatives,  consequently  I shall  be  silent 
respecting  the  most  important  application  of 
the  last  mentioned  process  to  other  branches 
of  photography.  To  conclude  the  description 
of  the  process,  however,  I have  to  mention 
that  I had  occasion  myself  to  use  it  extensively 
during  my  journey  to  Russia  in  1882.  1 pass 

for  examination  a few  negatives  which  have 
been  all  taken  in  a roller  slide,  which  I shall 
describe  later  on. 

However,  perfection  is  always  relative,  de- 
pending on  the  requirements  of  the  epoch, 
and  my  pet  process,  notwithstanding  its 
excellent  qualities,  cannot  be  a favourite 
with  the  present  photographers. 

The  introduction  of  the  dry  plates  commer- 


cially prepared,  and  supplied  in  the  form 
ready  for  use,  created  a very  large  number  of 
adepts  in  an  art  called  some  time  ago,  very 
appropriately,  the  black  art.  In  the  olden 
time  we  had  to  prepare  everything  ourselves — 
and  by  a very  complicated  process— with  our 
own  hands ; but  that  was  our  pleasure  and 
delight.  The  more  complicated  were  the 
manipulations,  the  more  pleasure  we  ex- 
perienced in  overcoming  the  difficulties.  Now, 
the  requirements  are  quite  different.  New 
adepts  are  looking  for  the  result ; everything 
must  be  made  ready  for  them,  even  develop- 
ment of  the  negative,  that  was  considered 
in  olden  time  as  the  acme  of  felicity,  and  by 
many  as  the  ultimate  result  that  only  in  rare 
and  exceptional  cases  was  followed  by  printing. 
Now  it  is  considered  a burden,  often  left  to  a 
subordinate.  In  presence  of  such  a tendency, 
the  extra  operation  with  hot  water  and  reversal 
of  the  negative,  when  this  is  necessary,  are  not 
likely  to  recommend  themselves  to  the  general 
public.  Clearly  understanding  this,  I adopted 
another  system. 

In  1884,  I observed  that  when  the  paper  is 
covered  on  both  sides  with  emulsion  and  ex- 
posed in  the  camera  in  development,  the  image 
is  produced  on  both  sides  of  the  paper  ; but  if 
any  imperfection  is  encountered  in  the  paper, 
a counter-impression  of  it  will  be  produced  on 
the  back  image,  neutralising  the  bad  result. 

I adapted  this  principle  to  the  production  of 
the  double-coated  negative  paper.  It  is  self- 
evident  that  the  negative  produced  on  such 
paper,  being  more  perfect  in  texture,  will  be 
also  superior  as  regards  roundness  and  soft- 
ness. This  is  well  demonstrated  by  printing 
from  two  negatives. 

From  my  own  experience,  and  from  observa- 
tion of  the  various  paper  processes  introduced, 
I believe  I can  arrive  at  a correct  conclusion 
that,  no  matter  how  perfect  is  the  paper  des- 
tined for  negative  process,  it  must  be  as 
transparent  as  possible,  and  certainly  more 
transparent  than  ordinary  photographic  paper. 
If  this  necessity  had  not  been  felt,  the  old  in- 
ventor of  calotype,  Mr.  Blanchard,  and,  lastly, 
Messrs.  Eastman  and  Co.,  would  not  have 
had  resort  to  the  waxing,  castor-oiling,  or 
vaselining  process,  for  all  these  oilings  do  not 
improve  the  texture  of  the  paper. 

Taking  this  as  correct,  it  is  more  natural  to 
use  at  once  a paper  that  is  transparent  before 
the  application  of  the  emulsion.  Such  paper 
must  be  strong,  to  withstand  all  manipulation 
of  the  preparation  and  development.  I pass, 
for  your  examination,  such  transparent  paper. 
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which  can  be  prepared  in  lengths  of  15  feet. 
It  is  so  transparent  that  objects  can  be  seen 
through  it ; it  is  textureless,  and,  above  all,  it 
is  so  elastic  that,  before  it  is  prepared  with 
gelatine  emulsion,  which  increases  its  dura- 
bility and  strength,  it  bears  sharp  folding  and 
bending,  not  showing  any  permanent  crease. 

Lastly,  I pass  for  your  examination  a nega- 
tive produced  on  this  paper,  and  a print  from 
it,  and  an  enlargement  (transparency)  from  a 
paper  negative ; this  will  show  better  than 
any  words  the  absence  of  any  grain  in  the 
negative.  The  time  required  for  printing  is 
equal  to  the  ordinary  glass  negative  of  the 
same  intensity. 

The  same  views  respecting  the  transparency 
of  the  paper  are  evidently  taken  by  other  in- 
ventors. The  late  Mr.  Woodbury  also  per- 
fected a transparent  paper  for  negative.  There 
is  a hope  that  the  last  labour  of  this  prolific 
inventor  will  not  be  lost,  because  we  are  in- 
formed that  Mr.  F.  Vergara  intends  to  work  his 
patent,  and  he  has  kindly  supplied  me  with 
specimens  of  the  paper  prepared  by  himself, 
W’hich  are  here  for  inspection. 

Messrs.  Copeland  and  Co  , of  Barbican, 
introduced  and  kindly  supplied  me  with  speci- 
mens for  your  inspection  of  the  so-called 
india-rubber  film  dry  plates.  There  are  also 
films  of  gelatine  on  transparent  paper. 

I know  that  there  are  many  other  inventors 
preparing,  in  the  quiet  of  their  laboratories, 
substitutes  for  glass  according  to  their  own 
ideas,  and  there  is  little  doubt  that  the  last 
battle  for  the  supremacy  of  paper  is  close  at 
hand. 

The  labour  of  the  inventors  to  secure  the 
victory  of  paper  over  glass  was  not  one-sided. 
Their  attention  was  not  only  directed  to  the 
perfection  of  the  paper,  but  the  construction 
of  the  apparatus  was  perfected  in  still  greater 
measure.  At  this  point  I wish,  notwithstand- 
ing the  late  hour,  to  ask  you  to  give  your 
special  attention  to  the  description  of  the 
apparatus  kindly  supplied  by  the  makers  in 
such  variety  and  quantity.  The  majority  of 
these  apparatus  are  quite  new,  and  not  yet 
seen  by  anybody,  and  their  excellence  is  such 
that  they  deserve  most  careful  investigation. 
However,  I shall  be  as  brief  as  possible. 

The  negative  paper  can  be  used  either  flat, 
in  the  ordinary  dark  slide,  or  in  the  roller 
slides.  Several  carriers  exist  for  the  use  of 
the  paper  in  the  ordinary  dark  slide.  Messrs. 
Eastman  and  Co.  use  a rigid,  flat,  compound 
wooden  board,  the  size  of  the  plate,  which  is 
jammed  in  the  light  metal  frame.  This  being 


no  thicker  than  an  ordinary  glass  plate,  is 
used  like  it. 

Messrs.  Morgan  and  Kidd  introduced  a new 
frame  in  brass,  possessing  hinged  flaps  all 
round.  The  paper,  accurately  cut,  is  placed 
on  the  frame,  the  flaps  are  now  closed,  and 
pressed  together  with  a book  or  a board ; this 
pressure  will  force  the  centre  of  the  paper  to 
the  level  of  the  outside  of  the  brass  frame-^ , 
while  the  edges,  for  about  one  one-eighth  of 
an  inch,  are  fastened  between  the  frame  and 
the  flaps.  All  this  tightens  the  paper  like  a. 
drum. 

Mr.  Vergara,  for  the  use  of  negative  paper, 
introduced  a special  slide  having  the  appear- 
ance of  a solid  double  back ; two  card 
shutters  are  drawn  right  out,  but  there  is  a 
third  card  between.  The  paper,  twice  as 
large  as  the  plate  to  be  used,  is  doubled  over 
that  central  card,  and  introduced  in  the  slide, 
offering  by  this  means  two  surfaces  ready  for 
exposure,  as  in  the  ordinary  double  back. 

Observing  that  gelatine  paper  is  so  much 
subject  to  extension  or  contraction  by  changes 
in  thermometrical  or  hydrometrical  condition 
of  the  atmosphere,  I thought  that  securing 
the  paper  evenly  by  all  four  sides  would  not 
give  a guarantee  that  flatness,  possibly  secured 
at  a certain  moment,  would  invariably  remain 
at  any  atmospherical  change.  Having  that 
in  view,  I devised  an  “adhesive  carrier,” 
which  is  formed  of  the  wooden  or  other  board 
prepared  with  adhesive  preparation,  to  which 
the  paper  is  attached  by  very  slight  pressure, 
and  easily  removed  after  exposure.  This  ad- 
hesive preparation,  a chief  ingredient  of  which 
is  india-rubber,  does  not  injure  the  paper, 
while  it  is  very  durable,  and  not  affected  by 
temperature. 

The  history  of  the  roller  slides  is  short ; we 
know  that  in  1856  Mr.  Melhuish  devised  the  first 
roller  side,  and  fourteen  or  fifteen  years  ago 
my  first  roller  slide  was  made.  With  the  slow 
collodion  emulsion,  for  registering  the  amount 
of  the  paper  to  be  wound  from  one  roller  to  the 
other,  it  was  sufficient  to  have  a window  with 
orange  glass,  through  which  could  be  seen  a 
number  printed  on  the  sensitive  tissue  at  the 
boundary  between  the  plates.  When  gelatine 
emulsion  was  introduced,  orange  glass  became 
impracticable,  and  an  electrical  alarum  was 
substituted.  The  band  of  the  paper  was  per- 
forated, and  electrical  contact  being  secured 
when  the  perforation  came  in  a certain  position, 
a bell  being  made  to  ring.  The  battery  used 
on  this  occasion  was  chloride  of  silver  with 
zinc  ; this  battery  worked  satisfactorily  without 


{^March  26,  i886. 


476  JOURNAL  OF  THE  SOCIETY  OF  ARIS. 


attention  for  two  years.  The  spring  indicator 
was  next  applied,  and  in  its  last  form  the  roller 
slide  before  you  has  a measuring  roller,  and  an 
indicator  outside.  A special  punch  perforates 
the  paper  after  exposure,  to  give  indication 
where  cutting  of  the  band  of  the  paper  is  to  be 
made. 

Messrs.  Eastman  and  Co’s,  roll  holder  is  an 
apparatus  sufficiently  well  known  not  to  need 
separate  description.  It  is  superfluous  also  to 
point  your  attention  to  the  excellent  workman- 
like plan  upon  which  it  has  been  so  neatly  exe- 
cuted. This  is  evident  to  every  one. 

Messrs.  Morgan  and  Kidd’s  roller  slide  con- 
tains several  original  and  very  clever  points 
deserving  special  attention.  The  paper  for 
this  slide  is  to  be  wound  on  a card  tube. 
Besides  ordinary  acting  rollers  permanently 
fixed  in  the  box,  there  is  a third  roller  in  wood, 
occupying  a position  between  the  others  and 
parallel ; this  roller  has  a square  head,  so  that 
it  cannot  be  revolved,  but  it  can  be  introduced 
from  the  outside,  and  fastened  in  position. 
This  roller  is  introduced  inside  the  card  tube, 
'bearing  the  supply  of  the  negative  paper, 
andthe  tube  can  freely  revolve  on  it.  The  paper, 
when  first  introduced,  is  passed  over  the  first 
permanent  roller  and  measuring  roller,  and 
fastened  by  the  aid  of  a slide  secured  in 
the  metal  tube  of  the  second  roller.  To  pro- 
duce tension,  there  is  a piece  of  wood,  with 
springs,  and  lined  with  plush,  securing  this 
result,  while  the  plush  dusts  the  paper.  The 
register  secures  the  requisite  length  of  the 
paper,  while  the  marking  of  the  boundary 
between  the  two  plates  is  automatically  pro- 
duced by  the  closing  of  the  shutter.  The 
neatness  of  execution  of  this  excellent  slide 
equals  the  cleverness  of  its  conception. 

Messrs.  Marion  and  Co.  have  also  introduced 
a roller-slide  of  special  construction.  The 
paper  for  this  slide  is  to  be  prepared  on 
a wooden  roller.  Register  is  secured  by  the 
spring  bell,  and  the  tension  of  the  paper  by  a 
spring  acting  on  the  brass  plate  pressing  on 
the  spool  of  paper. 

Messrs.  Shew  and  Co.  are  the  inventors  and 
makers  of  another  roller  slide.  This  is  an 
improvement  on  my  own  roller  slide,  and  a 
great  improvement  too. 

The  paper  is  to  be  prepared  on  the  brass 
tube ; the  rollers  of  the  slide  are  removable, 
but  can  be  easily  fastened  in  their  position  by 
a slight  turn.  The  brass  tube  with  the  paper 
on  it  can  be  put  over  this  roller,  and  by  this 
means  it  is  introduced  in  the  slide.  The 
measuring  roller  has  an  apparatus  coupled 


with  a spring  lock,  which  does  not  permit 
any  further  revolving  of  the  roller  without 
a previous  release  of  the  spring.  Automatic 
marking  of  the  length  of  the  paper,  revolving 


value  of  this  excellent  roller  slide. 


DISCUSSION. 

The  Chairman,  in  inviting  discussion  on  this 
interesting  paper,  remarked  on  the  extraordinary 
ingenuity  displayed  by  Mr.  Warnerke,  and  also  on 
the  anxiety  he  had  shown  to  do  justice  to  all  his 
competitors. 

Mr.  Werge  remarked  that  the  calotype  was  in- 
troduced prior  to  the  waxed  paper  process.  It 
appeared  that  roller  slides  had  now  become  as 
numerous  as  instantaneous  shutters,  but  ingenious 
as  many  of  them  were,  it  appeared  to  him  there  was 
still  something  wanting.  Instead  of  a gong  or  a 
click,  or  any  other  alarm,  it  would  be  better  if  some 
device  were  introduced  such  as  a steel  comb  which 
would  act  with  a spring,  and  actually  perforate  the 
paper  through,  and  render  it  easily  capable  of  separa- 
tion, when  required  for  developing.  He  was  not 
sufficiently  clever  to  invent  such  a thing  himself,  but 
if  some  one  would  take  the  hint,  he  thought  it  would 
be  appreciated  by  everyone  wha  worked  with  the 
paper  process. 

Mr.  Debenham  said  there  was  one  point  in  con- 
nection with  film  negatives  which  required  very 
special  attention.  The  film  of  course  ought  to  be 
stretched  flat  in  order  that  the  definition  might  be 
correct;  and  though  in  negatives  of  small  angle  a 
very  slight  want  of  flatness  was  not  important,  yet 
when  very  wide  angle  pictures  were  required,  such 
as  were  occasionally  necessary,  say,  in  photographing 
a very  high  building,  the  very  slightest  irregularity 
of  surface  would  be  perceptible. 

Mr.  Kidd  said  the  carrier  introduced  by  him 
secured  perfect  flatness  of  the  paper  ; it  was  stretched 
on  all  sides  equally,  and  was  in  fact  as  flat  as  any 
glass  plate. 

Mr.  Shew,  referring  to  one  of  the  roller  slides 
which  had  been  described,  said  it  was  simply  an 
improvement  on  the  one  introduced  by  Mr,  Warnerke, 
and  any  of  the  American  spools  could  be  used 
with  it, 

Mr.  H.  Trueman  Wood  said  he  could  not  avoid 
remarking  on  the  manner  in  which  Mr.  Warnerke 
had  brought  this  matter  before  the  Society  ; nobody 
who  had  listened  to  the  paper  would  have  imagined 
that  all  the  roller  slides  were  really  modifications  or 
improvements  of  his  original  slide.  He  was  not  the 
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original  inventor  of  the  roller  slide,  but  he  believed 
he  was  the  first  to  introduce  a practical  one  into  the 
market.  He  did  not  think  Mr.  Wamerke  had  dwelt 
quite  sufficiently  on  the  advantages  of  the  paper  film 
process.  He  had  said  nothing  about  the  entire  absence 
of  halation  secured  by  using  paper  instead  of  glass. 
He  (Mr.  Wood)  had  tried  a very  simple  experiment, 
photographing  first  some  incandescent  lamps  and  then 
the  electric  arc  itself,  and  the  result  was  that  although 
in  the  photograph  of  the  arc  the  reverse  action 
of  light  was  showm  veiy  plainly,  there  was  an  utter 
absence  of  halation,  which  would  have  been  impossible 
with  a glass  plate.  He  should  be  glad  to  hear  the 
opinion  of  the  Chairman  whether  paper  could  not  be 
used  advantageously  instead  of  glass  for  astronomical 
and  spectroscopic  work.  Gelatine  plates  had  lately 
been  introduced  at  the  Greenwich  Observatory 
instead  of  wet  collodion,  and  it  might  be  worth  while 
considering  whether  a further  advantage  would  not 
be  secured  by  the  use  of  paper;  also  whether  the 
same  would  not  apply  to  some  extent  for  spectroscopic 
photography.  He  was  rather  inclined  to  doubt 
whether  paper  would  ever  prove  an  entire  substitute 
for  glass,  but  if  so,  it  would  be  by  the  introduction  of 
some  such  material  as  Mr.  Warnerke  had  shown, 
which  did  not  require  oiling  or  even  the  application 
of  vaseline. 

The  Chairman  said  !Mr.  Werge  had  made  a very 
apposite  remark  with  regard  to  the  calotype  process^ 
but  he  should  go  still  further,  and  contend  that  paper 
was  used  even  before  the  daguerrotype,  viz.,  by  Wedg- 
wood in  the  year  1802.  The  wax  process  of  Le  Gray 
was  of  course  introduced  afterwards.  He  might 
mention  that  at  the  same  time  that  Mr.  Blanchard 
was  working  on  the  method  of  producing  negatives 
which  had  been  described,  he  (the  Chairman)  was 
working  very  closely  in  his  footsteps.  When  Mr. 
Blanchard  published  the  process,  he  took  it  up, 
and  produced  some  excellent  negatives  by  the 
albumen  process,  some  of  which  he  exhibited  in  that 
room  three  or  four  years  ago.  Nothing  finer  could  be 
produced  in  the  way  of  enlargements.  ]\Ir.  Warnerke 
had  been  very  modest  about  his  own  share  in  the  in- 
troduction of  the  roller  slide.  He  believed  it  was  in 
the  year  1874  that  he  procured  from  him  one  of  his 
roller  slides  for  use  with  collodion  tissue,  by  which 
he  could  produce  100  pictures  at  an  outing  if  required. 
He  still  possessed  that  piece  of  apparatus,  and  he 
thought  of  presenting  it  to  the  South  Kensington 
Museum  as  an  historical  specimen,  for  he  did  not 
think  there  were  many  in  existence.  That  slide  was 
tried  for  engineering  work  abroad,  and,  as  far  as  he 
knew,  it  answered  very  well  indeed.  Of  course  things 
were  changed  now,  and  they  wanted  gelatine  tissue 
instead  of  collodion  tissue,  and  no  doubt  engineers 
would  be  able  to  procure  them  in  the  market  for  their 
field  equipment.  He  had  in  his  possession  one  of 
the  very  first  films  of  gelatine  produced  by  !Mr. 
Warnerke.  It  was  rather  brittle,  probably  owing  to 
the  oxidation  of  the  india  rubber,  and  he  thought  it 


would  be  well  to  do  away  with  india-rubber  where- 
erer  possible,  especially  where  it  had  to  be  exposed 
to  the  air.  With  regard  to  the  bath  of  alum  and 
hyposulphite,  he  would  say,  speaking  from  a chemical 
point  of  view,  that  if  it  were  a great  success  it  ought 
not  to  be,  and  he  should  have  to  make  a great 
number  of  experiments  with  it  before  adopting  it 
himself.  Mr.  Warnerke  seemed  to  think  that  the 
deposit  of  sulphur  at  the  bottom  of  the  bottle  was 
nothing ; but  to  the  chemist  it  showed  there  was 
some  chemical  action  going  on  which  did  not 
improve  the  alum  or  the  hyposulphite — probably  the 
latter — and  probably  made  it  much  less  strong 
than  it  would  be  if  the  alum  were  omitted.  He 
should,  therefore,  prefer  using  the  two  solutions 
separately,  but  of  course  that  was  a matter  of  opinion. 
It  was  an  admirable  idea  to  have  a lock  and  key  on  a 
roller  slide,  for  nothing  was  more  mortifying  than  to 
find  that  an  imaginative  chambermaid  had  been  look- 
ing at  your  dark  slides.  He  knew  a case  where  a 
person  went  to  Ireland  with  the  express  intention  of 
getting  a large  series  of  views,  but  on  developing, 
it  was  found  that  seven  out  of  eight  were  hopelessly 
fogged,  and  it  was  afterwards  discovered  to  be  due 
to  the  cause  he  had  mentioned.  Notwithstanding 
the  great  fuss  made  about  roller  slides,  being  in- 
tensely conservative  in  most  things,  he  must 
say  he  preferred  the  old  double  back.  If  the 
light  got  in,  only  one  piece  of  paper  was  spoiled,  but 
if  it  got  into  a roller  slide,  you  could  not  tell  how 
many  were  spoiled.  He  used  a number  of  sheets 
gummed  on  to  a piece  of  card,  in  an  ordinary 
carrier,  and  he  preferred  a few  double  backs  with 
good  paper  inside  to  a roller  slide.  One  great  ob- 
jection to  the  latter  was  that  whatever  little  notions 
of  art  a person  might  have  in  his  head  would  cer- 
tainly be  driven  out  of  it,  for  the  knowledge  that  he 
could  take  an  almost  unlimited  number  of  pictures 
would  lead  him  to  expose  a sheet  on  every  possible 
occasion,  and  probably  99  per  cent,  of  what  he 
obtained  would  be  thoroughly  inartistic  productions. 
He  believed  gelatine  plates  had  been  adopted  at 
Greenwich,  but  not  to  the  exclusion  of  the  older  pro- 
cess, and  perhaps  Mr.  Wood  would  be  surprised  to 
hear  that  he  himself  had  not  adopted  them  entirely. 
He  still  had  a sneaking  regard  for  the  old  wet  process, 
which  he  had  worked  for  nearly  twenty  years,  and  he 
was  not  going  to  throw  it  over,  because  it  did  a great 
deal  more  than  gelatine  could  do  even  yet ; and  he 
did  not  think  gelatine  ever  would  come  up  to  the  wet 
process  in  certain  respects.  Not  only  that,  although 
a gelatine  emulsion  was  very  excellent  in  its  way, 
there  was  another  equally  excellent,  and  in  some 
respects  superior,  and  that  was  the  old  collodion 
emulsion  of  which  Mr.  Warnerke  used  to  be  a great 
exponent.  All  the  spectrum  negatives  which  he  had 
taken  of  the  red  end  and  the  ultra-red  were  on  col- 
lodion emulsion,  gelatine  would  not  give  them. 
They  were  quite  right  not  to  adopt  gelatine  at 
Greenwich  if  they  could  not  get  as  good  results  with 
it  as  with  the  old  process.  As  to  astronomical  and 
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spectroscopic  work,  for  several  years  he  had  experi- 
mented on  different  paper  processes,  gelatine  amongst 
others.  He  was  only  one  amongst  several  spectro- 
scopists,  and  they  did  not  ignore  the  fact  that  these 
paper  films  did  not  give  halation,  and  no  doubt  the 
Frauenhofer  lines  would  show  much  better  on  paper 
than  on  glass,  simply  from  the  fact  there  was  no 
halation  due  to  the  reflection  from  the  back  of  the 
plate,  which  always  existed  to  a certain  extent,  even 
if  the  back  were  blackened.  There  were  some  very 
much  admired  photographs  shown  by  Professor 
Draper  at  the  Royal  Society  which  were  sadly 
marred  from  this  cause,  and  he  ventured  to  remark, 
when  he  saw  the  negatives,  that  such  would  be  the 
ease.  He  feared  the  American  savants,  like  the 
English,  did  not  care  about  too  minute  criticism  on 
their  work,  and  he  did  not  find  that  that  criticism  of 
his  was  received  with  the  applause  he  expected,  and 
therefore  since  then  he  had  endeavoured  to  keep  out 
of  it  as  much  as  possible. 

Mr.  Warnerke,  in  reply,  said  he  believed  the 
paper  films  would  be  found  quite  flat  enough  in  the 
majority  of  cases.  He  did  not  mention  the  advantage 
referred  to  by  Mr.  Wood,  not  because  he  forgot  it, 
but  because  he  had  already  dealt  with  it  more  than 
once,  and  he  did  not  wish  to  repeat  himself.  It  was 
an  advantage  which  was  palpable  to  everybody. 

The  Chairman  then  proposed  a vote  of  thanks  to 
Mr.  Warnerke,  which  was  carried  unanimously. 


INDIAN  SECTION 
Friday,  March  19,  1886;  Major-General  Sir 
Peter  S.  Lumsden,  G.C.B.,  in  the  chair. 

The  Chairman,  in  introducing  Mr.  Simpson,  said 
his  name  and  works  had  been  before  the  public  for 
the  last  thirty  years.  Mr.  Simpson  was  enrolled  in  a 
regiment  of  volunteers,  the  “ special  correspondents,” 
which  might  be  described  as  a corps  of  irregulars,  who 
turned  upon  all  occasions,  in  all  divisions  of  the  earth, 
many  of  the  members  having  more  military  experience 
than  most  general  officers.  Mr.  Simpson  first  came  pro- 
minently into  notice  in  the  days  of  the  Crimea,  having 
been  with  the  army  before  Sebastopol.  It  was  said 
that  on  one  occasion  this  enthusiastic  artist  moved 
down,  block  in  hand,  to  take  a sketch  of  the  land- 
scape of  Sebastopol  and  the  harbour,  but  his  move- 
ments were  so  suspicious,  and  he  presented  so 
formidable  an  appearance  to  the  inhabitants,  that 
the  guns  of  the  place  were  immediately  opened  on 
him.  It  was  impossible  to  refer  to  all  the  wanderings 
of  Mr.  Simpson,  but, it  might  be  stated  that  he  W'as 
present  at  the  marriage  and  coronation  of  the 
Emperor  of  Russia,  he  was  in  Paris  at  the  time  of 
the  Commune,  he  witnessed  the  marriage  of  the 
Emperor  of  China,  and  was  at  Delhi  during  the  visit 
of  H.R.H.  the  Prince  of  Wales.  He  also  accom- 
panied the  army  during  the  last  Afghan  war,  where 
the  Chairman  had  met  him  at  Jellalabad;  he  was 


then  engaged  in  archaeological  research,  driving  a 
mine  through  the  centre  of  a large  tepc  in  which  he 
expected  to  arrive  at  a treasure,  and  was  rewarded 
by  finding  in  the  centre  a box  of  ancient  coins.  ;Mr. 
Simpson  also  accompanied  the  Afghan  Boundary 
Commission,  and  proved  a very  sociable  companion  to 
the  Commissioners  during  their  wanderings  in  Central 
Asia. 

The  paper  read  was — 

EXPERIENCES  ON  THE  AFGHAN 
FRONTIER.* 

By  William  Simpson. 

The  region  of  the  Afghan  frontier  towards 
Persia  and  Central  Asia  has  been,  till  only 
within  the  last  few  years,  almost  unknown.  The 
unsettled  state  of  the  country  made  it  very  dan- 
gerous to  travellers,  and  very  few  Europeans 
have  ventured  to  pass  through  it.  Between 
forty  and  fifty  years  ago,  Abbott  passed  on- 
his  way  from  Herat  to  Khiva  by  the  Khushk 
Valley,  and  Shakspear  followed  very  closely 
after  him.  Abbott’s  account  of  the  Khushk  i& 
very  slight ; Shakspear’ s journey  I have  not 
read.  Ferrier,  I think,  passed  Bala  Murghab, 
going  eastward,  in  1845.  Vambery,  on  his 
homeward  way,  passed  Bala  Murghab,  and 
most  of  his  description  of  that  place  is. 
taken  up  with  an  accident  which  happened,, 
in  which  he  tumbled  into  the  stream  from  his 
donkey  when  crossing  at  the  ford.  Grodekoff 
passed  westward  at  or  near  Bala  Murghab  in 
1878,  but  his  words  are  so  vague  that  it  is  diffi- 
cult to  tell  exactly  what  his  route  was  at  that 
point.  The  account  of  these  travellers  are  all 
so  very  meagre  that  when  the  Afghan 
Boundary  Commission  arrived  in  November, 
1884,  it  might  almost  be  said  to  have  begun 
the  exploration  of  a new  and  unknown 
territory. 

M.  Lessar’s  survey  in  1882,  from  Askabad 
to  Ghurian,  was  on  the  line  of  the  Heri  Rud, 
and  it  was  the  most  important  that  had  taken 
place.  It  gave  us  a tolerably  correct  notion 
of  the  locality,  and  cleared  up  questions  on 
which  considerable  delusion  had  previously 
existed.  Up  to  that  date  it  was  believed  that 
high,  snowy,  and  impassable  mountains  stood 
between  Central  Asia  and  the  main  portion 
of  Afghanistan,  which  it  was  considered  it 
would  be  most  difficult,  if  not  impossible, 
for  armies  to  cross ; and  it  was  supposed 
this  range  formed  a strong  and  natural 

* The  illustrations  to  this  paper,  taken  from  drawings  by 
Mr.  Simpson,  have  been  kindly  lent  by  the  proprietors  of  the 
Illustrated  London  News. 
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Bala  Murghab,  the  late  Head  Quarikrs  oe  the  British  Aeghan  Bouindary  Commission. 
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frontier  for  the  defence  of  India.  Lessar 
found  no  such  mountains  as  had  been 
believed  in,  but  only  some  undulating-  hills, 
through  which  a railway  could  be  laid 
down  without  any  great  engineering  effort. 
The  Russians  are  hard  at  work,  making 
or  continuing  that  portion  of  the  railway 
already  made  from  the  Caspian  to  Askabad, 
on  towards  Sarakhs,  with  a branch  to  Merve, 
which  is  to  cross  the  Oxus  to  Bokhara 
and  Samarkand ; and  they  hope  that  the 
line  will  ultimately  be  connected  with  the 
Indian  system  of  railways,  'Uid  Herat  and 
Kandahar.  If  this  should  be  accomplished, 
it  is  said  that  the  journey  from  London  to 
India  might  be  done  by  this  route  in  about  ten 
or  twelve  days.  If  we  could  believe  that 
Russia  had  no  other  intentions  but  those  of 
commercial  enterprise  in  the  making  of  this  line, 
every  one  would  wish  them  success  ; England, 
more  particularly,  could  only  hope  for  its 
speedy  realisation,  as  she  would  be,  as  in  the 
case  of  the  Suez  Canal,  the  greatest  gainer  from 
the  reduction  of  time  in  the  communications 
with  India.  The  distance  from  the  Caspian  to 
the  Indus  may  be  roughly  put  as  1,600  miles, 
and  Herat  is  not  far  from  being  a point  about 
the  middle  of  the  line.  From  Sarakhs  to 
Herat  is  very  nearly  200  miles,  and  the  line 
is  being  pushed  on  to  the  first  of  these 
places  with  all  the  speed  which  the  Russian 
Government  can  bring  to  bear  on  the  works.* 
In  the  future,  and  perhaps  at  no  far  distant 
time,  this  railway  will  assume  a very  great  im- 
portance in  relation  to  our  interests  in  India. 
The  Caspian  Sea  is  all  that  separates  it  from 
direct  connection  with  the  railway  system  of 
Russia ; and  there  is  now  a large  fleet  of 
steamers  on  the  Caspian,  so  that  Sarakhs  will 
soon  be  in  direct  communication,  by  means  of 
rail  and  steamer,  with  St.  Petersburg.  In  case 
of  war  between  Russia  and  England,  it  is  by 
this  railway  that  Russia  will  be  able  to  forward 
her  soldiers  and  war  material  towards  our 
Indian  frontier  ; under  these  circumstances 
this  line  will  become  prominent  in  connection 
with  events.  If  we  have  peace,  this  railway, 
so  far  as  we  can  see  at  present,  will  be  the 
first  line  between  Europe  and  India,  a realisa- 
tion which  will  be  of  the  highest  interest  to 
this  country,. 

The  subject  of  railways  in  Persia,  although 
not  exactly  belonging  to  the  matter  of  this 
paper,  was  often  forced  on  my  mind  in  travel- 

*  Since  this  was  written  it  has  been  announced  that  the 
line  as  far  as  Merve  is  to  be  opened  at  the  end  of  the  present 
month,  or  early  in  April. 


ling  through  that  country,  and  I think  it  is  so 
important,  and  especially  to  a Society  like 
this,  that  I venture  to  make  a few  passing 
remarks.  The  history  of  railways  in  Persia 
may  be  given  in  the  words  of  that  brief  model 
which  most  people  are  familiar  with,  and 
would  be  written  thus:— “There  are  no  rail- 
ways in  Persia  ! ” It  may  be  startling  to 
learn  that  this  is  the  case,  the  land  of  the 
Lion  and  the  Sun  has  not  as  yet  a single  mile 
of  railway,  nor  up  to  the  present  moment 
does  it  seem  to  be  contemplated  to  make  a 
beginning  in  this  direction.  The  Afghan 
Commission  travelled  almost  due  east  from 
Tehran,  z^id  Shahrud  to  Meshed,  a distance  of 
about  500  miles.  The  natural  character  of  the 
country  made  it  clear  that  this  has  been  the 
great  highway  of  Central  Asia  from  the  earliest 
ages  down  to  the  present  day.  Conquest  and 
commerce  must  both  have  passed  by  this 
route.  The  Elburz  range  of  Mazandaran, 
which  continues  through  Khorassan,  was  on 
our  left  hand,  and  the  Great  Salt  Desert  was 
on  our  right.  It  is  this  desert  which  forms  the 
almost  blank  space  in  the  centre  of  the  maps 
of  Persia.  At  some  points  of  our  journey  we 
got  glimpses  of  it,  and  the  ground  seemed  as 
white  from  a salt  encrustation  as  if  snow  had 
lately  fallen.  At  particular  seasons,  caravans 
can  pass  through  some  parts  of  this  dreadful 
waste,  but  it  is  done  with  considerable  danger. 
As  the  road  from  Tehran  to  Meshed  passes 
along  the  northern  margin  of  this  desert,  and 
at  the  base  of  the  mountains,  it  is,  with  the 
exception  of  only  a few  points,  level  the  whole 
way,  and  the  laying  down  of  a railway  would 
be  a very  simple  undertaking.  It  might  be 
said  that  the  condition  of  the  country  would 
not  justify  the  making  of  a line  at  present. 
This  is,  so  far,  true,  for  the  whole  region,  more 
particularly  the  eastern  portions,  which  have 
been  desolated  by  the  Turkoman  raids.  Cara- 
vans were  as  liable  to  attack  as  villagers ; 
camels,  camel-drivers,  and  merchandise  were 
as  acceptable  spoil  to  the  Turkomans  as 
villagers,  cattle,  or  sheep ; and  commerce 
suffered  as  heavily  as  agriculture.  I cannot 
give  you  a better  illustration  of  the  condition 
of  trade  than  by  stating  that  there  is  only  one 
post  in  the  week  between  Tehran  and  Meshed, 
and  that  one  man  carries  the  whole  weekly 
correspondence  of  this  eastern  portion  of 
Persia,  which  includes  Khorassan,  in  the 
saddle-bags  of  his  horse.  The  man  stopped, 
going  and  returning,  at  our  camp,  and  I am 
inclined  to  think  that  the  letters  of  the  Afghan 
Commission,  which  included  English  news- 
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papers,  were  most  probably  the  heaviest  part 
of  his  mail.  The  raiding  is  now  a thing  of 
the  past,  property,  as  well  as  person,  in  the 
future  will  be  safe  ; from  this  a better  condi- 
tion of  things  will  soon  result,  and  a railway 
along  this  ancient  highway,  more  particularly 
as  it  could  be  so  cheaply  made,  would  assist 
most  materially  towards  this  much-desired 
progress. 

The  extension  of  the  Russian  railway  to  the 
Caspian,  with  the  steam  communication  on 
that  sea,  give  Russian  manufactures  pre- 
ponderating advantages  in  the  north  of  Persia. 
The  new  railway,  which  has  been  already 
referred  to,  from  the  Caspian  to  Askabad, 
Sarakhs,  and  Merve,  will  give  it  similar  ad- 
vantages in  Khorassan,  and  these  advantages 
will  not  be  limited  to  that  region,  nor  to 
Central  Asia,  but  will  extend  as  far  as 
Afghanistan.  English  goods,  from  want  of 
communication,  suffer  already  over  the  whole 
extent  of  that  space.  A small  bazaar  came 
into  existence  close  to  our  camp  where  we 
wintered  last  year  at  Bala  Murghab,  and  I 
noticed  that  all  the  printed  goods  had  Russian 
labels  on  them.  The  shortest  line  to  send 
English  manufactures  into  northern  Persia 
would  be  from  the  Persian  Gulf  to  Tehran. 
This  would  not  be  such  a simple  piece  of 
engineering  as  the  line  from  Tehran  to  Meshed, 
but  its  importance  to  “ British  interests,”  in 
more  ways  than  one,  would  be  great.  I do 
not  know  how  far  commerce  and  railways 
belong  to  diplomacy,  but  I think  they  ought 
in  this  case  to  be  very  prominent  objects.  The 
Shah  is  said  to  be  afraid  of  railways,  as  they 
might  be  used  against  him  in  case  of  w’ar. 
This,  to  our  eyes,  it  is  scarcely  necessary  to 
state,  is  a shortsighted  policy.  Railways 
would  increase  trade,  and  produce  revenue, 
and  thus  give  to  his  Government  the  sinew's  of 
war  ; strength,  and  not  w'eakness  would  be  the 
result ; at  the  same  time  a mercantile  alliance 
with  England  could  not  be  a bad  policy  for 
Persia.  It  is  said  that  the  Shah  has  been 
saving  money  since  he  came  to  the  throne, 
and  I heard  at  Tehran  that  he  had  about 
60,000,000  tomans  in  his  coffers,  or  about 
;^20,ooo,ooo  sterling.  Let  the  Shah  be  made 
to  comprehend  the  value  of  a railway  from  the 
Persian  Gulf,  not  only  to  his  country  but  to 
himself  and  his  dynasty,  and  the  means  of 
accomplishing  it,  if  my  information  is  correct, 
is  ready  at  hand  for  the  work.* 

A paper  was  read  at  the  Royal  Geographical  Society,  on 
January  15th,  1883  (and  a report  of  it  will  be  found  in  the 
proceedings  of  that  Society  for  March  of  the  same  year),  by 


But  to  return  from  this  digression  to  the  fron- 
tier, the  supposition  of  a high  and  impassable 
mountain  range  is  not  the  only  delusion  which 
exists  regarding  this  region.  There  is  another 
mistake  which  is  more  extensively  accepted, 
and  the  Press  has  helped  largely  to  give  it 
publicity.  This  is,  that  the  ground  along  the 
line  of  the  Afghan  frontier  is  a desert.  Some 
of  our  journals  expressed  themselves  that  the 
few  miles  of  sandy  waste  about  which  the 
diplomatic  correspondence  lately  took  place 
was  not  worth  disputing  about.  The  region  is 
undoubtedly  a desert  nov/,  and  has  been  so  for 
a long  time  back  ; but  it  will  be  my  object  to 
show  you  that  it  was  not  alw'ays  so,  and  that 
it  need  not  remain  in  that  condition.  The 
point  is  one  of  great  importance,  as  it  will 
show  the  probable  future  which  is  yet  in  store, 
not  only  for  the  country  along  the  frontier,  but 
also  for  nearly  the  whole  of  Central  Asia.  If 
it  is  incapable  of  improvement,  and  must 
remain  more  or  less  a desert,  its  political  im- 
portance will  of  consequence  be  at  all  times 
comparatively  small ; but  if  it  is  possible  to 
produce  fertility,  a state  in  which  everything 
can  be  grown  in  the  greatest  abundance,  and 
consequently  a large  population  must  come 
into  existence,  it  will  appear  evident  that 
time  is  only  required  to  evolve  very  great 
changes  and  influences,  which  must  affect  its 
position  and  relations  with  the  surrounding 
countries. 

There  is  nothing  new  in  the  information  I 
am  about  to  lay  before  you.  The  few  men 
who  have  made  a study  of  Central  Asia  are 
well  acquainted  with  its  former  condition  ; but 
I propose  to  give  you  my  own  experiences,  and 
describe  what  I saw,  the  details  of  which  are 
so  far  fresh,  a character  they  owe  to  the  cir- 
cumstance that  we  have  had  so  few  travellers 
in  that  part  of  the  world. 

I shall  begin  with  Sarakhs,  as  that  was  the 
flrst  place  of  importance  which  we  touched  on 
the  frontier.  With  the  permission  of  General 
Komaroff,  I visited  the  arg  of  this  old  city. 
This  isasquare-shaped  mound;  I can  only  speak 

Colonel  Champain,  R.E.,  “ On  the  Various  Means  of  Com- 
munication Between  Central  Persia  and  the  Sea.”  This 
paper,  with  the  remarks  made  upon  it,  when  it  was  read,  by 
Sir  Frederick  Goldsmid,  Colonel  C.  E.  Stewart,  and  Mr. 
G.  S.  Mackenzie,  will  show  the  importance  of  this  subject  to 
British  interests.  The  suggestions  made  at  that  time  referred 
principally  to  the  improvement  of  roads,  and  for  opening  up 
the  Karun  River,  near  the  head  of  the  Persian  Gulf,  for  the 
navigation  of  steamers.  The  three  years  which  have  passed 
since  that  paper  was  read  have  changed  the  whole  aspect  ot 
the  case.  This  is  owing  to  the  Central  Asian  Railway  ; and 
a railway  only  can  give  the  conditions  necessary  to  compete 
with  the  position  as  it  now  exists. 


Meruchak,  on  the  Murghab  River. 
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vaguely  of  its  size,  as  I have  no  measure- 
ments, but  it  might  be  about  150  yards 
on  each  of  its  sides.  Burnes  describes  it  as  a 
hillock.”  Sarakhs  is  on  the  eastern  bank  of 
theHeri  Rud,  abouttwo  miles  from  the  river;  it 
stands  on  the  south-western  corner  of  the  great 
plain  of  Central  Asia,  which  was  at  some 
previous  period  the  bed  of  a sea,  either  an 
extension  of  the  Caspian,  or  when  the  Caspian 
and  the  Black  Sea  were  one  continuous 
sheet  of  water,  and  formed  part  of  the  Medi- 
terranean. The  horizon,  extending  from  the 
north-west  to  the  east,  presents  a line  as 
straight  as  if  it  were  the  ocean  ; this  line  is 
only  broken  by  mounds  marking  the  spots 
where  towns  or  villages  have  stood  in  former 
times.  The  arg  of  Sarakhs  seems  to  be  a 
heap  of  earth  ; parts  of  a very  ruined  brick 
wall,  with  towers,  still  exists  along  its  upper 
crest ; within  this  the  ground  is  covered  with 
bricks  and  fragments  of  pottery ; nothing 
remains  of  the  buildings  but  a crumbling  ruin 
towards  the  western  side.  What  was  the  size 
•of  the  town  which  surrounded  this  citadel  my 
hasty  visit  gave  me  no  chance  of  forming  even 
a guess.  I could  see  on  the  plain  a few  walls 
of  what  had  once  been  mud  houses  of  a late 
period;*  and  the  few  people  at  present  dwell- 
ing there — they  are  of  the  Salor  Turkoman 
tribe — were  in  round  huts  made  of  reeds,  of 
the  most  primitive  description.  Houses  in 
Persia  at  the  present  day  are  built  of  mud, 
or  of  sun-dried  bricks,  which  is  only  mud  in 
another  form  ; this  seems  to  have  been  the 
principal  building  material  in  this  part  of  the 
world  from  the  earliest  times  ; and  it  only 
leaves  mounds  for  ruins.  Although  this  is 
rather  tantalising  to  the  archaeologist,  a careful 
inspection  of  the  ground  at  Sarakhs  would  no 
doubt  result  in  a rough  estimate  of  the  space 
which  had  formerly  been  covered  with  houses. 
The  only  structure  left  on  the  plain  is  on  the 
south  of  the  arg,  it  is  a tomb  which  is  said  to 
be  that  of  Abel ; on  the  west  of  New  Sarakhs, 
which  stands  on  the  left  bank  of  the  Heri 
Rud,  is  another  known  as  the  tomb  of  Cain. 
This  is  a burnt-brick  building,  very  beautifully 
■ornamented  with  stucco,  in  which  texts  from 
the  Koran  are  a prominent  feature.  These 
tombs  are  in  ruins  and  deserted  ; they  no  doubt 
owe  their  legendary  character  to  the  story 
that  Adam  had  his  garden  at  Sarakhs,  and 
came  up  every  morning  from  Serendib,  or 

* ]5urni2s  mentions  that  there  were  “ a few  mud  houses, 
which  have  been  built  by  the  Jews  of  Meshid,”  who,  he  says, 
trade  with  the  Turcomans.  That  was  in  1832.  Only  the 
fragments  of  walls  now  remain. 


Ceylon,  to  work  in  it.  This  tradition  may  be 
taken  as  at  least  indicating  that  a very  high 
antiquity  has  been  ascribed  to  Sarakhs,  which 
has  been  a place  of  note  for  a long  time  back. 
It  stands  on  the  principal  road  from  Persia  to 
Merve,  which  is  also  the  road  to  Bokhara, 
and  far  Cathay,  and  the  trade  passing  through 
must  have  made  it  a place  of  wealth.  I have  de- 
scribed to  you  all  that  is  now  to  be  seen  of  w^hat 
in  the  past  has  been  an  important  city.  It  has 
all  but  ceased  to  exist.  The  population  have 
been  exterminated,  and  their  habitations  have 
disappeared.  In  this  you  have  an  epitome  of 
what  has  taken  place  all  over  the  region. 
Robberyand  destruction  have  reigned  supreme, 
and  desolation  has  been  the  result. 

This  state  of  things  has  been  produced  by  the 
raiding  of  the  Turkomans  ; a system  which  has 
gone  on  more  or  less  for  ages.  Bands  of  these 
tribes  collected  together,  and  were  called 
“Alamans,”  sometimes  in  small,  sometimes  in 
large  numbers,  under  the  command  of  some 
chief  who  had  earned  a reputation  for  success 
in  such  forays,  preyed  upon  the  countries  round, 
and  carried  off  horses,  cattle,  and  sheep, 
as  well  as  men.  women,  and  children,  where- 
ever  they  could  be  pounced  upon  ; these  last 
were  borne  across  the  desert  of  Central  Asia 
to  the  bazaars  of  Khiva  and  Bokhara,  where 
they  were  sold  into  slavery.  It  is  this  raiding 
system  which  produced  the  ruin,  and  the  desert 
condition  of  the  Afghan  as  well  as  the  Persian 
frontier,  over  which  we  passed.* 

* It  is  difficult  to  say  when  this  raiding  system  began  ; 
Genghiz  Khan  has  been  suggested  as  the  originator,  and  he 
maybe  looked  upon  as  one  of  the  greatest  of  the  raiders ; 
but  the  system  is  older  than  him.  When  Ovid  was  in  banish- 
ment at  Tomi,  a place  near  the  mouth  of  the  Danube,  he 
wrote  the  books  now  known  as  “The  Tristia,”  or  Lamenta- 
tions, describing  his  hard  fate  in  being  an  exile  among  the 
uncivilised  Segthians  and  Getoe,  and  he  gives  a description  of 
them,  which  agrees  in  every  detail  with  the  doings  of  the  Turko- 
man of  our  own  days.  He  sa}'s,  that  when  “ Mighty  Boreas 
congeals  the  waters  of  the  sea,  or  those  flowing  in  the  river, 
the  Danube  being  made  level  by  the  drying  northern  blasts, 
the  barbarous  enemy  is  carried  over  on  his  swift  steed  ; an 
enemy,  strong  in  horses,  and  in  the  arrow  that  flies  afar, 
depopulates  the  neighbouring  region  far  and  wide.  Some 
take  to  flight,  and  no  one  being  left  to  protect  the  fields,  the 
unguarded  property  becomes  a prey  ; such  as  cattle,  and  the 
creaking  waggons,  the  little  treasures  of  the  country,  and  the 
riches  besides  that  the  poor  inhabitant  possesses  ; some  are 
driven  along  as  captives,  with  their  arms  fastened  behind 
their  backs,  looking  back  in  vain  upon  their  fields  and  their 
homes  ; some  die  in  torments,  pierced  by  barbed  arrows,  for 
on  the  winged  steel  there  is  a poison,  in  which  it  has  been 
dipped.  What  they  cannot  carry  with  themselves,  or  lead 
away,  they  destroy,  and  the  flames  of  the  enemy  consume  the 
unoffending  cottages ; even  when  there  is  peace,  the}'  cause 
alarm  from  the  apprehension  of  war,  and  no  one  ploughs  the 
ground  with  the  pressed  ploughshare.”  The  “ winged  steel  ” 
was  supplanted  in  later  times  bv  a gun,  slung  on  the  back  ; 
that  is  the  only  point  in  which  th?  account  requires  an 
alteration. 
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The  supply  of  water  which  irrigated  the 
ground  at  Sarakhs  was  carried  by  a canal 
which  starts  from  the  Heri  Rud,  about  ten 
miles  to  the  south ; it  still  exists,  and  I think  I 
heard  some  one  say  that  the  canal  extended 
north-wards  over  a space  of  about  fifty  miles, 
that  large  space  being  irrigated  by  its  means. 
There  are  other  canals,  one  of  which  leads 
the  water  to  the  west  side  of  the  river.  It  was 
by  these  that  a sure  supply  of  water  could  be 
relied  upon  for  the  fertilising  of  the  land,  and 
by  these  means  a large  extent  of  ground  was 
cultivated. 

Pul-i-Khatun  is,  roughly  speaking,  about 
forty  miles  south  of  Sarakhs  ; and  about  ten 
miles  to  the  north  of  the  first  named  of  these 
places,  the  remains  of  an  old  town  are  visible. 
This  is  on  the  left  bank  of  the  Heri  Rud,  for 
there  is  some  level  ground  on  that  side,  while 
on  the  other  there  are  cliffs,  and  low  undulat- 
ing hills,  forming  part  of  the  lower  slopes  of  the 
Koh-i-Baba  range.  This  old  town  is  known  as 
ShirTepe,  tepe  being  the  word  for  a mound;  the 
one  at  this  place  being  also  square  in  plan  like 
Sarakhs,  but  much  smaller.  On  seeing  the 
mound  at  Sarakhs,  it  struck  me  that  it  might 
have  grown  by  an  accumulation  resulting  from 
the  repeated  building  of  mud  houses,  such  as 
I have  seen  in  villages  on  the  plains  of  India, 
where  the  village,  from  rebuilding,  through  a 
long  course  of  time  had  produced  a small  hill 
underneath  it ; but  this  theory  had  to  be  given 
up  when  I saw  Shir  Tepe,  for  as  the  ground 
had  been  long  deserted  and  undisturbed,  the 
mounds  which  marked  the  remains  of  the 
town  could  be  seen  around  the  tepe,  but 
they  formed  only  a slight  elevation  above 
the  original  soil.  According  to  the  cumu- 
lative theory,  which  had  suggested  itself  to 
my  mind  at  Sarakhs,  the  town  would 
have  risen  up  as  well  as  the  tepe,  but  here, 
and  it  was  equally  marked  in  other  places 
which  I saw,  the  tepe  stood  high  above  the 
mounds  of  the  town.  I mention  this  because 
these  mounds  of  this  part  of  the  world  are 
almost  a new  subject  to  us,  and  I have  seen 
theories  suggested  about  them  such  as  that 
they  are  ancient  mound  tombs,  or  the  high 
places  on  which,  in  the  Zoroastrian  times,  the 
fire  altars  stood.  In  later  times  they  were 
undoubtedly  forts  or  citadels,  the  walls  and 
towers  at  Old  Sarakhs,  as  well  as  in  others 
which  I saw,  may  be  cited  to  illustrate  this  ; 
the  other  theories  may  be  more  attractive  than 
this  simple  one,  but  it  seems  sufficient  to 
account  for  them.  It  is  supposed  that  some 
of  them  are  very  old,  which  is  most  probable. 


but  at  the  present  day  it  is  almost  impossible 
to  judge  of  their  age,  for  mounds  present  no 
features  such  as  we  find  in  architecture  to 
indicate  the  period  of  their  construction. 
Abbott  mentions  a mound  at  Merve,  called 
the  “ Kullah  Ghubbah,”  or  fort  of  the 
Guebres,  which  is  supposed  to  be  as  old  as  the 
time  of  the  Fire  Worshippers ; and  yet  we  know 
that  the  Turkomans  have,  at  the  same  place, 
erected  a very  large  fort,  formed  of  mounds, 
since  the  fall  of  Geok  Tepe  in  i88i.  O’Donovan 
was  in  Merve  in  that  year,  and  describes  the 
making  of  this,  and  speaks  of  its  great  size. 
This  instance  is  sufficient  in  itself  to  show 
how  uncertain  must  be  the  age  of  these 
remains. 

Pul-i-Khatun,  or  the  Lady’s  Bridge,  is  so 
named  from  being  built  by  a daughter  of 
Taimour ; it  is  well  constructed  with  burnt 
brick,  it  has  seven  arches,  and  is  175  feet 
long.  The  central  arch  was  destroyed  about 
sixty  years  ago  by  Medhly  Khan,  when  re- 
treating after  a reverse,  otherwise  the  bridge 
would  be  still  serviceable.  Near  to  its  western 
end  is  the  ruin  of  a large  caravanserai,  this, 
with  the  bridge,  tell  us  that  formerly  there  had 
been  a considerable  commercial  traffic  passing 
at  this  place ; probably  two  routes  at  least 
went  past  here,  one  from  Herat  and  India 
towards  the  Caspian,  and  the  other  from 
Meshed  to  Sarakhs  and  Merve.  About  a week 
or  ten  days  before  our  arrival  at  Pul-i-Khatun, 
the  Russians  had  advanced  a piquet  of  about 
forty  or  fifty  men  from  Sarakhs,  who  were 
living  in  hastily-made  reed  huts,  otherwise 
the  place  was  a solitude.  This  deserted 
condition  exists  westward  along  the  valley  of 
the  Keshef  Rud,  which  joins  the  Heri  Rud  at 
Pul-i-Khatun,  to  near  Meshed,  a distance  of 
about  100  miles. 

From  Pul-i-Khatun  south  along  the  Heri 
Rud,  to  the  junction  with  the  Jam  Rud,  which 
may  be  put  roughly  at  about  fifty  miles,  is  a 
region  of  hills.  The  continuation  of  the 
Koh-i-Baba  range,  which  continues  westward 
into  Persia,  and  forms  the  Elburz  range, 
this  again  runs  west  till  it  joins  the  range  of 
the  Causcusus.  This  magnificent  ridge  of 
mountains  begins  in  the  south-east  near  the 
mouths  of  the  Brahmaputra,  and  terminates  at 
Anapa,  near  to  the  Straits  of  Kertch.  It 
contains  the  highest  mountains  in  the  world, 
and  that  portion  of  it  that  passes  through 
Central  Asia  used  to  be  called  by  the 
Arab  authors  “ The  Rocky  Girdle  of  the 
World.”  The  only  break  in  the  whole 
extent  of  this  great  mountain  chain  is  where 


March  26,  1806.] 


JOURNAL  OR  THE  SOCIETY  OF  ARTS. 


the  Heri  Rud  finds  its  way  northward  to  the 
Central  Asian  desert.  This  is  comparatively  a 
veiy^  small  stream,  to  which  the  Rocky  Girdle 
seems  to  bow  low,  and  make  a way  for  it  to 
pass.  This  is  where  the  great  mountain 
range,  snovy  and  impassable,  was  supposed 
to  exist  which  has  been  already  alluded  to. 
Our  route  south  was  on  the  western  bank  of 
the  river,  and  among  the  undulating  hills  as 
we  went  along,  wherever  there  was  any  extent 
of  flat  ground,  we  were  certain  to  see  mounds, 
with  fragments  of  potteiy  on  the  surface, 
telling  of  former  habitations.  The  entrance  to 
the  Zulfikar  Pass  is  about  thirty  miles  to  the 
south  of  Pul-i-Khatun.  There  is  a fine  bold 
cliff  which  sweeps  round  from  the  mouth  of 
the  pass  to  the  river,  which  bears,  in  its 
character  and  outline,  a striking  resemblance 
to  Salisbury  crags  at  Edinburgh.  Opposite 
this,  on  the  Persian  side,  is  the  wide  Zurabad 
plain,  stretching  in  a north-west  direction 
towards  Meshed.  This,  as  far  as  we  could 
see — like  the  ground  we  were  travelling  over — 
was  a wilderness  ; not  a house  or  a human 
being  was  to  be  seen.  We  crossed  the  Stoi 
range  of  hills,  which  brought  us  down  on  the 
valley  of  the  Jam  Rud,  and  from  that  the 
ground  is  an  undulating  plain  all  the  way  to 
Herat.  On  the  Afghan  side  the  hills  tend 
away  to  the  south-east,  increasing  in  height 
as  they  go.  On  the  Persian  side  the  Jam 
Valley  opens  out  on  the  south  into  a plain, 
bounded  on  the  west  by  the  Khaff  range.  This 
great  plain  has  been  the  basin  of  a large  lake, 
perhaps  extending  for  nearly  a hundred  miles 
in  some  of  its  dimensions  ; and  through  the 
middle  of  this  basin  the  Heri  Rud  now  flows.* 
The  outlet  of  this  would  be  at  a gorge  called  the 
Tengri  Daria,  where  the  passage  is  so  difficult, 
that  we  had  to  cross  the  Stoi  range  on 
the  west  to  avoid  it.  This  plain  is  no  ex- 
ception to  the  general  character  of  the  region  ; 
it  is  also  a wilderness.  Towards  the  western 
edge  of  it,  and  along  the  Jam  Rud,  the  walls 
of  ruined  villages  are  still  standing,  but  on  the 
eastern  side  the  mounds  only  of  villages  can 
be  seen.  Its  former  condition  may  be  esti- 
mated by  a descriptive  title  which  yet  remains ; 
it  is  still  known  as  “ the  district  of  the  350 
ruined  villages.”  This  plain  is,  I believe,  only 

* I\Ir.  Finn, of  the  Consular  service,  who  haslivecl  at  Turbat- 
i-Shaik  Jam,  which  is  in  the  valley  here  described,  quite 
agrees  with  this  supposition  of  a lake  having  existed.  He 
tells  me  of  a curious  tradition  in  confirmation  of  it.  About 
sixteen  miles  higher  up  the  Jam  River  is  a place  called  Lan- 
gar.  Xow  this  word  means  “anchor,"’  and  the  legend  is 
that  it  got  its  name  from  Noah  having  anchored  his  ark  there 
after  the  waters  retired. 
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an  extension  of  the  Herat  valley,  whose  won- 
derful fertility  had  in  the  past  covered  the 
whole  of  this  wide  space.  The  condition  of 
the  mounds  of  these  villages  is  such  as  to 
imply  that  it  is  many  years  since  the  popula- 
tion disappeared. 

About  twenty  miles  north  from  Kuhsan, 
on  the  west  bank  of  the  river,  is  an  old 
caravanserai,  built,  as  an  inscription  on  it 
states,  in  the  year  of  the  Hejra,  838,  by 
Toman  Agha,  a queen  of  the  house  of  Taimour, 
about  the  same  date  as  the  construction  of  the 
Pul-i-Khatun  bridge.  The  caravanserai  is,  or 
rather  has  been,  a very  fine  one,  and  although 
deserted,  it  tells  us  that  commerce  and  travellers 
were  passing  through  this  region  in  former 
times,  where  all  is  now  so  desolate.* 

It  was  at  Kuhsan  where  we  joined  the  camp 
and  that  part  of  the  Commission  which  had 
come  from  India.  The  town  is  the  first  in- 
habited place  as  you  go  south  to  Herat,  from 
which  it  is  distant  about  sixty  miles.  To  the 
south  of  it  villages  are  scarce  ; so  far  as  I re- 
member, none  were  visible  in  that  direction. 
But  I believe  the  ground  is  cultivated  to  a 
large  extent,  the  cultivation  increasing  towards 
Herat.  It  was  arranged  here  that  the  heavy 
portion  of  the  camp  should  move  eastward,  by 
the  direct  line,  while  Sir  Peter  Lumsden,  with’ 
a slight  escort,  and  a portion  of  the  Survey 
Department,  started  towards  the  north-east  to 
visit  Penjdeh. 

From  Kuhsan  we  crossed  the  plain  and 
made  for  Chasmah  Subz,  or  Green  Spring  Pass, 
where  we  crossed  the  Koh-i-Baba  range  as  it 
descends  away  to  the  north-west.  On  my 
return  in  February  I crossed  this  range  by 
the  Robat-i-Surkh  Pass,  which  is  but  a little 
to  the  north-west  of  the  other.  A short  dis- 
tance on  the  western  side  of  the  pass  there  is  a 
caravanserai  of  red  brick,  which  gives  the  name 
to  the  place.  As  there  is  no  caravanserai  at  the 
Chasmah  Subz  Pass,  I take  it  that  the  Robat-i- 
Surkh  Pass  was  that  generally  used  as  the 
main  road  in  former  times  between  Meshed 
and  Afghan  Turkestan,  through  which  the 
important  road  led  by  Maimuna  to  Balkh. 
Neither  of  these  passes  are  difficult,  as  the 
range  is  of  no  great  height ; but  in  the  winter 
they  are  liable  at  times  to  snow  storms,  as  our 
Commission  has  had  some  rather  severe  ex- 
perience, even  as  late  as  the  end  of  March. 


* The  Heri  Rud  was  the  ancient  Arius,  and  the  district 
between  Herat  and  Meshed,  which  is  that  here  described, 
is  defined  by  Professor  H.  Wilson,  “ Ariana  Antiqua,”  p.  150, 
as  the  ancient  Aria.  This  region  must  be  distinguished  from 
the  larger  region  of  Ariana. 
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After  crossing  the  Shasmah  Subz  Pass,  we  had 
the  Koh-i-Baba  range,  rising  in  height  away 
to  the  south-east  on  our  right,  while  before  us, 
as  far  as  we  could  see,  were  low  undulating 
hills  forming  the  northern  slope  of  the  Koh-i- 
Baba,  and  which  extend  north  to  where  they 
iinally  dip  down  into  the  Central  Asian  plain. 
This  country  is  the  ancient  Badghis,  a name 
which  Colonel  Yule  has  shown  existed  as  early 
as  the  6th  or  7th  century.  As  we  passed  along 
we  found  the  remains  of  villages  in  the  valleys, 
and  the  evidences  of  former  cultivation ; the 
^most  of  the  streams  are  salt,  but  at  their 
sources  some  of  them  are  fresh ; this  is  the 
case  at  Gulran.  The  remains  of  kanauts,  or 
•underground  canals,  were  visible  at  some 
places.  The  higher  portions  of  the  ground,  it 
struck  me,  could  never  have  been  cultivated, 
at  least  this  was  the  conclusion  I had  formed 
one  morning  as  I was  riding  over  them ; but 
Ihe  decision  was  scarcely  arrived  at  when  I 
■found  my  horse  putting  his  feet  into  a hollow 
which  turned  out  to  be  the  remains  of  an  old 
irrigation  channel ; where  it  brought  the  water 
rfrom  I could  not  tell,  no  doubt  from  some 
point  higher  up  in  the  hills  ; but  this  slight 
hollow  proved  to  me  that  the  most  of  the 
ground,  valley  as  well  as  upland,  had  been 
at  one  time  under  cultivation.  Now  the  wild 
boar  turns  up  the  soil  for  bulbs  and  roots,  and 
often  we  saw  a cloud  of  dust  left  by  the 
goorkhur , or  the  wild  ass,  while  flocks  of 
gazelles  wander  undisturbed.  The  Jamshidi 
shepherds  are  the  only  human  beings  occa- 
.-sionally  to  be  seen  ; we  passed  a couple  of 
Them  with  large  flocks  of  sheep,  in  which 
sblack  and  brown  are  the  predominating  colours 
of  wool.  These  flocks  were  in  themselves 
clear  evidence  that  there  was  no  danger  now 
from  raiding  Turkomans. 

We  struck  the  Khushk  Valley  at  Kara 
Tapah,  which  means  “Black  Mound” — I 
give  the  names  here  as  they  are  on  the  map, 
-and  as  I heard  the  places  called,  but  tapah 
is  the  same  word  as  tepe.  In  most  parts  of 
the  world  where  there  are  hills  or  high  ground, 
advantage  has  been  taken  of  them  upon  which 
to  build  places  of  defence  ; but  in  this  par- 
ticular locality  at  least,  heights  seem  to  have 
been  carefully  avoided.  All  the  way  from 
Sarakhs  to  Bala  Murghab  in  no  case  did  we 
find  these  tapahs  placed  on  elevated  ground, 
and,  with  the  exception  of  Sarakhs,  there  were 
hills  or  positions  of  eminence  which  might 
have  been  chosen.  The  mounds  seem  to  have 
been  purposely  raised  on  the  ground  which 
was  cultivated.  I have  no  doubt  but  there 


had  been  a reason  for  this  very  marked 
peculiarity ; but  what  that  reason  was  I can- 
not pretend  to  say.  The  Khushk  valley  at 
Kara  Tapah  may  be  about  half-a-mile  of  level 
ground  in  width,  and  the  great  dark  mound 
stands  about  the  middle  of  it.  It  may  be 
about  40  or  50  feet  in  height,  and  I think 
it  had  been  at  one  time  originally  square  ; 
there  were  walls  and  tovvers  of  brick  all 
round ; these  were  in  ruins,  but  in  better 
condition  than  those  at  Sarakhs.  Here,  as 
in  other  cases,  I take  it  that  the  walls  were 
much  more  modern  than  the  mound ; there 
were  no  buildings  within  the  ruined  walls ; round 
its  base  were  a few  walls  of  mud  houses.  The 
fields  and  watercourses  indicated  that  there 
had  been  cultivation  carried  on  at  no  very 
distant  date.  I understood  that  about  a cen- 
tury ago  there  was  a large  population  at  Kara 
Tapah.  The  Khushk,  at  the  time  of  our  visit, 
the  end  of  November,  was  a very  small  stream 
of  clear  water,  only  a few  yards  wide. 

Our  course  from  this  was  northward,  which 
is  down  the  stream,  to  Chaman-i-Bed.  Before 
reaching  that  place,  we  came  upon  a few  of 
the  Saryk  Turkomans  that  had  moved  up 
from  Penjdeh,  and  they  were  busy  ploughing, 
and  clearing  out  the  old  watercourses,  so  as 
to  bring  the  land  again  into  cultivation.  Be- 
fore coming  to  Chaman-i-Bed,  there  is  a mound 
called  Kara  Tapah  Khoord,  or  the  “ Little  Black 
Mound.”  This  was  very  nearly  square,  being 
about  120  by  100  yards.  On  the  north-west 
corner  there  was  a higher  elevation,  the 
summit  of  which  might  be  a square  of  about 
22  yards.  There  were  no  vails  on  any  part  of 
this  mound,  and  it  was  very  regular  in  form, 
and  level  on  the  top,  so  much  so  that  it  looked 
as  if  it  had  been  a gigantic  lawn-tennis 
ground.  It  must  have  been  centuries  since 
any  structure  has  existed  on  this  tapah.  To  the 
south  of  it  are  some  slight  undulations  mark- 
ing where  a town  had  stood. 

The  next  march,  in  which  we  passed  Hauz- 
i-Khan,  brought  us  to  Kala-i-Maur.  The  water 
of  the  Khushk  disappeared  on  the  way,  and 
reappeared  again  at  Kala-i-Maur.  The  hills 
on  the  west  side  of  the  valley  at  this  place  sink 
down  to  almost  a plain,  and  here  the  mounds 
of  the  old  town  are  scattered  about.  In  the 
middle  is  a large  flat  mound,  and  here  again 
there  stands  the  ruins  of  an  old  fort  built  of 
large  square  bricks.  This  mound  is  now  so 
irregular  in  form,  that  I could  not  speak  with 
certainty  as  to  its  original  form,  but  if  it  had 
at  first  a regular  shape,  which  I am  inclined 
to  suppose  was  the  case,  the  probability  is  that 
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it  was  square  and  not  round.  As  the  lines  of 
the  ruined  fort  have  no  reference  to  the  form 
of  the  mound,  and  it  is  much  smaller — it  is 
about  60  yards  square,  while  the  mound  is 
about  150  yards — it  confirmed  the  conclusion 
I had  come  to  in  relation  to  the  other  tapahs, 
that  the  forts  were  all  of  later  construction. 

We  were  told  that  there  had  been  at  one 
time  a hundred  karerizes,  or  underground 
water  channels,  at  this  place ; I certainly 
noticed  the  remains  of  one.  These  were  no 
doubt  for  irrigating  the  ground  on  the  west 
side  of  the  Khushk,  which  was,  although  low, 
too  high  to  be  watered  by  the  river.  The 
shapeless  mounds,  filled  with  fragments  of 
pottery  in  very  large  quantities,  showed  that 
the  town  had  been  one  of  importance.  The 
number  of  burned  bricks,  yellow  in  colour,  and 
about  a foot  square,  scattered  about,  became 
an  additional  evidence.  There  were  two  or 
three  dimensions  of  bricks,  and  they  varied 
slightly  in  colour  ; as  these  had  been  used 
very  indiscriminately  in  building  the  fort,  I am 
inclined  to  think  that  the  bricks  had  not  been 
made  for  it,  but  were  the  remains  of  older 
structures.  Some  of  the  Sar}'k  Turkomans 
told  Sir  Peter  Lumsden  that  this  was  the  old 
city  of  Bukshoor,  or  “ Sher-i-Bukshoor,”  and 
that  it  had  been  the  capital  of  the  district  in 
the  time  of  “ Sultan  Senjir  Mose.”  The  state- 
ment of  a Saryk  Turkoman  is  not  very  authori- 
tative in  archaeology,  so  I only  give  this  as  I 
heard  it.  The  name,  Kala-i-Maur,  means  the 
Fort  of  Merve.  The  whole  district  was  known 
as  Maur,  Mawer,  or  Merve;  and  Sanjir,  I 
think,  had  Merve — the  place  at  present  known 
by  that  name — as  his  capital  ; and  Kala-i- 
Maur  may  have  been  a departmental  capital ; 
or  it  may  have  been  some  chief  who  had  made 
himself  at  some  time  independent,  and  as- 
sumed the  important  name  to  indicate  his 
claim  to  the  whole  district. 

About  28  miles  farther  down  is  the  junction 
of  the  Khushk  and  the  Murghab.  There  is  an 
old  brick  bridge,  Pul-i-Khisti — /V2A/2  meaning 
“Brick;”  this  was  the  scene  of  the  action 
which  took  place  between  the  Afghans  and 
Russians.  The  bridge  has  nine  arches,  and 
is  similar  to  the  other  old  bridges  of  the  re- 
gion ; although  marked  by  the  influence  of 
time,  it  is  still  capable  of  use.  In  late  times 
it  has  served  the  purpose  of  an  aqueduct,  to 
carry  the  water  of  a large  irrigation  channel 
across,  and  from  this  it  has  been  supposed  by 
some  to  have  been  erected  at  first  for  this 
purpose. 

About  a mile  to  the  east  of  the  bridge,  but 


still  on  the  west  side  of  the  Murghab,  stands 
Ak  Tapah,  or  the  “ White  Mound.”  The  first 
glimpse  I got  of  this  mound  was  about  five 
miles  away  ; the  sun  chanced  to  shine,  and  it 
had  a strange  appearance,  gleaming  out  with 
grey  whitish  light,  which  at  once  explains  it&- 
name.  Here,  again,  there  are  hills  forming 
the  valley  of  the  Murghab,  and  a slight 
plateau,  whose  spurs  project  close  to  the 
mound,  but  these  advantages  of  height  are 
ignored,  and  the  tapah  has  been  raised  on  the- 
very  lowest  of  the  level  ground.  This  has  led 
me  to  suspect  the  possibility  of  some  early  reli- 
gious significance  between  these  heaps  and  the 
cultivation  of  the  fields.  Ak  Tapah  is  the  largest 
of  all  the  mounds  I chanced  to  see  ; in  plan  it 
is  more  a triangle  than  a square,  about  300  yards- 
in  its  greatest  length,  and  about  150  yards 
across  ; the  height  being  about  100  feet.  If 
this  was  a fortress,  a character  which  I doubt 
not  it  possessed,  its  object  was  evidently  that  of 
guarding  the  junction  of  the  two  important 
valleys  which  meet  at  this  place,  and  this  im- 
portance may  be  the  explanation  of  its  great 
size,  which  in  the  time  of  its  erection  we  may 
suppose  implied  strength.  The  ground  round 
Ak  Tapah  is  filled  with  fragments  of  potter}% 
showing  the  existence  of  a large  town  at  some 
former  period. 

Penjdeh  is  six  miles  higher  up  the  Murghabj, 
and  almost  all  the  way  from  Ak  Tapah  there  are 
mounds,  the  earth  of  which  is  mixed  with  frag- 
ments of  pottery.  Kona  Penjdeh,  or  old 
Penjdeh,  is  on  the  left  bank  of  the  river  ; there 
is  no  great  mound,  which  is  very  exceptional  in 
this  part  of  the  world,  but  the  site  is  still  well 
defined  by  ridges  left  by  its  mud  walls.  On  the 
other  side  of  the  river  there  are  mud  walls  still 
standing.  In  the  hills  on  that  side.  Captain  de 
Laesoe  has  discovered  a very  curious  group, 
about  twenty,  of  caves  excavated  in  the  sand- 
stone rock  ; there  are  other  caves  in  the  region, 
which,  so  far  as  we  yet  know,  may  be  ascribed 
to  the  Buddhist  period,  and  are  interesting  as 
showing  that  Buddhism  had  extended  thus 
far  to  the  north-west.  I mention  these  only 
as  indications  of  the  former  condition  of  pros- 
perity which  existed,  for  a poor  and  small 
population  were  not  likely  to  trouble  themselves 
cutting  out  chambers  in  the  rock.  Captain  de 
Laesoe  describes  remains  on  the  right  bank  of 
the  Alurghab  extending  for  about  five  miles, 
and  the  width  varies  from  one  to  two  miles. 

We  found  the  Saryk  Turkomans  scattered 
along  the  valley,  from  about  two  miles  south  of 
Ak  Tapah  to  Meruchak,  a distance  of  about 
twenty  miles.  They  live  in  kibitkas  ; many  of 
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them  have  only  reed  huts  formed  in  the  shape 
of  kibitkas.  These  Turkomans  seem  as  yet 
to  have  no  idea  of  constructing  more  substan- 
tial dwellings. 

Meruchak(seep-482)is  about  20  miles  further 
south,  and  it  has,  at  some  former  time,  been  a 
large  town.  There  is  one  of  these  peculiar 
mounds  here.  It  is  about  90  feet  high,  and  the 
space  on  the  top  is  about  80  yards  by  70.  The  re- 
mains of  a wall  which  maybe  as  old  as  the  mound, 
and  almost  as  high,  extends  from  it  to  the  north- 
east in  a circular  form  ; on  the  outside  of  this 
there  is  a more  modern  mud  wall,  enclosing 
a space  square  in  form,  and  perhaps  about  a 
quarter  of  a mile  on  each  side.  In  comparison 
to  the  great  circular  wall,  this  outer  one  is  of 
much  smaller  pretensions,  and  it  is  now  in  a 
very  tumble-down  condition.  There  are  a few 
mud  walls  standing  within,  but  almost  all  the 
space  is  quite  bare  and  empty.  There  are 
mounds  overgrown  with  scrub  extending  for  a 
considerable  distance  on  the  outside  of  the 
walls.  These  undulations  are  extensive,  and  I 
could  not  judge  very  well,  owing  to  the  vege- 
tation, as  to  their  limit.  We  may  suppose  that 
here,  as  well  as  in  other  places  I have  spoken 
of,  that  many  towns  have  succeeded  each  other, 
but  it  is  impossible  by  merely  looking  at  such 
mounds,  and  with  no  opportunity  of  excavating, 
even  to  venture  on  a guess  as  to  relative  dates. 
It  must  also  be  remembered  that  mud,  or  sun- 
dried  bricks,  only  leave  shapeless  mounds,  no 
ornament,  or  vestige  of  even  a moulding,  is 
left  to  guide  the  explorer.  In  the  name 
JVTeruchak  we  have  again  the  word  meric  or 
mei've ; chak  has  been  supposed  by  some  to 
mean  small,  and  that  the  whole  word  may  be 
put  as  the  Lesser  Merve. 

The  Saryk  kibitkas  end  at  Meruchak,  and 
there  being  no  danger  from  Turkoman  raids, 
the  Jamshidis  have  come  down  the  Murghab 
to  near  Karaoul  Khaneh,  occupying  the  ground 
again  and  bringing  it  under  cultivation ; but 
there  is  yet  a space  of  more  than  twelve  miles 
which  is  still  in  a condition  of  jungle.  Here 
our  party  had  some  good  sport,  for  the 
pheasants  have  been  undisturbed  for  a long 
time  back,  and  were  in  such  plenty  that  it  was 
declared  that  no  preserve  in  England  was  equal 
to  it.  At  Karaoul  Khaneh,  which  is  on  the 
right  bank  of  the  Murghab,  there  are  remains 
of  a town,  but  only  mounds ; they  are  very 
small  in  comparison  to  Meruchak  or  Penjdeh. 
Bala  Murghab  is  ten  miles  farther  up  the 
river  ; there  are  some  mounds  on  the  way.  At 
Bala  Murghab  the  Afghans  have  constructed 
a fort  on  what  seems  to  have  been  an  old  square 


mound ; and  there  are  indications  of  mud 
buildings  having  existed  in  many  spots  round, 
but  here  again  the  remains  fall  far  short  of 
Meruchak  and  Penjdeh.  The  foundations  of 
the  piers  of  a bridge  can  be  traced  at  Bala 
Murghab  ; somewhat  similar  remains  of 
another,  I was  told,  exist  about  four  or  five 
miles  further  down ; and  I ought  to  have 
mentioned  another,  of  which  only  the  piers 
remain,  at  Meruchak. 

At  Bala  Murghab  (see  p.  479)  the  Com- 
mission settled  down  for  the  winter. 

I have  given  these  details  of  remains,  as 
there  is  considerable  archaeological  interest 
attaching  to  them  ; but  my  principal  object  in 
this  case  has  been  to  convey  some  idea  of  the 
large  number  of  towns  and  villages  which 
formerly  existed,  and  by  this  means  to  indicate 
the  large  population  which  found  subsistence 
in  the  region.  Land  itself  is  of  small  value  in 
Central  Asia  ; it  is  water  which  gives  value  to 
the  soil.  The  rivers,  by  means  of  irrigation, 
were  used  to  fertilise  the  ground ; and  there 
are  both  large  and  small  rivers  which  have 
been  utilised  for  this  purpose,  Wherever  the 
waters  of  these  streams  could  be  led  by  canals 
a plentiful  harvest  might  be  relied  on,  for  the 
solar  heat  there  is  not  an  uncertainty,  such  as  we 
have  lately  found  at  home  here.  The  two  cele- 
brated cities  of  Bokhara  and  Samarkand  have 
derived  their  subsistence  from  a river  called 
the  Zarafshan,  which,  from  the  fruitfulness  it 
produced  on  the  soil,  was  called  “ The  Gold 
Scatterer.”  It  is  the  water  of  the  Oxus  which 
fertilises  the  soil  of  Khiva.  Balkh,  known  as 
“ The  Mother  of  Cities,”  and  which  as  late  as 
the  7th  century  was  between  three  and  four 
miles  in  circumference,  stands  on  a consider- 
able river  flowing  from  the  Paropamisus,  called 
the  Balkh  or  Dehas  River.  Merve,  which  was 
celebrated  as  “The  Queen  of  the  World,” 
depended  wholly  upon  the  water  of  the 
Murghab.  There  was  a large  dam  in  ancient 
times  to  the  south  of  Merve,  and  from  it  many 
canals  existed,  which  led  the  water  over  the 
ground  in  the  form  of  a delta,  and  thus 
irrigated  a large  space.  Maasoom,  the  Emir 
of  Bokhara,  destroyed  this  dam  in  1784,  what- 
ever then  remained  of  the  importance  of  Merve 
was  destroyed  at  that  time.  Firdusi  calls  the 
Murghab  the  “ Shahd  Rud,”  or  the  Honey 
River;  the  Bundahis  calls  it  the  “ Marv 
River,”  and  declares  it  to  be  “a  glorious  river 
in  the  East.”  The  deserted  character  of  the 
country  between  the  Heri  Rud  and  the  Murg- 
hab, and  the  barrenness  resulting  from  the 
absence  of  trees  or  foliage  of  any  kind,  I have 
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described ; this  is  the  district  known  as 
Badghis,  the  Bundahis  calls  it  “Vadges,”  and 
says  that  it  is  a “ quarter,”  full  of  timber  and 
full  of  trees.”  * The  same  book  mentions  a 
mountain,  which  must  have  been  somewhere 
in  the  same  region,  for  it  was  this  mountain 
that  ” Frasiya  of  Tur  used  as  a stronghold, 
and  he  made  his  residence  within  it ; and  in 
the  days  of  Yim  a myriad  towns  and  cities 
were  erected  on  its  pleasant  and  prosperous 
territor}'.”  Afrasiab,  the  great  Turanian 
hero,  as  well  as  Yim,  are  very  mythical  per- 
sonages, although  we  may  be  doubtful  of  the 
wonderful  things  recorded  of  them  personally, 
we  may  suppose  that  the  “myriad  towns  and 
cities,”  as  well  as  the  “pleasant  and  pros- 
perous territory,”  are  statements  which  may 
be  accepted.  These  references  give  the 
reputation  which  Central  Asia  had  in  the  far 
past ; but  at  a later  period  we  have  the 
authority  of  the  Arab  authors,  who  describe  it 
as  the  richest  country  in  the  world  ; and  the 
means  by  which  this  richness  was  produced 
they  seem  to  have  perfectly  understood,  for 
they  applied  to  the  rivers  the  term  of 
“ Blessed.’  ’ 

These  “ gold-scattering  ” and  “blessed” 
streams  still  exist.  They  flow  down  from  the 
hills  as  they  did  before,  and  have  only  to  be 
again  utilised  as  they  were  in  the  times  gone 
by. 

Even  at  our  own  time  I can  find  an  evidence 
of  a very  strong  kind.  Herat  has  suffered 
from  wars  and  sieges,  as  well  as  from  the 
general  demoralisation  which  has  blighted  all 
that  part  of  the  globe,  but  it  has  existed  all 
through  its  many  vicissitudes,  and  remained  an 
inhabited  place.  Suffering  in  the  past,  it  has 
to  the  present  day  retained  its  celebrity  for 
fruitfulness.  Colonel  Malleson  has  written  a 
history  of  Herat,  and  on  the  title  page  he  has 
added  to  the  name  the  words — “ The  Granary 
and  Garden  of  Central  Asia.”  Such  an  ex- 
pressive sentence  requires  no  comment.  The 
valley  of  Herat,  that  has  this  wonderful 
reputation,  is  comparatively  of  limited  extent. 
Colonel  Stewart,  in  a paper  lately  read  before 
the  Royal  Geographical  Society,  gives  it  as 
about  120  miles.  The  fertility  of  this  small 
space  is  derived  from  the  water  of  the  Heri  Rud, 
which  flows  through  it ; but  this  river  runs 
on  to  Sarakhs,  and  beyond  that  again  into  the 
desert;  the  distance  from  Herat  to  Sarakhs  is 
200  miles,  and  with  the  exception  of  about  50 
miles,  the  space  between  Pul-i-Khatun  and 
the  juntion  of  the  Jam  river,  the  land  might 

* “Sacred  Books  of  the  East,”  rol.  v.,  p.  38. 


be  all  as  productive  as  the  Herat  Valley.  This 
illustration  will  convey  in  itself  some  notion 
of  the  future  that  is  in  store  for  Central  Asia. 
To  the  space  capable  of  cultivation  on  the 
Heri  Rud  you  must  add  the  Valley  of  the 
Murghab,  which  from  Bala  Murghab  to  Merve 
is  very  nearly  another  200  miles.  Along  every 
stream  that  flows  north  from  the  Koh-i-Baba, 
as  far  east  as  Badakshan,  there  is  ground  to 
be  fertilised.  From  Sarakhs  again,  in  the 
other  direction,  all  the  way  to  the  Caspian, 
where  numerous  streams  run  from  the  hill 
country  of  Khorassan  into  the  plain,  there  are 
mounds,  the  remains  of  old  towns,  and  wit- 
nesses of  former  fertility.  From  the  Caspian 
to  Badakshan  on  the  east  is  a space  of  at  least 
800  miles,  at  present  more  or  less  a desert, 
the  result  of  war  and  rapine,  but  more  par- 
ticularly of  the  raiding  system  of  the  Turko- 
mans— a system  which  has  at  last  come  to  a 
termination  after  centuries  of  bloodshed  and 
misery.  The  people  must  turn  to  the  cultiva- 
tion of  the  ground,  and  from  the  description 
I have  given  some  estimate  may  now  be 
formed  of  the  probable  result  of  such  a 
changed  condition  of  things. 

This  result  may  be  put  in  the  form  of  a 
common  arithmetical  problem-— If  the  few  miles 
which  are  cultivated  at  Herat  give  that  place 
so  much  political  importance,  what  will  a 
country  of  watered  valleys,  extending  over 
800  miles,  produce  ? 

d'he  north-eastern  part  of  Persia,  which 
includes  Khorassan  and  Mazanderan,  also 
suffered  from  the  raids.  On  our  march  east- 
ward to  Meshed  and  the  Heri  Rud,  we  had 
scarcely  reached  a hundred  miles  from  Tehren, 
when  we  came  upon  evidences  that  the  raids 
extended  to  that  distance  westward,  which 
will  be  about  500  miles  within  Turkish  terri- 
tory. The  Turkomans  carried  off  everything, 
horses,  cattle,  and  sheep  ; the  men,  women, 
and  children  were  taken  to  Khiva  and  Bokhara, 
and  sold  into  slavery.  The  cultivation  of  the 
ground  and  the  rearing  of  animals  was  car- 
ried on  under  dreadful  risks.  Commerce  also 
suffered,  from  the  danger  to  the  caravans,  and 
at  the  same  time  from  the  poverty  of  the 
country,  caused  by  the  raids.  I have  already 
described  the  postal  wants  of  this  part  of 
Persia,  which  may  be  taken  as  a pretty  safe 
indication  of  the  commercial  condition.  Persia 
seems  to  have  been  powerless,  or  indifferent, 
while  this  raiding  was  going  on,  and  which 
existed  till  only  about  three  years  ago.  Russia 
can  now  claim  the  great  honour  of  finally  and 
completely  suppressing  the  whole  system. 
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With  the  conquest  of  G^ok  Tepe,  and  the 
occupation  of  Merve,  the  abominable  system 
came  to  an  end.  In  this  accomplishment 
Russia  is  entitled  to  the  gratitude  of  all  civi- 
lised nations.  There  is  still  work  for  her  to  do 
on  the  new  ground  she  has  occupied.  It  is  a 
desert,  but  as  I have  described  it  to  you,  ii  is, 
much  of  it  at  least,  capable  of  cultivation  ; to 
bring  this  back  again  to  its  former  fertility, 
by  means  of  irrigation,  and  thus  restore  popu- 
lation and  commerce,  would  be  a task  worthy 
of  a great  nation,  and  I feel  sure  that  Russia 
will  do  this.  To  make  Central  Asia  again 
“ the  richest  country  in  the  world,”  which  the 
Arab  authors  declare  it  to  have  been  in  the  past, 
might  be  a more  profitable  occupation  for  the 
Russian  Government  to  take  up  seriously  than 
to  make  the  region  only  a new  field  for  the 
doubtful  manipulations  of  diplomacy. 

In  passing  over  a region  such  as  I have 
described,  in  which  the  only  remains  of  the 
past  are  mounds  of  earth,  I need  scarcely 
say  that  I saw  nothing,  or  almost  nothing, 
which  related  to  the  former  condition  of  art 
and  architecture.  I believe  that  mud,  or  sun- 
dried  bricks,  was  the  principal  material  used 
in  building.  Mosques  and  palaces  may  have 
been  constructed  of  burnt  bricks — we  saw 
bricks  in  some  places,  varying  in  size  from 
about  8 inches  to  12  inches  square  ; important 
buildings  had  their  walls  faced  with  glazed 
tiles,  and  often  these  were  painted  with  orna- 
ments. Sun-dried  bricks  in  that  climate 
forms  a good  house,  and  with  an  outer  skin  of 
glazed  tile,  it  maybe  made  highly  ornamental. 
At  Meshed  we  were  encamped  for  a day  or  so 
in  a garden  which  had  a very  large  gateway, 
in  ruins,  and  it  was  in  this  style,  although  in 
a rather  a poor  kind  of  art,  still  it  was  effective. 
At  Mazinan,  an  old  Persian  place,  where  there 
still  exists  more  than  one  town  in  ruins,  and 
all  of  mud,  I entered  a room  which  had  been 
beautifully  finished  inside  with  stucco  ; the 
ornament  was  simple  and  good,  some  of  it 
almost  as  fine  as  the  composition  ornaments 
on  our  picture  frames  of  the  present  day.  At 
Sarakhs  there  is  a tomb,  a very  large  one, 
built  of  burnt  brick  ; it  is  said  to  be  the  tomb 
of  Cain,  which  has  already  been  mentioned. 
The  front  of  it  was  covered  with  stucco  orna- 
ment, the  whole  of  which  was  exceedingly  well 
done.  It  was  the  best  bit  of  art  I met  with  in 
that  part  of  the  world.  Almost  all  the  mounds 
inspected  were  covered  with  great  quantities 
of  small  fragments  of  pottery  with  a high 
glaze,  and  very  beautiful  tints,  in  which 
green,  blue,  and  yellow  predominated.  At 


Herat  there  are  buildings  with  glazed  tilcs^ 
and  the  art  of  making  them  has  ceased 
to  be  practised.  At  Lahore  there  is  a 
very  fine  Musjid,  as  well  as  tombs,  and 
the  remains  of  an  old  gateway,  decorated  with 
glazed  tiles.  There  also,  I was  told  years  ago, 
that  the  production  of  these  was  a lost  art. 
Central  Asia  was  probably  the  original  home 
of  this  art ; it  was  brought  into  India  by  the 
Mohammedans,  and  specimens  still  exist  about 
old  Delhi.  I have  seen  the  gold  domes  of 
St.  Petersburg  and  Moscow,  but  the  domes  of 
blue  glazed  tile,  which  are  still  visible  among 
the  ruins  of  Lahore  and  Delhi,  are  far  more  to 
my  taste ; and  I may  here  express  the  wish 
that  the  art  which  produced  them  might  again 
be  cultivated.  An  effort  at  such  a reviva3 
would  be  an  object  worthy  of  the  attention  of 
our  Indian  Government.  I see  no  reason  why 
such  an  art  might  not  be  transplanted  to 
England,  where  we  have  seen  the  lamentable 
results  of  attempts  at  gilding  external  portions 
of  buildings,  as  well  as  the  failure  of  one  or 
two  experiments  of  painting  in  colour.  Glazed 
tiles  would  be  impervious  to  London  soot, 
smoke,  and  rain.  When  the  dome  of  St.  Paul’s 
has  to  be  again  erected,  I hope  that  the  art  of 
producing  glazed  tiles  will  be  so  well  known 
and  appreciated,  that  there  will  be  a lovely 
blue  dome  to  look  at  from  all  points,  instead 
of  the  black,  funereal-looking  mass  we  have 
at  present. 

The  only  chance  we  had  of  seeing  anything 
of  the  Turkomans  was  between  Penjdeh  and 
Meruchak,  where  the  Saryks  had  their  huts. 
These  people  produce  carpets,  and  have  little 
more  than  one  design,  which  they  seem  to  gc> 
on  repeating.  It  is  a very  poor  one,  but  the 
quality  of  the  work,  owing,  I believe,  to  the 
fineness  of  the  wool,  is,  in  some  of  their 
carpets,  most  remarkable.  The  introduction 
of  modern  colours  from  the  West,  it  is  to  be  re- 
gretted, neither  improves  the  character  of  the 
design  nor  the  quality  of  the  carpets.  Various- 
articles  connected  with  the  Turkoman  kibitkas 
— the  peculiar  moveable  huts  or  tents  of  these 
nomadic  races — are  made  of  the  same  material 
as  the  carpets.  The  doors  are  simply  a piece 
of  carpet  hung  up  like  a curtain  ; long  strips 
of  the  same  are  made  to  hang  round  the 
inside  of  the  kibitka,  and  large  bags  of  it  are 
suspended  from,  the  walls  to  servT  the  purpose 
of  clothes  chests. 

In  the  small  bazaar  that  grew  near  our 
winter  camp  at  Bala  Murghab,  pieces  of  silk 
as  well  as  silk  dresses  were'[for  sale.  I often 
asked  where  the  silk  came  from,  and  the 
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answer  was  always  “ Bokhara.”  The  suppo- 
sition suggested  itself  that  this  place  had  a 
reputation  for  this  article  of  manufacture,  and 
that  it  might  perhaps  be  the  Lyons  of  Central 
Asia.  As  a rule  the  colours  in  the  designs 
are  rather  loud,  some  of  them  remarkably  so. 
There  is  one  style  of  pattern  which  is  peculiar 
to  this  Bokhara  silk,  and  which  I should  say 


is  distinctive,  in  which  purple,  pink,  and 
yellow  are  curiously  blended. 

The  silver  ornaments  of  the  Turkoman 
women  struck  me  as  belonging  to  a peculia7 
style  of  art ; we  were  told  they  did  not  wear 
gold  ornaments  in  that  part  of  Central  Asia. 
Judging  from  what  I saw,  a woman,  if  she 
had  the  means,  must  wear  a large  quantity 
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of  silver  on  her  person.  I have  seen  elaborate 
headgear,  large  earrings,  necklaces,  orna- 
mental placques  for  the  back,  as  well  as  for 
the  front,  massive  and  heavy  relic-holders  to 
hang  on  the  breast,  and  ponderous  bracelets, 
which  were  put  on,  at  least  so  we  were  told,  in 
childhood — and  which  from  their  make,  could 
not,  without  the  intervention  of  the  silversmith, 
be  removed  again.  I have  seen  no  art  similar 
to  what  is  to  be  found  on  these  ornaments. 
Persian  art  and  architecture  had  penetrated 
into  Central  Asia,  but  this  was  not  Persian 
art.  The  pattern  on  Bokhara  silk,  which  I 
have  just  mentioned  as  distinctive,  had  forms 
on  it  closely  allied  to  those  on  the  silver  orna- 
ments. The  impression  produced  on  my  mind 
is,  that  this  distinctive  art  is  the  ren^ins  of 
what  had  been  at  some  period  a style  peculiar 
to  Central  Asia,  and  that  in  all  probability 
Bokhara,  or  the  region  around  it,  had  been  the 
headquarters  of  its  cultivation.  I put  this 
guess  wdth  all  diffidence,  for  I have  not  had 
the  chance  of  seeing  enough  of  it  to  speak 
with  certainty.  Could  I have  extended  my 
experiences  as  far  as  Bokhara  and  Samar- 
kand, a wider  knowledge  might  have  been 
acquired.  The  leading  forms  on  the  silver 
ornaments  are,  I suspect,  Chinese  in  character, 
or,  what  is  still  more  probable,  they  may  be 
Mongol.  These  forms  are  generally  bordered 
with  a fine,  and  often  very  minute,  filagree 
work,  which  may  perhaps  be  Mongol  also  ; but 
it  calls  to  remembrance  the  very  delicate  work 
of  a similar  type  of  the  Greeks,  and  I put  it  as 
a guess  merely,  that  this  style  originated  from 
a combination  of  the  old  Bactrian  art,  brought 
there  by  the  Greeks  (we  now  know  that  Greek 
art  and  artists,  as  early  as  a century  or  so 
before  our  era  began,  were  in  that  part  of  the 
world),  with  the  art  of  the  Turanian  races,  who 
overturned  the  Greeks  and  supplanted  them, 
not  only  in  Central  A.sia,  but  as  far  south  as 
the  Indus. 

In  conclusion,  I ought  to  allude  to  one  great 
work  which  the  Afghan  Boundary  Commission 
is  carrying  out,  that  is,  the  making  of  a survey 
<®f  the  region,  and  the  production  of  correct 
maps.  The  best  of  our  maps  were  found  to  be 
far  from  accurate  ; some  places  were  as  much 
as  12  and  13  miles  out  of  their  true  position. 
The  survey  department  are  officers  of  the 
Royal  Engineers— Captains  Gore,  Peacocke, 
and  Talbot,  the  head  officer  being  Major 
Holdich — all  men  of  great  experience  in  the 
work  ; and  in  future  we  shall  at  least  have  re- 
liable maps  of  this  hitherto  but  little  known 
part  of  the  earth’s  surface. 


DISCUSSION. 

Colonel  Stewart  said,  having  had  the  pleasure  of 
being  with  the  Chairman  and  Mr.  Simpson  during  a 
portion  of  their  journey  through  Central  Asia,  he 
might,  perhaps,  be  permitted  to  make  a few  obser- 
vations with  regard  to  the  mounds  to  which  reference 
had  been  made.  These  mounds,  which  in  ancient 
times  were  used  as  fortresses,  were  not  originally 
built  for  that  purpose,  but  were  raised  as  the  base  for 
fire  temples.  He  had  seen  one  of  these  mounds  with 
a fire  temple  on  the  top  of  it  which  had  been  in  use 
in  very  recent  times.  There  were  now  very  few 
fire  worshippers  left  in  Persia,  but  some  of  the  few 
that  remained  had  restored  one  of  the  fire  temples 
near  Ispahan,  which  he  had  had  an  opportunity  of 
inspecting.  He  regretted  to  say  that  the  beautiful 
carpets  which  were  at  one  time  made  by  the  natives  of 
Merve  were  a thing  of  the  past,  those  now  made,  since 
the  Russians  took  possession  of  Merve,  being  of  very 
inferior  quality.  Aniline  dyes  had  been  introduced 
into  the  country,  and  the  carpets  were  now  decidedly 
inferior. 

Mr.  Trelawnky  Saunders  thought  that  justice 
had  not  been  done  to  the  early  geographers ; for  in- 
stance, Aaron  Arrowsmith,  whose  great  map  of  Asia 
shows  the  country  between  Heri  Rud  and  Murghab. 
This  map  embraced  all  the  information  which  could  be 
gathered  at  the  time,  and  it  was  stimulated  to  a great 
degree  by  the  labours  of  men  like  Kinnear,  Fraser,  and 
others.  There  was  another  map  of  later  date,  and  of 
much  more  complete  character,  made  by  an  officer 
whose  name  would  never  be  forgotten  by  Englishmen 
in  connection  with  Herat,  viz.,  Eldred  Pottinger. 
They  also  owed  a great  deal  to  General  Ferrier,  and 
to  Mr.  Seymour,  who  translated  Ferrier’s  Travels,  and 
appended  a map  prepared  by  John  Walker  ; but  the 
map  which  came  nearer  home  was  that  prepared  by 
himself  for  Vambery’s  travels  in  Central  Asia  Until 
the  trained  surveyors  of  the  Government  of  India 
came  upon  the  ground,  nothing  had  disturbed  the 
claim  of  this  map  to  precedence.  He  did  not  agree 
with  the  statement  that  the  route  taken  by  Grodekoff 
was  unknown,  for  a Russian  map  had  been  published 
showing  the  route  taken  by  this  traveller  after  pass- 
ing the  Oxus.  Well  informed  persons  did  not 
believe  in  the  impossibility  of  armies  crossing  the 
mountains  between  the  Heri  Rud  and  Murghab,  or 
anywhere  along  that  range.  The  late  Lieutenant 
Sturt  surveyed  a route  for  artilleiy-  between  Cabul 
and  Balkh.  When  speaking  of  the  origin  of  the 
destruction  of  the  countries  alluded  to,  he  thought 
they  must  not  forget  that  this  was  mainly  due  to 
that  terrible  scourge  of  humanity,  Ghenghiz  Khan, 
who  blotted  out  many  great  cities. 

Mr.  Martin  Wood  said  he  was  glad  that  so 
eminent  a geographer  as  !Mr.  Trelawiiey  Saunders 
had  remarked  on  the  rather  scant  justice  rendered, 
in  the  opening  passages  of  the  paper,  to  the  ex- 
plorers and  route-makers  of  two  generations  ago. 
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That  journey  of  Abbott  to  Khiva  was,  for  instance, 
was  a wonderful  achievement  in  those  days ; and  his 
review  of  the  vast  countries  he  traversed,  consi- 
dering the  scanty  appliances  of  those  days,  compared 
with  the  scientific  implements  of  the  present  time — 
and  no  one  could  estimate  that  difference  better  than 
could  the  chairman  of  the  evening — was,  as  Mr. 
Saunders  had  testified,  of  great  value.  iNIany  must 
remember  that  it  was  so  long  since  as  1863  or  1864 
that  !Mr.  Simpson’s  fine  pictures  of  the  Eastern 
Himalaya  were  on  exhibition  in  London,  and  which 
were  afterwards  reproduced  to  embellish  a splendid 
volume,  the  letterpress  of  which  was  written,  he 
believed,  by  the  late  Sir  J.  \V.  Kaye.  But,  revert- 
ing to  the  subject  of  the  evening,  he  (Mr.  Wood) 
felt  it  was  not  easy  to  say  much  upon  the  general 
question  raised  by  the  paper  as  to  how  the 
country  could  be  restored.  !Mr.  Simpson  seemed 
to  have  great  hopes  that  the  valleys  might  be 
made  to  smile  again,  and  be  thickly  populated, 
but  the  question  was,  how  was  this  to  be  done  ? 
It  was  said  that  water  was  still  iliere,  but  he 
should  like  to  know  whether  there  was  anything  like 
the  volume  which  at  one  time  existed  Ti\e  restora- 
tion of  forests  would  replenish  the  streams,  and 
population  would  then  increase.  This  was  a natural 
process,  and  one  which  could  be  relied  on,  but  it  was 
a matter  for  generations.  After  all,  they  must  feel 
that  the  most  specially  interesting  portion  of  the 
paper  was  that  in  which  Mr.  Simpson,  as  an  artist, 
had  incidentally  spoken  of  the  fine  effect  of  the 
glazed  tiles  of  Central  Asia  and  Khorassan.  But  he 
seemed  to  be  too  hopeful  in  thinking  that  this  old 
world  decorative  potteiy'  could  be  reproduced  here. 
If  introduced,  it  would  come  under  the  remorseless 
hand  of  our  steam  machinery,  and  then  that  charm 
that  attracted  Mr.  Simpson  and  other  artists  would 
vanish  away. 

Mr.  Simpson  was  soriy  if  he  had  done  injustice  to 
the  earlier  geographers,  but  his  paper  was  not  meant 
to  cover  the  works  of  all  these  authorities.  He  had 
merely  referred  to  the  books  of  some  of  the  authors, 
and  had  no  idea  of  ignoring  the  labours  of  others 
The  supply  of  water  had  nothing  to  do  with  the 
destruction  of  forests  in  Central  Asia,  for  the  water 
of  the  Heri  Rud  came  from  the  melted  snow  of  the 
Koh-i-Baba.  No  doubt  the  question  of  bringing 
back  the  population  was  one  of  time. 

The  Ch.\irm.\n  said  that,  after  the  very  interest- 
ing  paper  to  which  they  had  listened,  there  was 
but  little  left  for  him  to  say.  The  construction  of 
the  Russian  Central  Asian  Railway  was  a matter  of 
tae  utmost  importance.  They  had  every  reason  to 
accept  the  estimate  as  to  the  progress  of  the  work 
originally  given  by  General  Annenkoff,  who  predicted 
that  he  would  carry  the  line  to  Merveby  the  spring  of 
this  year,  and  to  the  banks  of  the  Oxus  by  the  close 
of  it.  They  had  no  particular  information  as 
to  the  estimate  for  the  work,  but  originally  the  dis- 
tance was  calculated  as  about  759  versts  from  the 


Caspian  to  the  Oxus,  and  the  cost  16,000  roubles  a 
verst,  making  a total  cost  of  about  12, 240,000  roubles. 
If  the  actual  cost  was  kept  within  this  estimate,  it 
would  be  one  of  the  cheapest  railways  in  the  world. 
The  line  crossed  over  a plain,  and  consequently  but 
few  bridges  would  be  required,  except  perhaps  where 
the  line  crossed  the  valley  of  the  Tejend.  Whatever 
might  have  been  the  routes  of  commerce  in  former 
days  through  Central  Asia,  the  simple  iron  rail  would 
obliterate  the  past,  and  the  sands  of  the  desert  would 
entirely  wipe  them  away.  The  railway  would  be  the 
road  of  the  future,  by  which  trade,  traffic,  and  travelling 
would  be  carried  on  through  Central  Asia.  Were 
there  no  transit  duties  on  that  portion  of  the  countiy’ 
to  the  south  of  the  Caucasus,  a very  great  trade  would 
spring  up  between  Central  Asia  and  Europe ; and 
some  years  ago,  during  the  period  that  the  Grand 
Duke  Michael  was  in  charge  of  those  provinces,  and 
no  dues  were  demanded  upon  trade,  the  people 
at  Asterabad  assured  him  the  trade  in  a few 
years  increased  some  50  or  100  per  cent.  Owing 
to  the  pressure  put  upon  the  Russian  Govern- 
ment by  the  merchants  of  Moscow,  large  impoit 
duties  had  again  been  placed  upon  all  goods  going  to 
Batoum,  and  the  trade  was  now  rapidly  decreasing. 
Although,  as  stated  by  Mr.  Simpson,  there  was  no 
great  commerce  in  the  north  of  Persia,  there  was 
a certain  amount  of  cotton  which  went  by  way 
of  Shahrud,  the  trade  being  entirely  in  the  hands 
of  Armenian  agents.  Not  many  years  ago,  tine 
silk  was  produced  in  Mazanderan  and  in  the 
northern  districts  of  Pcisia  bordering  the  Caspian, 
but  owing  to  disease  among  the  worms,  this  trade  had 
entirely  disappeared.  Whatever  was  now  produced, 
even  to  the  fish  from  the  sea,  on  the  banks,  or  in  the 
Caspian,  went  into  the  hands  of  Russian  traders.  The 
only  articles  of  real  value  in  that  part  of  Persia  were 
assafoetida  and  opium.  The  Russians  had,  perhaps, 
done  more  than  any  other  people  in  carrying  out  the 
repopulating  of  new  countries.  They  had  a system 
throughout  all  cantonments  by  which  the  soldiers 
who  took  their  discharge  had  opportunities  with  their 
families  of  remaining  in  perpetuity  on  the  land,  and 
becoming  a part  of  the  population  of  the  country,  this 
tended  to  amalgamate  the  Russians  with  the  people  of 
the  country.  With  regard  to  Merve  and  the  extension 
of  cultivation,  the  Governor-General  of  the  Caucasus 
had  informed  him  that  the  programme  of  the  Russians 
was  to  reclaim  the  four  great  oases  of  that  part  of  the 
world,  viz.,  the  oasis  of  Tehjund,  the  oasis  of  Sarakhs, 
the  oasis  of  Merve,  and  the  oasis  of  Penjdeh ; they 
had  taken  the  work  in  hand,  and  certainly  were  pro- 
gressing with  it  as  quickly  as  any  people  could  do. 
Up  to  the  present  they  had  projected  two  lines  of 
canals  from  above  Yulatan  to  south  of  Merve,  one 
running  in  a north-east  and  the  other  north-west 
direction.  There  w’as  already  a considerable  area  on 
the  banks  of  the  Murghab,  extensively  irrigated  by 
canals,  and  the  object  of  these  two  new  canals  was 
to  extend  the  surface  of  cultivation.  The  work 
towards  the  north-west  was  the  reopening  of  an  old 
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canal,  and  during  the  last  year  the  Russians  had  cut 
thirty  if  not  sixty  miles  of  it ; it  would  eventually 
reach  as  far  as  the  line  of  railway  towards  Merve,  and 
would  not  only  irrigate  the  land  in  its  vicinity,  but 
would  create  a population  along  the  route.  Mr. 
Simpson  had  referred  rather  doubtfully  to  the 
authority  of  Moolah  Abdul  Mohmin,  who  stated 
that  in  the  valley  of  the  Khushk  Kali-i-Maur 
was  formerly  known  as  Bukshore ; and  all  he 
could  say  was  that  if  the  Moolah  was  wrong,  so  was 
the  highest  authority  in  this  country,  Sir  Henry 
Rawlinson,  who  held  the  same  view.  In  conclusion, 
he  proposed  a hearty  vote  of  thanks  to  Mr.  Simpson 
f jr  his  interesting  paper. 

The  resolution  passed  unanimously. 


SIXTEEN  TH  ORDINARY 

MEETING. 

Wednesday,  March  24, 1886;  Sir  Frederick 
Abel,  D.C.L.,  C.B.,  F.R.S.,  chairman  of 
Council,  in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society  ; — 

Audsley,  G.  A.,  Devon  Nook,  Duke’s-avenue, 
Chiswick. 

Bromhead, Horatio K.,  245,  St.  Vincent-st., Glasgow. 
Cracknell,  John  Edmund,  Glan-y-mor,  Havergal- 
villas,  Green-lanes,  Wood-green,  N. 

Crocker,  Frederick  Joel,  147,  Cannon  street,  E.C. 
Darke,  Edward  Thomas,  16,  Rochester- terrace, 
Camden-road,  N.W. 

Grote,  Arthur,  42,  Ovington-square,  S.W. 

Hobson,  Richard,  The  Marford,  Bramborough, 
Cheshire. 

The  following  candidates  were  balloted  for 
and  duly  elected  members  of  the  Society  : — 

Aitkin,  Charles  Edmund,  M.R.C.S.,  7,  Clifton- 
place,  Sussex-square,  W. 

Breen,  George,  204,  St.  Vincent-street,  Glasgow. 
Burdett-Coutts,  William,  M.P.,  i,  Stratton-st.,  W. 
Stein,  Cecil,  42,  Ladbroke-square,  W. 

Symons,  hlenry,  J.P.,  Totnes,  Devon. 

The  paper  read  was  — 

DOMESTIC  ELECTRIC  LIGHTING. 

By  W.  H.  Preece,  F.R.S., 

Vice-President  of  the  Society. 

Electric  lighting,  on  some  distributive  plan 
like  that  of  gas,  is  still  an  event  of  the  future  in 
England.  Other  countries  (notably  the  United 
States),  Germany,  Austria,  Italy,  Belgium, 
&c.,  are  ahead  of  us,  but  in  the  electrical 
illumination  of  our  houses — the  traditional 
castle  of  the  Englishman — we  are  in  advance 


of  all  other  countries.  The  number  of  private 
residences  now  lighted  by  electricity  is  very 
considerable.  The  way  in  which  men  of  weaUli 
have  constituted  themselves  into  amateur  elec- 
tricians is  very  characteristic  of  this  country. 
There  is  something  about  electricity,  in  all  its 
practical  applications,  that  renders  it  captivat- 
ing. Its  marvels  excite  the  imagination,  its 
powers  astonish  the  mind,  its  ready  adapta- 
bility encourages  invention,  and  its  easy  control 
favours  its  employment  for  many  purposes 
where  mechanical  appliances  would,  in  many 
cases,  be  more  suitable.  Hence  men  of 
means  and  of  leisure  have  made  its  study  a 
hobby.  There  is  no  purpose  to  which  wealth 
can  be  applied  more  beneficial  or  praise- 
worthy than  that  of  aiding  the  thrashing 
out  of  problems  whose  successful  results 
lead  to  the  greater  comfort  and  happiness 
of  the  many.  Pure  air  in  our  lungs  means 
health  in  our  bodies  and  energy  in  our  minds. 
The  success  of  domestic  electric  lighting  is  a 
great  sanitary  question,  and  its  solution  has  a 
much  greater  significance  than  mere  com- 
mercial rewards.  Municipal  authorities  ex- 
pend fabulous  sums  in  preventing  the  con- 
tamination of  our  water,  but  no  local  power  has 
yet  attempted  to  remove  the  poison  from  the  air 
we  necessarily  breathe  with  our  present  mode 
of  artificial  illumination.  Electric  lighting 
does  not  do  this,  but  it  stops  the  supply  of  the 
vitiating  gases. 

Now,  the  progress  of  electric  lighting  iri 
this  country  has  been  very  seriously  checked 
by  the  inordinate  mania  for  speculation  that 
characterised  the  year  1882,  and  the  terrible 
losses  that  ensued  therefrom  ; but  there  has 
been  a quiet,  steady  progress  made,  that  has 
not  been  checked  by  restrictive  Acts  of  Par- 
liament, and  has  not  been  deterred  by  mis- 
applied capital. 

I want  to  chronicle  what  has  been  done,, 
and  how  it  has  been  done.  The  pioneers  of 
domestic  electric  lighting  in  England  have 
been  Sir  William  Thomson,  Sir  William 
Armstrong,  Mr.  Coope,  Mr.  Sellon,  and  Mr. 
Charles  Moseley.  Sir  William  Thomson  used 
a gas  engine,  and  worked  his  lamps  direct 
from  the  dynamo,  not  only  lighting  his  house, 
but  his  class-room  and  laboratory  in  the 
University  of  Glasgow  ; Sir  William  Arm- 
strong obtained  his  power  from  a waterfall  in 
his  grounds  ; Mr.  Coope  used  a steam  engine ; 
and  Mr.  Sellon  and  Mr.  Moseley  relied  on 
secondary  batteries,  obtaining  their  power 
from  a gas  engine.  Their  good  example  has 
been  very  largely  followed,  and  there  are  now 
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a great  many  private  houses  in  all  parts  of 
the  countr}^  thoroughly  and  efficiently  lighted. 
In  fact,  electric  lighting  is  becoming  a fashion, 
and  the  only  fear  for  its  ultimate  general  suc- 
cess is  its  falling  into  the  hands  of  the  inex- 
perienced and  ignorant— one  chief  cause  of  its 
check  in  the  past.  I have  not  known  a single 
case  of  failure  where  the  installation  has  been 
undertaken  by  experienced  men.  There  have 
been  many  disappointments  where 

“ Fools  rush  in  where  angels  fear  to  tread.’ 

Electric  lighting  means  the  utilisation  for 
illuminating  purposes  of  a certain  amount  of 
energy,  which  has  to  pass  through  various 
stages  and  forms,  from  its  dormant  condition 
in  coal  and  water  to  its  active  condition  in  a 
lamp.  I propose  to  discuss  the  question  in 
each  stage. 

The  Motor. 

Steam,  gas,  and  water  have  been  used  as 
agents  for  the  production  of  power,  but  petro- 
leum has  not  yet  had  a trial  in  England,  and 
wind  is  too  uncertain  to  be  relied  upon.  Water 
is  the  most  economical  when  it  has  not  to  be 
paid  for,  gas  the  most  convenient,  but  steam 
is  the  most  reliable. 

Electric  lighting  by  incandescence  absorbs 
much  power.  Power  is  the  rate  of  doing 
work  or  of  expending  energy.  Mechanical 
engineers  measure  this  rate  of  doing  work 
by  referring  to  an  arbitrary  and  erroneous 
standard  called  the  horse-power;  but  elec- 
tricians have  introduced  a new  standard, 
more  scientific  and  exact,  called  the  wait 
The  watt  is  the  work  done  in  one  second 
by  an  ampere  flowing  through  an  ohm, 
and  having,  therefore,  an  electric  pressure  of 
one  volt.  The  number  of  amperes  multiplied 
by  the  number  of  volts  gives  the  number  of 
watts.  A watt  is  equal  to  7373  foot  pounds  per 
second,  and  there  are  746  watts  in  one  horse- 
power. I am  in  hopes  that  the  present  horse- 
power will  become  a thing  of  the  past,  and 
that  all  engineers  will  measure  power  in  watts, 
on  the  decimal  system.  A kilo-watt  is  not 
a euphonious  name,  but  it  is  a truer  and 
more  scientific  term  than  horse-power.  An 
engine  giving  otf  10  horse-power  developes 
therefrom  7,460  watts. 

Now, anaverageglowlamp, well  incandesced, 
gpves  one  candle-power  light  for  each,  three 
watts  expended  in  it,  and,  therefore,  a 20 
candle-power  lamp  absorbs  60  watts,  and  a 10 
candle-power  lamp  30  watts.  Hence  10  horse- 
power, if  all  utilised  in  the  lamps,  will  main- 
tain 124  20  candle-power  lamps,  or  248  10 


candle-power  lamps  in  full  incandescence. 
Thus,  if  we  know  the  watts  to  be  expended 
in  the  lamps,  it  is  very  easy  to  calculate  the 
power  required  to  maintain  them  alight.  It  is 
customary  to  allow  eight  60  watt  or  sixteen  30 
watt  lamps  per  horse-power,  so  as  to  give  a 
fair  margin  for  loss  in  conversion  and  trans- 
mission. 

A simple  effective  safe  domestic  steam 
motor  has  yet  to  be  introduced.  Hathorn, 
Davey,  and  Co.,  of  Leeds,  exhibited  at 
the  Inventions  Exhibition  the  best  that 
has  yet  been  made,  but  it  has  the  dis- 
advantage of  requiring  a large  supply  of  water 
to  condense  the  steam.  It  is  a vacuum- engine 
working  at  atmospheric  pressure,  and  is,  there- 
fore, free  from  explosion.  The  various  high- 
speed engines  that  have  recently  been  intro- 
duced by  Peter  Brotherhood,  Willans  and 
Robinson,  Fielding  and  Platt,  Beauchamp 
Towers,  &c.,  require  higher  technical  skill 
than  is  usually  to  be  found  among  the  domestics 
of  an  ordinary  household,  and  the  difficulty  of 
comprehending,  examining,  and  repairing  them 
stands  in  the  way  of  their  use.  A simple 
single  or  double  acting  steam-engine  of  small 
horse-power,  that  shall  be  economical  in  work- 
ing and  not  liable  to  break  down,  easy  of 
repair,  that  shall  work  with  great  regularity  of 
speed,  and  be  easily  governed,  and  that  does 
not  require  a skilled  engineer  to  attend  to  it,  is  a 
great  desideratum.  The  Council  of  the  Society 
of  Arts  have  under  consideration  a plan,  so 
eminently  successful  in  the  agricultural  world, 
and  pursued  for  many  years  by  the  Royal  Agri- 
cultural Society,  of  offering  prizes  for  the  best 
engines  designed  to  fill  the  special  purpose  of 
providing  power  for  electric  lighting  purposes. 
The  points  of  merit  that  are  considered  to  be 
of  the  greatest  importance  are  — 

a.  Regulation  of  speed. 

b.  Power  of  automatically  varying  speed  to 
suit  variation  of  load. 

c.  Noiselessness. 

d.  Cheapness. 

The  competition  is  intended  to  embrace  all 
classes  of  engines — steam,  gas,  petroleum,  cS:c. 

The  gas-engine  seems  best  adapted  to  sup- 
ply this  want.  Gas  is  already  in  use  in  most 
establishments  within  reach  of  gas  works,  and 
it  seems  far  more  natural  to  utilise  the  energy 
stored  up  in  gas  to  generate  power  than  to 
poison  the  atmosphere  we  breathe,  deteriorate 
our  valuables,  and  dirty  our  walls  by  burning 
it  in  air  for  illuminating  purposes,  especially 
as  we  get  more  light  by  doing  so.  Twenty- 
five  cubic  feet  of  gas  will  give  us  i horse- 
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power,  or  eight  20  candle-power  glow  lamps, 
or  160  candle-power  in  all;  but  five  5-feet 
burners  will  give  only  75  candles  when  burnt 
in  air  in  ordinary  burners.  Gas-engines  are 
within  the  intelligence  of  butlers,  gardeners, 
and  coachmen  ; they  are  always  ready  for 
work ; they  attain  their  maximum  efficiency  at 
once;  they  can  be  stopped  in  a moment. 
They  are  not  noiseless,  though  they  are  adver- 
tised to  be  so,  and  they  are  rather  wayward. 
Some  of  them  develop  tempers  of  their  own, 
and  they  occasionally  cause  angry  expressions, 
but  their  efficiency  is  remarkable  ; and  in  spite 
of  an  oppressive  monopoly  nearly  as  bad  as 
that  of  the  telephone,  they  are  rapidly  coming 
into  favour,  and  when  the  present  patent  ex- 
pires, they  will  doubtless  receive  very  great 
improvement,  and  much  greater  development. 

In  England,  the  opportunities  of  using 
water-power  are  few  and  far  between.  Small 
powers  are  easily  obtained,  but  from  10  to  15 
horse  power  requires  a considerable  quantity 
of  water,  or  a higher  fall  than  is  usually  attain- 
able in  any  but  hilly  countries.  The  power  of 
the  tide,  or  that  of  a flowing  river,  is  very 
small  when  utilised  within  the  limits  of  or- 
dinary people.  The  whole  flow  of  the  Thames 
through  London-bridge  would  maintain  only 
800  lamps  alight. 

In  Scotland,  however,  the  case  is  different. 
There  several  persons  have  utilised  the  water 
stored  up  in  lakes.  Sir  John  Fowler  has  lighted 
his  Highland  home  by  using  three  turbines  of 
12  horse-power,  which,  night  and  day,  work 
dynamos.  A 5-inch  pipe  from  an  artificial 
lake  gives  a head  of  310  feet. 

Mary  wonder  why  the  wind  is  never  used, 
but,  apart  from  its  uncertainty  and  unreliability, 
there  is  the  fact  that  the  power  developed  by 
the  best  windmills  is,  on  the  average,  but 
very  small.  They  are  so  unreliable  that  the 
proprietors  of  most  windmills  keep  a steam- 
engine  as  a stand-by.  The  windmills  so  largely 
used  in  America  and  Holland  for  irrigation 
purposes  exert  but  the  fraction  of  a horse- 
power, and  it  requires  a very  wide  expanse 
of  sails  to  obtain,  even  in  high  winds,  sufficient 
power  to  light  a country  house. 

The  Dynamo. 

The  relief  which  the  practical  world  receives 
from  the  removal  of  the  burden  of  a monopoly 
is  well  illustrated  by  the  advances  made  in 
dynamos.  The  expiry  of  the  Gramme  patent 
was  the  signal  for  energy  everywhere.  Not 
only  has  .the  construction  of  the  instrument 
been  vastly  improved  mechanically,  but  its 


output  has  been  trebled,  and  its  price  reduced 
to  one-third;  so  that  the  dynamos  of  to-day 
are  nine  times  better  than  they  were  during 
the  existence  of  the  patent.  We  are  chiefly 
indebted  to  Elwell  and  Parker,  of  Wolver 
hampton , for  leading  the  way.  Hefner  Alteneck. 
first  struck  out  a new  path,  which  was  taken 
up  by  Edison,  and  indeed  has  been  well-nigh 
perfected  by  the  high  scientific  attainments  of 
Dr.  J.  Hopkinson,  and  has  been  ably  followed 
by  Mr  .Crompton.  Science  has  converted  a 
crude  instrument  into  themostperfect  converter 
of  energy  that  exists.  Commercial  enterprise 
has  brought  it  within  the  reach  of  all.  I have 
for  the  past  two  years  been  converting  2 horse- 
power into  electrical  energy  with  an  Elwell- 
Parker  dynamo  that  cost  £,2^0. 

The  improvements  that  have  been  effected 
are  due  chiefly  to  the  more  intimate  know- 
ledge tha,t  experience  and  study  have  given  us 
of  the  theory  of  the  machine.  Better  shaped 
magnets,  more  intense  fields,  more  accurate 
proportion  of  parts,  better  copper  and  better 
iron,  improved  ventilation,  have  trebled  the 
energy  given  out  by  each  pound  of  copper 
wound  on  the  armature.  The  intensity  of  the 
field  has  been  increased  five  times  ; machines 
are  far  less  troublesome  ; faults  have  become 
less  frequent ; armatures  do  not  burst  up  so 
often  ; sparking  at  the  brushes  is  less  evident ; 
commutators  do  not  cut  so  much  ; heating  of 
the  coils  is  a thing  of  the  past ; and  the  ill 
effects  of  self-induction  arc  being  eliminated. 
The  forms  of  dynamos  are  being  whittled 
down  to  two  or  three  recognised  shapes  ; but 
as  long  as  the  spirit  of  rivalry  is  stirred  up  by 
competition  and  emulation,  so  long  shall  we 
have  some  manufacturer  who  will  make  a 
change  for  the  sake  of  a change,  and  who  will 
advertise  his  wares  as  the  best  in  the  world. 
Suffice  it  to  say,  that  for  us  users  little  remains 
to  be  desired  in  the  quality  and  price  of  the 
dynamos.  The  output  may  be  increased  and 
the  speed  may  be  reduced,  but  we  cannot  gild 
refined  gold  nor  paint  the  lily. 

The  efficiency  of  a dynamo  is  the  ratio  of 
the  energy  given  out  in  the  external  circuit  to 
the  energy  supplied  by  the  engine,  and  this  in 
most  modern  dynamos  exceeds  80  per  cent. 
The  out-put  of  a dynamo  is  measured  by  the 
number  of  watts  it  delivers,  and  this  becomes 
a very  convenient  measure  and  indication  of 
its  capacity.  Dynamos  are  now  indicated  in 
kilowatts  (or  “units,”  as  some  call  them), 
and  when  we  are  told  that  such  and  such  a 
dynamo  is  a 12-unit  or  a 12-kilowatt  dynamo, 
we  know  it  can  deliver  — 
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120  amperes  at  100  volts,  or 
150  amperes  at  8o  volts,  or 
200  amperes  at  60  volts, 

according  to  its  requirements.  This  also 
enables  us  at  once  to  determine  the  horse- 
power required  to  drive  the  dynamo.  12-kilo- 
watts means  16  horse-power,  add  one-fourth  to 
allow  for  loss  and  waste,  and  we  get  20  horse- 
power. Dynamos  usually  indicate  the  E.M.F. 
they  work  at  when  driven  at  a certain  speed, 
and  they  have,  or  ought  to  have,  the  proper 
number  of  revolutions  per  minute  engraved  or 
painted  upon  them.  If  makers  would  only 
supply  with  their  dynamos  their  characteristic 
diagrams  we  should  have  all  the  information 
the  user  wants. 

Dynamos  are  classified  into  shunt,  series, 
or  compound  wound,  according  to  the  work 
they  have  to  do.  The  former  are  almost  ex- 
clusiv'ely  usedfor  domestic  purposes,  for  reasons 
which  will  presently  appear.  A well-constructed 
d3'namo,  kept  clean  and  well  lubricated,  never 
overworked,  should  last  a lifetime  without 
much  attention  except  to  the  brushes  and 
commutator. 

Batteries. 

Xo  isolated  installation  is  complete  without 
a secondary  battery.  It  maintains  regularity 
and  uniformity  of  current,  so  as  to  secure 
absolutely  steady  light ; it  suppjlies  7.  reserve  of 
power  that  renders  one  free  from  accident  to 
engine  or  dynamo  ; it  supplies  a store  of  elec- 
tricity that  provides  the  householder  with  a 
source  of  light  at  all  times  and  seasons.  If  you 
wake  in  the  middle  of  the  night,  there  is  }’Our 
light;  if  you  have  to  start  by  an  early  train, 
and  dress  before  daylight,  by  a mere  pressure 
of  a button  you  have  your  electric  lamp  alight ; 
if  you  have  to  breakfast  on  a dark,  foggy, 
murky  morning,  you  feed  in  soft  daylight. 
The  secondary  battery  has  been  much  before 
the  world.  Its  early  failures  disappointed 
many ; it  was  launched  before  the  public  at 
too  early  a stage  of  its  infancy.  It  has  sown 
its  wild  oats,  but  it  is  now  a matured,  sober, 
practical  instrument.  .Sir  William  Thomson 
says  ; — 

“ ^ly  cells  have  worked  to  perfection.  It  is  the 
greatest  possible  comfort  to  us  in  the  house  to  have 
the  light  with  satisfactorily  equal  brilliancy,  at  all 
hours  of  night  and  day,  and  every  day  in  the  week. 
I have  now  cut  off  the  gas  at  the  meter,  so  that  there 
is  absolutely  none  nsed  in  the  house.  I have  no  oil 
lamps,  and  have  not  used  so  much  as  a single  quarter 
of  a candle  within  the  last  three  months,  and  have  the 


electric  light  in  every  part  of  the  house  where  light 
can  possibly  be  wanted  by  night  or  by  day.” 

I can  confirm  every  w^ord  of  this.  I have 
now  had  nearly  two  years’  experience  of  them, 
and  I would  just  as  soon  dispense  with  them 
as  I would  with  my  fireplaces  or  bedclothes. 

Originally  I used  them  as  a regulator  to  my 
gas-engine,  but  I speedily  found  that  it  was 
more  convenient  and  economical  to  charge 
them  during  the  day,  and  discharge  them 
through  the  lamps  at  night.  In  the  depth 
of  winter  I charge  them  every  day ; in 
late  autumn  and  early  spring  three  times  a 
week  ; and  in  summer  I charge  only  once  a 
week.  It  is  very  easy  to  know  when  the  cells 
are  fully  charged.  When  the  charging 
current  is  put  on,  the  E.M.F.  commences  at 
about  2 volts  per  cell,  and  gradually  rises  to 
about  2’5  per  cell.  It  acquires  its  maximum 
only  when  the  cells  are  full.  The  current,  on 
the  contrary,  falls.  The  density  of  the 
liquid,  which  is  observed  by  a hydrometer 
floating  in  a cell,  gradually  rises,  and  when 
it  becomes  constant,  the  cell  is  full.  Several 
hydrometers  are  used.  Gas  is  then  freely 
given  off,  and  the  cell  has  a milky  appearance. 

On  the  other  hand,  when  a cell  discharges 
the  hydrometer  sinks,  and  when  it  reaches  a 
minimum  point  it  must  be  charged  again. 
The  E.M.F.  also  commences  to  fall  when  it  is 
too  empty,  but  I never  allow'  that  point  to  be 
reached.  Good  cells  give  an  efficiency  of 
70  per  cent,  without  losing  E.M.F.,  and  with 
a loss  of  10  per  cent,  they  will  give  over  80  per 
cent.  The  useful  rate  of  a battery  is  the 
number  of  ampere-hours  it  will  give  before 
losing  10  per  cent,  of  its  E.M.F.  It  is  quite 
possible  to  get  out  of  a battery  all,  or  nearly 
all,  the  energy  that  wm  put  in,  but  we  cannot 
do  so  at  a useful  or  economical  rate.  I give 
in  the  Appendix  a record  of  the  charge  and 
the  discharge  in  my  house  in  the  month  of 
F'ebruary  last,  and  also  as  record  of  last  week’s 
work. 

The  durability  of  these  cells  is  most  satis- 
factory. I see  no  reason  why  they  should  not 
last  ten  years  at  least.  In  fact,  I believe  the 
makers  will  maintain  them  at  the  rate  of 
10  per  cent,  per  annum. 

The  faults  that  I have  experienced  are  very 
few  and  rare.  Short  circuiting  from  peeling 
or  buckling  are  things  of  the  past.  I have 
never  seen  a case  of  “ treeing.”  Occasionally 
the  connections  develop  resistance,  and  get 
hot,  but  this  is  solely  due  to  neglect ; the}’ 
require  attention  and  cleanliness. 
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It  sometimes  happens  on  high  days  or 
liolidays  that  more  current  is  wanted  than  can 
advisably  be  drawn  from  the  cells  ; the  engine 
is  then  allowed  to  run  as  well,  but  if  the 
current  developed  by  the  dynamo  is  in  excess  of 
that  used  in  the  house,  a few  cells  have  to  be 
taken  off  the  battery,  which  is  readily  done  by 
a switch,  in  order  to  maintain  the  E.M.F.  in 
the  house  at  its  normal  point.  It  is  impossible, 
in  fact,  in  the  house  to  tell  whether  the  engine 
is  going  or  not.  If  it  happens  that  the 
engine  is  kept  continuously  running,  while 
the  batteries  are  in  action,  special  steps  have 
then  to  be  taken  to  prevent  the  cells  from 
being  irregularly  charged,  by  changing  the 
idle  cells  periodically. 

A secondary  battery  acts  perfectly  as  a 
regulator  as  long  as  it  is  well  charged ; its 
resistance  is  so  small  compared  with  the  lamp 
circuit  that  it  may  be  regarded  as  nothing, 
but  if  from  any  bad  contact,  fault,  or  weak 
-cells,  the  resistance  becomes  appreciable, 
fluctuation  in  the  light  becomes  evident,  and 
it  ceases  to  act  efficiently. 

The  latest  form  of  cells  are  exhibited  on  the 
table,  and  they  are  now  so  well-known  that 
they  need  no  description  in  this  paper.* 

Primary  Batteries. 

I have  had  no  practical  experience  of  their 
employment  for  domestic  lighting,  nor  have  I 
seen  a house  lighted  up  by  them;  but  I believe 
there  are  several  installations  at  work,  and  I 
.am  sure  the  Society  will  be  glad  to  hear  in  the 
discussion  some  facts  from  those  present. 

Lamps. 

No  great  progress  can  be  chronicled  in 
lamps  like  that  in  dynamos  and  secondary 
batteries.  Their  price  remains  very  high. 
The  ridiculous  practice  of  giving  lamps  a 
fictitious  nominal  candle-power,  which  reached 
.'Such  a height  of  absurdity  in  arc  lamps,  and 
which  was  partially  adopted  with  glow  lamps, 
has  nearly  died  out.  Lamps  which  were  called 
.20-candle  lamps  are  now  sold  as  16.  The 
oomenclature  of  lamps  is  very  illusory.  The 
same  lamp  can  be  used  to  give  5,  10,  15,  or 
20  candles,  according  to  the  number  of  watts 
expended  in  it.  A good  standard  glow  lamp 
has  not  yet  been  devised.  I should  like  to 
see  a lo-candle  lamp  working  under  a pres- 
sure of  50  volts,  and  requiring  half  an  ampere, 
that  would  mean  the  absorption  of  25  watts,  or 
2\  watts  per  candle.  Its  life  would  not  be 

* Until  January  of  this  year  I had  been  using  Elwell- 
Parker  cells  at  my  house,  but  I am  now  trying  the  E.P.S. 
form,  having  removed  the  former  to  the  Post-office. 


very  great  at  present,  but  if  it  were  cheap 
enough,  one  would  not  mind  frequent  re- 
newals. Since  secondary  cells  are  inseparable 
from  isolated  lighting,  low  E.M.F.  means 
fewer  cells,  and  therefore  smaller  capital 
expenditure,  and  small  current  means  slow 
discharge.  Ten-candle  lamps  are  ample  for 
domestic  illumination  ; they  lend  themselves 
to  better  distribution  of  light.  Two  lo-candle 
lamps  will  give  better  illumination  than  one 
20-candle  lamp.  My  ideal  lamp  has  not  yet 
been  placed  in  the  market,  though  there  are 
several  approaches  to  it. 

There  is  great  variety  of  practice  in  deter- 
mining the  number  of  volts  best  adapted  to 
work  an  installation.  The  conditions  that 
regulate  a central  station  system  are  quite 
different  from  those  regulating  domestic  light- 
ing. The  former  requires  high  pressure  to  reduce 
the  weight  of  the  mains,  the  latter  requires  low 
pressure  to  reduce  the  number  of  cells.  Both 
are  governed  by  economical  reasons.  The 
Edison  Swan  Company  adopt  100  volts ; Sir 
William  Thomson  uses  85  volts  ; the  Anglo 
American  Brush  recommend  65  volts ; the 
Electrical  Power  Storage  Company,  60  volts  ; 
I recommend  50  volts  for  home  lighting.  I 
tried  originally  31  volts,  but  I had  to  increase 
the  pressure,  for  the  low  volt  lamps  took  too 
much  current  from  my  cells. 

Makers  of  lamps  seem  to  consider  that  there 
is  great  credit  in  securing  long  life.  Unfor- 
tunately, glow  lamps  deteriorate  sadly  with  age. 
The  carbon  wastes  imperceptibly  away,  and 
we  are  scarcely  conscious  of  the  fact  that,  after 
200  or  300  hours,  the  lamp  gives  only  half  the 
light  it  did  at  first.  The  fact  is  lamps  last  too 
long.  I have  been  relegatingmy  old  lamps  to 
the  bedrooms,  but  they  will  not  die,  and  I have 
been  obliged  to  remove  them  “ ere  their  time.” 
The  price  of  a lamp  should  be  such  that  we 
could  afford  to  give  them  a short  and  merry 
life.  Long  life  is  therefore  an  objection. 

The  efficiency  of  a lamp  is  generally  taken 
to  be  the  number  of  watts  it  consumes  per 
candle  per  1,000  hours  of  life;  but  a good 
measure  of  efficiency  would  be  the  number  of 
hours  it  took  to  lose  10  per  cent,  of  its  normal 
light  when  absorbing  2\  watts  per  candle. 

Some  interesting  experiments  were  recently 
made  in  Berlin  on  this  point  by  Mr.  Wilhelm 
Siemens,  who  showed  that  in  800  hours  an 
unflashed  carbon,  consuming  5 watts  per 
candle,  lost  377  per  cent,  of  its  light,  falling 
from  1 9 ‘9  candles  to  ii ; while  a flashed  carbon, 
consuming  3*2  watts  per  candle,  lost  only  127 
per  cent.,  falling  from  17*5  candles  to  ij'S- 
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The  resistance  of  the  former  increased  127 
per  cent.,  of  the  latter  only  4*2  per  cent.  The 
process  of  flashing-  carbon  is  a process  by 
which  pure  hard  grey  carbon  is  deposited 
upon  the  carbon  filament  by  heat,  decom- 
posing some  hydrocarbon  gas  with  which  the 
globe  is  filled.  This  deposit  of  carbon 
enables  the  filament  to  acquire  a brighter 
surface,  and  attain  a higher  temperature  before 
commencing  to  disintegrate,  and  therefore  it 
gives  a higher  efficiency,  for  the  amount  of 
light  given  out  depends  simply  upon  the  tem- 
perature. 

A glow  lamp,  when  incandesced,  seems  to 
lose  its  carbon  mass  steadilyand  regularly.  The 
carbon  molecules  fly  off,  and  are  projected 
against  the  sides  of  the  globe  where,  they 
adhere,  and  cloud  or  discolour  the  glass  ; so 
that  the  light  is  diminished  in  two  ways — first, 
by  the  wasting  of  the  carbon,  and,  secondly, 
by  its  being  deposited  upon  the  glass,  and 
preventing  its  radiation.  The  resistance  in- 
creases owing  to  the  diminution  of  the  sectional 
area.  This  goes  on  until  eventually,  at  some 
weak  point,  the  mechanical  strength  is  re- 
duced to  such  a point  that  the  filament  becomes 
too  weak  to  bear  the  slight  strain  upon  it,  and 
it  breaks ; or  the  densit}^  of  the  current  becomes 
too  high,  and  it  dissipates  away  like  a bright 
star,  leaving  a gap  across  the  filament.  This 
weak  spot  can  often  be  detected  by  its  brilliance 
before  the  lamp  goes. 

There  is  a critical  point  in  all  lamps  when  a 
change  of  state  occurs  in  the  carbon  filament. 
It  is  shown  by  the  appearance  of  a beautiful 
blue  effect  pervading  the  whole  globe.  It 
occurs  at  some  point  between  i and  2 watts 
per  candle.  It  should  be  determined  for  each 
kind  of  lamp. 

I have  an  example  of  a lamp  destroyed  by 
lightning  in  Mr.  Elwell’s  house,  near  Wolver- 
hampton, which  shows  very  beautifully  the 
destructive  effect  on  carbon  of  very  high 
E.M.F.  The  globe  is  converted  into  a beau- 
tiful mirror. 

Lamps  fail  in  giving  their  light  occasionally 
from  having  an  imperfect  vacuum.  This  is 
very  easily  detected  by  feeling  the  globe.  If 
the  vacuum  is  bad  it  gets  quite  hot.  Mr. 
J.  r.  Bottomley  showed  that  a wire  became 
red  hot  when  the  air  was  exhausted  from  the 
globe,  though  it  was  only  80°  C.  when  the 
air  was  in.  Occasionally,  but  very  rarely, 
lamps  explode  with  a loud  report  when  the 
current  is  first  put  on.  This  is,  perhaps,  due 
to  a slight  leakage  of  air  making  an  explosive 
mixture  with  the  residual  gas. 


At  the  present  moment,  both  the  nomen- 
clature and  the  efficiency  of  glow  lamps  are  in 
a very  unsatisfactory  state,  and  we  are  buying 
pigs  in  a poke  at  a very  high  price. 

Mr.  Edison  adopted  the  very  meritorious 
plan  of  determining  the  E.M.F.  which  would 
give  his  lamps  a life  of  1,000  hours,  and  the 
current  that  would  give  it  the  normal  light.  If 
this  were  done  by  every  maker,  it  would  be 
easy  to  determine  the  life  at  any  other  E.M.F. , 
or  the  light  at  any  other  current,  for  the  form^er 
varies  with  the  twenty-fifth  power  of  the  E.M.F., 
and  the  latter  with  the  sixth  power  of  the 
current. 

Considerable  difference  of  opinion  exists  as 
to  the  character  of  the  globe  enveloping  the 
carbon  filament.  Some  like  them  clear,  some 
like  them  ground ; others  envelope  them  in 
shades— generating  light  simply  to  choke  it ; 
while  others,  at  a great  loss,  make  the 
globe  of  a beautiful  opal  glass.  It  is  very 
objectionable  to  have  the  optic  nerve  irri- 
tated by  a brilliant  glowing  filament;  but 
it  is  equally  absurd  to  produce  a good 
thing  and  then  strangle  it.  Grounding  and 
shading  mean  loss  of  light.  Lamps  can  be 
placed  so  high  that  they  need  not  affect  the 
eye,  and  if  they  do,  the  light  can  be  so  re- 
flected as  to  be  useful  elsewhere.  The  art  of 
lighting  a room  is  to  flood  it  with  light  with- 
out the  delicate  eye  being  offended  with  the 
direct  rays  from  the  source  of  light. 

An  essential  feature  of  a good  lamp  is  a 
good  holder,  by  which  lamps  can  be  readily 
removed  and  renewed.  The  platinum  loops, 
which  ]\Ir.  Swan  originally  introduced,  proved 
very  troublesome,  through  constant  breakage. 
Edison’s  screw-holder  was  a much  better, 
though  more  expensive  thing;  but  Mr.  Alfred 
Swan  has  recently  introduced  a ‘-vitrite” 
holder  which  embraces  the  merits  of  each, 
and  leaves  little  to  be  desired. 

Switches  to  turn  the  lamps  on  and  off  are 
a source  of  great  trouble  in  a house.  As  a 
rule,  they  are  cheap  and  nasty.  When  fixed 
away  from  the  lamps,  they  introduce  into  the 
circuit  additional  resistance,  and  therefore 
waste  energy,  but  they  are  distinctly  serviceable 
when  they  are  fixed  outside  the  door  of  a room, 
so  that  you  can  light  it  before  you  enter  it. 

In  many  cases  the  lamp  itself  is  its  own 
swntch,  but  it  is  objectionable  to  handle  a 
lamp,  and  attempts  have  been  made  to  utilise 
the  weight  of  the  lamp  itself  when  suspended 
from  the  ceiling  to  maintain  contact,  and 
to  break  that  contact  when  the  w’eight  is 
released. 
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Cuts-out  or  safety-valves  are  essential  to  the 
security  of  a house.  Short  circuiting  ought 
not  to  occur,  but  it  does,  and  generally  when 
showing  off.  It  may  occur  when  cleaning.  The 
cut  out  is  so  cheap  and  so  effective  that  there 
is  no  excuse  for  its  neglect.  They  should  be 
fixed  on  every  circuit. 

Fittings. 

The  comfort  and  pleasure  of  a house  depends 
upon  its  fittings.  It  is  here  that  taste  has  its 
sway  and  art  its  swing,  and  the  two  are 
regulated  only  by  the  balance  at  the  bank.  It, 
however,  fortunately  happens  that  electric 
lighting  does  not  lend  itself  to  expensive 
fittings.  The  simpler  they  are  the  more  effec- 
tive. Sir  David  Salomons,  who  has  spared  no 
expense  in  obtaining  energy  at  Broomhill,  has 
exercised  wise  economy  and  rare  taste  in 
fixing  his  lamps.  They  are  so  suspended  by 
their  own  conductors  that  in  daylight  you  do 
not  see  them,  but  when  darkne'ss  comes,  they 
spring  into  light  like  beautiful  stars  floating  in 
the  air.  No  one  has  taught  us  so  much  in  this 
direction  as  Mr.  Tayler-Smith,  whose  portable 
lamps  and  useful  appliances  were  so  much 
admired  at  the  Healtheries,  and  at  the  Inven- 
tions last  year.  My  house  is  full  of  them.  I 
have  lamps  everywhere,  and  I can  get  light 
wherever  and  whenever  I want  it. 

Wiring. 

No  one  must  imagine  that  electric  lighting 
is  absolutely  safe  from  fire.  It  certainly  pos- 
sesses elements  of  danger,  but  elements  that 
are  perfectly  under  control.  Several  cases  of 
lire  have  taken  place,  but  invariably  from 
crass  ignorance.  It  is  very  simple  to  secure 
safety  if  the  rules  and  regulations  to  avoid  fire 
risks  be  carefully  followed.  The  simplest  rule 
is  to  use  nothing  but  the  best  insulated  wire, 
and  to  employ  none  but  experienced  men  to 
put  it  up.  All  accidents  that  have  occurred 
have  arisen  from  careless  wiring  and  ignorant 
handling.  Wire  has  been  ordered  by  so-called 
electrical  engineers  of  such  a quality  that 
manufacturers  have  absolutel}'’  declined  to 
supply  it.  Competition  is  so  active,  owing  to 
the  depression  of  business,  that  prices  have 
been  cut  down  so  low  that  work  can  only  be 
done  at  a profit  by  the  use  of  poor  stuff. 

In  a new  and  growing  business  like  electric 
lighting,  competition  should  be  very  guardedly 
resorted  to.  There  are  firms  of  repute  who  are 
experts,  and  who  can  be  trusted  to  carry  out 
everything,  but  they  are  few.  Protection  should 


be  procured  by  careful  specification  and  con- 
stant supervision.  The  electrical  engineer  is  as 
essential  to  the  success  of  the  building  as  tlie 
architect,  and  he  should  be  engaged  profession- 
ally. There  is  a great  deal  too  much  work  done 
by  the  tradesman  alone,  and  too  little  left  to  the 
expert.  The  design  of  the  circuits  of  a house, 
the  dimensions  of  conductors,  the  quality  of 
the  materials  used,  the  provision  against  fire 
risks,  the  testing  of  the  work  done,  the  adapta- 
bility of  means  to  an  end,  should  come  within 
the  province  of  the  professional  adviser,  and 
not  be  left  to  the  successful  competing  con- 
tractor, however  eminent  the  firm  may  be. 

Meters. 

It  is  very  desirable  in  a well-equipped  house 
to  see  at  a glance  how  many  lamps  are  burn- 
ing, how  the  dynamo  is  behaving  itself,  how 
much  current  is  going  per  hour  into  the 
battery,  how  much  is  coming  out,  and  how 
well  the  electric  pressure  of  the  battery  is 
maintained.  Hence  it  is  essential  to  have  as 
good  a voltmeter  to  measure  the  electric  pres- 
sure in  our  circuits  as  we  have  a barometer  to 
measure  atmospheric  pressure,  or  a thermo- 
meter to  measure  temperature  or  heat  pressure. 
The  most  efficient,  reliable,  and  simple  that  1 
know  is  Cardew’s.  Again,  we  must  have  a 
good  current  meter,  and  though  ampere-meters 
are  thick  as  autumnal  leaves  in  Vallombrosa, 
they  are,  as  a rule,  uncertain  and  misleading, 
especially  with  fluctuating  currents.  Siemens’s 
electro -dynamometer  remains  master  of  the 
situation. 

Ferranti’s  meter  is  a most  admirable  adjunct. 
In  my  house  one  measures  the  current  going 
into  the  batteries,  and  another  measures  the 
current  coming  out,  so  that  I am  able  to  keep 
an  accurate  debtor  and  creditor  account  against 
my  battery.  The  result  for  Februar}'  is  seen 
in  the  appendix.  How  far  these  meters  are 
accurate  within  a wide  range  has  yet  to  be 
determined.  They  are  certainly  more  accurate 
than  gas  meters,  and  they  are  more  easily 
comprehended. 

When  electricity  is  laid  on  a house  it  can  be 
used  for  other  purposes  besides  illumination. 
Mr.  Sellon  uses  it  for  heating  : a current  of  fresh 
warmed  air  passes  through  a coil  at  a tem- 
perature of  about  180°  Fahr.  and  warms  w^ater- 
closets  and  dressing-rooms.  He  uses  it  even 
for  bed  warming.  I have  used  it  for  cigarette 
lighting,  and  it  is  frequently  employed  for 
driving  sewing  machines. 

I am  now  trying  charming  little  portable 
lamps,  worked  by  secondary  cells,  made  by 


March  26,  1886  ] 


JOURNAL  OF  THE  SOCIETY  OF  ARIS. 


501 


Mr.  Pitkin,  which  enable  me  to  visit  my  cellars 
with  comfort. 

Testing. 

It  is  most  desirable  that  every  means  should 
be  adopted  in  a house  to  test  the  condition  of 
the  wires  and  apparatus  constantly.  Any 
incipient  fault  in  a wire  would  speedily  de- 
velop into  a serious  trouble  under  the  in- 
fluence of  such  powerful  currents  as  electric 
lighting  requires.  It  is  therefore  essential  to 
detect  its  existence  at  once.  All  the  circuits 
in  my  house  concentrate  in  one  place  on  each 
floor,  and  there  they  are  controlled  by  a switch. 
A current  indicator,  or  galvanometer,  is  used, 
wound  with  a thick  and  a fine  wire.  The  former 
indicates  the  number  of  lamps  burning,  and 
checks  improper  lighting;  the  latter  detects 
any  leakage  on  the  wires  when  the  lamps 
are  removed  from  their  holders.  There  is  also  a 
galvanometer  in  the  engine-house.  Secondary 
batteries  facilitate  testing.  It  is  quite  im- 
possible for  a leak  to  commence  without  its 
speedy  detection,  and  if  one  were  to  appear, 
the  particular  circuit  could  be  isolated  at  once 
by  the  switch. 

It  is  often  said  that  it  is  all  very  well  for  me — 
an  expert— to  rejoice  over  the  success  of  electric 
lighting  in  my  own  house.  It  would  be  a dis- 
grace if  it  were  not  so,  but  there  are  non-experts 
who  have  been  equally  successful.  l\Ir.  Walter 
Palmer  at  Reading,  Sir  Thomas  Bazley  at 
Fairford,  Mr.  Coope  at  Berechurch-hall,  Mr. 
Cortauld  in  Essex,  the  Rev.  Sholto  Douglas  in 
Perthshire,  Mr.  Tate  in  Streatham,  and  many 
others,  have  had  no  trouble.  In  fact,  when 
the  work  is  well  done,  there  should  be  no 
trouble.  Its  v/orking  is  within  the  reach  of 
ordinary  intelligence.  As  regards  cost,  it 
comes  out  just  twice  that  of  gas  ; for,  though  I 
burn  no  more  gas  than  I burnt  before,  I have 
more  wages  to  pay ; there  are  also  repairs  to 
machinery,  and  the  purchase  of  oil  and  waste. 
The  lighting  of  my  home  cost  me,  in  1885, 
;^6o  os.  6d. 


Gas 

9 

0 

Oil 

5 

0 

Waste 

12 

0 

Brushes 

17 

0 

Repairs 

9 

6 

Wages 

8 

0 

Lamps 

10 

0 

;^60 

0 

6 

Now,  if  we  charge  against  this  the  value  of 
steady  light,  pure  air,  no  heat,  absence  of 


matches,  candles  and  oil,  comfort,  durability  of 
pictures  decorations  and  books,  no  painters, 
cleanliness,  cheerfulness,  health,  gain  of  time, 
long  life,  there  is  little  doubt  on  which  side 
the  balance  will  appear. 

The  general  distribution  of  electricity 
throughout  extensive  areas  is  a much  larger 
question  than  that  which  I have  attempted  to 
deal  with  in  this  paper.  I have  endeavoured 
to  confine  myself  to  the  past,  and  to  the  teach- 
ings of  experience.  The  future  of  electric 
lighting  in  England  rests  very  much  with  our 
Legislature,  which,  by  the  Act  of  1882,  has 
materially  strengthened  the  monopoly  of  gas, 
by  preventing  the  growth  of  a young  and 
active  competitor.  There  never  has  been  one 
word  said  in  favour  of  that  Act,  and  it  is 
monstrous  that  it  should  be  allowed  to  remain 
on  the  Statutes  without  amendment.  Therc 
seems  some  hope  of  something  now  being 
done. 


APPENDIX. 


TABLE  I.— E.P.S.  Cells  at  Gothic-lodge 

DURING  MONTH  OF  FEBRUARY. 


Ampere-hours. 

Date. 

E.M.F. 

Put 

in. 

Taken 

out. 

Remarks. 

I 

50‘7 

121 

55 

2 

51-8 

64 

46 

3 

51-8 

72 

44 

4 

52  8 

72 

38 

25  cells,  15  L type. 

5 

51-8 

81 

50 

6 

52-0 

91 

53 

7 

52-2 

— 

41 

Internal  resistance  o‘30i5»» 

8 

52-2 

140 

44 

per  cell. 

9 

52-3 

— 

50 

10 

52-2 

no 

47 

II 

51-8 

- 

50 

Total  put  in,  1,747  ampc;  e- 
hours. 

12 

5l8 

92 

30 

13 

52-0 

102 

37 

14 

52-0 

— 

44 

Total  taken  out,  1,251 

15 

52-0 

, 123 

44 

ampere  -hours. 

16 

52*0 

— 

55 

17 

52-0 

116 

47 

18 

5i'8 

— 

40 

Eff.cieicy  72  per  cent. 

19 

52-0 

102 

47 

20 

52-0 

61 

53 

21 

52-0 



42 

Average  hour;  of  light- 

22 

52-0 

118 

34 

ing— 5* 

23 

52-0 

— 

44 

24 

52-0 

no 

44 

Average  number  o ' lamps 

25 

52-0 

— 

45 

burning — 12. 

26 

52-0 

115 

45 

27 

52-0 

57 

41 

28 

52-0 

— 

41 
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TABLE  II. — Charging  Batthries. 


H}drometer  readings  ^ 

cn  cells. 

Date. 

Hour 

E.M.F. 

Current. 

Remarks. 

No.  2 

No.  5 

No.  14 

No.  17 

1 

No.  20  No.  25 

h. 

m 

volts. 

amperes 

8 

0 

57 

16 

1,160 

1,165 

1,150 

1,150 

1,150 

1,150 

Reading  by  meter 2,895,580 

9 

0 

57 

18 

1,160 

1,165 

1,150 

1,150 

1,150 

1,150 

Previous  reading  2,801.650 

II 

0 

59 

19 

1,165 

1,170 

1,155 

1,155 

1,155 

j 1,150 

03-9JT 

12 

0 

60 

19 

i,iyo 

1,175 

1,160 

1,160 

1,160 

1,155 

"March  i8th 

I 

0 

62 

19 

1,175 

1,180 

1,165 

1,165 

1,165 

1,165 

Constant  of  meter,  630. 

2 

0 

67 

19 

1,175 

1,180 

1,170 

1,170 

1,165 

1,165 

9 ,930  -f-  630  = 149  ampere-hours 

1 

0 

68 

17 

I, '75 

1,180 

1,170 

1,170 

1.165 

1,170 

put  into  batteries. 

i 

1 

4 

0 

69 

• 16 

1,175 

1,180 

1,170 

1. 170 

1,165 

1,170 

Average  charging  current  19 

-,,  19th  

1,170 

1,175 

1,165 

1.165 

1,160 

I i6o 

March  20.6'i. 

( 

8 

0 

56 

16 

1,165 

1,170 

1,155 

1.155 

1,155 

1,150 

Reading  by  meter 2,957,760 

1 

9 

0 

57 

18 

1 165 

1,170 

1,160 

1,155 

1,155 

1,150 

Previous  reading  2,893,580 

! 

10 

0 

59 

20 

1,170 

1,175 

1,165 

1,160 

r,i6o 

1,155 

62, 180 

20th 

ri 

0 

62 

20 

1,170 

1,175 

1,165 

1,165 

1,160 

1,155 

i 

62  180  -4  630  = 98  ampere  hours 

1 

1 

12 

0 

67 

19 

1,175 

I 180 

I 170 

1,170 

1,165 

1,160 

1 

i 

0 

69 

16 

1,175 

1,180 

1,170 

1,170 

1,165 

1,165 

Average  charging  current  = i9’6“ 

„ 2ISt  

1,170 

1,175 

1,165 

1,160 

1,160 

1,155 

Discharge,  8 '5  amperes  per  degree. 

,,  22nd 

1,165 

1,170 

1,160 

1,155 

1,155  : 

1,150 

DISCUSSION. 

The  Chairman  said  he  thought  on  a former 
occasion  Mr.  Preece  had  scarcely  been  so  enthusiastic 
in  favour  of  electric  lighting  as  he  had  been  that 
evening  ; he  had  given  a most  charming  account,  to 
some  parts  of  which,  perhaps,  one  or  two  might  be 
inclined  to  take  a little  exception,  but,  on  the 
whole,  it  was  most  encouraging  and  captivating. 
He  had  spoken  from  his  own  experience,  and  shown 
that  electric  lighting  had  now  come  within  the  reach 
of  a great  number  of  people,  if  not  of  all ; and  he 
felt  convinced  that  the  public  would  no  longer  submit 
patiently  to  the  restrictions  which  had  up  to  the 
present  stood  in  the  way  of  this  new  industry.  It 
was  this  feeling  which  had  impelled  the  Council  of 
the  Society  to  take  an  active  part  in  supporting  a 
measure  which  was  now  being  introduced  into  the 
House  of  Lords,  and  which  it  was  hoped  would 
■fend  greatly  to  extend  the  facilities  for  introducing 
electric  lighting  into  houses.  The  underground 
miner  was  very  much  troubled  for  want  of  light, 
and  it  had  been  lately  his  duty  to  inquire  into 
this  matter.  ]\Ir.  Preece  told  them  he  had  only 
now  to  take  a large  pocket  battery  into  the 
mine,  and  when  it  was  getting  exhausted  turn  out 
the  fluid,  and  fill  it  up  again  from  a flask  out  of 
another  pocket.  In  this  respect  he  thought  Mr.  Preece 
had  drawn  rather  a highly-coloured  picture  ; but  he 
would  not  discourage  either  him  or  the  miner,  in  the 
hope  that  Mr.  Pitkin,  Mr.  Blumberg,  Mr.  Skrivanoff, 
and  others,  would  one  day  furnish  an  electric  light 
which  would  do  everything  which  was  required  in 


I mining.  Mr.  Preece  had  also  said  some  rather 
; unkind  things  about  horse-power  and  other  matters, 
which  no  doubt  would  be  commented  on  by  some  of 
those  present. 

Sir  Frederick  Bramwell,  F.R.S.,  said  he  could 
not  accept  Mr.  Preece’s  ideas  on  political  economy 
and  some  other  matters,  quite  so  readily  as  he  did  his 
views  on  electric  lighting.  He  complained  that  the 
term  horse-power  was  unphilosophical  and  illogical, 
but  he  did  not  say  why  it  was  so  ; except  that  it  was 
746  times  something  else  which  was  philosophical 
and  logical.  The  fact  was  that  the  electricians 
having  met  in  a foreign  capital,  and  being  em- 
barrassed with  grammes,  centimetres,  &c.,  would 
have  had  a unit  that  no  one  could  understand,  if 
it  had  not  been  for  the  practical  sense  of  the  late 
Sir  William  Siemens,  who  devised  the  name  watt, 
and  made  them  understand  it  meant  of  a 

horse- power.  He  could  not  help  feeling  that  this 
was  a paper  for  the  upper  classes,  for  gentlemen 
living  in  convenient  detached  houses,  with  gardens 
and  gardeners,  and  such  persons  no  doubt  could 
indulge  in  the  electric  light ; but  he  was  one  of 
the  unfortunate  people  who  had  to  live  in 
London  where  they  could,  in  a house  in  a row, 
and  he  wanted  to  know  why  he  was  to  be  debarred 
the  use  of  the  electric  light.  Except  in  the  last 
paragraph,  he  did  not  think  Mr.  Preece  had  given 
that  attention  to  the  wants  of  suffering  humanity 
generally  which  he  should  have  expected  from  him. 
That  last  paragraph  was,  however,  in  curious  con- 
trast to  some  other  parts  of  the  paper.  One  thing 
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which  horrified  Mr.  Preece  was  monopoly.  But  if  a 
man  invented  something  which  had  never  been 
known  before,  after  years  of  trouble  and  large  ex- 
penditure, why  should  he  not  be  protected } The 
question  of  the  Patent-laws  had  been  discussed  in 
that  room  before  by  eminent  men  fully  conversant 
with  the  subject,  and  he  would  rather  take  their 
opinions  when  their  minds  were  really  given  to  the 
question  than  the  obiter  dictum  of  Mr.  Preece  on  the 
Patent  law.  Mr.  Preece  was  a Government  official,  and 
until  the  year  1882  the  Government  were  not  amenable 
to  royalty,  but  could  take  any  man’s  patented  in- 
vention, and  use  it  without  payment.  By  the  Act  of 
1882,  however,  the  Government  had  no  longer  that 
power,  and  he  could  not  help  thinking  that  th's 
might  partly  account  for  INIr.  Preece’s  hostility  to 
patent  monopolies.  He  said  he  wished  someone 
would  invent  a lamp  which  would  do  so  and  so — but 
why  should  a man  invent,  if  he  were  not  to  get  anything 
out  of  his  invention  ? If  such  a lamp  were  brought  out, 
and  the  inventor  were  getting  something  out  of  it,  Mr. 
Preece  would  at  once  be  down  upon  him,  and  say  it  was 
an  obnoxious  monopoly.  He  felt  more  interest  in  the 
last  paragraph  than  in  any  other  part  of  the  paper,  be- 
cause it  related  to  the  restrictions  on  the  distribution  of 
electricity  for  lighting  ordinaiy  houses.  Mr.  Preece 
truly  said  that  the  monopoly  of  the  gas  companies  had 
been  increased  by  the  restrictions  on  electric  lighting 
in  the  Act  of  1882.  He  did  not  care  two  straws 
about  the  monopoly  of  the  gas  companies,  but  it  was 
that  bugbear  of  monopoly  which  was  the  ground  for 
passing  the  Electric  Lighting  Act.  It  was  said  that 
if  it  was  not  passed,  an  electric  lighting  monopoly 
would  be  created,  and  in  order  to  prevent  the 
capital  which  town  councils  and  local  boards  had 
improperly  embarked  in  trading  enterprises  being 
depreciated,  this  Act  was  passed  which  rendered 
competition  on  the  part  of  electric  lighting  companies 
impossible.  It  had  been  in  existence  three  years, 
and  it  was  found  utterly  impossible  to  get  anyone  to 
subscribe  capital  to  embark  in  an  enterprise  where 
competition  with  existing  companies  had  to  be  met, 
where  for  years  there  would  have  been  clearly  no 
profit,  and  where,  if  there  were  a profit  at  the  end  of 
twenty-one  years,  the  whole  concern  would  have  to 
be  sacrificed  at  the  value  of  old  material,  while  if 
there  were  no  profit,  the  company  might  keep 
it  to  themselves.  People  were  foolish  enough 
for  almost  anything,  but  they  were  not  quite 
foolish  enough  for  that.  As  had  been  stated  by  the 
Chairman,  a Bill  was  being  promoted,  which  he 
trusted  would  pass  at  least  one  House  of  Legislature, 
where  they  gave  themselves  to  the  study  of  politico- 
economical  questions  affecting  the  welfare  of  the 
community,  and  did  not  devote  the  whole  of  their 
time  to  mere  party  politics.  Having  regard  to  the 
nature  of  this  Bill,  its  fairness,  and  the  high  character 
of  the  nobleman  who  had  it  in  charge.  Lord  Rayleigh, 
one  of  the  foremost  scientific  men  of  the  day,  he  had 
little  doubt  that  it  would  pass.  Briefly  stated,  its 
scope  was  as  follows.  In  preparing  it,  no  favouritism 


towards  electricity  was  sought;  it  was  not  the  busi- 
ness of  Government  to  favour  any  particular  industry, 
but  a young  industry  especially  ought  not  to  be 
gagged.  A means  had  been  devised  by  which- 
the  public  were  protected  from  monopoly  on- 
the  part  of  gas  companies,  which  had  worked 
admirably,  and  those  lines  it  was  sought  to  follow. 
The  two  main  features  of  gas  legislation  were  the 
sliding  scale,  under  which  the  dividend  might  be 
increased  in  a certain  ratio  to  the  reduction  in  thse 
price  of  gas,  while  if  the  price  went  up  the  dividend- 
had  to  be  reduced ; and  the  auction  clauses,  under 
which  all  new  capital  had  to  be  offered  to  public 
auction,  any  premium  obtained  bearing  no  interest. 
In  this  way  the  public  interest  was  thoroughly  pro- 
tected, and  at  the  same  time  the  companies  were 
encouraged  to  lower  the  price  as  much  as  possible.. 
This  was  the  principle  which  was  sought  to  be  applied 
to  the  case  of  electric  lighting,  and  he  hoped  it  would 
pass  the  House  of  Lords.  What  would  happen  to  it 
when  it  got  elsewhere  no  one  could  say. 

Sir  Richard  Webster,  Q.C.,  M.P.,  said  this  paper 
V'as  most  interesting,  and  no  doubt  Mr.  Preece’s  diffi- 
culty had  been  rather  to  know  what  to  omit  than  what 
to  include.  Still  there  was  one  point  on  which  he 
should  like  some  information,  and  that  was  the  cost 
of  installation,  because  this  was  a most  important 
consideration,  both  from  the  point  of  view  of  those- 
who  could  establish  private  installations  of  their  own, 
and  also  from  the  public  point  of  view,  where  elec- 
tricity was  to  be  supplied  to  a large  number  of  houses.. 
He  hoped  someone  would  give  an  idea  of  the  cost 
per  lamp,  or  something  of  that  kind,  for  an  average- 
house.  He  had  had  his  own  house  lighted  by  electricity 
for  nearly  two  years,  with  the  most  perfect  success, 
thanks  to  the  skill  and  experience  of  Mr.  Crompton-,, 
and  he  rather  demurred  to  the  cost  of  working  as 
given  by  IMr.  Preece ; it  was  well  to  err  on  the  right 
side,  but  some  of  the  items  seemed  to  him  excessive^ 
For  example,  £“  los.  for  lamps  seemed  a large  sum  ; 
very  possibly  Mr.  Preece  in  his  good  nature  had  been 
experimenting  for  the  benefit  of  mankind,  and  had 
had  a great  many  breakages,  but;,^;  los.,  at  5s.  per 
lamp,  would  give  30 ; he  had  58  lamps  in  his  house, 
from  12  to  15  being  used  nightly,  on  an  average,  and 
perhaps  20  to  30  on  special  occasions,  and  he  certainly 
had  not  broken  six  in  two  years.  Apart  from  the  cost 
of  installation,  he  believed  that  when  a gas-engine 
was  used  in  a house  where  there  was  an  intelligent 
man  servant  who  could  attend  to  it,  the  actual  run- 
ning of  the  electric  light  would  not  cost  more  than 
gas.  He  was  satisfied  that  he  did  not  spend  more 
now  than  he  used  to  spend  on  gas,  oil,  and  candles. 
The  most  interesting  portion  of  the  paper,  from  the 
public  point  of  view,  was  no  doubt  the  question  of 
the  extension  of  electric  lighting  to  those  who  were 
not  able  to  have  their  own  installation  in  the  way 
which  had  been  described.  Sir  Frederick  BramweU 
had  intimated  that  the  House  of  Commons  devoted 
itself  to  nothing  but  party  politics,  but  he  could 
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assure  the  meeting  that  there  was  a large  body  of 
the  members  who  would  be  only  too  delighted  to 
do  what  they  could  to  promote  useful  legislation  for 
the  benefit  of  their  fellow  men.  What  they  felt  with 
regard  to  the  Electric  Lighting  Act  was  that  it  had 
prevented  the  extension  of  this  improvement  amongst 
the  classes  who  ought  most  to  be  considered,  not  in 
the  houses  of  the  rich,  but  amongst  the  shopkeepers 
and  people  who  lived  in  streets,  and  had  no  facilities 
for  engines  on  the  premises.  The  great  reason 
why  there  was  so  much  hesitation  among  people 
of  moderate  means  to  adopt  electric  lighting  was 
because  they  had  already  paid  a considerable  sum  for 
gas  pipes  and  fittings,  which  would  be  thrown  away. 
Now,  since  the  passing  of  the  Electric  Lighting  Act, 
there  had  been  thousands  of  houses  built,  many  in 
squares  and  large  clusters,  to  all  of  which  electric 
lighting  might,  and  to  many  undoubtedly  would, 
have  been  applied  but  for  the  absurd  restrictions 
which  had  been  referred  to.  He  did  not  suppose  one 
in  a hundred  had  even  been  wired  for  electric  lighting, 
though  it  might  have  been  done  easily  and  cheaply, 
so  that  all  in  a square  or  gardens  might  have  been 
supplied  from  a central  station.  One  thing  they 
desired  to  do  was  to  cheapen  the  cost  of  installation ; 
that  the  money  which  was  now  expended  in  gas 
fittings  should  be  devoted  to  wires,  &c.,  which  could 
be  done  much  more  economically  in  a new  house  than 
afterwards.  If  or  I700  were  spent  in  fitting 

up  one  house,  a hundred  or  two  more  would  enable 
two  or  three  to  be  supplied  from  the  same  source. 
The  result  would  be  that  electric  lighting  could  be 
supplied  from  a central  station  at  very  little  more 
than  the  cost  of  gas.  In  a few  years  it  might  be 
quite  as  cheap,  and  then  the  only  difference 
would  be  the  cost  of  the  wires  and  lamps  in  the 
first  instance  as  compared  with  gas  fittings.  If 
the  Legislature  would  only  see  the  reasonableness 
of  this  view,  and  prevent  the  electric  lighting  en- 
terprise from  being  crushed  by  restrictions  which 
had  never  before  been  imposed  on  any  industry,  and 
which  certainly  ought  not  to  be  imposed  on  a young 
industry,  electric  lighting  would  be  supplied  by  some 
of  the  energetic  persons  who  were  connected  with  it 
at  a price  which  would  be  satisfactory  to  the  con- 
sumer, and  under  circumstances  which  would  bring  it 
within  the  reach  of  a very  large  number  of  the  middle 
classes,  and  of  shopkeepers,  to  whom,  from  the  saving 
of  their  goods,  its  value  would  be  enormous.  From 
considerable  experience  he  could  thoroughly  con- 
firm what  had  been  said  by  Sir  Frederick  Bramwell 
as  to  the  protection  of  the  public  against  gas  com- 
panies by  means  of  the  sliding  scale  and  auction 
• clauses.  He  hoped  the  present  meeting  and  the 
public  generally  would  strengthen  the  hands  of  the 
Society  in  supporting  Lord  Rayleigh’s  Bill,  and 
that  such  pressure  would  be  brought  to  bear  on  the 
Government  of  the  day  as  would  lead  to  the  removal 
of  those  restrictions  which  had  hitherto  stood  in  the 
way,  and  that  then  electric  lighting  might  be  brought 
within  the  reach,  not  of  the  rich  only,  but  of  those  who 


were  quite  as  deserving,  and  who  had  not  the  same 
facilities  at  their  command.  If  that  were  accom- 
plished, he  was  sure  the  trading  and  working  classes 
would  live  to  thank  the  Society  of  Arts  for  helping 
them  to  obtain  on  reasonable  terms  domestic  electric 
lighting. 

Mr.  Crompton  said  it  was  very  difficult  to  state 
the  cost  of  installation,  as  it  depended  so  much  on 
varying  conditions.  For  instance,  he  had  to  estimate 
for  lighting  such  a building  as  Hampton  Court  Palace, 
where  the  wires  alone  would  cost  about  per  light, 
and  on  other  occasions  for  mills  and  factories  where 
the  same  item  would  be  as  low  as  4s.,  so  that  it  was 
almost  impossible  to  give  anything  like  an  average.  One 
reason  why  the  lighting  was  so  costly  at  present,  was 
that  the  industry  was  such  a small  one  ; there  were  not 
men  qualified  to  do  the  work  in  every  town,  as  there 
were  gasfitters  ; and  in  the  case  of  a house  like  Sir 
John  Fowler’s,  in  the  far  north,  he  had  to  send  almost 
to  the  other  end  of  England,  not  only  for  the  workmen, 
but  fer  those  who  superintended  the  work,  so  that  on  a 
job  of  moderate  size,  the  expenditure  for  wages  was 
very  heavy.  This  portion  of  the  cost  would  decrease  in 
proportion  as  electric  lighting  extended,  and  com- 
petent men  were  found  in  every  town.  Those  parts 
of  the  installation  which  were  supposed  to  be  the 
most  expensive,  such  as  the  dynamos,  and  the  more 
costly  machinery,  were  not  high  now,  for  there  had 
been  such  extensive  competition  that  it  left  little 
room  for  further  reduction.  They  hoped  for  much 
cheaper  gas-engines,  for  their  price  at  present  was 
out  of  all  proportion  to  that  of  steam-engines. 
In  these  there  was  no  monopoly,  and  there  w'as  a 
large  choice  of  engines  fairly  efficient.  He  could 
hardly  agree  that  there  were  no  good  steam-engines 
suitable  for  private  houses  ; there  were  several  which 
could  be  worked  by  a gardener  or  butler  just  as  easily 
as  a gas-engine.  He  knew  several  which  could  be 
stoked  once  an  hour,  or  three  quarters  of  an  hour, 
and  could  be  kept  steady,  and  supply  power  with 
infinitely  less  trouble  and  liability  to  break  down  than 
a gas-engine.  Still,  a gas-engine  was  a necessity  in 
towns,  its  sole  drawback  being  that,  as  had  been 
said,  it  had  a few  tricks,  but  these  were  not  such  as 
need  cause  any  alarm.  Sir  Richard  Webster  had 
been  singularly  fortunate  in  finding  his  own  gardener 
able,  with  a few  days’  training,  to  manage  his 
engine  so  as  to  never  have  a breakdown,  but 
he  must  say  he  feund  gardeners  were,  as  a rule, 
singularly  suited  for  working  electric  lighting. 
They  were  accustomed  to  attend  to  changes  of 
temperature  in  opening  and  shutting  their  glass 
houses ; they  knew  that  if  they  did  not  keep  the 
temperature  right  they  lost  their  plants,  and  did  not 
think  it  any  hardship  to  attend  to  the  secondary 
batteries,  and  see  that  they  were  kept  charged  in  a 
certain  manner.  He  could  also  agree  with  Sir  R. 
Webster  that  the  cost  mentioned  by  Mr.  Preece 
seemed  excessive  ; he  seemed  to  have  spent  as  much 
on  gas  in  one  year,  with  a 2 horse-power  engine,  as  he 
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(Mr.  Crompton)  did  in  two  years  with  a 3^  horse- 
power. He  had  68  lights,  of  which  from  20  to  25 
were  usually  in  use,  and  his  cost  per  annum  for  gas  was 
onlV;^i5.  His  experience  with  lamps  was  also  the 
same.  No  doubt  if  you  made  experiments  you 
might  break  a great  many  lamps.  He  was  supplied 
with  enough  lamps  to  keep  his  place  going,  even 
supposing  they  lasted  the  short  time  experimental 
lamps  usually  did  ; but  he  found  that  if  he  used  the 
lamps  originally  invented  by  Mr.  Swan,  which  still 
held  a high  position,  a breakage  of  5 per  annum 
was  the  maximum.  "With  regard  to  house  to  house 
lighting,  which  w’as  no  doubt  the  most  important 
point,  it  w’as  quite  true  that  the  Electric  Lighting  Act 
had  had  much  to  do  with  keeping  back  this  industry. 
But  it  was  only  fair  to  say  that  it  was  only  within  the 
last  six  months  that  they  had  at  command  such  ap- 
pliances as  would  have  enabled  them  to  carry  out 
general  lighting  at  all.  If  it  had  not  been  for  the 
excellent  meter  of  Mr.  Ferranti,  there  would  have 
been  no  means  of  measuring  the  supply  in  any  trust- 
worthy manner,  and  any  attempt  to  supply  the  light, 
apart  from  a meter,  would  have  led  to  insufferable 
difficulties.  Having  tested  the  Ferranti  meter  very 
carefully,  he  had  come  to  the  conclusion  that  it  was 
quite  good  enough  for  present  purposes,  and  its  per- 
fection had  removed  one  great  stumbling  block  out 
of  the  path  of  co-operative  electric  lighting. 

Mr.  Sellon  remarked  that  the  interest  in  this 
subject  was  evidenced  by  the  crowded  state  of  the 
room.  He  first  introduced  electric  lighting  into  his 
house  in  1881,  and  should  never  forget  the  pride  and 
happiness  which  he  felt  when  the  light  first  flashed 
forth,  and  when  he  showed  it  to  his  friends  who  had 
assembled  on  the  auspicuous  occasion.  But  his 
pride  soon  had  a fall,  for  the  constant  breakdowns 
and  annoyances  from  the  flickering  and  uncertainty 
of  the  light  so  disheartened  him,  that  he  almost 
wished  he  had  never  touched  it.  It  was  this  sad 
experience  which  had  made  him  turn  his  attention  to 
secondary  batteries,  and  since  they  had  been  introduced 
his  experience  had  been  the  same  as  that  which  had 
already  been  given.  He  had  had  no  difficulty,  and 
saw  no  reason  to  regret  introducing  the  electric  light. 

ith  regard  to  the  cost,  he  considered  a great  saving 
was  effected.  He  ran  about  1 10  lights,  the  average 
number  used  per  night  being  about  fifty.  These 
were  all  kept  going  by  secondary  batteries,  the  gas 
engine  of  3^  horse- power  being  run  a few  hours  per 
day.  The  cost  per  lamp  per  hour  was  |d.,  which 
would  bear  out  Mr,  Preece’s  statement  of  electricity 
being  twice  the  cost  of  gas ; but  there  were  far 
greater  considerations  than  the  mere  cost.  Since 
1 83 1,  he  had  never  had  to  expend  anything  on  paint, 
whitewashing  or  decoration,  and  this  formed  a sub- 
stantial item  on  the  credit  side.  Much  scepticism 
had  been  expressed  as  to  the  life  of  secondary 
batteries,  and  of  course  there  were  good  and  bad 
batteries — good  and  bad  manufacture,  and  good  and 
bad  treatment ; but  with  a well  made  apparatus, 


treated  wdth  ordinary  care,  the  difficulties  dis- 
appeared. He  could  show  batteries  made  four 
years  ago  which  were  still  in  perfect  working 
order,  and  to  the  inexperienced  eye  they  looked  as 
good  as  the  day  they  were  put  down ; the  ex- 
perienced eye  would  perhaps  detect  a depreciation 
of  about  10  per  cent,,  but  this  w'as  not  much  on 
appai'atus  of  such  a class. 

Sir  David  Salomons,  Bart.,  said  he  had  no  con- 
nection with  any  one  engaged  in  electric  lighting, 
and  he  spoke  entirely  as  one  of  the  general 
public.  He  thought  Mr.  Preece’s  estimate  of 
cost  was  extremely  small,  because  he  had  in- 
cluded nothing  for  depreciation ; the  installation 
would  cost  ;i^6oo  or  T'joo,  and  on  that  10  per  cent., 
or  7}  per  cent,  at  the  least,  ought  to  be  charged. 
He  used  electricity  on  a large  scale,  employing 
on  an  average  about  100  lights  for  230  or  240 
days  in  the  year,  and  the  expenditure  did  not 
exceed,  with  a sinking  fund,  ;^20o  without  in- 
terest, or  ^230  with  it,  and  he  considered  that 
extremely  low  as  compared  with  ^60  w'ithout 
a sinking  fund,  or  any  other  allowance.  As  he 
gathered,  Mr.  Preece  would  have  the  inconvenience 
of  having  to  leave  his  bedroom  after  he  had  un- 
dressed to  put  out  the  light  outside  his  door ; 
he  had  the  switch  just  inside  the  door,  where 
it  could  be  easily  reached  on  entering,  and 
of  course  it  could  be  arranged  to  turn  out 
the  light  when  in  bed  if  you  pleased.  He  went 
on  to  describe  a method  by  w'hich  he  could  detect 
with  certainty  whether  any  lamps  were  alight 
after  a proper  time,  and  said  that,  after  a few  dis- 
coveries of  that  kind  had  been  made,  he  had  no  further 
trouble  on  that  head.  There  was  another  reason  wdiy 
100  or  150  volt  lamps  were  desirable,  apart  from  the 
risk  of  heating  the  lamps  or  destroying  them.  Many 
persons,  if  they  had  four  lamps  fitted  up  in  a room, 
would  add  to  or  double  the  number,  never  dreaming 
that  this  added  to  the  difficulty  or  danger  ; now,  with 
100  volt  lamps  this  danger  was  much  lessened,  and 
besides  this  the  lamps  lasted  much  longer.  He  knew 
some  people  held  a different  opinion,  but  he  had 
proved  his  view  by  experience.  The  secret  was,  as  Mr. 
Preece  had  pointed  out,  that  the  low  volt  lamp  got 
dark  after  a certain  time,  and  more  E.M.F.  had  to 
be  used  to  drive  the  current  through  it,  which 
led  either  to  waste  of  energy  or  loss  of  light. 
The  films  in  the  100  volt  and  higher  lamps 
were  thinner,  and  therefore  there  was  a much 
less  quantity  of  carbon  deposited  on  the  same  area  of 
glass.  Such  lamps  would  run  from  800  to  1,000 
hours  without  appreciable  diminution  of  light. 

]Mr.  Preece,  in  reply,  said,  as  Sir  Frederick 
Bramwell  had  left,  he  would  not  waste  time  in  trying 
to  convince  him  of  the  superiority  of  the  watt  to  the 
horse-power  ; he  would  only  say  that  instead  of  his 
knowledge  of  a watt  being  that  it  was  yig  of  a horse- 
power, his  knowledge  of  a horse-power  was  that  it 
was  equal  to  746  watts.  He  did  not  think  Sir 
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Frederick  had  quite  grasped  his  meaning  with  regard 
to  monopolies ; what  he  objected  to  were  grinding, 
grasping  monopolies,  such  as  in  a few  instances  were 
a disgrace  to  this  country.  But  it  was  quite  a mistake 
to  suppose  that  his  ideas  were  in  any  way  governed 
by  his  official  position,  or  by  the  new  Patent  Act.  He 
belonged  to  a department  of  the  Government 
which  always  had  recognised  patents,  and  there 
never  was  an  invention  brought  to  the  Post- 
office,  patented  or  unpatented,  by  anyone,  which 
was  not  well  and  amply  rewarded.  Duplex  and 
quadruplex  telegraphy,  automatic  apparatus,  and 
other  things  had  been  brought  to  the  Post-office, 
and  nothing  had  ever  been  adopted  which  had  not 
been  more  amply  remunerated  than  it  would  have 
been  by  a private  commercial  company.  With  regard 
to  the  cost  of  installation,  he  could  not  say  what  it 
had  cost  him,  but  he  could  fit  his  house  up  again,  or 
any  house  like  it,  for  ^^^7  los.  per  lamp.  A comparison 
had  been  drawm  by  Mr.  Crompton  between  his  cost  for 
gas  and  that  wdiich  he  (Mr.  Crompton)  incurred,  but 
when  it  was  remembered  that  he  had  to  pay  4s.  qd.  per 

1.000  cubic  feet,  which  was  probably  nearly  double 
that  paid  by  Mr.  Crompton,  it  was  no  wonder  that 
his  total  expenditure  w'as  nearly  double.  It  was 
quite  true  that  the  charge  for  lamps  was  high, 
for  the  reasons  which  had  been  suggested';  he 
had  been  experimenting  very  freely,  but  since  last 
June  Mr.  Upton,  the  manager  of  the  Edison  electric 
light  works  in  New  York,  who  came  to  see  him,  and 
regretted  that  he  had  not  a single  Edison  lamp,  sent 
him  a present  of  loo,  and  out  of  fifty- six  he  had 
only  lost  three  since  last  June.  It  w^as  a very  good 
lamp,  although  there  was  some  loss  of  light  after  a 
time.  Sir  D.  Salomons  wanted  him  to  allow  10  per 
cent,  for  depreciations,  but  he  preferred  following  the 
Government  system.  They  paid  for  everything  out 
of  revenue,  and  had  no  capital  account  on  which 
to  charge  interest.  Within  the  last  two  years 

29.000  miles  of  wire  and  2,000  or  3,000  new 
apparatus  had  been  put  up  to  meet  the  contingencies 
of  the  sixpenny  telegrams,  and,  although  this  cost 
nearly  ^^500, coo,  it  w^as  all  paid  out  of  revenue.  In 
the  same  way  he  had  fitted  up  his  house  out  of 
revenue,  the  money  was  gone,  and  he  should  not 
dream  of  putting  by  10  per  cent,  to  bring  it  back 
again  at  some  future  time.  He  might  say,  also,  that 
he  did  not  find  it  necessaiy  to  go  outside  his  bed- 
room to  extinguish  the  light.  The  switches  he 
referred  to  outside,  were  connected  with  what 
he  called  a “ search  light”  placed  over  the  door  of 
each  room,  so  that  on  going  in  to  look  for  anything, 
he  could  light  the  room  before  entering.  But  the 
other  lights  had  separate  switches,  and  in  his  bed- 
room he  had  an  arrangement  by  which  he  could  at 
any  moment  put  his  hand  under  the  pillow,  and  get 
a light  immediately. 

The  Chairman  then  proposed  a vote  of  thanks  to 
Mr.  Preece,  which  was  carried  unanimously,  and  the 
meeting  adjourned. 


Mr.  Henry  Davey  writes:— Mr.  Preece,  in  speak- 
ing of  the  Davey  motor  at  the  Inventions  Exhibition, 
raised  as  an  objection  the  quantity  of  water  used  for 
condensing.  It  is  true  that  it  is  not  always  con- 
venient to  provide  the  water  necessary,  but  when  it 
can  be  obtained  from  town  mains,  the  cost  does  not 
preclude  its  use,  and  where  it  can  be  obtained  with- 
out cost,  as  it  can  be  in  many  countiy  places,  the  water 
difficulty  vanishes.  I would  have  given  some  facts 
on  this  subject  if  there  had  been  an  opportunity. 
I have  had  the  motor  running  for  two  years  lighting 
my  house.  On  the  average,  there  are  in  use  seven- 
teen 16  candle-power  lamps.  The  Corporation  of 
Leeds  charge  ^2  per  annum  for  water,  which  is  ob- 
tained direct  from  the  mains.  The  consumption  of 
coke  is  one  hundred-weight  per  day,  and  the  fuel  is. 
only  added  once  in  twenty-four  hours.  The  fire 
burns  continuously,  regulated  by  means  of  an  auto- 
matic damper.  The  only  attention  the  m.otor  re- 
ceives is  that  given,  one  hour  a day,  by  a labourer.. 
I do  not  keep  a man  servant.  After  5 o’clock 
the  man  goes  to  his  home,  and  the  motor  is- 
left  to  itself  for  the  remainder  of  the  day.  At  4. 
o’clock  the  next  day  the  man  comes  to  fill  up 
the  boiler  with  coke,  by  that  time  about  two-thirds 
empty;  he  wipes  down  the  engine,  oils  it,  and  at 
5 o’clock  leaves.  At  bed  time  one  of  the  household 
turns  one  tap  which  shuts  off  the  motor,  and  another 
tap  which  stops  the  engine  gradually,  by  letting  in  air 
to  destroy  the  vacuum.  So  perfectly  does  the 
automatic  damper  keep  the  steam  exactly  at 
atmospheric  pressure,  that  I am  enabled  to  run  the 
installation  without  a governor  on  the  engine,  and 
without  a battery.  The  lamps  are  run  direct  from, 
the  dynamo  in  parallel.  A week  ago  the  governor 
belt  of  the  engine  broke,  since  then  the  motor  has 
been  running  without  a governor,  and  the  lights  have 
been  perfectly  steady.  Of  course  I have  to  keep  all 
on,  but  I think  it  is  a wonderful  result ; in  two  years- 
I have  only  lost  one  lamp.  The  coke  costs  me 
about  and  the  water  per  annum.  A 

heating  coil  in  the  house  is  supplied  from  the 
motor.  From  careful  experiments  I find  that  the 
consumption  of  steam  is  30  lbs.,  and  the  consump- 
tion of  water  45  gallons  per  independent  horse- 
power per  hour.  I think  such  an  economical  result 
(obtained  with  an  engine  so  safe  that  it  may  be 
placed  in  charge  of  the  housemaid,  and  so  simple 
that  it  may  be  started  and  worked  by  a boy  or 
labourer)  is  worthy  of  serious  attention.  As  to  the 
cost  of  installation,  I agree  with  Mr.  Preece’s  figures, 
but  I think  his  estimate  of  the  cost  of  working  very 
high  indeed.  One  word  as  to  character  of  fittings. 
I agree  with  Mr.  Preece  in  what  he  said.  One  o 
the  great  charms  of  the  electric  light  is  that  it  lends 
itself  to  beautiful  simplicity.  My  fittings  cost  me  a few 
shillings.  A Japanese  umbrella,  costing  2s.  3d., 
covers  the  “ plaster  vegetable  ” in  the  centre  of  the 
dining-room.  From  the  centre,  one  bare  lamp 
hangs ; around  it,  at  some  distance  on  the  umbrella, 
hang  three  other  lamps,  under  flat  glass  mirrors,  six 
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inches  in  diameter.  Another  lamp  on  the  sideboard 
complete  the  lighting  of  the  room.  The  light  is 
beautifully  diffused,  and  there  is  no  glare.  The 
lamps  are  out  of  the  line  of  sight,  and  are  not 
noticed,  if  attention  is  not  directed  to  them, — then 
the  extreme  simplicity  is  admired. 


Miscellaneous. 


COLONIAL  AXD  IX D I AX  EXHIBITIOX. 

The  following  notes  on  South  Australia,  Queens- 
land, Western  Australia,  New  Zealand,  and  Fiji 
complete  the  preliminary  notice  of  Australasia  : — 

SouJH  Australia. 

His  Excellency  Sir  William  C.  F.  Robinson, 
K.C.M.G.,  Governor  of  South  Australia,  is  President 
of  the  Adelaide  Commission,  which  includes  amongst 
its  members  the  President  of  the  Legislative  Council, 
the  Speaker  of  the  House  of  Assembly,  the  Attorney- 
General,  the  Minister  of  Education,  the  Presidents 
of  the  Chamber  of  Manufactures,  the  Chamber  of 
Commerce  and  the  Farmers’  Association,  and  the 
Mayor  of  Adelaide.  In  London,  Sir  Arthur  Blyth, 
K.C.M.G.,  Agent-General,  is  assisted  by  Sir  Samuel 
Davenport,  Assistant  Executive  Commissioner.  Sir 
Samuel  held  an  honorary  position  for  South  Australia 
in  connection  with  the  Exhibition  of  1851,  and  was 
Special  Commissioner  for  his  colony  at  Philadelphia 
in  1876,  as  well  as  at  Sydney  and  Melbourne. 

Aboriginal  and  pastoral  life  in  South  Australia 
will  be  represented  by  a full  display  of  wools,  &c., 
and  the  timber  of  the  colony  will  be  prominently 
brought  under  notice.  The  agriculture  of  South 
Australia,  its  orchards,  its  vineyards  and  its  olive- 
yards,  will  contribute  exhibits  of  grains  and  fruits 
(fresh  and  dried) — grapes,  raisins,  figs,  currants, 
almonds,  oranges,  lemons,  apples,  pears  and 
quinces.  The  flora  and  fauna  will  appear  in 
an  attractive  form ; and  the  mineral  wealth  of 
the  colony  in  copper,  gold,  silver,  iron,  bis- 
muth, g)'psum,  &c.,  is  expected  to  be  an 
interesting  feature  in  the  court.  The  industries  and 
manufactures  will  include  agricultural  machinery 
peculiar  to  the  colony,  carriages,  harness,  rugs,  mats, 
brushes,  hats,  jeweller}',  woollen  goods,  turnery  in 
native  woods,  wines,  spirits,  cordials,  beers,  jams, 
biscuits,  olive  oils,  and  many  other  articles. 

Queensland. 

Queensland  is  represented  in  London  by  the 
Honourable  James  F.  Garrick,  C.M.G.,  Agent- 
General,  as  Executive  Commissioner,  and  by  Sir 
James  Cockle,  the  Honourable  William  Walsh  and 
Mr.  Hemmant,  as  Honorar}'  Commissioners.  In 
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Brisbane,  an  influential  Commission  is  presided  over 
by  the  Honourable  A.  C.  Gregory,  C.M.G. 

The  machinery  of  the  colony  will  be  represented 
by  a quartz-crushing  machine,  made  for  the  Govenr- 
ment,  which  will  be  shown  in  action ; and  there 
will  be  a large  and  varied  collection  of  precious 
stones  and  minerals — gathered  together  by  Mr.  A.  W. 
Clarke,  and  supplemented  by  private  exhibits — gold, 
argentiferous  galena,  copper  ore,  carbonates  and  red 
oxides  of  copper,  and  ingots  containing  lead  and 
silver.  Each  gold  field  in  the  colony  will  be  repre- 
sented by  a gilded  block  showing  the  total  amount  of 
quartz  raised  and  the  quantity  of  gold  obtained ; 
and  there  will  also  be  a model  of  a tin  mine. 
Like  the  rest  of  the  Australian  colonies,  Queens- 
land will  be  well  represented  both  as  regards 
timber  and  wool ; and  the  sugar-planters  are  send- 
ing interesting  and  instructive  exhibits.  Mention 
can  only  be  made  of  a few  of  the  other  industries 
which  will  contribute  towards  the  court — furs, 
leathers,  saddlery,  meat-preserving,  sugar,  coffee, 
silk,  and  building  stones.  There  will  also  be  speci- 
mens of  the  work  done  in  the  Government  Printing 
Office  and  Education  Department.  The  Government 
botanist  has  sent  a supply  of  orchids  and  other  living 
plants  ; and  a collection  of  fibres  will  be  contributed 
by  the  Brisbane  Museum. 

Amongst  the  more  popular  exhibits  will  be  the 
stuffed  birds  of  all  kinds,  an  alligator  and  a snake 
25  feet  long.  A bush  hut,  a model  of  a completely- 
furnished  stock-yard,  and  a collection  of  native 
weapons  will  doubtless  prove  of  interest.  A collec- 
tion of  pearls  from  the  Torres  Straits  will  be  shown, 
and  New  Guinea  will  be  represented  in  the  court  by 
native  curiosities. 

Western  Australia. 

A Commission  of  thirty-three  at  Perth  was  ap- 
pointed to  organise  the  representation  of  Western 
Australia.  It  contains  the  names  of  the  Chief 
Justice,  the  Attorney-General,  the  Surv'ey or- General 
and  Commissioner  of  Crown  Lands,  the  Director 
of  Public  Works  and  Commissioner  of  Railways, 
the  Mayors  of  Perth  and  Freemantle,  and  the 
Curator  of  the  Freemantle  Museum.  The  Executive 
Commissioner  in  London  is  the  Hon.  Malcolm  Fraser, 
C.M.G.,  Colonial  Secretary. 

One  of  the  prominent  features  of  the  court  will  be 
a large  map  of  Australia,  displaying  the  vast  extent 
of  the  colony ; and  a popular  exhibit  will  be  a scene 
in  the  backwoods  showing  all  kinds  of  timber, 
one  of  the  chief  products  of  Western  Australia. 
There  are  already  in  the  court  logs  of  immense  size — 
of  sandal  wood,  and  of  jarrah,  karri,  tooart,  and 
other  examples  of  the  Eucalyptus  tribe.  One  short 
section  of  a jarrah  trunk,  which  tree  grows  to  an 
immense  height,  is  over  four  tons  in  weight,  and 
measures  4 ft.  6 in.  in  diameter.  There  are  also 
specimens  of  jarrah  wood  which  have  been  under 
water  for  twenty-two  years,  and  which  are  still  in  a 
state  of  perfect  preservation.  A curious  specimen 
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of  timber  in  the  Court  is  the  “ raspberry- jam  ” tree, 
which  gives  forth  an  odour  precisely  similar  to  that 
of  the  preserve  from  which  it  takes  its  name. 
Western  Australia  will  also  contribute  cereals, 
fleeces,  minerals,  pearls  and  pearl-shells,  and  a 
collection  of  native  weapons. 

New  Zealand. 

No  list  of  the  Commission  in  New  Zealand  has 
hitherto  been  published.  In  London,  the  interests 
of  the  colony  are  looked  after  by  Sir  Francis  Dillon 
Bill,  K.C.M.G.,  Agent- General,  who  is  Executive 
Commissioner ; by  Dr.  Julius  von  Haast,  C.M.G.,  the 
Commissioner  in  charge  of  exhibits  ; and  by  Mr.  P. 
L.  Simmonds,  the  Secretary. 

The  two  principal  features  of  the  New  Zealand 
exhibit  will  be  the  representation  of  the  frozen 
mutton  industry  and  the  fernery.  The  necessary 
freezing  machinery  and  refrigerating  chambers  for  the 
former  will  be  placed  in  the  Colonial  Market  in 
the  South  Promenade ; and  arrangements  have  been 
made  for  a constant  supply  of  frozen  New  Zealand 
mutton,  for  sale  in  the  market  and  for  consumption  in 
the  refreshment-rooms.  At  the  International  Health 
Exhibition,  upwards  of  100,000  frozen  mutton  chops 
were  sold  in  the  refreshment-room  of  the  School  of 
Cookery  alone  ; and,  now  that  the  prejudice  against 
frozen  meat  in  the  minds  of  English  people  has  been 
in  great  measure  overcome,  it  is  anticipated  that  a 
large  increase  in  the  consumption  will  be  experienced. 

For  the  fernery,  which  is  being  erected  on  the 
sloping'  bank  between  the  New  Zealand  court  and 
the  south-west  basin,  the  Government  sent  over  a 
large  collection  of  a hundred  tree-ferns  and  four 
hundred  other  ferns,  which  have  been  housed  during 
the  winter  by  the  Royal  Horticultural  Society  at 
Chiswick.  There  will  be,  in  addition,  palm-trees, 
flax  and  other  plants;  and  it  is  expected  that  the 
collection  will  be  of  great  interest. 

The  following  are  a few  of  the  other  chief  attractions 
which  may  be  expected  in  the  court.  Dr.  Buller  will 
contribute  upwards  of  700  examples  of  ornithology, 
together  with  a collection  of  early  New  Zealand  pub- 
lications, and  a miscellaneous  selection  of  objects  illus- 
trative of  the  life  of  the  Maori  people — weapons,  mats, 
carvings,  and  a series  of  life-size  portraits  of  Maori 
chiefs  dressed  in  their  native  costume,  painted 
specially  for  him  by  first-rate  artists.  There  will  also 
be  a Maori  house.  Mr.  Reischek,  the  well-known 
naturalist,  will  send  two  fine  cases  of  stuffed  birds, 
one  of  kiwis,  the  other  of  hakapos  (or  large  New 
Zealand  parrot),  both  grouped  in  natural  positions. 
The  Public  Works  and  Survey  Department  will  be 
represented  by  a collection  of  the  most  beautiful 
specimens  of  timber  obtainable,  and  by  maps  and 
plans.  The  Auckland  Timber  Company  will  show  a 
case  displaying  the  woods  of  New  Zealand  to  the  best 
advantage  ; and  all  the  foremost  cabinet  makers  will 
contribute  pieces  of  furniture.  The  Mines  Department 
have  sent  a complete  collection  of  building  stones, 
ores,  and  minerals  generally,  including  specimens  of 


the  latest  gold  discoveries.  An  exhibit,  showing 
preparations  of  Mahurangi  lime,  will  attract  all  those 
who  are  concerned  in  building  materials  : it  will  dis- 
play the  strength  of  mortar  made  from  Mount  Eden 
scoria  and  lime  added  in  proper  quantities. 

There  will  be  a fine  collection  of  topographical 
maps  of  the  country,  and  a large  number  of  paintings, 
drawings,  plans  and  elevations  of  the  best  buildings 
in  New  Zealand,  together  with  views  of  the  scenery 
of  the  country ; and  the  Government  printer  has 
sent  a complete  set  of  Government  publications. 
A geological  collection  has  been  prepared  by  Dr. 
Hector,  and  the  Otago  Museum  has  been  laid  under 
contribution.  Amongst  other  exhibits  will  be  wool 
and  grain,  jewellery  textile  fabrics  of  native  manu- 
facture, food  fishes — some  stuffed  and  some  in  spirits 
— tobaccos,  honey,  bacon  and  other  food  products. 

Fiji. 

The  Executive  Commissioner  in  London  for  Fiji  is 
the  Honourable  James  E.  JMason,  M.L.C. ; and  Air. 
Victor  A.  Williamson,  C.AI.G.,  Air.  A.  J.  Alalcolm, 
Mr.  Charles  Bethell,  and  Air.  A.  J.  L.  Gordon, 
C.AI.G.,  are  Honorary  Commissioners. 

A numerous  General  Committee  at  Suva  is  pre- 
sided over  by  the  Honourable  J.  B.  Thurston, 
C.M.G.,  Administrator  of  the  Government ; and 
there  are  several  District  Committees. 

At  the  eleventh  hour  space  has  fortunately  been 
found  for  Fiji  in  the  Australian  courts — between 
Victoria  and  South  Australia.  One  of  the  principal 
exhibits  will  be  examples  of  the  sugar  trade. 

Coffee,  tobacco,  arrowroot,  maize,  candlenuts, 
ropes  made  from  cocoanut  fibx'e,  and  preserved  fruits 
will  be  exhibited  by  natives  as  well  as  by  Europeans  ; 
whilst  examples  of  tea,  which  is  believed  to  be  the 
coming  industry  of  the  islands,  will  be  shown  with 
reports  on  their  quality  by  experts.  There  will  also 
appear  in  the  court  some  native  curiosities— canes, 
cloths,  fans,  mats,  and  pottery — whilst  photographs 
and  sketches  will  serve  to  p nnt  out  the  magnificent 
scenery  in  which  these  islands  abound. 

Among  the  different  kinds  of  timber  will  be  the 
bandina  or  boxwood,  with  a view  of  the  capital 
carved  on  it,  showing  its  special  adaptability  for 
wood- engraving. 


Correspondence. 


L IGHTHO  USE  IL  L UM IN  ANTS. 

Some  points  in  Air.  Price  Edwards’s  paper  re- 
quire observation.  I do  not  think  that  Mr.  Edwards 
made  it  sufficiently  plain  that  the  lenses  through 
which  the  oil  light  was  transmitted  in  the  experi- 
ments were  20  feet  high,  while  the  lenses  for 
the  gas  light  were  but  16  feet  high.  His  observa- 
tion as  to  the  respective  powers  of  these  lights 
is,  that  for  revolving  lights  the  gas  had  a 
superiority  of  5 8 per  cent.,  and  for  fixed  lights  a 
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much  greater  superioiity.  This  superiority  of  gas 
over  oil  would  have  been  still  mote  manifest  had  the 
two  illuminants  been  tried  on  equal  terms  as  to 
lenticular  apparatus.  Further,  with  respect  to  the 
oil  light,  Mr.  Edwards  did  not  mention  the  fact  that 
in  the  case  of  the  oil  light  the  three  lamps  that  were 
used  were  not  burned  under  the  same  conditions  as 
obtain  in  lighthouses ; that  is,  they  were  not  sur- 
rounded by  lenticular  apparatus,  but  had  the  whole 
air  of  the  lantern  to  keep  them  cool.  I venture  to 
assert  that  it  would  be  highly  dangerous  to  burn  them 
in  an  ordinary  lighthouse  apparatus,  and  if  this  be 
the  case  with  three  lights,  how  much  more  so  with 
four,  and  if  four  present  that  difficulty,  how  much 
more  is  it  reasonable  to  suppose  that  to  burn  the 
eight  lights  required  for  a double  quadriform  would 
be  impossible.  This  is  probably  the  real  reason  the 
Trinity-house  would  not  permit  my  double  quadriform 
gas  light  to  be  shown  in  the  experiments.  No  oil 
lights  could  compete  with  it,  and  the  electric  light 
would  be  entirely  beaten  by  it. 

I observe  that  Mr.  Edwards  is  quite  silent  as  to 
the  manner  in  which  the  electric  light  was  manipu- 
lated, and  I am  not  surprised  at  his  silence,  for  ic 
would  not  sound  well  in  the  public  ear  that  the 
electric  light  was  directed  specially  upon  the  ob- 
servers, a practice  perfectly  inadmissible  in  light- 
house illumination,  because  the  light  would  be 
invisible  at  all  points  of  the  horizon  except  that  upon 
which  it  was  directed.  That  the  electric  light  was 
so  manipulated  is  shown  unmistakably  in  the  report 
cf  the  Trinitv -house. 

From  that  report,  as  well  as  from  Mr.  Edwards’s 
paper,  the  following  facts  are  made  plain,  that  of  the 
three  illuminants  under  trial,  gas,  oil,  and  electricity, 
(a)  the  best  form  of  the  gas  was  refused  admission  to 
the  trials,  and  the  form  which  was  admitted  was 
shown  through  smaller  lenses  than  the  oil,  (b)  the 
oil  light  was  not  used  in  the  same  manner  as  if  in  a 
lighthouse,  and  (c)  the  electric  light  was  improperly 
manipulated  in  the  manner  above  described. 

Mr.  Edwards  gives  the  final  conclusions  of  the 
Trinity-house  as  follows  That  for  ordinary 
necessities  of  lighthouse  illumination,  mineral  oil  is 
the  most  suitable  and  economical  illuminant,  and 
that  for  salient  headlands,  important  landfalls,  and 
places  where  a verj’  powerful  light  is  required,  elec- 
tricity offers  the  greatest  advantages.”  It  is  not  to 
be  wondered  at  that  those  conclusions,  so  little  borne 
out,  nay,  so  much  at  variance  with  the  report  itself, 
as  well  as  with  the  evidence  obtained  at  former  trials, 
should  be  rejected  by  the  maritime  community. 
Take  for  example  the  case  of  gas.  A previous  in- 
vestigation made  at  Haisho  by  Professor  Tyndall, 
Dr.  Valentin,  and  others,  proved  that  gas  was 
enormously  greater  in  illuminating  power  than  oil. 
Mr.  Edwards  acknowledges  this  superiority,  in  the 
case  of  fixed  lights  assigning  to  it  12  per  cent.,  yet 
no  mention  whatever  of  gas  is  made  in  the  conclu- 
sions of  the  Trinity-house  as  reported  by  Mr. 
Edwards. 


Mr.  Edwards’s  argument  is  that  the  Trinity. house 
was  justified  in  rejecting  the  use  of  gas  as  a light- 
house illuminant,  because  it  is  more  expensive  than 
oil.  Granting  for  a moment  that  such  is  the  case, 
the  sailor  will  hardly  be  satisfied  with  such  a reason. 
He  wants  the  best  light,  regardless  of  cost.  But  the 
fact  is  that  the  gas  light,  ffom  its  peculiarity  of 
adapting  its  consumption  to  all  kinds  of  weather,  is 
much  cheaper  than  oil  light.  For  330  nights  in  the 
year  a gas  burner  consuming  50  feet  per  hour  is  more 
powerful  than  the  ordinary  oil  lamp,  and  will  show 
well  to  a horizon  30  miles  distant.  For  the  remaining 
35  nights  of  foggy  weather,  which  is  about  the  annual 
duration  of  the  occurrence  of  such  weather,  the  gas 
light  can  be  increased  to  eight  Haisho  burners  of 
3,000  candles  each,  and  the  extra  cost  for  this  time, 
though  no  doubt  considerable,  will  not  bring  up  the 
annual  cost  of  the  light  to  as  great  a sum  as  that 
which  the  inferior  lights  of  oil  will  amount  to.  These 
facts  will,  I hope,  before  long  be  brought  before  the 
public  in  a manner  which  will  ensure  the  fullest 
scrutiny,  for  I am  sorry  to  be  driven  to  the  belief 
that  the  expensive  and  elaborate  tests  of  the  Trinity- 
house  as  to  the  respective  powers  of  electricity,  gas, 
and  oil  as  lighthouse  illuminants  are  absolutely 
valueless. 

Referring  to  Mr.  Edwards’s  statements  as  to  the 
unlimited  discretion  given  to  Mr.  Higginbotham  in 
carrying  out  the  gas  experiments,  I may  refer  to  his 
letter  which  was  published  in  the  Times,  in  which  he 
asserted  the  contrary,  and  pointed  out  the  extent  to 
which  he  had  been  fettered  in  his  endeavours  to 
show  the  best  gas  light ; and  Mr.  Edv/ards  is  well 
aware  that  I have  again  and  again  called  the  atten- 
tion of  the  Trinity-house  to  the  fact  that  I had  no 
control  over  the  experiments,  having  been  distinctly 
infoi'med  by  the  Trinity-house  that  I was  not  to 
interfere  in  any  way,  but  to  consider  myself  simply  a 
contractor  to  carry  oiit  their  bidding. 

John  R.  Wigham. 


The  name  of  Commander  Aylesbury,  the  writer  of 
the  letter  on  “ Harbours  of  Refuge,”  in  the  last 
number  of  the  Journal  {ante  p.  468),  was  incorrectly 
printed  Ayleshian. 


MEETINGS  OF  THE  SOCIETY. 
Ordinary  Meetings. 
Wednesday  evenings,  at  Eight  o’clock  : — 
March  31. — “ Methods  for  rendering  the  Blind 
Self-supporting.”  By  T.  R.  Armitage,  M.D. 
The  Right  Hon.  Sir  Henry  Selwin-Ibbetson, 
Bart.,  will  preside. 

April  7. — “ Preparation  of  Drawings  for  Photo- 
graphic Re-production.”  By  J.  S.  Hodson. 

April  14. — “The  Treatment  of  Sewage.”  By 
Dr.  C.  Meymott  Tidy.  Sir  Frederick  Abel, 
D.C.L.,  C.B.,  F.R.S.,  will  preside. 
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Foreign  and  Colonial  Section. 
Tuesday  evenings,  at  Eight  o’clock  : — 
April  13. — “The  Progress  of  the  British  Posses- 
sions in  the  last  quarter  of  a century.”  By  P.  L. 
SiMMONDS. 

May  6. — “ The  Commerce  and  Industries  of  New 
South  Wales.”  By  Edward  Combes,  C.M.G., 
President  of  the  Board  of  Technical  Education  of 
New  South  Wales. 

Applied  Chemistry  and  Physics  Section. 
Thursday  evenings,  at  Eight  o’clock: — 
April  8. — “Asbestos  and  its  Applications.”  By 
James  Bovd. 


Indian  Section. 

Friday  evenings,  at  Eight  o’clock  ; — 

April  2. — “The  History  of  Archaeology  in  India.” 
By  James  Gibbs,  C.S.I.,  C.I.E.,  late  Member  of  the 
Viceroy’s  Council.  Sir  George  Birdwood,  C.S.I., 
Member  of  the  Council,  will  preside. 

May  7. — “Indian  Manufactures  from  a Prac- 
tical Point  of  View.”  By  B,  H.  Baden 
Powell,  C.I.E.  The  Right  Hon.  Lord  Harris 
will  preside. 

The  above  dates  are  liable  to  alteration. 
Cantor  Lectures. 

The  Fourth  Course  will  be  on  “ Petroleum 
and  its  Products.”  By  Boverton  Redwood, 

F.C.S. 

Lecture  IV. — March  29. — The  uses  of  Petroleum 
and  its  products.  Illumination  : — Paraffin  candles, 
mineral  oil  and  spirit  lamps,  air-gas,  natural  gas. 
Heating : — Crude  Petroleum  and  Petroleum  residuum 
as  fuel,  mineral  oil  stoves.  Natural  gas  as  fuel. 
Lubrication.  Pharmaceutical. 


Additional  Lectures. 

Six  Elementary  Lectures  on  “ Electricity” 
will  be  delivered  by  Professor  George  Forbes, 
■on  Saturday  afternoons,  at  Three  o’clock  : — 

Lecture  I. — April  3. — Electromotive  Force  and 
Potential. 

Lecture  II. — April  10. — Currents  and  Resistance. 

Lecture  HI. — May  i. — Magnetism. 

Lecture  VI. — May  8. — Electro-magnetic  Phe- 

nomena. 

Lecture  V. — May  15. — Induction. 

Lecture  VI. — May  22. — Electrical  Measurement. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  ]\Iarch  29. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Mr. 
Boverton  Redwood,  “ Petroleum  and  its  Pro- 
ducts.” (Lecture  IV.) 


SOCIETY  OF  ARTS. 


Britisi  Architects,  9,  Conduit-street,  AY.,  8 p.m. 
Actuaries,  The  Quadrangle,  King’s  College,  AV.C., 

7 p.m. 

Medical,  ix,  Chandos-street,  W.,  8^  p.m. 

Tuesday,  March  30. ..Royal  Institution,  Albemarle-street, 
W.,  3 p.m.  Prof.  A.  Gamgee,  “ New  Function  o^ 
Circulation.”  (Lecture  IV.) 

Civil  Engineers,  25,  Great  George-street,  S.W., 

8 p.m.  I.  Discussion  on  papers  by  Messrs.  R. 
Gordon,  J.  R.  Mosse,  and  G.  C.  Cuningham,  on 
“ The  Economical  Construction  and  Operation  of 
Railways  in  newly- developed  Countries,  or  where 
small  returns  are  expected.”  2.  Dr.  Percy  F. 
Frankland,  “ AVater-Purification  ; its  Biological 
and  Chemical  Basis.” 

Chemical,  Burlington-house,  AA''.,  8 p.m.  Anniversary  . 
Meeting. 

Wednesday,  March  31. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  AV.C.,  8 p.m.  Dr.  T.  R.  Armitage, 

“ Methods  for  Rendering  the  Blind  Self-Support- 
ing.” 

Thursday,  April  i... Royal,  Burlington-house,  AV.,  4^  p.m. 
Antiquaries,  Burlington-house,  AV.,  8^  p.m. 

Linnean,  Burlington-house,  AV.,  8 p.m.  i.  Messrs. 
F.  B.  Forbes  and  AA^.  B.  Hemsley,  “Flora  of 
China.”  2.  Mr.  H.  N.  Ridley,  “African  Fresh- 
water Hydrocharidem.”  3.  Mr.  M.  Buysman, 

“ Vegetation  of  the  Arctic  Regions.” 

Chemical,  Burlington-house,  AV.,  8 p.m.  i.  Prof. 
Ramsay  and  S.  A^oung,  “The  Determination  of 
Boiling  Points.  ’ “ The  Action  of  a Red  Heat  on 

Chloroform.”  2.  Dr.  Armstrong,  “ The  Use  of  the 
Electric  Light  to  Influence  Chemical  Change.” 

3.  Mr.  S.  H.  A'cley,  “ Some  Compounds  of  Sulphur 
and  Barium.” 

Society  for  the  Encouragement  of  Fine  Arts,  3, 
Conduit-street,  AV.,  8 p.m.  Mr.  AV.  Burnham 
Horner,  “ A few  Notes  on  the  AA’'ritings  of  Dr’ 
Arne,  with  Musical  Illustrations.” 

Royal  Institution,  Albemarle-street,  AAL,  8 p.m. 

Prof.  Dewar,  “ Electro-Chemistry.”  (Lecture  II.) 
Archaeological  Institution,  16,  New  Burlington- 
street,  AV.,  4 p.m. 

Friday,  April  2.. .SOCIETY  OF  ARTS,  John  - street, 
Adelphi,  AV.C.,  8 pm.  (Indian  Section.)  Mr.  James 
Gibbs,  “ The  History  of  Archaeology  in  India.” 
United  Service  Institute,  Whitehall  - yard,  S.AV., 

3 p.m.  Lieut.  AAA  C.  Crutchley,  “The  Offensive 
and  Defensive  Powers  of  Alerchant  Steamers.” 
Royal  Institution,  Albemarle-street,  AV.,  8 p.m. 
AATekly  Meeting  9 p.m.,  Mr.  Howard  Grubb, 

“ Telescope  Objections  and  Mirrors — Their  Pre- 
paratien  and  Testing.” 

Geologists’  Association,  University  College,  W.C., 

8 p.m. 

Philological,  University  College,  W.C.,  8 p.m.  Dr. 

F . Stock,  “ The  Heidelberg  Dialect.” 

Saturday,  April  3. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Special  Lecture.)  Prof. 
George  Forbes,  “Electricity.”  (Lecture  I. 

“ Electromotive  Force  and  Potential.”) 

Botanic,  Inner  Circle,  Regent’s- park,  N.W.,  3I  p.m. 
Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Mr.  Howard  Grubb,  “ The  Astronomical  Tele- 
scope.” (Lecture  II.) 


Corrections. — In  Professor  Hartley’s  paper: — 
Page  409,  col.  I,  line  25,  for  elements  of  lines 
read  elements  by  lines;  page  41 1,  col.  i,  last  hne, 
page  412,  col.  I,  line  4,  for  -j-  read  + 
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A ll  communications  for  the  Society  should  be  addressed  to 
the  Secretary f John-street,  Adelphi,  London,  IV.C. 


NOTICES. 

♦ 

ELECTRIC  LIGHTING  BILL. 

The  following  petition  was  presented  to  the 
House  of  Lords,  on  Thursday,  25th  March,  by 
the  Duke  of  Abercorn,  C.B.,  Vice-President 
of  the  Society  ; — 

To  THE  Right  Honourable  the  Lords 
Spiritual  AND  Temporal  in  Parliament 
Assembled. 

The  Humble  Petition  of  the  Society  for  the 
Encouragement  of  Arts,  Manufactures, 
and  Commerce,  incorporated  by  Royal 
Charter, 

Sheweth 

That  your  Petitioners  have  had  under  con- 
sideration a Bill  now  before  your  Honourable 
House,  intituled  “An  Act  to  Amend  and 
Extend  the  Electric  Lighting  Act,  1882.” 

That  your  Petitioners  desire  respectfully  to 
submit  for  the  consideration  of  your  Honourable 
House  : — 

1.  That  your  Petitioners  are  satisfied  it 
would  be  to  the  public  advantage  that  the 
use  of  the  electric  light  should  be  extended, 
since  the  light  is  free  from  any  deleterious 
influences  upon  health  or  upon  property,  and 
is,  for  many  purposes,  and  in  comparison  with 
certain  illuminants,  economical ; while  its 
employment  would,  by  competition,  tend  to 
cheapen  artificial  lighting  generally. 

2.  That  the  advantages  of  the  light  are  fully 
appreciated  is  shown  by  the  fact  that  notwith- 
standing the  cost  and  inconvenience  attaching 
to  private  installations,  many  large  establish- 
ments have  already  adopted  the  electric  light, 
and  have  found  great  benefit  from  doing  so. 

3.  That  if  it  is  desirable  to  extend  the  use  of 
the  electric  light,  it  is  obviously  necessary  that 
it  should  be  supplied  in  the  same  way  as  gas. 


4.  That  it  has  been  abundantly  proved  that 
there  are,  on  the  one  hand,  many  persons 
willing  to  undertake  to  supply  the  public  with 
the  electric  light,  and  that  there  exists,  on  the 
other  hand,  a large  public  demand  for  such 
light  if  it  can  be  obtained. 

5.  That  at  present  those  willing  to  provide 
the  electric  light,  in  the  same  manner  as  gas  is 
now  provided,  are  hindered  by  the  existing 
state  of  the  law  on  the  subject;  and  that 
in  consequence  the  development  of  electric- 
lighting in  this  country  has  not  been  equal  to  its 
development  in  other  countries  where  no  such 
artificial  hindrances  exist. 

6.  That  whereas  the  Electric  Lighting  Act, 
1882,  was  passed  under  the  idea  that  novel 
special  provisions  were  necessary  to  protect  the 
public  against  the  creation  of  an  injurious  mono- 
poly, experience  has  shown  that  in  the  analogous 
case  of  gas  companies  the  public  interests 
are  sufficiently  secured  by  the  adoption  of  a 
sliding  scale,  under  which  the  amount  of 
dividend  paid  is  regulated  by  the  price  of 
the  commodity  supplied ; and  by  the  auction 
clauses  now  introduced  into  gas  companies’ 
Acts,  by  which  an  efficient  check  is  provided 
on  the  amount  of  capital  on  which  a dividend 
can  be  declared. 

7.  That  the  Bill  now  before  your  Honourable 
House  provides  for  the  application  of  similar 
clauses  to  any  companies  which  may  hereafter 
be  formed  to  supply  the  electric  light  to  the 
public,  and  thereby  secures  an  efficient  pro- 
tection against  the  growth  of  a monopoly 
likely  to  be  injurious  to  the  public  interests. 

8.  That,  having  regard  to  the  existing  de- 
pression of  trade,  your  Petitioners  would 
strongly  urge  upon  your  Honourable  House 
the  importance  of  removing  the  obstacles  to  the 
development  of  a new  and  important  industry. 

Your  Petitioners  therefore  pray  that  your 
Honourable  House  will  take  these  premises 
into  your  favourable  consideration,  and  will 
pass  the  said  Bill  for  the  amendment  of  the 
Electric  Lighting  Act  now  before  your 
Honourable  House. 

And  your  Petitioners  will  ever  pray,  &c. 

Sealed  with  the  Seal  of  the  Society  j 
for  the  Encouragement  of  Arts  | ^ 
Manufactures,  and  Commerce’  ( l.s.  j 
this  24th  day  of  March,  1886,  | ^ 

in  the  presence  of  ) 

(Signed) 

F.  A.  Abel, 

Chairman  of  the  Council. 

H.  Trueman  Wood, 

Secretary  to  the  Society. 
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CANTOR  LECTURES. 

Tlie  fourth  and  concluding  lecture  of  the 
Course  on  “ Petroleum  and  its  Products  ” was 
deliveredby  Mr.  Boverton  Redwood,  F.I.C., 
F.C.S.,  on  Monday  evening,  March  29th. 
The  lecturer,  having  referred  briefly  to  the 
manufacture  of  paraffin  candles,  gave  an  ex- 
haustive description  of  all  the  principal  forms 
of  mineral  oil  and  spirit  lamps  and  stoves 
used  in  this  country,  on  the  Continent,  and  in 
America,  illustrating  his  remarks  by  referring 
to  a very  large  and  representative  collection 
contributed  by  Sir  James  Douglass,  Sir 
Frederick  Abel,  and  all  the  principal  manu- 
facturers. The  lecturer  then  described  the 
process  of  wick-making,  and  called  attention 
to  a comprehensive  series  of  specimens  espe- 
cially prepared  to  illustrate  the  various  stages 
through  which  the  cotton  passes  before  it 
becomes  a perfect  wick.  The  principles  which 
should  govern  the  construction  of  mineral  oil 
lamps,  in  order  to  obtain  the  highest  illumi- 
nating power  combined  with  safety,  were  then 
enunciated,  the  lecturer  referring,  in  this  con- 
nection, to  the  investigation  in  which  he  is 
at  present  engaged  in  association  with  Sir 
'Frederick  Abel.  The  relative  economy  of 
.mineral  oil  and  coal  gas  next  received  atten- 
tion, the  lecturer  stating  that,  at  the  present 
respective  average  prices  of  the  two  illumi- 
nants,  light  obtained  from  gas  Was,  under  the 
ordinary  conditions  of  domestic  consumption, 
nearly  twice  as  costly  as  light  yielded  by 
mineral  oils.  The  manufacture  and  use  of 
"‘air-gas,”  as  well  as  of  the  permanent  gas 
produced  by  the  decomposition  of  mineral  oils, 
having  been  described,  and  reference  having 
been  made  to  the  use  of  natural  gas  for  illumi- 
nating purposes,  the  lecturer  proceeded  to 
deal  with  the  use  of  petroleum  as  a liquid  fuel 
for  steam-generating  and  metallurgical  pur- 
poses, describing  the  various  oil-burning 
.appliances,  and  stating  that,  under  ordinary 
circumstances,  a suitable  hydrocarbon  fluid 
produced  an  evaporation  of  water  per  pound 
of  fuel  nearly  double  that  obtained  in  the  use 
of  coal.  The  employment  of  mineral  oils  as 
lubricants,  and  of  vaseline  in  pharmacy, 
having  been  disposed  of,  the  lecturer  enume- 
rated various  miscellaneous  purposes  for  which 
petroleum  products  are  used. 

The  collection  of  specimens  and  apparatus 
which  has  been  on  exhibition  in  the  rooms  of 
the  Society  of  Arts  will  be  on  view  till 
Saturday,  3rd  inst. 

The  lectures  will  be  published  in  the 
Jour7ial  during  the  summer  recess. 


Proceedings  of  the  Society. 


FOREIGN  COLONIAL  SECTION. 

Tuesday,  March  23,  1886;  Sir  Charles 
Tupper,  G.C.M.G.,  Agent-General  for  the 
Dominion  of  Canada,  in  the  chair. 

The  paper  read  was  — 

CANADA  AND  ITS  NATIONAL  HIGH- 

^VAY. 

By  Alexander  Begg. 

Canada  is  said  to  have  been  discovered  by 
Sebastian  Cabot  in  1497,  and  in  1525  the 
French  took  possession  of  the  country.  In 
1535,  Jacques  Cartier  explored  the  River  St. 
Lawrence,  but  it  was  not  till  1608  that  the  first 
settlement  of  white  men  took  place  on  the 
spot  since  knowm  by  the  historic  name  of 
Quebec.  In  1629,  Quebec  was  captured  by 
the  British,  and  held  by  them  till  1632,  when 
it  was  retroceded  to  France.  In  1759,  it  was 
again  captured  by  the  British  forces  under 
Wolfe,  and  four  years  later  the  whole  of  Canada 
became  British  territory  by  the  Treaty  of  Paris. 
So  that,  with  the  exception  of  Quebec,  Canada 
remained  in  the  power  of  the  French  from  the 
time  they  first  took  possession  of  the  country 
till  1673,  a period  of  238  years.  In  1774,  a 
nominee  council  was  established  by  Act  of 
the  British  Parliament,  the  country  in  the 
interim  having  been  governed  by  military 
authority.  In  1791,  the  provinces  of  Upper 
and  Lower  Canada  (now  known  as  Ontario 
and  Quebec)  were  created,  with  separate 
although  similar  forms  of  Government,  con- 
sisting each  of  a Legislative  Council,  appointed 
by  the  Crown,  and  a House  of  Assembly, 
elected  by  the  people.  This  plan  of  governing 
the  country  did  not  prove  a success.  The 
Houses  of  Assembly,  especially  that  of  Lower 
Canada,  were  in  almost  constant  conflict  with 
the  Executive  Government,  until  finally,  in 
1838,  this  unsatisfactory  state  of  affairs  cul- 
minated in  a rebellion.  On  the  suppression  of 
the  insurrection,  the  two  provinces  were  united 
by  Act  of  Parliament  under  one  form  of 
Government,  consisting  of  a Legislative 
Council  of  twenty,  and  a House  of  Assembly 
of  eighty-four  members.  The  union  thus 
effected  did  not,  however,  prove  a harmonious 
one,  owing  to  a bitter  feeling  of  antagonism 
which  arose  between  the  members  for  Upper 
and  Lower  Canada.  Matters  continued  in 
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this  unsatisfactoty  state  till  1864,  when  a 
practical  deadlock  seemed  inevitable.  Then 
it  was  that  the  scheme  for  the  confederation 
of  the  British  North  American  colonies  came 
to  the  fore, 

In  the  conception,  perfecting,  and  carrying 
out  of  this  grand  scheme  of  confederation,  we 
find  taking  a prominent  part  such  men  as  Sir 
John  A.  Macdonald,  Sir  Charles  Tupper 
(our  distinguished  chairman).  Sir  George  E. 
Cartier,  Hon.  George  Brown,  Sir  P.  Etienne 
Tache,  Sir  Alexander  Galt,  Sir  Leonard 
Tilley,  Sir  Adams  Archibald,  and  many 
other  eminent  colonial  statesmen.  These, 
without  exception,  might  have  been  seen  sink- 
ing personal  and  political  differences,  and 
joining  hands  to  bring  about  that  great  scheme 
of  union  in  British  North  America  which  has 
not  only  exalted  Canada  to  the  proud  position 
she  now  occupies,  but  has  also  materially 
tended  to  strengthen  her  loyalty  to  the  mother 
country.  In  1867,  the  British  North  America 
Act  was  passed,  and  this  was  in  truth  the 
certificate  of  birth  of  the  Dominion  of  Canada. 
At  that  time  the  confederation  consisted  only 
of  the  provinces  of  Ontario,  Quebec,  Nova 
Scotia,  and  New  Brunswick,  but  in  1870  the 
province  of  Manitoba  was  created,  and  in  the 
years  1871  and  1873  respectively,  British 
Columbia  and  Prince  Edward  Island  w^ere 
incorporated  in  the  Union.  One  of  the  first 
acts  of  the  Dominion  Government,  under  the 
leadership  of  Sir  John  A.  Macdonald,  was  to 
send  a deputation  to  England,  in  1868,  to 
negotiate  with  the  Imperial  authorities  for  the 
admission  of  Rupert’s  Land  (now  known  as  the 
North-West  Territories  of  Canada)  into  con- 
federation. Previous  to  that  time,  negotiations 
had  been  going  on  between  the  Canadian  and 
Imperial  authorities  for  the  opening  up  of  the 
North-West,  and  in  1865,  Lord  Monk  forwarded 
copies  of  papers  on  the  subject  to  the  Right 
Hon.  E.  Cardwell,  Secretary  of  State.  Private 
offers  from  capitalists  had  also  been  made  to 
purchase  the  rights  of  the  Hudson  Bay  Com- 
pany in  the  territory,  so  as  to  acquire  a title  to 
the  land  ; but  in  1866,  Lord  Carnarvon  stepped 
in,  and  put  a stop  to  any  further  negotiation 
of  the  kind.  Lord  Carnarvon’s  decision  w'as 
contained  in  the  following  w’ords  : — “ That  no 
new  arrangements  relative  to  the  Hudson’s 
Bay  Company  are  possible,  pending  the  dis- 
cussions on  the  proposed  confederation  of  the 
British  North  American  Provinces.”  The 
delegates  sent  to  England  in  1868  w’ere  success- 
ful, and  as  the  result  of  their  mission,  Rupert’s 
Land  became  a part  of  the  Dominion  of  Canada 


^on  the  15th  July,  1870.  It  is  not  necessary  for 
the  purpose  of  this  paper  to  recapitulate  all 
the  particulars  and  incidents  relating  to  the 
transfer  of  the  North-West  to  the  Dominion, 
more  than  to  say  that  Canada  paid  to  the 
Hudson  Bay  Company  ;j^30o,ooo  sterling  for 
the  surrender  of  their  rights,  and  agreed  to 
the  reservation  for  the  benefit  of  the  company 
of  a twentieth  part  of  all  lands  set  out  for 
settlement  within  fifty  years  after  the  surrender. 
Having  thus  acquired  a vast  territory,  reach- 
ing as  far  west  as  the  Rocky  Mountains,  the 
next  step  taken  by  the  Government  of  Canada 
w^as  to  secure  a foot-hold  on  the  Pacific  Coast, 
and  after  a series  of  negotiations  with  British 
Columbia,  that  province  was  incorporated  in 
the  Dominion  on  the  i6th  May,  1871. 

One  of  the  clauses  contained  in  the  agree- 
ment, under  which  British  Columbia  entered 
Confederation,  provided  for  the  building  of  the 
Canadian  Pacific  Railway  within  ten  years. 
Under  this  arrangement  the  railw’ay  should 
have  been  completed  in  1881,  and  probably 
would  have  been  had  the  Canadian  Govern- 
ment from  the  first  followed  out  the  plan  it  has 
in  recent  years  adopted  : that  is,  had  it  handed 
over  the  work  to  a body  of  energetic  capitalists 
instead  of  endeavouring  to  carry  it  on  as  a 
Government  undertaking.  Sir  John  A.  Mac- 
donald, as  early  as  1871,  foresaw  this,  and 
had  almost  concluded  arrangements  with  a 
body  of  capitalists  to  carry  on  and  complete 
the  railway  by  1881,  when  his  Government 
was  defeated  in  1872.  His  successors  strove 
to  prosecute  the  work  as  a Government  enter- 
prise, but  at  the  end  of  over  six  years’  trial 
the  actual  completion  of  the  road  did  not 
seem  to  the  public  of  Canada  to  be  within 
measurable  distance. 

Sir  John  A.  Macdonald,  on  regaining 
power  in  1878,  endeavoured  soon  after  to 
carry  out  his  former  policy,  and  place 
the  construction  of  the  national  highway 
in  the  hands  of  energetic  and  competent 
capitalists.  In  spite  of  the  most  strenuous 
opposition,  the  Macdonald  Government  carried 
their  point,  and  in  1880  Sir  Charles  Tupper, 
the  then  Minister  of  Railways  and  Canals, 
presented  to  the  Parliament  of  the  Dominion 
the  text  of  the  agreement  between  the 
Government  and  Mr.  (now  Sir)  George 
Stephen  and  his  colleagues  for  the  construc- 
tion of  the  Canadian  Pacific  Railway.  In 
spite  of  the  opposition  encountered,  the 
agreement  was  carried  through  the  House, 
ultimately  ratified  by  Act  of  Parliament,  and 
received  the  Royal  assent  on  February  i6th. 
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1881.  I can  surely  say,  and  the  Dominion 
“ Hansard  ” will  bear  me  out,  for  it  is  a matter 
of  history,  that  the  successful  carrying  through 
of  the  measure  relating  to  this  important  con- 
tract was  due  in  a very  large  degree  to  the 
eloquence  and  powerful  arguments  of  our 
Chairman  this  evening.  Early  in  the  spring 
of  1881  the  Canadian  Pacific  Railway  Com- 
pany, under  the  presidency  of  the  then  Mr. 
George  Stephen,  began  work,  and  in  the 
autumn  of  1885,  that  is  in  little  over  four  years 
and  a half  from  the  date  of  commencement, 
the  national  highway  of  Canada  was  com- 
pleted from  ocean  to  ocean.  Surely  I am  not 
wrong  in  saying  that  the  successful  accom- 
plishment of  this  vast  undertaking  is  one  of 
the  greatest,  if  not  the  greatest,  feat  of  financial 
and  engineering  skill  witnessed  in  this  19th 
century.  Of  its  vast  importance,  from  a 
colonial  and  an  imperial  point  of  view,  I 
shall  treat  more  in  detail  in  the  course  of  this 
paper. 

It  is  very  obvious  that  the  most  important 
consideration  in  connection  with  a railway  is 
the  region  through  which  it  passes,  not  only  as 
to  its  nature  and  extent,  but  also  as  to  its 
capabilities  and  resources.  I will,  therefore, 
briefly  lay  before  you  a few  facts  relative  to 
Canada,  and  will  then  review  some  of  the  chief 
difficulties  which  were  met  with  and  overcome 
in  the  construction  of  the  railway.  With  this 
as  a basis,  I will  endeavour  to  show  the  im- 
portance at  the  present  time  of  Canada’s 
national  highway,  and  the  immense  influence 
it  is  likely  to  have  in  the  future,  not  only  on  the 
welfare  of  the  Dominion,  but  also  in  assisting 
to  maintain  and  render  indissoluble  the  in- 
tegrity of  the  British  empire. 

The  Dominion  of  Canada  is  divided  into  the 
seven  provinces  already  mentioned,  and  in 
addition  the  North-West  Territories  are  sub- 
divided into  the  following  territorial  districts, 
namely,  Keewatin,  Assiniboia,  Saskatchewan, 
Alberta,  and  Athabasca,  and  these,  now  that 
settlement  is  progressing  so  rapidly,  must, 
before  long,  become  provinces.  Canada,  as  a 
whole,  contains  3,470,392  square  miles,  and 
had,  according  to  the  census  of  1881,  a popula- 
tion of  4,324,810.  In  1871,  the  population  was 
3>635,024,  in  ten  years,  therefore,  the  increase 
was  689,786.  Some  idea  may  be  formed  of  the 
vast  extent  of  the  Dominion  by  comparing  it 
with  a few  of  the  principal  European  countries. 
Great  Britain  and  Ireland,  France,  Germany, 
Spain,  Portugal,  Austria,  Russia,  including 
Finland  and  Poland,  Italy,  Turkey,  and 
Belgium  in  all  contain  3,471,137  square  miles. 


with  a total  population  01314,544,201.  Canada, 
therefore,  with  its  4^  million  of  people  is  as 
large  as  these  ten  European  countries  put  to- 
gether, with  their  population  of  over300,ooo,ooo. 
And  Canada’s  population  continues  to  grow 
in  a remarkable  manner.  Take  for  instance 
the  population  of  the  principal  centres,  namely, 
Montreal,  Toronto,  Quebec,  Halifax,  Hamilton, 
and  Ottawa.  These  together  show  an  increase 
of  nearly  150,000  in  the  number  of  their 
citizens  since  1871.  The  most  remarkable 
case  however  is  that  of  Winnipeg,  which  in 
1871  did  not  contain  over  500  inhabitants, 
while  now  it  can  boast  of  a population  of 
between  25,000  and  30,000.  The  completion 
of  the  Canadian  Pacific  Railway  and  the  con- 
sequent opening  up  of  the  great  North-West, 
with  its  vast  area  of  fertile  land,  will  un- 
doubtedly draw  thousands  of  agriculturists 
from  the  over-crowded  countries  of  Europe, 
and  in  this  way  the  population  of  the  Dominion 
is  certain  to  be  very  materially  increased  within 
the  next  few  years.  That  the  North-West 
Territories  are  already  filling  up  rapidly  is 
evidenced  on  every  hand.  Take  one  instance 
only  : the  district  of  Assiniboia,  which  a year 
or  two  ago  had  no  population  to  speak  of,  is 
now  reputed  to  contain  over  160,000  in- 
habitants. In  the  more  eastern  portions  of 
Canada,  where  there  is  not  the  same  room  for 
expansion  as  in  the  North-west,  We  find  that 
just  half  a century  ago  the  population  of 
Ontario  was  310,000,  as  against  2,000,000  to- 
day, and  Toronto,  the  chief  city  of  the  province, 
which  in  1871  had  56,000  inhabitants,  has  now 
nearly  120,000. 

Among  the  various  industries  of  Canada, 
consideration  is  naturally  first  attracted  to 
that  of  agriculture.  There  are  700,000  agri- 
culturists in  Canada,  and  the  product  of  their 
labours  totals  as  follows,  only  some  of  the 
principal  products  being  given: — 149,461,399 
bushels  of  different  kinds  of  grain;  103,519,641 
bushels  of  root  crops;  105,730,165  lbs.  of 
butter  and  cheese;  13,377,655  bushels  of 
apples  ; 3,896,508  lbs.  of  grapes,  grown  in  the 
open  air;  and  5,055,810  tons  of  hay.  The 
last  named  does  not,  of  course,  include  the 
thousands  of  tons  of  wild  hay  gathered  from 
the  prairies  of  the  North-West.  Of  the  im- 
mense area  of  the  Dominion  there  are  al- 
together 50,000,000  of  acres  unoccupied, 
some  22,000,000  improved,  and  over  15,000,000 
under  crop,  while  under  pasture  there  are  over 
6,000,000  acres,  not,  of  course,  including  the 
vast  prairies  of  the  North-West,  stretching, 
with  their.abundance  of  nutritious  wild  grasses. 
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for  a distance  of  nearly  900  miles,  from  the 
Red  River  to  the  very  foot  of  the  Rocky 
Mountains.  The  value  of  this  natural  pas- 
turage is  highly  appreciated  by  stock  raisers, 
and  indeed,  at  the  eastern  base  of  the  Rocky 
Mountains  there  were,  in  1884,  47  ranches, 
ranging  in  extent  from  1,400  to  100,000  acres 
each,  on  which  cattle  had  been  placed. 
Throughout  the  whole  Dominion  the  live  stock 
is  estimated  to  number  over  900,000  horses, 
200,000  colts  and  fillies,  2,000,000  horned 
cattle,  1,500,000  milch  cows,  1,500,000  swine, 
and  3,000,000  sheep,  yielding  over  11,500,000 
pounds  of  wool. 

The  export  cattle  trade  has  grown  with 
perhaps  more  rapidity  than  any  other  branch 
of  Canadian  trade  with  Great  Britain,  and,  with 
proper  care  on  the  part  of  agriculturists  in  the 
selection  of  suitable  breeds  of  cattle,  there  is 
every  reason  for  the  belief  that  the  present 
position  of  Canada  in  this  regard  will  be  fully 
maintained.  The  number  of  cattle  exported 
in  1874  from  Canada  to  Britain  was  39,623,  of 
the  value  of  ^195,472  13s.  lod.  Each  year 
showed  a gradual  increase  up  to  the  year 
1880,  when  it  had  reached  54,944,  valued  at 
;^568,053  15s.  9d.  The  increase  still  con- 
tinued, and  for  the  season  of  1885  the  figures 
were  144,441  head,  of  the  value  of  ^^1,557,594 
I2S.  id.  In  horses  the  increase  was  from  5,399 
in  1874,  of  the  value  of  ^117,238  i8s.  lod.,  to 
12,310  in  1885,  of  the  value  of  ^337,101  8s.  3d. 
In  sheep  the  figures  in  1874  were  252,081,  of 
the  value  of  ;i^i44,367  4s.  9d.,  and  in  1884, 
304,403,  of  the  value  of;^3i7,395  is.  9d. 

This  statement  shows  a wonderful  increase  in 
the  cattle  trade,  and  as  the  ranches  of  the  North- 
West  are  developed,  it  will  assuredly  assume 
very  large  proportions,  and  is  so  destined  to 
form  one  of  the  most  important  factors  in  sup- 
plying the  people  of  Great  Britain  with  meat. 
Some  further  idea  of  the  rapid  development  of 
this  industry  in  Canada  may  be  gathered  from 
the  fact  that,  in  Alberta  alone,  it  is  estimated, 
from  last  autumn’s  “ round  up,”  that  there  are 
at  least  80,000  head  of  cattle  in  that  district, 
where  only  a year  or  tvv'o  ago  there  were  com- 
paratively few.  In  British  Columbia,  on  the 
ranches  west  of  the  Rocky  Mountains,  it  is 
computed  that  there  are  about  70,000  head  of 
stock,  and  there  is  every  likelihood  that  parti- 
cular attention  will  be  paid  in  that  province  to 
stock  raising,  especially  as  at  present  British 
Columbia  expends  about  £200,000  annually  in 
the  importation  of  animals  and  their  products. 
The  Canadian  Pacific  Railway  Company,  fully 
alive  to  the  importance  of  this  trade,  have  pro- 


vided stock-yards  at  Montreal  occupying  25 
acres  of  ground,  in  which  there  is  a granary 
with  a capacity  of  400  tons  of  hay,  grain, 
&c.,  extensive  sheep  and  hog  pens,  and  very 
capacious  horse  and  cattle  sidings.  These 
stock-yards  being  close  to  the  wharves,  ocean 
vessels  can  easily  load  from  them.  The  com- 
bined value  of  the  exports  of  agricultural 
products,  and  animals  and  their  produce, 
amounted  to  ^7,262,695  i8s.  iid.  in  1884,  or 
over  one  third  of  the  whole  export  of  the 
Dominion,  thus  clearly  showing  that  agricul- 
ture and  stock  raising  are  the  two  principal 
industries  of  the  Dominion. 

The  development  of  agriculture  throughout 
the  Dominion  is  one  of  the  marked  features  of 
recent  years,  and  especially  is  this  so  in  the 
new  districts  of  the  Canadian  North-West. 
There  are  now,  in  various  North-Western  dis- 
tricts, over  one  hundred  flour  mills,  when  ten 
years  ago  there  were  not  half  a dozen,  the  city 
and  town  mills  alone  having  a capacity  of 
about  3,000  barrels  of  flour  daily.  The  surplus 
crop  of  wheat  in  Manitoba  available  for  export 
in  1883-4  was  1,000,000  bushels  against  half 
that  amount  in  1882-3.  The  surplus  for  1885 
was  over  3,000,000  bushels,  though  this  does 
not  include  the  vast  wheat  fields  of  Athabasca, 
Saskatchew'an,  and  Alberta.  The  Canadian 
Pacific  Railway  his  provided  extensive  ac- 
commodation for  storing  grain  at  Port  Arthur 
on  Lake  Superior,  and  at  Montreal  an  elevator 
has  just  been  completed  capable  of  holding 
600,000  bushels,  besides  which  there  are 
numerous  elevators  erected  at  the  various 
stations  along  the  line.  It  is  natural  that  the 
progress  of  agriculture  in  the  north-west  is 
more  marked  than  in  the  older  settled  portions 
of  Canada,  but  the  progress  all  round  is  most 
satisfactory.  In  dairy  farming,  the  Dominion 
has  become  already  a formidable  rival  to  the 
United  States,  especially  in  cheese  exports, 
for  up  to  the  end  of  October  of  last  year,  the 
Canadian  cargoes  of  cheese  had  exceeeded 
those  of  the  port  of  New  York  by  several 
thousand  boxes,  and  the  total  export  of  the 
Dominion  in  this  line  during  1884  amounted 
to  ;^i, 496,599,  as  against  ;^i, 259,184  in  1883. 
In  eggs,  Canada  exported  last  year  no  less 
than  11,500,000  dozen,  of  the  total  value  of 
;^5oo,ooo ; and  in  the  simple  article  of  honey, 
the  country  raised  nearly  2,000,000  lbs.  last 
season. 

Time,  however,  would  fail  me  to  treat  further 
with  the  agricultural  resources  of  the  country, 
and  we  will,  therefore,  now  pass  on  to  glance 
at  the  other  industries  of  Canada.  The 
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aggregate  value  of  the  various  industries  of 
the  Dominion,  according  to  the  last  census, 
showed  a total  of  ,^16  2s.  2d.  capital 

invested,  with  an  output  of  63, 634, 173  i8s.6d., 
and  employing  287,296  hands.  These  figures 
include  the  minor  as  well  as  the  more  im- 
portant industries,  but  in  order  to  show  the 
great  increase  in  the  manufacturing  interests 
^f  Canada  during  late  years,  I may  say  that  a 
committee  was  appointed  in  1884  by  the 
Canadian  Government  to  examine  into  the 
state  of  certain  Dominion  manufactures,  and 
the  gentlemen  forming  that  committee  reported 
on  some  725  factories  throughout  the  different 
provinces.  These  725  factories  represented  a 
total  capital  of  about  £10,000,000  sterling, 
'and  an  output  of  over  ;^i5,ooo,ooo,  employing 
nearly  60,000  hands.  The  works  examined 
included  a variety  of  manufactories,  and  some 
idea  of  their  increase  may  be  gathered  from 
the  fact  that  in  the  same  descriptions  of 
^factories  as  reported  on  by  the  committee  there 
were  only  258  works  in  1878,  as  against  725  in 
1884.  And  as  another  instance  of  the  increase 
in  the  manufacturing  industries,  I may  mention 
that  in  cotton  manufacture  there  were  in  1874 
3,514,278  lbs.  of  the  raw  material  imported 
for  manufacturing  purposes,  as  against 
19,203,569  lbs.  in  1884,  truly  a remarkable 
increase.  This  increase  in  manufactures  has 
naturally  had  a tendency  to  cheapen  the  price 
of  goods,  especially  clothing.  For  instance, 
'Shirting,  which  cost  16J  cents,  per  yard  in  1879, 
can  now  be  bought  for  1 cents.  ; grey  cottons 
are  reduced  from  9J  cents,  to  7 cents. ; woollen 
tweed  from  to  75  cents.  A fine  knitted  shirt 
;for  which  a farmer  paid  |i  25  cents,  in  1875, 
•can  now  be  purchased  for  80  cents. ; and  an 
•overcoat  which  cost  ^10  in  1875,  can  be  obtained 
:at  present  for  ®8,  and  so  on,  the  average 
reduction  in  all  kinds  of  clothing  being  from 
25  to  30  per  cent.  Ontario  is  the  largest 
manufacturingprovince,producing;^32,446,252 
3s.  2d.,  being  over  one  half  the  total  production 
of  the  Dominion,  The  manufactures  of  the 
Dominion  are  very  varied,  but  I have  neither 
the  time  nor  space  to  enumerate  them  all ; they 
include,  however,  cottons,  woollens,  machinery 
of  all  kinds,  and  manufactures  of  wood,  iron, 
steel,  brass,  tobacco,  sugar,  and  other 
articles. 

Now,  in  this  connection,  it  is  most  im- 
portant to  note  that  Canadian  feeling  is 
distinctly  friendly  to  British  as  against  foreign 
commerce.  Statistics  show  unmistakeably 
that  trade  largely  follows  the  flag.  Of  the 
total  imports  of  Canada,  in  1884,  amounting 


tO;^22,229,634  17s.  id..  Great  Britain  furnished 
;^8, 92 1,805  IS.  8d.,  and  the  United  States 
QS'  2d.  ; but  in  the  former  case 
the  imports  consist  almost  entirely  of  manu- 
factured articles,  while  in  the  latter  they  com- 
prise chiefly  raw  material.  Indeed,  I may  say 
that  over  three-fourths  of  the  total  imports  of 
the  Dominion  in  manufactured  articles  come 
from  Great  Britain,  and  on  behalf  of  all  the 
colonies  I may  further  state  that  without  the 
trade  of  these  outlying  portions  of  the  British 
Empire  the  exports  of  the  mother  country 
would  be  reduced  over  one-third.* 

The  next  important  industry  to  be  considered 
is  that  of  the  fisheries,  which,  in  1884,  were 
valued  at  ;^3,645,203  12s.  id.,  of  which 

^1,765,466  15s.  id.  was  exported. 

In  1884,  there  were  1,473  vessels  and  25,796 
boats  engaged  in  the  different  fisheries  of  the 
Dominion,  with  a total  number  of  58,822  men 
employed.  The  value  of  the  fisheries  in  1883 
was  ^3484,675  5s.  6d.,  and  this,  if  the 
fisheries  of  Manitoba  and  North-West  Terri- 
tories were  added,  would  show  an  increase  of 
about  ;^20o,ooo  in  favour  of  1884.  The  salmon 
fisheries,  especially  those  of  British  Columbia, 
are  worthy  of  note,  and  their  extent  may  be 
estimated  by  the  fact  that  the  total  yield  was 
valued  last  year  at  £2‘j^,io$  3s.  lod.  In 
one  week  alone  of  last  season  there  were 
12,000  cases  shipped  for  London  by  the  all  sea 
route.  British  Columbia  also  excels  in  stur- 
geon, the  largest  captured  last  year  weighing 
over  800 lbs.,  but  they  had  previously  been 
caught  weighing  as  much  as  1,400  lbs.  The 
inland  salmon  fisheries  of  Quebec  are  also 
famous  in  the  way  of  sport,  and  as  an  instance 
I may  state  that  Lord  Lansdowne,  the  Governor- 
General  of  Canada,  with  a small  party  of 
friends,  captured  last  summer,  during  an 
expedition  to  the  Cascapediac  River  district, 
no  less  than  400  salmon. 

That  Canada  pays  some  attention  to  fish 
breeding,  and,  therefore,  to  the  promotion  of 
her  fisheries,  may  be  seen  by  the  following  list 
of  young  fish  bred  at  the  different  hatcheries 
during  1884  : — 

White  fish 30,500,000. 

Pickerel 10, 000, 000. 

Salmon  7,390,000. 

Trout 5,300,000, 

Another  Canadian  industry  deserving  notice 


* The  total  exports  of  Great  Britain  for  1884  amounted  to 
,^295,968,000,  while  the  imports  of  the  colonies  from  the 
mother  country,  for  the  same  time,  came  to  ,^To8, 160,000,  or 
nearly  10,000,000  over  one-third  of  the  total  exports  of  the 
United  Kingdom. 
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is  that  of  lumbering,  the  next  in  importance 
to  that  of  agricultural  and  stock  raising.  The 
total  export  under  the  head  of  produce  of  the 
forest  was,  in  1884,  ;^5»303>S/3  i/S.,  and  the 
annual  out-put  in  timber  and  logs  for  the  same 
year  was  111,633,862  cubic  feet  of  different 
kinds  of  timber,  48,350,091  pine  and  other 
descriptions  of  logs.  The  forest  products  of 
Canada  constitute,  indeed,  one  of  her  most 
important  sources  of  wealth.  They  find  their 
way  to  all  parts  of  the  world,  to  the  United 
States,  the  United  Kingdom,  and  even  to  the 
Australian  colonies. 

Coming  now  to  the  mineral  resources  of  the 
Dominion,  we  find  that  the  export  of  the  produce 
of  the  mine  in  1884  amounted  to  ^667,232 
15s.  id.  Commencing  with  coal,  it  has  been 
ascertained  that  Nova  Scotia  possesses  a coal 
area  of  nearly  700  square  miles,  or  nearly  twice 
the  area  of  the  Pennsylvania  anthracite  fields. 
Some  of  these  Nova  Scotian  mines  have  a 
greater  thickness  of  workable  coal  than  pro- 
bably exists  anywhere  in  the  world,  and  taking 
the  province  as  a whole,  it  is  estimated  that 
there  is  within  its  boundaries  three  times  as 
much  coal  for  its  area  as  in  any  other  country 
on  the  face  of  the  globe.  The  coal  deposits 
in  Nova  Scotia  commenced  to  be  developed 
in  1858,  and  they  have  since  grown  into 
great  importance,  especially  so  far  as  the 
coaling  of  vessels  is  concerned  ; but  at  Sydney 
and  Cow  Bay  there  are  mines  originally  opened 
by  the  French  about  200  years  ago,  and  there 
is  one  mine  which  has  been  continuously  worked 
for  no  less  than  a centur)\  In  Nova  Scotia  and 
New  Brunswick  the  coal  area  comprise  about 

18.000  square  miles,  and  in  the  North-West 
Territories,  between  the  49th  and  50th  parallels 
of  latitude,  the  area  is,  so  far  as  known,  nearly 

65.000  square  miles.  In  the  Rocky  Mountain 
range,  although  the  areas  are  small  as  mea- 
sured in  miles,  they  contain  much  coal  of  the 
best  quality.  The  immense  coal  fields  which 
are  known  to  exist  in  different  parts  of  the 
North-West  must  in  themselves  prove  to  be  a 
great  boon  to  the  settlers,  and  set  at  rest 
any  doubts  that  may  have  existed  as  to 
the  supply  of  fuel  in  that  portion  of  the 
Dominion.  In  British  Columbia,  coal  mining 
is  at  present  next  in  importance  to  that  of 
gold,  and,  in  the  near  future,  it  will  probably 
prove  to  be  more  important.  The  deposits 
are  very  widely  spread,  both  on  the  mainland 
and  in  the  islands,  the  coal  of  Nanaimo,  on 
Vancouver  Island,  being  so  far  the  best  that 
has  been  found  on  the  western  coast  of 
America.  All  authorities  agree  as  to  the 


extent  and  value  of  the  coal  beds  of  British 
Columbia.  Mr.  Selwyn,  the  head  of  the 
Geological  Survey,  mentions,  besides  the  coal 
beds  of  Queen  Charlotte’s  Islands — some  of 
them  anthracite,  and  the  only  anthracite  coalJ 
yet  discovered  on  the  Pacific  coast— the 
Nanaimo  mines,  a bed  in  the  vicinity  of 
Barclay  Sound,  on  the  west  coast  of  Van- 
couver, and  beds  near  New  Westminster,  and 
in  the  neighbourhood  of  the  Nicola  Valley,  orii 
the  mainland,  as  w'ell  as  several  other  places. 

Thirty-two  different  places  are  named  by 
Dr.  Dawson,  in  a report  on  mines  published, 
in  the  Report  of  the  Geological  Survey,  iri 
which  coal  and  lignites  are  known  to  occur^, 
and  some  of  these  are  extensive  districts.  I 
should  like,  had  time  and  space  permitted,  ta 
have  included  in  this  paper  a few  of  the 
numerous  tests  which  have  been  f made  of 
Canadian  coal,  but  may  say  that  they  have 
been  generally  of  a most  satisfactory  character- 
The  importance — from  an  Imperial  point  o 
view — of  the  Canadian  coaling  stations  oa 
the  Atlantic  and  Pacific  is  fully  recognised  by;- 
the  Imperial  naval  authorities.  As  to  other 
minerals,  gold  mines  are  being  worked  in 
Nova  Scotia,  Quebec,  Ontario,  the  North- 
West  Territories,  and  British  Columbia.  It  is- 
now  well  known  that  certain  parts  of  the 
Rocky  Mountains  are  exceedingly  rich  in 
gold.  Captain  Palliser,  who  has  recently 
been  making  investigations  in  the  mountain 
districts,  points  out  that,  while  before  tha. 
Canadian  Pacific  Railway  was  built,  such, 
were  the  difficulties  of  transport,  and  of  ob- 
taining provisions  and  supplies,  that  the  rich 
gold  veins  in  the  mountains  could  not  be 
worked.  Now  that  these  obstacles  are  over- 
come, the  miners  are  rapidly  returning  to  the 
Great  Bend  of  the  Columbia  River.  Over  4a 
veins  of  gold-bearing  quartz  have  already  been 
registered,  all  of  them  situated  within  a radius 
of  three  miles.  Along  the  line  of  the  Canadian 
Pacific,  especially  on  the  north  and  north- 
western shores  of  Lake  Superior,  silver  mining 
is  carried  on  extensively.  Near  Port  Arthur — 
Canada’s  western  lake  port — there  are  no  less 
than  six  mines  in  operation — namely,  the* 
Huronian,  Silver  Mountain,  Rabbit  Mountain,, 
Beaver,  Silver  Creek,  and  Turin  City,  while 
Silver  Islet  is  declared  to  be  the  richest  yet 
discovered  on  the  continent.  In  the  maritime 
provinces  silver  mining  is  also  carried  on,  and 
in  the  Rocky  Mountains,  as  well  as  British 
Columbia,  rich  discoveries  have  lately  been 
made.  Some  of  the  Canadian  iron  ores  are 
considered  among  the  most  valuable  in  the 
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world,  and  along  the  shores  of  Lake  Superior 
copper  abounds  in  large  quantities.  Then  on 
the  line  of  the  Canadian  Pacific  Railway, 
between  Montreal  and  Ottawa,  large  deposits 
of  phosphates  are  being  developed.  Last  year 
alone  over  25,000  tons  were  shipped  from  the 
district,  and  it  is  worthy  of  note,  that  in  those 
portions  of  Europe  where  the  sugar  beet  is 
extensively  cultivated — that  is,  in  France, 
Belgium,  and  Denmark — no  fertiliser  has  been 
found  to  equal  the  mineral  phosphate  of 
Canada.  This  phosphate  trade  has  therefore 
every  scope  for  speedy  and  large  expansion, 
especially  as  Great  Britain  and  the  United 
States  have  commenced  to  use  the  mineral 
extensively.  The  petroleum  wells  of  Canada 
are  famous  for  their  wealth  in  oil,  having  in 
1884  produced  15,490,622  gallons.  ‘‘The 
Golden  Butterfly,”  by  Besant  and  Rice,  is, 
indeed,  no  overdrawn  picture  of  the  fortunes 
that  have  been  realised  with  oil  in  Canada. 

The  growing  of  fruit,  as  well  for  home 
consumption  as  for  exportation,  is  now  be- 
coming an  important  industry  in  Canada. 
There  are  vineyards  of  fifty  or  sixty  acres  in 
extent,  peach  orchards  of  similar  size ; and 
apple  orchards  almost  innumerable.  Straw- 
berries are  raised  as  a field  crop.  Plums, 
pears,  gooseberries,  currants,  and  raspberries, 
are  everywhere  produced  in  the  greatest 
abundance.  The  tomato  ripens  in  the  open 
air,  and  such  is  the  profusion  of  this  fruit  that 
it  is  very  often  cheaper  on  the  market  than 
potatoes,  selling  at  2s.,  and  some  times  less,  per 
bushel.  Melons  ripen  in  the  open  air,  as  a 
field  or  market  garden  crop,  and  this  delicious 
fruit  is  sold  at  very  cheap  prices  in  the 
markets.  In  the  North-West  wild  fruits  grow 
in  great  abundance,  and  include  plums,  grapes, 
strawberries,  raspberries,  cherries,  cranberries, 
and  other  luscious  berries  of  various  kinds. 

The  time  at  my  disposal  prevents  my  giving 
further  details  regarding  the  resources  of 
■Canada,  although  it  must  not  be  supposed  that 
I have  enumerated  one  ^half  the  wealth  of 
that  grand  Dominion  of  ours  across  the 
water. 

The  total  exports  of  Canada  in  1884  amounted 
to  ;i^i8,782,778  IS.  7d.,  one  half  of  which 
Great  Britain  received  in  natural  products. 
The  imports  for  the  same  period  amounted  to 
^^22,229,634  17s.  id.,  and  of  this  ;^9, 000,000 
came  from  Great  Britain  in  the  shape  of  manu- 
factured goods.  Thus  the  exports  to  the 
United  Kingdom  are  about  evenly  balanced  by 
the  imports.  Canada  is  at  the  present  time 
energetically  endeavouring  to  extend  her 


foreign  trade  relations,  and  negotiations,  in 
which  our  worthy  chairman  has  taken  a deep 
and  active  interest,  have  been  going  on  to  that 
end  with  France,  Spain,  the  West  Indies,  and 
other  parts  of  the  world.  In  shipbuilding,  and 
the  shipping  trade,  there  were  built  in  Canada 
during  1884,  53  steamers  and  305  sailing 
vessels,  with  a tonnage  of  70,287,  and  on  the 
register  of  the  Dominion  there  were  then  in 
all  7,254  vessels,  with  a nett  tonnage  of 
1,253,747  tons.  It  is  admitted  indeed  that 
Canada  stands  fifth  among  the  maritime 
countries  of  the  world.  The  Dominion  railway 
system  is  exceeded  in  length  by  that  of  only 
five  European  countries,  Germany,  France, 
Great  Britain,  Russia,  and  Austria,  and  it  is 
a question  whether  the  mileage  of  Canada 
does  not  surpass  even  that  of  Austria.  The 
Canadian  railway  system  in  1884  comprised 
9,949  miles  of  road,  with  1,565  under  con- 
struction (most  of  which  have  since  been  com- 
pleted), and  the  capital  invested  amounted 
to  p^i  14,582,229  9s.  4d.  The  canal  system 
proper  of  the  Dominion,  which  is  probably  one 
of  the  finest  in  the  world,  comprises  some  219 
miles,  and  cost  ;^9,6o5,638  5s.  9d.  The  trade 
passing  through  these  Canadian  canals  reaches 
large  dimensions.  There  were  in  all  21,722 
vessels  passed  through  the  different  canals 
in  1884,  with  a tonnage  of  3,393,928  tons. 

As  to  the  Canadian  people  no  better  evi- 
dence exists  of  the  prosperous  condition  of  the 
working  classes  in  a country  than  the  state  of 
the  savings’  banks,  and  Canada  shows  well  in 
this  respect,  for,  at  the  close  of  1884,  the  sum 
of  ;^2,72I,778  i8s.  8d.  remained  at  the  credit 
of  depositors  in  the  various  institutions, 
while  in  1868,  the  credits  only  amounted  to 
^^42,040  3s.  I id.  So  much  for  the  wealth  and 
resources  of  Canada,  and  to  prove  that  her  sons 
are  able  and  ready  to  defend  it  should  they  be 
called  upon  to  do  so,  I may  mention  that  the 
enrolled  active  militia  of  the  Dominion  num- 
bers 45,000  men,  while  the  reserve  is  655,000. 
If,  however,  it  were  necessary  to  defend  their 
country  against  the  invader,  double  that  number 
would,  I am  sure,  be  forthcoming  to  volunteer 
for  active  service. 

Of  the  aborigines,  or,  as  they  are  sometimes 
called,  the  Red  Men  of  Canada,  there  are  now 
remaining  only  131,952  throughout  the  whole 
of  the  Dominion,  and  of  this  number  33,959 
belong  to  the  tribes  of  the  North-West  Terri- 
tories. A large  proportion  of  the  Indians  in 
the  eastern  provinces  are  more  or  less  civilised. 
Those  in  the  North-West  are  so  scattered,  and, 
moreover,  bound  by  such  just  and  fair  treaties. 
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their  part  of  which  the  Dominion  Government 
endeavour  faithfully  to  carry  out,  that  any  out- 
break or  trouble  is,  in  my  judgment,  next  to 
impossible.  The  attempt  to  incite  the  more 
important  tribes  to  rebellion  during  the  late 
rising  of  the  half-breeds  in  the  North-West 
signally  failed,  and  no  greater  proof  than  this 
of  their  loyalty  is  needed.  The  cost  to  the 
Dominion  for  the  maintenance  and  care  of 
these  Indians,  and  the  payment  of  subsidies 
under  the  treaties  amounted,  during  1884, 
to  ;^229,354  3s.  3d.  These  efforts  by  the 
Canadian  Government  to  improve  the  con- 
dition of  the  Indians  are  not,  moreover,  fruit- 
less. In  1884,  on  the  Indian  reserves,  84,586 
acres  were  under  cultivation,  producing  crops 
of  corn,  wheat,  oats,  peas,  barley,  rye,  buck- 
wheat, and  potatoes.  The  fish  industries  of 
the  tribes  during  the  same  period  reached  a 
value  of  ;^204,33i,  the  fur  catch  ;^68,3io,  and 
various  other  industries  ^^26,969.  On  the 
same  reserves  there  were  established,  last 
year,  149  schools,  with  an  attendance  of  4,306 
pupils,  and  the  course  of  instruction  included 
reading,  spelling,  writing,  arithmetic,  gram- 
mar, geography,  history,  music,  singing,  and 
drawing. 

A great  deal  has  been  written  about  the 
climate  of  Canada.  Until  ver}’ recently  it  was 
looked  upon  as  the  Siberia  of  the  British 
Empire.  Recent  investigations  as  to  its 
climatic  relations  to  European  countries  show 
that  Canada  has  the  latitudes  of  Italy,  France, 
Germany,  Austria,  the  British  Islands,  Russia, 
Sweden,  and  Norway ; and  has  as  many 
varieties  of  climates  as  have  those  countries. 
The  most  southern  part  of  Canada  is  on  the 
same  parallel  as  Rome  in  Italy,  Corsica  in  the 
Mediterranean,  and  the  northern  part  of  Spain 
— farther  south  than  France,  Lombardy, 
Venice,  or  Genoa.  The  northern  shores  of 
Lake  Huron  are  in  the  latitude  of  Central 
France,  and  vast  territories  not  yet  surveyed, 
are  favourable  for  all  the  great  staples  of  the 
temperate  zones.  I have  seen  it  stated  in  the 
British  press  that  Canada,  especially  the  North- 
West,  experiences  eight  months  of  winter  and 
four  months  of  summer,  while  in  reality  the 
spring,  summer,  and  autumn  months  are  April, 
May,  June,  July,  August,  September,  October, 
and  part  of  November  (frequently  the  greater 
part),  and  the  winter  months  are  December, 
January,  February,  and  March.  Fact  in  this 
case  thus  completely  reverses  fiction.  The 
climate  of  the  North-West  is  of  course  some- 
times severe  during  midwinter,  but  as  ex- 
periences of  residents  undoubtedly  show  that 


so  dry  is  the  atmosphere  the  cold  is  not  as 
much  felt  as  the  readings  of  the  thermometer 
would  seem  to  threaten. 

Coming  now  to  speak  briefly  of  the  physical 
features  and  beauties  of  Canada.  A country 
so  vast  in  extent  can  hardly  fail  to  present 
a great  variety  of  surface,  as  well  as  every 
description  of  climate,  soil,  and  produce. 
Mountain  and  woodland  characterise  to  a large 
extent  the  eastern  and  western  portions  of 
Canada,  while  the  central  is  principally  level 
prairie.  The  area  covered  by  the  inland 
waters  of  the  Dominion  embraces  700,000 
square  miles,  and  constitutes  probably  the 
largest  lake  and  river  system  in  the  world. 
Among  the  lakes  bordering  on  Canada  may  be 
mentioned  Ontario,  Huron,  Michigan,  Erie, 
and  Superior ; and  among  those  in  the  interior, 
Winnipeg,  Manitoba,  Great  Slave,  Great  Bear, 
Athabasca,  Lake  of  the  Woods,  and  other 
minor  bodies  of  fresh  water.  Among  the 
principal  rivers,  the  Great  Saskatchewan, 
Mackenzie,  Columbia,  Fraser,  and  St.  Law- 
rence, may  be  enumerated,  and  so  vast  are 
these  inland  waters  that  a vessel  loading  at 
Port  Arthur,  the  head  of  Lake  Superior,  may 
pass  through  the  various  lakes,  canals,  and 
rivers  to  the  Atlantic,  a distance  of  about 
2,384  miles,  and  from  thence  continue  her 
voyage  across  the  ocean. 

To  the  tourist  and  sportsman  Canada  pre- 
sents many  features  of  interest,  at  which, 
however,  I regret  to  say,  we  can  only  cast  a 
passing  glance.  Landing  at  Halifax,  which  is 
an  imperial  station,  where  is  kept  the  only 
garrison  of  British  troops  in  Canada,  a day  or 
two  can  be  well  spent  in  visiting  the  fortifica- 
tions, dockyards,  and  other  points  of  interest 
in  and  around  the  city.  The  harbour  of 
Halifax  is  one  of  the  best,  perhaps  the  very 
best,  in  the  world.  It  is  six  miles  long,  by,  on 
an  average,  a mile  wide,  and  capable  of 
floating  alongside  the  wharves  vessels  of  the 
largest  size.  There  is  excellent  anchorage  in 
every  part  of  it,  with  room  for  all  the  navies  of 
the  world.  The  city  and  harbour  of  Halifax 
are  protected  by  eleven  different  fortifications. 
The  province  of  Nova  Scotia,  of  which 
Halifax  is  the  capital,  is  renowned  for  its 
beautiful  lakes  and  streams,  and  there  is 
excellent  hunting,  shooting,  and  fishing  in 
almost  every  county.  Trout  abounds  in  nearly 
every  stream ; moose,  deer,  hares,  and  foxes, 
afford  good  sport  at  certain  seasons,  and  in 
shooting,  woodcock,  snipe,  plover,  and  duck 
are  plentiful.  The  scenery  in  the  Annapolis 
Valley  and  many  other  parts  are  we 
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worthy  of  a visit.  Taking  the  intercolonial 
railway,  one  passes  from  Nova  Scotia  through 
the  province  of  New  Brunswick,  also  famed 
for  its  fishing  and  for  its  game,  of  the 
latter  the  cariboo  being  especially  plentiful, 
St.  John,  its  principal  city,  is  a great  seaport, 
and  has  not  inaptly  been  called  the  Liverpool 
of  British  America.  Indeed  the  sea  coast  of 
New  Brunswick  is  everywhere  indented  with 
commodious  bays,  harbours,  and  inlets.  Its 
bays  are  well  renowned  for  the  value  of  their 
shore  fisheries.  Passing  on  we  enter  the 
province  of  Quebec,  and  soon  reach  the  ancient 
city  of  the  same  name,  now  the  present  eastern 
terminus  of  the  Canadian  Pacific  Railway. 
Quebec  is  probably  the  most  interesting  city 
in  Canada,  from  a historic  and  scenic  point  of 
view,  and  well  repays  a visit.  In  the  neigh- 
bourhood the  Falls  of  Montmorenci  are  eight 
miles  distant,  and  nine  miles  below  the  city  the 
Chaudiere  Falls.  We  now  come  to  Montreal, 
the  commercial  capital  of  Canada,  and 
probably  the  most  beautiful  city  in  the 
Dominion.  Here  is  to  be  seen  the  Victoria 
tubular  bridge,  two  miles  in  length,  the  work 
of  Robert  Stephenson,  the  great  English 
engineer.  Above  are  the  Lachine  rapids, 
with  their  wealth  of  wild  scenery,  and  one  of 
the  chief  attractions  to  excursionists  visiting 
Montreal  is  to  shoot  these  rapids  in  one  of  the 
river  steamers,  a feat  which  certainly  possesses 
some  considerable  degree  of  excitement  for 
those  participating  in  it.  Above  the  Lachine 
rapids  the  Canadian  Pacific  Railway  Company 
are  constructing  a bridge  to  span  the  St. 
Lawrence,  in  order  to  aiford  the  railway  in- 
dependent access  to  a seaboard  connection. 
The  bridge,  which  is  to  be  of  iron,  substantially 
built  on  stone  piers,  will  be  3.550  feet  in  length, 
and  will  cost  over  a million  dollars.  Montreal 
is  beautifully  situated  on  an  incline,  Mount 
Royal  being  in  the  background;  and  so  far  as 
its  splendid  wharves  and  piers  are  concerned, 
is  in  reality,  as  St.  John  hopes  one  day  to  be, 
the  veritable  Liverpool  of  the  Dominion.  It 
possesses  many  handsome  public  buildings, 
and  the  great  Cathedral  of  Notre  Dame  is 
specially  worthy  of  a visit. 

We  may  now  take  the  Canadian  Pacific  Rail- 
way to  Ottawa,  the  seat  of  the  federal  Govern- 
ment in  Canada,  and  the  great  timber  and 
lumber  centre  of  the  Dominion.  The  Parlia- 
ment buildings,  consisting  of  three  of  the  finest 
edifices  on  the  continent  of  America,  constitute 
the  chief  attraction  of  the  city.  The  surround- 
ing country  is  most  picturesque,  possessing 
many  features  of  interest  to  the  tourist.  The 


waterpower  of  the  Chaudiere  falls  at  Ottawai 
is  probably  the  greatest  and  most  valuable  in 
America.  From  Montreal  by  the  Ontario  and 
Quebec  section  of  the  Canadian  Pacific  Rail- 
way you  reach  Toronto,  the  chief  cityof  Ontario. 
Thence  a pleasant  sail  across  the  Lake 
Ontario  brings  the  tourists  to  Niagara  Falls,, 
the  splendours  of  which  are  of  world-wide 
reputation.  Toronto  is  built  on  a level  plateau 
on  the  shore  of  Lake  Ontario,  and  is  noted  for 
the  width  and  beauty  of  its  streets,  and  its 
many  handsome  public  and  private  buildings. 
The  province  of  Ontario,  as  a whole,  is  essen- 
tially devoted  to  agriculture,  though,  as  I have 
already  shown,  its  natural  facilities  for  manu- 
facture have  been  largely  utilised.  Yet  the 
tourist  and  sportsman  will  find  many  parts 
worthy  of  front  rank  in  his  estimation,  of  these 
may  be  mentioned  the  districts  of  Parry  Sound,. 
Muskoka,  and  Nipissing,  where  both  game 
and  fish  are  plentiful. 

Returning  to  Ottawa,  we  proceed  by  the 
Canadian  Pacific  Railway  along  the  north  of 
Lake  Superior  through  a country  abounding  in, 
fine  scenery,  and  rich  in  minerals  and  timber,, 
until  we  reach  Winnipeg,  the  doorway  as  it 
were  to  the  prairies  of  the  North-West.  The 
growth  of  Winnipeg  has  been,  as  I have  already 
shown,  wonderful,  and  from  its  position  it  is 
certainly  destined  to  become  a large  and  im- 
portant city.  The  Canadian  Pacific  Railway 
runs  from  this  point  for  a distance  of  nearly 
900  miles  across  the  great  praries  of  the  North- 
West  to  Calgary  at  the  base  of  the  Rocky 
Mountains,  a great  plain  of  fertile  land  destined 
to  become,  ere  long,  the  home  of  thousands,, 
aye  millions,  of  prosperous  and  contented 
settlers.  On  leaving  Calgary,  the  railway 
proceeds  for  three  miles  through  the  broad  fiat 
valley  of  the  Bow  River,  and  comes  suddenly  ta 
the  foot  of  a very  high  hill  on  the  left,  with  the 
surging  waters  of  the  river  immediately  below 
on  the  right.  The  bridge  over  the  Bow  River- 
consists  of  two  spans,  resting  on  four  abut- 
ments, and  measures  428  feet.  Twenty  miles 
from  Calgary  we  pass  the  buildings  of  the 
extensive  Cochrane  Ranch,  and  five  miles, 
beyond  we  cross  the  Bow  River  for  the  third 
time  by  a bridge  over  420  feet  in  length, 
3,666  feet  above  sea  level.  Fifty-three  miles 
west  of  Calgary,  and  the  river  is  again  crossed 
by  a bridge  of  470  feet,  at  an  elevation  above 
the  sea  of  4,160  feet.  Farther  west,  the  track 
crosses  Kananaskis  River,  a turbulent  stream 
tributary  to  the  Bow  River,  running  through  a 
deep  dark  channel  of  slate  rock,  and  leaping 
from  height  to  height  as  it  descends  the 
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mountain  side.  At  Padmore,  where  the  valley 
is  contracted  to  half  a mile,  we  make  entry  to 
the  portals  of  the  mountains.  To  the  north  the 
slopes  are  bare7  to  the  south  they  are  wooded. 
At  the  entry  the  rocks  rise  three  to  five  thou- 
sand feet,  showing  the  whole  formation,  and 
rendering  the  search  for  minerals,  coal,  iron, 
copper,  and  silver,  comparatively  easy.  Four 
miles  west  of  Padmore  we  are  completely  in 
the  mountains.  Every  turn  reveals  new  views 
of  the  grandest  mountain  scenery.  Peaks 
tower  behind  and  above,  and  now  a pyramid, 
again  a pinnacle,  here  an  awful  precipice,  and 
there  a pine-covered  slope.  For  fifteen  miles 
such  grandeur  of  scenery  prevails  until  we 
reach  the  Big  Park,  or  Aylmer  Park  as  some 
call  it.  Proceeding  from  the  head  of  the  park 
for  eight  miles,  we  see  towering  5,800  feet 
above  the  track,  Mount  Cascade,  named  from 
the  stream  which  issues  from  its  side,  and 
with  one  leap  descends  2,000  feet,  to  the 
valley  below,  its  volume  becoming  spray  in  the 
fall.  Near  Banff,  seven  miles  westward,  two 
sulphur  springs  have  been  discovered  at  a 
short  distance  from  the  station,  on  the  main 
line.  The  temperature  of  the  water  in  one  of 
the  springs  is  73°,  and  in  the  other  200°  The 
latter  one,  on  the  mountain  side,  is  200  feet 
above  the  level  of  the  valley.  It  is  thought 
that  these  will  equal  the  hot  springs  of 
Arkansas. 

Westward  still  for  eight  miles,  and  we  come 
to  Castle  Mountain,  named  from  its  resem- 
blance to  Cyclopean  masonry.  Leaving 
Laggan,  we  pass  under  the  shadow  of  the 
mountain,  and  cross  wild  mountain  streams, 
and  shortly  stop  at  Stephen,  named  after  the 
President  of  the  Canadian  Pacific  Railway,  to 
whom  the  successful  prosecution  of  the  enter- 
prise is  so  largely  due.  This  is  the  highest 
elevation  on  the  railway,  the  road  being  5,300 
feet  above  the  sea.  Westward  from  Stephen 
the  track  passes  several  summit  lakes,  from 
one  of  which  several  streams  flow  on  one  side 
to  the  Atlantic,  and  on  the  other  to  the 
nearer  waters  of  the  Pacific.  Five  miles 
beyond  is  Kicking  Horse  Lake,  whence  the 
Kicking  Horse  River  empties  into  Columbia 
River.  The  track  proceeds  down  the  Kicking 
Horse  Valley  amid  scenery  more  magnificent 
even  than  before,  to  the  north  bank  of  the 
Beaver  River,  and  spans  the  Columbia  River, 
thence  crossing  the  Selkirk  Range  by  Roger’s 
Pass,  named  after  its  discoverer.  Major 
Rogers,  an  approximate  distance  from  Stephen 
of  100  miles.  The  railway  now  continues  for 
40  miles  through  a valley  to  the  second  cross- 


ing of  Columbia  River.  The  line  then  passes 
through  the  Eagle  Pass,  and  on  through  the 
valley  of  the  Thompson  River  to  Kamloops, 
continuing  through  the  valley,  and  coasting 
Kamloops  Lake,  the  track  reaches  Savona 
Ferry.  Still  keeping  to  the  basin  of  the 
Thompson,  and  following  the  gorge  through 
which  the  river  forces  its  way,  the  railway 
leaves  the  westerly  direction  it  has  hitherto 
pursued,  and  bends  down  to  the  south. 
Crossing  the  Nicola  River,  we  reach  Lytton, 
near  where  the  Thompson  River  enters  the 
parent  waters  of  the  Fraser.  Crossing  the 
Fraser,  the  line  proceeds  on  the  western  bank 
past  Yale  to  Hope,  where  a westerly  course  is 
again  resumed  to  Vancouver,  the  Pacific 
terminus  of  the  Canadian  Pacific  Railway, 
completing  a distance  of  2,000  miles  from 
Montreal  across  the  Continent  to  the  Pacific. 
The  selection  of  Coal  Harbour  as  the  Pacific 
terminus  of  the  railway,  seems  to  give  general 
satisfaction  in  the  interests  of  the  province 
and  of  the  whole  Dominion.  The  new  port 
has  a well-protected  anchorage,  while  its 
position  at  a point  five  miles  only  from  the 
mouth  of  the  inlet  is  most  favourable.  Another 
important  advantage  over  Port  Moody,  the 
terminus  previously  fixed  upon,  is  that  only 
the  first  narrows  have  to  be  passed,  whereas, 
in  the  case  of  Port  Moody,  the  second  narrows, 
where  the  channel  varies  from  72  to  126  feet 
in  depth,  and  the  tide  runs  from  three  to  seven 
knots  an  hour,  have  also  to  be  passed. 

To  British  Columbia  time  allows  us  to  give 
but  a passing  glance.  The  province  is  un- 
doubtedly attracting  much  attention  at  the 
present  time  in  this  country,  now  that  the  long 
looked  for  through  railway  communication 
over  the  mountain  is  opened  up  with  other 
parts  of  Canada.  British  Columbia  has  not 
only  a delightful  climate,  but  also  in  many 
parts  a rich  and  fertile  soil.  It  possesses 
great  mineral  wealth  and  is  rich  in  timber. 
The  scenery  on  the  British  Columbia  side  of 
the  mountains  cannot  be  excelled,  and  un- 
doubtedly it  will  be  in  the  future  a favourite 
resort  for  tourists  and  sportsmen.  Its  salmon 
fisheries,  both  inland  and  on  the  coast,  are 
well  known  to  be  most  valuable,  and  in  addi- 
tion trout  and  other  kinds  of  fish  are  plentifu| 
in  the  streams.  Of  large  game  there  is  bear^ 
cariboo,  elk,  and  deer,  and  of  the  smaller 
game  wild  geese,  grouse,  snipe,  and  other 
kinds.  British  Columbia  is  the  largest, 
although  at  present  the  least  settled,  of  the 
seven  confederated  provinces ; now  that  it  is 
linked  to  the  rest  of  the  Dominion,  no  one  can 
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say  how  soon  it  may  not  enter  upon  such  a 
course  of  prosperity  as  to  make  it  one  of  the 
leading’  provinces  of  Canada.  There  are  already 
several  indications  that,  as  soon  as  the  railway 
is  open  for  traffic  to  the  City  of  Vancouver, 
there  will  be  a very  considerable  flow  of 
emigration  to  British  Columbia,  so  that  we 
may  expect  to  see  within  a very  short  time  a 
rapid  development  of  its  numerous  resources. 

Having  given  you  a very  imperfect  descrip- 
tion of  the  resources  and  capabilities  of  the 
Dominion,  and  taken  a rapid  glance  at  the 
country  through  which  passes  Canada’s 
national  highway,  I will  now  endeavour  to 
give  a short  review  of  the  difficulties  encoun- 
tered and  overcome  in  the  construction  of  the 
railway.  During  the  interval  between  1872  and 
1878,  an  attempt  was  made  to  locate  the  line 
to  the  north  of  its  present  course.  An  effort 
was  also  made  to  utilise  some  of  the  water 
stretches  along  the  route,  instead  of  making  it 
a continuous  all-rail  line  across  the  continent. 
Fresh  surveys  were  made,  expensive  locks  were 
constructed,  and  time  and  money  expended, 
only  to  find  in  the  end  that  the  part-water 
part-rail  scheme  was,  for  all  practical  pur- 
poses, a failure.  I have  already  shown  that, 
soon  after  the  accession  of  Sir  John  A.  Mac- 
donald to  power  in  1878,  a different  policy  was 
entered  upon,  and  a contract  finally  effected 
with  the  gentleman  now  president  of  the  road. 
Sir  George  Stephen,  and  his  colleagues,  to 
construct  the  line.  The  more  southern  route 
was  then  adopted,  and  work  commenced  in 
earnest,  so  that  at  the  close  of  1881,  165  miles 
were  constructed  westward  from  Winnipeg. 
In  1882,  the  company  completed  a further  dis- 
tance of  419  miles,  and  in  December,  1883,  the 
railway  was  finished  to  Calgary,  a distance  of 
839  miles  from  Winnipeg.  In  the  following 
May,  1884,  it  was  finished  to  Stephen,  the 
summit  of  the  Rockies,  being  altogether  a 
total  of  961  miles,  constructed  in  three  years’ 
time.  The  Government  had  undertaken, 
by  the  terms  of  their  agreement  with  the 
company,  to  transfer,  when  finished,  the 
railway  already  under  construction  and  that 
already  built,  in  all  some  710  miles  ; and 
while  the  road  westward  from  Winnipeg 
was  being  built,  the  line  eastward  to  Port 
Arthur  was  completed  in  May,  1883,  and 
handed  over  to  the  company  to  operate.  The 
railway  was  therefore  open  from  Port  Arthur, 
on  Lake  Superior,  to  Stephen,  the  summit  of 
the  Rockies,  in  the  month  of  May,  1884.  It 
must  not  be  supposed  that  because  the  work 
of  construction  was  quickly  done  it  was  there- 


fore poorly  done.  On  the  contrary,  the  entire 
line  is  thoroughly  well  built,  with  the  very  best 
of  materials,  and  to  show  that  it  was  well 
graded,  I may  state  that  the  earthwork  from 
Winnipeg  to  the  Rockies  averaged  16,300 
cubic  yards  to  the  mile.  The  maximum 
gradients  to  the  eastern  base  of  the  Rockies, 
with  one  exception,  that  of  the  crossing  at  the 
Saskatchewan  River,  are  40  feet  to  the  mile, 
while  steel  rails  of  English  and  German  make 
are  used  throughout  the  entire  line.  The  year 
1884  was  principally  occupied  with  the  con- 
struction of  the  railway  north  of  Lake  Superior. 
On  this  section  of  the  road,  which  was  one  of 
the  most  difficult  the  company  had  to  deal 
with,  there  were  from  10,000  to  12,000  men 
employed,  and  from  1,500  to  2,000  teams  of 
horses.  Twelve  steamers  of  different  sizes 
were  employed  to  bring  supplies  to  this  army 
of  labourers.  The  Lake  Superior  section  was 
completed  early  in  1885,  and  opened  for  traffic 
in  the  autumn  of  the  same  year.  On  the 
2nd  of  November,  1885,  the  first  through  train 
to  the  Rocky  Mountains  left  the  city  of  Mon- 
treal, and  on  the  7th  of  the  same  month,  in 
the  same  year,  the  last  spike  to  complete  the 
line  from  the  Atlantic  to  the  Pacific  was  driven 
by  the  Hon.  Donald  A.  Smith,  who  has  been 
throughout  one  of  the  warmest  and  strongest 
supporters  of  the  great  enterprise.  One  has 
only  to  travel  over  the  line  through  the  Rockies 
to  comprehend  the  immense  physical  difficul- 
ties that  have  been  overcome  in  the  construc- 
tion of  the  railway.  None  but  those  who  have 
seen  them  can  realise  their  extent  and  im- 
mensity. More  than  300  miles  have  been  cut 
through  solid  rook ; the  mountains  have  been 
pierced  by  scores  of  tunnels  ; innumerable 
rivers  of  various  sizes  have  been  crossed,  some 
by  iron  bridges  over  a thousand  feet  in  length  ; 
one  wooden  bridge  of  most  solid  construction, 
286  feet  above  the  water,  the  highest  in 
America ; and  no  less  than  fourteen  streams 
have  been  diverted  from  their  natural  beds  by 
tunneling  through  the  solid  rock.  The  success- 
ful carrying  on  of  this  great  enterprise,  so  far 
as  its  physical  features  are  concerned,  is  quite 
unparalleled  in  railway  construction.  It  is  in 
magnitude  and  difficulty  of  execution  one  of 
the  greatest,  if  not  the  greatest,  achievemer  t 
of  human  labour  that  the  world  has  ever  seen. 
Sir  George  Stephen  and  his  colleagues,  Mr. 
W.  C.  Van  Horne — who  was  chiefly  responsible 
for  the  direction,  organisation,  and  carrying  out 
of  the  work,  and  who  promised  to  complete  his 
huge  task  in  five  years,  and  finished  it  in  four 
and  a half — Sir  John  Macdonald,  Sir  Charles 


April  2,  1886.] 


JOURNAL  OF  THE  SOCLE  TV  OF  ARTS. 


523 


Tapper,  our  distinguished  chairman,  and  others 
who  have  been  more  or  less  identified  with  the 
enterprise,  may  justly  congratulate  themselves 
on  the  successful  issue  of  their  labours.  The 
memory  of  the  men  who  have  thus  secured  for 
Canada  what  I may  term  the  certainty  of 
future  greatness  and  prosperity,  will  never  fade 
for  generations  to  come.  I look  upon  the  com- 
pletion of  the  Canadian  Pacific  Railway  as  the 
welding  of  the  last  link  in  the  chain  of  con- 
federation in  British  North  America.  Without 
that  link  the  elements  of  disunion  would,  I fear, 
have  developed.  This  is  especially  so  far  as  the 
North-West  Territories  and  British  Columbia 
are  concerned,  for  without  railway  connection 
between  the  eastern  and  western  portions  of 
the  Dominion,  the  latter  would  still  occupy  an 
isolated  position,  such  as  could  not  last  long 
without  danger  of  a disruption  of  the  union. 
The  Canadian  Pacific  Railway  not  only 
strengthens  confederation,  but  will  be  the 
means  of  developing  in  a large  degree  the 
resources  of  the  Dominion,  and  with  that 
development  the  railway  itself  must  become 
more  and  more  important,  and  can  hardly  fail 
to  attain  a success  beyond  even  the  expecta- 
tions of  its  w'armest  friends.  By  its  means  the 
great  prairies  will  be  peopled,  and  British 
Columbia  brought  into  touch  with  the  markets 
of  Eastern  Canada,  and  thus  the  manufactur- 
ing industries  of  Ontario  and  Quebec  will  have 
room  to  develop  and  expand.  Moreover,  it 
is  well  known  that  the  trade  between  the 
United  States  and  Australasia,  via  California, 
is  rapidly  growing,  and  the  class  of  goods 
supplied  by  our  American  friends  to  these 
British  Colonies  can  be  as  well,  if  not  better, 
supplied  from  Canada.  Thus  through  the 
opening  of  the  Canadian  Pacific  Railway  a 
new  and  important  outlet  for  Canadian  goods 
will  be  secured,  which  must  otherwise  have 
been  unattainable.  The  completion  of  the  road 
binds  together  all  the  provinces  of  British 
North  America,  politically  and  commercially, 
and  opens  up  to  the  surplus  population  of  the 
United  Kingdom  the  most  productive  wheat 
lands  in  the  world.  It  will  tend,  more  than 
any  other  work  ever  can  do,  to  make  “ Greater 
Britain  ” a reality,  and  to  consolidate  in  more 
ways  than  have  hitherto  been  suspected  the 
unity  of  the  Empire.  Viewed  also  merely  as  the 
opener-up  of  new  routes,  the  Canadian  Pacific 
Railway  will  effect  for  the  Empire  one  of  the 
most  marvellous  changes  on  record,  realising 
to  some  extent  the  old  16th-century  idea, 
that  the  shortest  route  to  the  East  is  by  the 
West. 


A well-known  authority  on  International 
Law,  writing  on  the  complications  which  may 
arise  in  connection  with  the  Suez  Canal, 
says  : — 

“ England’s  position  with  regard  to  the  Egyptian 
question  has  been  greatly  altered  by  the  opening 
of  the  Canadian  Pacific  Railway.  A free  passage 
through  the  canal  for  our  transports  is  by  no  means 
so  essential  to  the  defence  of  the  Empire  as  it  was  a 
short  time  ago.  We  have,  therefore,  far  greater 
liberty  of  action  in  dealing  with  the  other  Powers 
than  we  had  before.  Now  that  we  have  an  alterna- 
tive route  to  India,  we  may  be  able  to  purchase  other 
advantages  in  the  settlement  of  Egyptian  affairs  by 
giving  our  consent  to  an  arrangement  concerning 
the  canal  which  prudence  would  formerly  have  com-^ 
pelled  us  to  decline.” 

How  the  Canadian  Pacific  Railway  exercises 
“an  immediate  influence  upon  the  Eastern 
problem,”  Mr.  Lawrence  works  out  as 
follows  : — 

“ Halifax  is  an  Imperial  station,  where  is  kept  up 
the  only  garrison  of  British  troops  in  the  Dominion 
of  Canada.  On  the  receipt  of  a telegraphic  order 
from  the  Home  Government,  the  2,000  or  1,500 
soldiers  stationed  there  could  immediately  proceed 
by  railway  across  the  continent.  They  would  reach 
the  Pacific — at  the  new  city  of  Vancouver,  on  Burrard 
Inlet— in  five  days;  and  meanwhile  their  places  at 
Halifax  could  be  supplied  by  Canadian  militia  tiU  a 
new  garrison  arrived  from  England.  They  could  be 
conveyed  from  Vancouver  by  sea  to  Calcutta  in  33  or 
34  days,  stopping  on  the  way  at  Hong  Kong  and 
Singapore  to  pick  up  reinforcements  from  the  Im- 
perial garrisons  stationed  there.  Thus  a force  of 
from  3,000  to  4,000  men  could  be  thrown  into  India 
in  about  38  or  39  days  from  the  time  when  the  order 
to  start  reached  the  officer  in  command  in  Halifax. 
Now  it  takes  just  38  days  to  make  the  voyage  from 
England  to  Calcutta,  via  Gibraltar  and  the  Suez 
Canal.  Thus  we  see  that,  as  regards  time,  the  two 
routes  are  in  very  much  the  same  position  ; whereas 
the  route  by  the  Canadian  railways  has  this  great 
advantage — that  the  land  portion  of  it  passes  entirely 
through  British  territory.  As  long  as  we  keep  com- 
mand of  the  sea,  it  is  perfectly  safe  from  end  to  end. 
The  canal  may  at  any  time  be  blocked  by  accident  or 
design,  but  it  is  impossible  to  throw  a barrier  across 
the  open  ocean.” 

A writer  of  a recent  article  in  a London 
paper  says : — 

“The  golden  age  of  peace  has  not  yet  dawned. 
Hence  when  our  Pacific  squadron  can  with  despatch 
and  certainty  draw  men  and  supplies  from  Halifax  or 
England,  and  when  regular  lines  of  English  steamers 
ply  between  Vancouver  and  the  East,  the  power  and 
influence  of  Great  Britain  in  the  North  Pacific  will 
be  enormously  increased,  whether  it  is  to  be  exercised 
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against  aggressive  Russia,  or  to  maintain  her  friendly 
ascendancy  in  Japan  or  China,  or  to  hold  her  own  in 
India.”  

APPENDIX  A. 

Total  Mileage  of  C.P.R.  Lines  in  1886. 

Miles. 


Main  lines  3>047 

Branch  lines 343 

Leased  lines  695 


4»285 

By  the  West  to  the  East. — Comparison  of 
Times. 

London  to  Yokohama. 


P.  and  O.  via  Brindisi 43  to  46  days. 

P.  and  O.  via  Gibraltar  52  to  55  ,, 

C.P.R.  Vancouver  24  to  26  ,, 

London  to  Hongkong. 

P.  and  O.  via  Brindisi 34  to  37  days. 

P.  and  O.vid  Gibraltar 43  to  46  ,, 

C.P.R.  vid  Vancouver 30  to  32  ,, 

London  to  Shanghai. 

P.  and  O.  via  Brindisi  39  to  42  days, 

P.  and  O.  vid  Gibraltar 48  to  51  „ 

C.P.R.  Vancouver 29  to  30  ,, 

London  to  Adelaide. 

and  O.  vid  Brindisi 38  days. 

and  O.  vid  Gibraltar  47  ,, 

Vid  New  York  and  San  Francisco  . . 45 

C.P.R.  and  Vancouver  35  ,, 

London  to  Melbourne. 

P.  and  O.  vid  Brindisi  39  days. 

P.  and  O.  vid  Gibraltar  48  ,, 

Fe’d  New  York  and  San  Francisco  ..  44  >» 

C.P.R.  and  Vancouver  34  ,, 

London  to  Sydney. 

P.  and  O.  vid  Brindisi 40  days. 

P.  and  O.  vid  Gibraltar  49  ,, 

Vid  New  York  and  San  Francisco. . 42  ,, 

C.P.R.  and  Vancouver 33  to  35  ,, 

London  to  Hobart  Town. 

P.  and  O.  vid  Brindisi 41  ,, 

P.  and  O.  vid  Gibraltar  50  „ 

Vid  New  York  and  San  Francisco  . , 46  ,, 

C.P.R.  and  Vancouver 36  „ 


London  to  Auckland. 


P.  and  O.  vid  Brindisi 45  ,, 

P.  and  O.  vid  Gibraltar  54  ,, 

Vid  New  York  and  San  Francisco . , 37  >> 

C.P.R.  and  Vancouver  31  ,, 


Comparison  of  Distances  via  New  York  and 
San  Francisco,  and  via  Canadian  Pacific 


Routes. 

Miles. 

From  London  to  Adelaide  vid  Quebec  and 

14,444 

From  London  to  Adelaide  vid  New  York 

and  San  Francisco  14,882 

From  London  to  Melbourne  wa  C.P.R.  ..  13,959 


From  London  to  Melbourne  vid  New  York 

and  San  Francisco  1 4,397 

From  London  to  Sydney  vid  C.P.R ^3,399 

From  London  to  Sydney  vid  New  York  and 

San  Francisco  13,837 

From  London  to  Auckland  C.P.R.  ..  12,899 

From  London  to  Auckland  vid  New  York 

and  San  Francisco  12,687 

From  London  to  Vancouver  City  vid 

Quebec  and  C.P.R ^,073 

From  London  to  San  Francisco  vid  shortest 

connecting  lines  in  United  States 6,510 

From  London  to  Yokohama  vid  C.P.R.  . . 10,299 

From  London  to  Yokohama  vid  New 

York  and  San  Francisco 11,277 


[The  paper  was  illustrated  by  a series  of  lantern 
views  thrown  on  the  screen  by  means  of  the  electric 
light.]  


DISCUSSION. 

Dr.  Edmunds  proposed  a vote  of  thanks  to  Mr 
Begg  for  his  interesting  paper.  He  (Dr.  Edmunds) 
had  had  the  privilege  of  going  with  the  British  Asso- 
ciation, two  years  ago,  to  Canada,  and  had  seen  all 
the  places  which  had  been  represented  upon  the  screen. 
Interesting  as  these  views  had  been,  they  hardly 
gave  a full  idea  of  the  beauty  and  grandeur  of  the 
places  represented,  those  in  the  Rocky  Mountains 
particularly,  which  surpassed  anything  which  could 
be  conveyed  by  a photograph.  The  interest  which 
Enghshmen  had  in  these  new  colonies  was  very 
great ; we  were  increasing  at  the  rate  of  nearly  7,000 
a week,  and  it  was  thought  by  many  who  were  very 
competent  to  judge  that  England,  as  the  workshop 
of  the  world,  was  meeting  with  very  formidable 
rivals,  and  that  provision  for  our  rapidly  increasisg 
population  will  day  by  day  become  a more  pressing 
question.  If  that  were  so,  there  could  be  httle 
doubt  that  these  new  territories  were  most  valuable 
possessions.  He  confessed  that,  when  he  travelled 
over  those  wonderful  prairies  and  saw  the  farms  of 
the  prosperous  settlers  there,  and  realised  that  half 
a mile  square  of  virgin  fertile  land  was  given  to 
every  adult  emigrant  who  settled  on  those  North- 
Western  plains,  he  wondered  how  it  was  that 
our  agricultural  labourers  could  be  induced  to 
remain  at  their  profitless  toil  in  England,  and 
still  adhere  like  limpets  or  mussels  to  the  rocks 
on  which  they  had  grown.  Those  who  were 
able  to  bear  testimony  on  this  question  ought  to 
call  the  attention  of  our  crowded  population  to  the 
glorious  country  there  was  there,  where  everything 
could  be  had  in  such  profusion,  and  where  no  man 
intending  to  work  could  fail  to  do  well.  He  was  so 
much  interested  by  what  he  saw  on  his  first  visit,  that 
last  year  he  made  a further  exploration  of  Canada, 
going  through  some  of  the  more  northern  districts. 
It  would  take  twelve  or  eighteen  months  to  get 
anything  like  a survey  of  the  country,  but 
last  year  he  went  over  the  Lake  Winnipeg  district 
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up  towards  Hudson’s  Bay.  He  also  travelled  a 
second  time  over  the  great  North-AVestern  prairies, 
and  through  the  Rocky  Mountains,  a most  charming 
tour.  As  to  the  winter  cold,  Mr.  Begg  was  quite 
right  in  his  remarks ; the  thermometric  temperature 
was  very  apt  to  mislead  one  as  to  the  sensation  of 
cold  on  the  human  frame.  A young  friend  of  his 
who  had  just  returned  from  visiting  the  shores  of 
Hudson’s  Bay,  during  the  severest  portion  of  last 
winter,  told  him  that  coming  across  Lake  Winnipeg, 
they  had  the  temperature  49^^  below  zero,  but  he  did 
not  feel  the  cold  so  much  as  he  had  done  in  England 
during  the  last  sLx  weeks ; and  that  when  it  got  up 
to  20°  below  zero  it  seemed  quite  mild.  It  was  the 
great  dryness  of  the  atmosphere  which  produced  this 
effect.  The  effects  of  cold  upon  the  human  body 
was  a question  of  the  conductivity  of  the  air, 
and  of  the  rate  at  which  the  body  parted  with 
its  heat.  Now  the  extreme  dryness  of  the  air 
in  Canada  made  its  winter  cold  quite  bearable. 
When  there  was  a wind,  a man  could  hardly 
stand  it,  but  w’hen  there  was  no  wind,  and. you 
were  properly  clothed,  nothing  was  so  exhilarating 
as  the  sleigh  rides  over  the  ice  and  snow  which  you 
got  in  Canada  during  certain  months  of  the  year. 
Mr.  Begg  had  lived  in  the  country  more  than  twenty 
years,  and  had  travelled  all  over  it ; he  had  been 
•engaged  in  the  fur  trade,  and  his  account  could 
be  thoroughly  depended  upon.  He  could  say,  from 
his  own  observation,  and  from  what  he  had  heard 
from  friends,  that  with  regard  to  health,  and  the 
•enjoyment  of  life,  and  the  success  w’hich  would 
attend  any  ordinary  man  who  went  to  Canada  with 
the  intention  of  working  like  a man,  living  frugally  at 
first,  and  leading  a thrifty,  self-denying  life,  it  offered 
a future  which  could  not  be  paralleled  in  this  country. 

Mr.  David  Chadwick  seconded  the  motion.  He 
remarked  on  the  moderate  and  fair  manner  in  which 
hir.  Begg  had  treated  his  subject.  Speaking  especially 
of  Canada’s  new  great  highway,  he  had  been  com- 
pelled naturally  to  omit  many  points  of  interest,  but 
all  he  had  said  was  absolutely  true,  and  he  had 
exaggerated  nothing,  but  had  stated  the  facts  as 
briefly  and  fairly  as  possible.  From  his  own  obser- 
vations on  five  visits  to  Canada,  he  would  endeavour 
to  say  a word  or  two  on  other  points  w'hich  had  not 
been  referred  to.  On  his  first  visit  to  Canada,  tw'enty 
years  ago,  he  explored  the  Grand  Trunk  Railway, 
which  was  Canada’s  first  great  highway,  and,  on  his 
second  visit,  what  was  then  considered  to  be  Canada’s 
second  great  highway,  the  Intercolonial  Canadian 
Railway.  The  next  time  he  went  was  for  other 
purposes  than  that  of  railway  inspection ; but  on 
his  last  visit  he  went  specially  to  see  the  North-West 
and  this  Canadian  Pacific  Railway.  It  was,  as 
Mr.  Begg  had  described  it,  one  of  the  greatest 
engineering  works  of  the  time ; and  nothing  was 
more  true  than  the  fact  that  the  Canadian  Govern- 
ment (especially  the  present  Government,  which  had 
recently  at  its  head  as  Railway  Minister  the  eminent 


man  now  in  the  chair)  was  entitled  to  the  highest 
credit  for  carrying  out  this  great  work.  Sir  Charles 
Tupper’s  elaborate  reports  on  the  railways  of  Canada, 
and  the  mass  of  facts  he  adduced  in  his  great 
speeches,  demonstrated  not  only  the  practicability 
of  the  Canadian  Pacific  line,  but  that  it  could  be 
made  by  mercantile  men  much  better  than  under 
Government  superintendence,  and  that  it  could  be 
made  to  pay.  No  achievement  could  confer  greater 
honour  on  Sir  Charles  Tupper  than  that  which  he 
accomplished  as  Railway  Minister  in  the  Govern- 
ment to  which  he  was  attached,  and  which  had 
been  so  successful^in  every  respect.  When  he  was  in 
Winnipeg  last  year,  he  was  reminded  of  the  fact  that 
more  than  twenty  years  ago  he  had  been  called  in 
as  a professional  accountant  to  report  on  certain 
matters  between  the  old  Hudson’s  Bay  Company 
and  the  new  one.  Fort  Garry,  the  site  of  the  present 
city  of  Winnipeg,  was  a station  of  the  Hudson’s  Bay 
Company.  He  recollected  that  on  that  occasion  reports 
were  made  that  in  the  Winnipeg  valley,  and  the.Red 
River  settlement,  fertile  land  could  be  obtained.  For 
two  or  three  hundred  years  it  must  have  been  known 
that  the  land  was  fertile,  but  it  was  absolutely  sealed 
up  for  want  of  roads.  But  there  was  another  railway 
about  to  be  constructed  which  railway  would  open  up 
quite  a new  world.  The  Winnipeg  and  Hudson’s 
Bay  was  a line  600  miles  long,  and  would  give  direct 
communication  with  Liverpool.  It  had  been  proved 
by  two  explorations  for  the  Dominion  Government 
that  Hudson’s  Bay  and  Hudson’s  Straits  were  open 
to  ordinary  shipping  for  4J  months  in  each  year. 
This  railway  shortened  the  distance  by  upwards 
of  900  miles  between  Europe  and  the  fertile  plains, 
200,000,000  acres  in  extent,  of  Manitoba  and  the 
North-West  Territories.  This  new  territory  would 
afford  accommodation  for  every  human  being  who 
required  a comfortable  home  and  was  willing  to 
labour.  The  Hudson’s  Bay  Railway,  and  the 
Canadian  Pacific  Railway  would  shorten  the  distance 
from  Europe  to  British  Columbia,  China,  and  Japan, 
and  so  form  a highway  either  for  commerce,  for  war, 
or  for  postal  communication.  Mr.  Hugh  Suther- 
land, the  chairman  of  the  Winnipeg  and  Hudson’s 
Bay  Railway,  had  arrived  in  London  that  very  night 
from  Canada,  but  he  was  too  much  fatigued  with  his 
journey  to  come  to  the  meeting.  Mr.  Shelford,  the 
engineer,  was  present,  and  he  would  be  able  to  sub- 
stantiate his  statement.  The  completion  of  this 
railway  would  be  a blessing  to  both  England  and 
Canada. 

The  Chairman,  in  putting  the  motion,  said  h^ 
long  had  the  pleasure  of  knowing  Mr.  Begg  as  one 
of  the  most  indefatigable  and  able  employes  of  the 
Canadian  and  Pacific  Railway,  a gentleman  who, 
from  his  personal  knowledge  of  the  great  Canadian 
North-West,  with  which  he  had  long  been  familiar, 
and  his  thorough  knowledge  of  every  step  taken  by 
the  company  in  the  construction  of  this  great  work, 
would,  he  knew,  be  prepared  to  give  a very  able  and 
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interesting  paper,  and  he  could,  from  personal  know- 
ledge, corroborate  in  the  fullest  manner  all  the  facts 
and  interesting  data  he  had  given.  There  were  none 
of  the  striking  scenes  which  had  been  presented  with 
which  he  was  not  perfectly  familiar,  and  he  only 
wished  the  audience,  instead  of  seeing  the  somewhat 
imperfect  delineations,  could  have  seen  the  places 
themselves  in  their  natural  condition.  There  were 
one  or  two  points,  however,  in  the  paper  on  which 
he  wished  to  offer  a slight  criticism.  He  feared  that 
Mr.  Begg  had  given  too  much  credit  to  himself,  and 
to  the  leaders  of  the  present  Government  of  Canada, 
and  had  perhaps  scarcely  given  due  credit  to  their 
opponents.  He  said  how  little  the  Government 
of  Mr.  Mackenzie  succeeded  in  doing,  as  might  be 
gathered  from  the  fact  that  at  the  end  of  over  six  years 
the  actual  completion  of  the  line  was  about  as  far  off 
as  when  the  project  was  at  first  conceived.  Now,  that 
somewhat  sweeping  statement  must  be  a little  quali- 
fied in  order  to  do  justice  to  his  political  opponents. 
He  regretted  to  say  that  they  did  not  take  the  very 
sanguine  view  that  he  and  his  friends  did  with  regard 
to  the  practicability  of  Canada,  with  a population  of 
less  than  five  millions,  being  able  to  undertake  one 
of  the  most  gigantic  works  of  the  present  age,  but  he 
remembered  with  great  gratification  that  when  about 
the  close  of  1872  his  party  fell,  and  the  opposite 
party  succeeded  to  power,  they  declared  their  inten- 
tion of  steadily  prosecuting  the  construction  of  the 
railway,  and  although  no  great  progress  was  made 
perhaps  during  the  five  years  that  they  were 
in  office,  it  must  not  be  forgotten  that  they 
placed  under  contract  228  miles  of  the  most 
important  and  difficult  section  of  the  work,  one 
running  112  miles  east  from  the  Red  River,  and 
another  114  running  west  from  Port  Arthur  towards 
the  Red  River,  the  accomplishment  of  which  greatly 
acihtated  their  efforts  when  they  succeeded  to  power. 
During  that  five  years  also  they  continued  vigorously 
to  explore  and  survey  the  country,  and  the  route  by 
the  valley  of  the  Fraser,  which  was  subsequently 
adopted,  vas  practically  located  by  his  opponents 
during  their  term  of  office.  Mr.  Begg  had  stated 
that  on  their  return  to  power,  in  1878,  they  at  once 
attempted  to  carry  out  the  construction  of  the  rail- 
way by  a company,  but  that  was  not  strictly  in  accord- 
ance with  the  fact.  When  they  came  back  to  power 
they  felt  that  the  project  of  constructing  the  rail- 
way by  a company,  and  of  obtaining  capital  for 
its  construction,  was  in  that  position  that  it  would  not 
be  wise  to  adopt  that  course  immediately,  and  for  a 
time  they  carried  out  the  policy  of  their  predecessors, 
and  went  on  with  it  as  a Government  work.  They 
placed  under  contract,  that  very  difficult  portion 
between  the  two  sections  which  their  predecessors 
had  contracted  for,  by  which  the  communication 
would  be  made  to  Red  River,  and  also  217  miles  of 
the  most  difficult  portion  of  the  line  in  British 
Columbia,  feeling  assured  that  if  the  Government  of 
Canada  carried  those  works  to  a successful  comple- 
tion, and  were  then  in  a position  to  hand  over  to  a 


company  that  completed  work  with  a large  subvention, 
they  might  induce  capitalists  to  undertake  the  rest. 
That  policy  was  perfectly  successful,  as  they  had  heard 
from  the  author  of  the  paper.  The  contract  signed 
by  him  as  Minister  of  Railways,  in  Batt’s  Hotel, 
Dover-street,  at  the  close  of  1880,  bound  Mr.  Stephen 
and  his  associates  to  complete  the  road  by  the  ist  of 
July,  1891,  and  as  the  lecturer  had  told  them,  that 
gigantic  work  was  so  far  completed  as  to  enable  Mr. 
Donald  Smith  to  drive  the  last  spike  last  November. 
As  Lord  Lome  had  said,  in  his  interesting  article  ii> 

“ Good  Words,”  this  was  the  most  gigantic  work  of  the 
age,  and  the  building  of  it  in  half  the  time  within  which 
the  contractors  had  bound  themselves  to  complete  it 
was  a most  wonderful  achievement.  He  was  sure  the 
remarks  of  Dr.  Edmunds  would  commend  themselves 
to  the  consideration  of  every  one  present.  In  this  over- 
populated  country  great  numbers  at  the  present  time 
were  naturally  looking  abroad  to  see  if  some  other 
portion  of  the  world  did  not  present  a better  field  for 
their  industry  than  they  could  find  at  home,  and  too 
much  importance  could  not  be  attached  to  the  fact 
that,  instead  of  their  countrymen  being  obliged  to  seek 
under  a foreign  flag  and  in  a foreign  country  the 
means  of  improving  their  position,  they  could,  under 
the  same  flag  and  under  British  institutions,  in  this 
great  Canadian  North-West,  find  one  of  the  most  in- 
viting fields  for  their  industry  that  the  world  could 
afford.  Too  much  importance  could  not  be  attached 
to  the  fact  that  this  which  was  an  unknown  desert  a 
few  years  ago  now  presented,  in  connection  with  this 
gigantic  work,  200  million  acres  of  the  finest  wheat- 
growing and  fertile  lands  to  be  found  on  the  face  of 
the  globe.  With  regard  to  the  climate,  he  might 
give  an  illustration.  When  they  talked  about  the 
thermometer  going  down  30®  below  zero  one  naturally 
felt  a shudder,  and  asked  how  was  it  possible  te 
survive  ; but  there  was  no  country  in  the  world  which 
would  produce  a larger  crop  of  wheat  than  this  fertile 
valley  in  the  North-West  of  Canada,  and  with  regard 
to  its  suitability  for  stock,  he  might  mention  that  from 
his  own  personal  knowledge  of  100  horses  which 
were  turned  out  at  the  foot  of  the  Rocky  Mountains 
in  October,  worn  out  with  their  season’s  work,  all  but 
one  were  taken  up  in  the  finest  condition  in  the 
spring  without  having  had  the  least  shelter 
or  care  of  any  kind,  or  indeed,  without  having 
been  even  seen  by  civilised  eyes  in  the  interval. 
That  showed  that,  whether  as  regarded  the  pro- 
duction of  cereals  or  other  crops,  or  the  effect 
upon  animal  life,  there  could  be  no  finer  climate, 
taking  it  ffil  in  all,  than  this  country  presented. 
One  word  upon  a point  touched  upon  by  Mr.  Begg, 
but  to  which  too  much  importance  could  not  be 
given,  viz.,  the  importance  to  this  country  of  havings 
an  alternative  route  to  the  great  East,  and  not  beings 
dependent  on  the  Suez  Canal  or  on  European  com- 
plications in  case  of  war  in  India.  The  advantage 
of  this  great  trans-continental  Canadian  Pacific 
Railway  was  not  only  to  bring  the  people  of  this 
country  1,000  miles  nearer  to  Hong  Kong  and  Yoko- 
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hama,  than  by  the  route  via  New  York  and  San 
Francisco,  but  in  the  case  of  European  complica- 
tion, or  an  obstruction  of  the  Suez  Canal,  England 
had  a great  highway  under  her  own  flag  from 
end  to  end,  by  which  she  could  send  her  troops ; and 
by  making  a place  d'annes  at  Halifax  or  Vancouver, 
she  would  be  as  near  striking  distance  of  India 
as  by  the  nearest  European  route,  which  was 
open  to  obstruction.  With  regard  to  the  eflect  of  the 
opening  of  this  great  field  for  British  colonisation  on 
the  Empire,  and  the  opening  up  of  a country  which 
would  give  thoroughly  happy  and  comfortable  homes 
to  forty  millions  of  additional  subjects  ; or  regarded 
in  the  light  of  affording  an  alternative  line  to  the 
East  under  the  British  flag,  the  importance  of  this 
great  work  could  not  be  over-rated.  Too  much  credit 
could  not  be  given  to  Sir  George  Stephen  and  his 
associates  for  the  vigour  and  courage  with  which  they 
had  grappled  with  this  great  work,  and  the  service 
they  had  performed  was  inestimable,  not  only  to  them- 
selves and  their  associates,  who  he  believed  would  reap 
a rich  reward,  but  for  the  blessings  which  had  been  con  • 
ferred  on  their  own  country  and  the  Empire  at  large. 

Mr.  H.  C.  Beeton,  Agent-General  of  British 
Columbia,  said  that  the  Chairman,  who  had  visited 
British  Columbia  on  two  occasions,  knew  of  what 
importance  the  railway  was  to  the  Pacific  province, 
as  British  Columbia  had,  till  recently,  made  but 
slow  progress.  In  1849,  the  Hudson  Bay  Com- 
pany undertook  to  colonise  Vancouver,  and  at  the 
end  of  five  years  the  population  did  not  exceed  450 
souls.  In  1858,  gold  was  discovered,  and  when  the 
rich  alluvial  mines  of  Cariboo  declined,  the  colony 
experienced  a severe  relapse.  In  1866,  the  island 
and  mainland  were  united  under  the  name  of  British 
Columbia.  Previous  to  that,  and  dating  from  1859, 
there  were  two  separate  Governments,  one  at  Victoria, 
the  other  at  New  Westminster,  with  rival  policies, 
Victoria  being  a free  port,  and  New  Westminster 
having  her  tariff.  This  year  British  Columbia  will  be 
within  a fortnight  of  England,  and,  after  long  weary 
waiting,  will  be  really  launched  on  her  career.  Look- 
ing at  her  geographical  position  in  the  North  Pacific, 
and  her  resources  in  coal,  timber,  minerals  and  fish, 
she  seems  destined  to  become  an  important  manu- 
facturing and  commercial  country',  trading  with 
China,  Japan,  and  Australia.  Turning  to  the 
Dominion  generally  and  her  great  highway,  Canada’s 
great  work  in  the  future  will  be  the  settlement  of  the 
North-West.  The  emigration  returns  for  1885  from 
this  country  show  that  70  per  cent,  of  our  people 
emigrate  to  the  United  States,  while  only  10  per 
cent,  go  to  Canada.  Cannot  these  figures  be  altered  ? 
Supposing  an  equal  number  went  to  the  United 
States  and  Canada,  it  would  have  given  Canada  last 
year  70,000  instead  of  20,000  emigrants.  It  appeared 
to  him,  in  connection  wnth  the  peopling  of  the 
Canadian  North-West,  and  in  colonies  generally,  that 
two  important  problems  wait  solution,  one  is  the 
distribution  of  population,  the  other  the  distribution 


of  food.  Food  was  never  so  abundant  and  cheap  as 
it  is  to-day.  How  to  enable  the  poor  to  earn  it  is 
the  question.  Let  Canada  and  the  Mother  Country 
co-operate  in  peopling  the  great  Canadian  North- 
West,  and  try  to  solve  these  two  problems.  By  so 
doing,  they  will  have  conferred  an  everlasting  blessing 
upon  humanity. 

The  motion  having  been  carried  unanimously,  IMr. 
Begg  briefly  expressed  his  acknowledgements. 


APPLIED  CHEMISTRY  Sf  PHYSICS 
SECTION, 

Thursday,  March  25th,  1886 ; Alfred  E. 
Fletcher,  F.C.S.,  Chief  Inspector  under  the 
Alkali,  &c..  Works  Regulations  Act,  in  the 
chair. 

The  paper  read  was — 

ON  SOME  APPLIANCES  FOR  THE' 

UTILISATION  OF  REFUSE  AND  DUST 

FUEL. 

By  Walter  G.  McMillan,  F.C.S. 

Demonstrator  of  Metallurgy  in  King’s  College,  London. 

That  a rigid  and  strict  economy  in  material 
and  labour  is  of  prime  importance  to  a com--- 
mercial  country  is  generally  admitted ; never-'- 
theless,  it  is  apt  to  be  neglected  and  forgotten 
when  the  tide  of  prosperity  is  at  its  flood ; but 
during  the  ebb,  when,  as  at  the  present 
moment,  the  keen  competition  of  British  and 
foreign  manufacturers  in  all  the  markets 
of  the  world,  whether  at  home  or  abroad, 
combined  with  a high  standard  of  wages 
and  the  universal  dulness  of  trade,  have- 
reduced  the  margin  of  profit  almost  to  the 
vanishing  point,  then  it  is  that  he  who  prac- 
tises the  greatest  economy  in  his  manufacturing 
processes,  or  who  is  able  to  convert  the  bye- 
products  incidental  to  them  but  hitherto 
worthless,  into  a marketable  article,  is  most 
likely  to  prove  the  fittest,  and,  therefore,  to 
survive  in  the  great  race  for  public  patronage. 
The  old  saying  that  “ A penny  saved  is  a 
penny  gained  ” is  thus  often  the  key-note  to 
success ; a principle  not  unknown  to  those 
who  have  listened  to  many  of  the  interesting 
papers  read  in  this  room.  We  all,  I think, 
shall  be  prepared  to  admit  that  a terrible 
amount  of  waste  is  going  on  around  us,  a fact 
to  which  many  of  us  may  be  able  to  testify 
from  personal  observation ; but  this  evening, 

I intend  to  deal  with  this  widely  compre- 
hensive subject  only  in  so  far  as  it  concerns 
certain  classes  of  refuse  fuel.  The  vastness 
of  our  coal  supply  has  led  to  carelessness  as 
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to  the  amount  of  fuel  wasted,  in  use  through 
imperfect  appliances  for  its  combustion,  or  at 
the  mine  or  the  works  through  the  formation 
of  dust.  We  must  remember  that  this  dust 
has  nearly  as  great  a heat-giving  power 
as  the  fuel  from  which  it  originated  (not 
quite  as  great,  because  it  is  generally  mixed 
to  a certain  extent  with  mineral  and  incom- 
bustible dirt,  which  tends  to  depreciate 
its  value  proportionately),  and  it  is  of  this 
dust  that  I intend  to  treat  to-night,  though  I 
know  only  too  well  that  I can  render  but  scant 
justice  to  my  subject.  I propose,  then,  to  give 
a brief  outline  sketch  of  the  nature  and  pro- 
duction of  the  material,  and  of  some  of  the 
means  which  have  been  applied  to  its  utilisa- 
tion in  the  past,  and,  finally,  to  give  at  somewhat 
greater  length  an  account  of  one  or  two  of 
the  more  recent  inventions  in  this  field. 

Production  of  Dust  Fuel. 

Coal  Dust. — Coal  is  peculiarly  liable  to 
detrition ; its  extreme  brittleness,  and  low 
power  of  resistance  to  crushing  strain,  cannot 
but  give  rise  to  the  production  of  much  small 
coal  and  dust  whenever  it  is  handled.  When- 
ever pyrites  is  present  in  the  coal  in  any  con- 
siderable quantity,  this  disintegration  is  largely 
assisted  by  the  natural  chemical  process  of 
weathering.”  The  first  action  of  moist  air 
on  pyrites  (Fe  S2  or  bisulphide  of  iron)  is  the 
formation  of  the  oxydised  compound,  ferrous 
-sulphate  (Fe  SO4.  7H2  O),  which  occupies  a 
space  nearly  six-and-a-half  times  as  great  as 
that  of  the  original  pyrites  ; and  thus  a 
w’edging  or  splitting  force  is  brought  to  bear 
.upon  the  surrounding  coal,  which  becomes 


rapidly  broken  down  into  smaller  fragments. 
But  it  is  by  mechanical  rather  than  by 
chemical  agency  that  coal  suffers  the  greater 
deterioration.  The  getting  of  the  coal  in  the 
first  place,  then  the  packing  and  removal  in 
the  “ tubs  ” or  trucks  in  which  it  is  brought  to 
bank,  and  the  very  process  of  “ screening,”  by 
which  the  dust  already  present  is  separated 
from  the  more  marketable  sizes,  all  tend  to 
break  up  the  larger  lumps,  and  thus  to  produce 
“small”  at  the  pit  itself.  Then  the  loading 
of  the  vessels  or  of  the  railway  waggons, 
the  constant  vibration  and  agitation  of  the 
carriages  in  transit,  and,  finally,  the  shooting 
of  the  coal  into  the  store  of  the  agent  or  the 
bunker  of  the  consumer,  give  rise  to  a yet 
further  supply  of  the  inevitable  dust.  The 
proportion  of  dust  to  lump  must  vary  with  the 
nature  of  the  coal ; harder  varieties,  more 
capable  of  resisting  the  rough  usage  to  which 
it  is  submitted,  will  yield  a smaller  per-centage 
than  will  the  more  frangible  kinds  ; but  in  any 
case  the  quantity  is  extravagantly  large.  The 
actual  waste  in  getting  the  coal  depends  upon 
its  quality  and  upon  the  method  of  working 
employed,  the  “long  wall”  method  yielding 
a smaller  per-centage  of  dust  than  that  known 
as  the  “ pillar  and  stall  ” system. 

The  Table  below,  expanded  from  Smith’s 
“ Miner’s  Guide,”  published  in  1836,  will  give 
some  idea  of  the  then  estimated  yield  of  three 
sizes  of  coal  in  various  seams. 

By  the  kindness  of  coal  owners  in  a few  of 
Midland  and  Northern  districts  of  the  English 
coal  fields,  I have  been  supplied  with  some 
statistics  of  the  working  at  the  present  time. 

Of  the  total  coal  raised  (the  figures  given 


Thickness  of  Strata  (excluding  partings)  of  getable  Coal  and  Produce  per  acre. 


Coal  Seam. 

Thickness 
of  seam. 

Yield  in  Tons. 

Yield  per  cent. 

Coal. 

Lump. 

Slack. 

Coal. 

Lump. 

Slack. 

1.  Brooch  coal 

2.  Flying  Reed  

3.  Thick  coal 

4.  Heathen  coal  

5.  New  Mine,  top  and  bottom  coal 

6.  New  Mine,  bottom  coal 

yd.  ft.  in. 

309 
I I 0 

8 2 3 

100 

426 

326 

1,815 

3,226 

10,400 

2,420 

11,695 

9,275 

363 

645 

1,733 

484 

2,339 

1,855 

1,452 

968 

, 3,267 

726 

3,508 

2,782 

50 

667 

67-5 

66-7 

667 

667 

( 64-1  1 
( mean  J 

10 

13-3 

11*3 

13*3 

13*3 

133 

( 12.4  1 
t mean  / 

13-2 

40 

20 

21-2 

20 

20 

20 

( 23-5  ) 
( mean  j 

21 

Total  by  Rib  and  Pillar  System 

If  by  Long  Wall  system,  add 

38,831 

10,574 

7,419 

2,494 

12,703 

3,025 

Total  by  Long  Wall  system  | 49,405 

9,913 

15,728  1 

65-8 
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here  are  those  representing  the  average  work 
in  one  of  the  large  collieries  in  each  district). 
Steam  coal,  in  the  Newcastle  district,  gives 
about  30  per  cent.;  household  coal,  35  to  45 
per  cent. ; and  gas  and  cooking  coals,  50  to 
60  per  cent,  of  dust;  in  the  South  Durham 
district,  about  18  per  cent,  is  “duff;”  in 
Derbyshire  about  15  per  cent,  is  small  slack, 
of  which  5 per  cent,  is  left  in  the  pit ; in  South 
Derbyshire,  with  an  extremely  soft  coal,  40  per 
cent,  is  “dust,”  including  all  that  will  pass 
through  a |-inch  screen  ; in  the  Barnsley 
district,  the  hard  coal  gives  about  5 per  cent, 
of  “ smudge,”  the  soft  coal  about  12  per  cent. 

It  frequently  happens  that,  owing  to  there 
being  no  demand  for  it  in  the  district,  or 
owing  to  the  low  market  price,  a large  quantity 
of  the  small  is  left  in  the  pit.  Thus,  in  the 
case  of  the  South  Derbyshire  soft  coal  above 
referred  to,  only  15  per  cent,  is  raised,  the 
remaining  25  per  cent,  being  left  to  waste 
underground.  All  the  dust  that  is  thus  allowed 
to  remain  below  is,  of  course,  absolutely  lost; 
but  unless  the  demand  for  this  material  increase 
largely,  and  the  price  to  a corresponding 
extent,  the  whole  quantity  will  not  be  raised,  on 
account  cf  the  attendant  expense. 

The  coal  that  is  sent  to  bank  is  at  some 
collieries  in  part  disposed  of  in  the  condition 
in  which  it  is  raised,  and  is  known  as  un- 
screened coal ; but  it  is  generally  submitted  to 
a process  of  screening  to  separate  the  dust  or 
duff ; frequently  it  is  again  screened  to  obtain 
intermediate  sizes,  these  various  qualities 
having  special  distinguishing  names,  such  as 
round  (the  large  coal),  nuts  (sometimes  also 
treble  nuts  and  double  nuts),  beans,  peas,  and 
duff.  The  screening  process  is  conducted  by 
passing  the  coal  over  parallel  iron  bars  placed 
at  (say)  half  inch  distances  apart,  all  that 
finds  its  way  between  these  is  then  passed  over 
gauze  meshes,  i inch  for  nuts,  and  § inch  for 
peas,  the  finer  portion  thus  separated  being 
sold  as  duff.  In  the  case  of  certain  Durham 
collieries  the  proportions  of  the  several  sizes 
made  are  approximately,  with  present  prices 
as  loaded  on  wagons  at  pit : — 

Round. . 50  per  cent.  @ per  ton  7s.  od.  to  los.  od. 

Nuts....  20  ,,  @ ,,  4s.  6d.  to  6s.  od. 

Peas,...  12  ,,  @ 4s.  od.  to  5s.  od. 

Duff....  18  ,,  @ ,,  IS.  od.  to  IS.  6d. 

The  price  varies  in  different  districts,  rang- 
ing from  zero  to  one-fourth  or  (with  coking 
coals)  one-half  of  the  current  price  of  best 
coals ; thus  in  the  Newcastle  district  the 
present  price,  is  per  ton 
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Steam  coals, 
f.o.b.  Tyne. 

House  coals, 
f.o.b.  Wear. 

Coking  coals, 
at  pit. 

Best  

Small 

8s. 

2S.  to  2S.  6d. 

1 

8s.6d.to  los.od. 
3s.0d.t0  3s.  6d. 

6s.  to  Cs.  6d. 
3s.  to  4s.  3d. 

The  South  Derbyshire  soft  coal  dust,  which 
is  largely  used  in  Jukes’s  furnaces,  sells  at 
IS.  gd. ; the  Barnsley  smudge  at  is.  6d.  per 
ton  at  the  present  time. 

Co^e  Dust. — As  with  coal  itself,  so  with  the 
coke  produced  from  it  in  the  manufacture  of 
illuminating  gas,  its  friable  character  causes 
it  to  be  easily  pulverised,  and  thus  there  is  a 
large  quantity  of  coke  dust  or  breeze  made  at 
the  numerous  gas  works  throughout  the  king- 
dom. I am  informed  on,  as  I believe,  reliable 
authority,  that  the  average  production  of  breeze 
at  many  of  the  metropolitan  works  amounts  to 
3*98  bushels  per  10,000  cubic  feet  of  gas,  orper 
one  ton  of  coal  carbonised.  Assuming  this  to 
be  correct  (and  it  is  probably  not  in  excess  of 
the  actual  yield),  and  that  a cubic  yard  weighs 
947*6  lbs.,  equal  to  nearly  21  bushels,  we  have 
the  following  figures  as  the  production  of 
breeze  by  the  metropolitan  gas  companies  in 
the  year  1885.  The  amounts  of  gas  made, 
upon  which  the  subsequent  calculations  are- 
based,  are  taken  from  the  annual  reports  of  the 
respective  companies.  A bushel  weighs  from 
42*5  to  45  lbs.,  according  to  the  amount  of 
moisture  absorbed. 

The  price  of  breeze  in  London  is  about  5s. 
per  ton  delivered,  or  about  3s.  at  the  gas- 
works ; in  the  provinces  it  may  frequently  be 
had  for  2s.  The  evaporative  power  of  a sample 
containing  4*35  per  cent,  of  ash  has  been 
determined  by  Mr.  James  Paterson  of  War- 
rington, who  found  it  to  be  11*3  ; that  is,  i lb. 
of  the  coke  undergoing  complete  combustion 
will  convert  ii  ’3  lbs.  of  water  at  the  boiling 
point  into  steam  at  the  same  temperature. 

Since  dust  and  refuse  fuels  are  practically 
waste  products,  it  is  difficult  to  find  a true 
estimate  of  the  value  of  means  proposed  for 
their  utilisation  ; thus,  in  the  first  place,  the 
supply  is  necessarily  limited,  and  then,  with 
an  increased  demand  for  the  material,  its 
market  price  will  be  raised  to  a corresponding 
extent,  and  the  consumer  will  derive  less 
benefit  from  the  use  of  his  improved  methods. 
This  process  may  be  very  slow  and  gradual, 
but,  sooner  or  later,  if  the  invention  have  any 
real  value,  it  must  follow.  Again,  the  full 
advantages  in  using  the  improvements  can  be 
reaped  only  in  the  immediate  neighbourhood 
of  the  mines  or  of  the  works  producing  the 
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Table  estimating  Production  of  Breeze  in  1885  by  various  Gas  Companies,  assuming 
3-98  Bushels  = 10,000  Cubic  Feet  of  Gas. 


Gas  Company. 

Make  of  gas  in 
cubic  feet. 

Estimated  j 
Bushels. 

.reduction  of  breeze. 
Cubic  yds.  j Tons. 

Gas  Light  and  Coke  Company  (all  stations) 

i6,355»872,ooo 

6,509,637 

309,982 

131,122 

South  Metropolitan  Gas  Company  (all  stations)  .... 

4,405,003,000 

1,753.191 

83,485 

35,525 

Commercial  Company  

1,770,000,000 

704,460 

33,546 

14,190 

Brentford  and  SouthaU  Company  

829,898,000 

329,299 

15,681 

6,633 

Crystal  Palace  District  Company  

596,492,000 

237,403 

11,305 

4,782 

West  Ham  Company  

357,002,000 

142,086 

6,766 

2,862 

Tottenham  and  Edmonton  Company 

207,447,000 

82,563 

3,931 

1,670 

Wandsworth  and  Putney  Company  

205,137,000 

81,644 

3.888 

1,644 

freeze  ; for  the  expense  of  carriage  will  often 
-exceed  the  prime  cost  of  the  best  coal,  and 
dyeing  the  same  for  the  lower  grade  fuel,  the 
.actual  saving  relative  to  the  ultimate  cost  is 
much  diminished. 

Utilisation  of  the  Refuse  Fuels. 

Coke, — If  the  dust  result  from  a coal  of 
which  the  powder  possesses  the  property  of 
binding  together  or  caking,  when  heated 
strongly  in  a closed  vessel,  with  exclusion  of 
air,  it  may  with  advantage  be  used  in  the 
manufacture  of  coke.  Previous  to  treating  it 
in  this  way,  however,  it  is  usual  to  wash  the 
dust ; that  is,  to  agitate  it  gently  in  a stream 
of  running  water;  in  this  way,  the  heavier 
mineral  impurities,  with  pyrites  (brasses), 
are  removed,  their  higher  specific  gravity 
causing  them  to  sink  to  the  bottom  of  the  fluid 
medium,  whilst  the  lighter  combustible  matter 
is  carried  forward  by  the  stream,  and  deposited 
in  suitable  receptacles ; thus  the  resulting 
coke  has  a lower  percentage  of  ash,  and, 
which  is  of  yet  greater  consequence,  contains 
far  less  sulphur  than  that  made  from  unwashed 
-coal. 

The  total  loss  in  the  washing,  consisting  of 
-earthy  and  mineral  matter,  together  with  some 
of  the  coal,  amounts  frequently  to  about  15  or 
20  per  cent,  of  the  original  fuel.  The  higher 
price  given  for  duff  of  caking  coal  is  thus  fully 
explained.  Attempts  have  been  made  from 
time  to  time  to  utilise  the  slack  of  non-caking 
coals  for  producing  oven-coke,  by  mixing  it 
previous  to  carbonisation  with  a binding 
materia],  such  as  tar,  or  with  the  small  of 
bituminous  coal,  but  they  have  met  with  no 
great  success. 

Patent  Fuel, — Another  method  of  convert- 
ing small  coal  into  a marketable  commodity  is 


to  compress  it,  per  se,  or  in  admixture  with  a 
binding  substance,  into  the  form  of  briquettes, 
when  it  has  a certain  sale  as  patent  or  artificial 
fuel;  it  is  made  chiefly  for  exportation,  but 
little  being  used  in  England.  This  system, 
however,  can  be  financially  successful  only  so 
long  as  there  is  sufficient  difference  between 
the  prices  of  dust  and  best  coal  to  cover  the 
entire  cost  of  manufacture,  with  the  requisite 
profits  ; and  the  moment  this  limit  is  reached, 
the  manufacture  of  patent  fuel  ceases  to  be 
remunerative.  The  principal  British  seat  of 
this  industry  is  South  Wales,  though  large 
works  have  been  opened  at  Sunderland  for 
treating  Durham  coal.  On  the  Continent  and 
in  America  this  fuel  appears  to  have  found 
greater  favour  among  engineers  than  it  has  in 
England,  large  quantities  being  consumed 
annually,  especially  on  the  railways  ; hence 
very  many  of  the  collieries  in  France,  Belgium, 
and  Germany,  have  put  down  plant  for  the 
manufacture  of  the  briquettes,  and  are  now 
treating  their  refuse  slack  with  advantage. 

So  long  ago  as  1670,  coke  breeze  appears  to 
have  been  mixed  with  moist  clay,  and  worked 
into  lumps,  which  having  been  well  dried,  were 
subsequently  used  as  a fuel.  In  1799,  Jean 
Frederick  Chabannes  patented  a method  of 
consolidating  dust  fuels,  and  since  that  time 
many  inventors  have  followed  in  the  same 
direction.  There  is  necessarily  a strong  family 
likeness  between  the  various  processes,  the 
chief  points  of  difference  being  found  in  the 
nature  and  (especially)  in  the  proportion  of  the 
cementing  medium  employed,  and  in  the 
details  of  mechanical  treatment.  Although  the 
original  clay  process,  as  we  are  told,  is  still  to 
be  found  in  a few  obscure  districts  applied  to 
the  utilisation  of  the  slack  on  the  domestic 
hearth,  yet,  on  account  of  the  large  per-centage 
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of  “ash’’  artifically  introduced,  it  would  not 
be  used  otherwise,  where  a higher  class  of  fuel 
is  available.  In  the  more  modern  arrange- 
ments, then,  the  slack,  in  some  cases  washed 
to  eliminate  pyrites  and  heavier  mineral  im- 
purities, is  mixed  with  a liquid  agglutinant, 
such  as  tar  or  starch  mucilage,  and  pressed 
into  blocks  or  briquettes,  which  are  dried  at  a 
temperature  of  150°  C,  and  finally  waterproofed, 
if  necessary,  by  momentary  immersion  in  a 
benzene  solution  of  pitch ; or  the  coal  is  inti- 
mately mixed  in  the  dry  condition  with  the 
necessary  quantity  of  pitch,  the  mixture  being 
then  heated  to  the  softening  point  of  the  latter, 
either  by  superheated  steam  or  by  external 
firing.  The  pasty  mass  may  then  be  easily 
forced  into  the  usual  brick  moulds  by  the 
application  of  powerful  pressure.  The  use  of 
steam  is  objectionable,  inasmuch  as  thefinished 
blocks  always  retain  a certain  amount  of 
moisture,  moreover  they  are  said  to  be  more 
liable  to  crack  when  thus  prepared.  One 
of  the  most  recent  processes  is  Yeadon’s. 
The  powdered  coal  and  pitch  are  kept  in  con- 
stant motion  by  the  revolving  knives  of  a pug- 
mill,  through  which  heated  air  is  blown,  until 
the  mixture  is  sufficiently  workable  to  allow 
of  its  being  compressed  into  round  edged 
briquettes  at  a pressure  of  two  tons  to  the 
square  inch.  The  air  may,  in  some  cases,  be 
raised  to  the  necessary  temperature  by  means 
of  the  waste  heat  of  furnace  gases. 

Up  to  this  point  the  dust-saving  plans, 
which  I have  endeavoured  to  sketch,  have  de- 
pended upon  the  re-integration  of  the  matter 
into  a solid  form,  of  shape  and  size  suit- 
able to  use  in  ordinary  furnaces  or  grates. 
But  of  late  years  there  have  been  devised  a 
large  number  of  schemes  for  utilising  the  dust 
without  previous  treatment,  or,  at  least,  with- 
out any  attempt  at  agglomeration,  and  of 
these  I will  select  a few  typical  instances. 
But  in  passing,  I must  remind  you  that  a con- 
siderable amount  of  small  coal  is  used  for 
“mixing”  in  chemical  operations,  such  as  in 
the  “black  ash”  process  for  making  sodium 
carbonate,  where  it  is  employed  to  reduce  to 
the  state  of  sulphide  the  sodium  sulphate 
formed  in  a previous  stage,  the  sodium 
sulphide  then  reacting  with  calcium  carbonate 
added  to  the  charge,  to  form  sodium  carbonate 
and  calcium  sulphide.  Anthracite  dust,  or 
“culm,”  finds  an  application  in  metallurgy, 
as  in  the  smelting  of  tin  and  in  the  refining  of 
copper.  Brickmakers  also  utilise  much  coke 
breeze  and  coal  dust.  But  to  proceed  to  the 
consideration  of 
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Furnaces  for  Burning  Specially  Pul- 
verised Fuel. 

In  these  furnaces,  the  arrangements  for 
treating  the  dust  are  comparable  with  those 
generally  used  for  gaseous,  and,  frequently, 
for  liquid  fuel.  The  coal,  crushed  to  an 
uniformly  small  size,  is  injected,  together  with 
the  requisite  proportion  of  air,  into  the  heated 
hearth  of  a reverberatory  furnace,  where  its 
combustion  is  effected.  Such  is  the  furnace 
devised  by  Mr.  T.  R.  Crampton. 

The  Cranilton  Furnace.  — The  coal  is 
crushed  in  an  ordinary  flour-mill  apparatus, 
or  by  any  suitable  means,  until  it  will  pass  a 
sieve  of  100  meshes  to  the  inch  ; it  is  then,  in 
a regular  and  uniform  stream,  discharged 
automatically  into  a current  of  air  produced 
by  a fan-blower,  and  by  this  it  is  carried  for- 
ward to  the  injector.  The  injector  consists 
of  a series  of  bent  pipes,  or  of  an  annular  tube 
placed  at  the  front  of  the  furnace,  through 
which  the  combustible  mixture  is  caused  to 
play  upon  the  bottom  or  upon  the  sides  of  an 
initially  heated  combustion  chamber.  After 
thus  impinging  and  becoming  thoroughly  in- 
termixed, the  heated  fuel,  already  nearly 
burnt,  is  deflected  with  a slight  excess  of  air 
through  a narrower  opening  into  the  work- 
ing-chamber of  the  puddling  furnace  or  the 
tubes  of  the  boiler.  In  a later  type  of  re- 
volving puddling  furnace  the  combustion- 
chamber  was  entirely  dispensed  with.  (See 
journal  of  the  Society  of  Arts,  May  i,  1885, 
p.  649.)  The  apparatus  arranged  to  afford  a 
necessary  control  of  the  quantity  of  fuel  em- 
ployed, and  to  ensure  a perfect  regularity  of 
flow,  is  a hopper  in  which  the  dust  is  con- 
stantly agitated  by  a pair  of  revolving  beaters  : 
thus  it  is  gently  forced  through  a lateral  open- 
ing to  a pair  of  rollers,  the  slow  revolution  of 
which  passes  a definite  quantity  of  the  dust 
through  a shoot  delivering  into  the  air-blast. 
The  distance  between  the  rollers  being  capable 
of  fine  adjustment,  the  amount  of  dust  dis- 
charged in  a given  time  may  be  regulated 
with  precision. 

JYhetptey  and  Storer' s Furnace. — This 
furnace,  which  was  fully  described  in  a paper 
read  by  Lieut.  C.  E.  Dutton  before  the  Franklin 
Institute  in  1871,  was  somewhat  similar  to  that 
last  described.  The  reduction  of  the  fuel  from 
the  size  of  a coarse  gravel  to  the  fineness  of 
flour,  was  effected  by  an  arrangement  of  two 
large  blowing  fans,  rotating  rapidly  on  the 
same  shaft  and  in  the  same  chamber,  but 
separated  from  one  another  by  an  annular 
diaphragm.  The  end  of  one-half  of  the 
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chamber  was  closed  tightly  around  the  jour- 
nals, this  division  being  provided  with  a 
tangential  delivery  pipe  ; the  coal  was  charged 
into  the  other  division,  and  here  the  pulverisa- 
tion was  effected  by  the  rotation  of  the  paddles, 
and  the  mutual  grinding  action  of  the  coal 
particles.  The  fine  “ smoke  ” was  then  drawn 
through  the  opening  in  the  diaphragm,  and 
discharged  by  the  second  fan  directly  to  the 
furnaces. 

Stelhensoii^ s Ftirnace. — A Cornish  boiler 
has  been  arranged  by  Mr.  G.  K.  Stephenson 
{^Engineer,  May,  1877),  to  burn  coarsely- 
powdered  coal  by  injection  through  a nozzle, 
together  with  the  right  volume  of  air,  into  a 
long  fire-clay  retort,  pierced  with  a number  of 
half-inch  holes,  and  placed  in  the  position 
usually  occupied  by  the  grate.  To  initiate  the 
combustion,  the  nozzle  was  first  heated  to 
redness  by  means  of  an  ordinary  fire. 

Adaptation  of  Ordinary  Boiler  Fur- 
naces TO  THE  Use  of  Unaltered  Small 
Fuel. 

Furnaces  stoked  after  the  customary  manner 
cannot  well  be  fed  with  dust  or  very  small  fuel. 
The  charge  tends  to  choke  the  air  passages, 
impeding,  or  causing  great  irregularity  in  the 
draught  if  the  fire  bars  be  placed  close 
together ; or  if  they  be  placed  at  the  usual 
intervals,  to  pass  through  into  the  ash-pit 
unburnt. 

Mechanical  litokers.  — By  regular,  syste- 
matic, and  even  stoking,  these  difficulties 
are  in  part  overcome.  Thus  a very  large 
number  of  automatic  feeding  arrangements, 
known  as  mechanical  stokers,  have  been 
brought  forward  at  different  times,  but  it 
must  suffice  to  mention  one  of  them  which  has 
been  largely  employed,  and  is  intended  to 
burn  coal  slack.  In  Jukes’s  stoker  the  fire 
bars  of  the  usual  boiler  furnace  are  replaced 
by  a number  of  short  bars,  linked  together  so 
as  to  form  a series  of  parallel  endless  chains, 
which  pass  around  two  pulleys  fixed  to  a 
movable  iron  frame  in  such  , wise  that  one 
pulley  is  in  front  and  outside  of  the  furnace, 
the  other  being  situated  beneath  the  bridge. 
The  whole  iron  frame  runs  on  a tramway,  so 
that  it  may  be  rapidly  removed  for  repairs. 
In  order  to  present  a level  grate  surface  in 
the  furnace,  the  chains  of  bars  which  thus  run 
parallel  with  the  longitudinal  axis  of  the  fur- 
nace are  supported  throughout  their  upper 
half  {i.e.,  the  length  joining  the  tops  of  the 
pulleys)  on  which  the  fuel  rests,  by  a series  of 
rollers,  the  lower  portion  (or  the  part  passing 


beneath  the  pulleys)  of  course  requiring  no 
such  support.  In  front  of  the  furnace  is  the 
coal-hopper,  provided  with  a sliding  shutter 
or  register,  by  the  opening  or  closing  of 
which  the  supply  of  fuel  is  regulated.  By 
the  revolution  of  the  pulleys  the  chains  of 
fire-bars  are  slowly  moved,  superiorly  from 
without  to  within,  and  in  the  reverse  direction 
interiorly.  It  will  thus  be  evident  that  a 
regular  flow  of  fuel  from  the  hopper  is  con- 
veyed very  slowly  into  the  furnace  by  the 
moving  bars,  the  rate  of  flow  being  determined 
by  the  rate  of  translation  of  the  fire-bars,  the 
amount  of  fuel,  or  thickness,  depending  upon 
the  position  of  the  register.  Supposing  the 
furnace  to  be  already  heated,  gases  will  be 
evolved  immediately  on  the  entrance  of  the 
fresh  fuel,  and  the  resulting  smoke  mixed  with 
sufficient  air,  and  passing  over  a length  of 
burning  fuel,  becomes  consumed;  the  charge 
being  gradually  burnt  as  it  is  conveyed  further 
into  the  furnace,  until,  finally,  that  portion 
which  has  reached  the  second  pulley  is  com- 
pletely oxidised,  and  nothing  but  ash  or 
clinker  remains,  and  this  is  removed  as  these 
links  of  the  chain  become  cool  whilst  passing 
round  and  beneath  the  pullies  in  returning  to 
the  front  of  the  furnace. 

Marsilly’s  Step  Grate. 

M.  Commines  de  Marsilly  introduced  a grate 
which  in  some  of  its  modifications  has  beers 
largely  used  in  parts  of  Germany  for  burning 
gassy  coal  and  slack  in  externally  fired  boilers. 
In  lieu  of  the  usual  fire  bars,  he  fixes  a number 
of  iron  plates  arranged  so  as  to  form  a series 
of  over-lapping  steps,  descending  from  the 
charging  door  to  a short  grid  of  five  or  six  bars 
of  the  usual  type,  placed  immediately  in  front 
of  the  bridge.  The  furnace  is  stoked  by 
raking  the  fuel  from  each  step  on  to  that  next 
below,  and  charging  the  fresh  coal  upon  the 
top  step.  The  air  necessary  to  combustion 
enters  through  the  vertical  spaces  between  the 
plates  and  between  the  bars  of  the  grid  below. 

Ferret’s  Patent  Boiler  Furnace  for 
Dust  Fuels.  ^ 

After  this  meagre  outline  sketch  of  past 
work,  we  must  proceed  to  the  consideration  of 
one  of  the  latest  developments,  to  which  I wish 
more  particularly  to  call  your  attention  this 
evening,  viz..  Ferret’s  patent  of  the  30th 
August,  1881. 

The  special  distinguishing  features  of  this 
furnace  are,  a forced  draught,  and  deep 
water  cooled  fire-bars  with  narrow  spaces 
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between  them.  These  arrangements  are 
shown  in. --the  accompanying  illustrations 
(Figs.  I to  4)  as  applied  to  an  externally 
fired  boiler  of  the  elephant  type,  and  to  an 
internally  fired  single  flue  (Cornish)  boiler. 
The  general  principles  will  thus  be  perfectly 
clear,  and  I will,  therefore,  quote  the  details 
of  a furnace  applied  at  the  Bermondsey  works 


I'lG.  I. 


being  2 feet  long,  by  about  three-quarters  of  an 
inch  wide,  by  7 inches  deep  at  the  back  end, 
increasing  to  9 inches  in  the  front,  the  spaces 
between  them  being  about  inch,  and  the 
the  total  grate  area  in  each  tube  7*5  square 
feet.  The  ash-pit  is  closed  by  an  air-tight 
door,  through  which  is  passed  the  pipe  for 


of  Messrs.  Bryan  Donkin,  and  Co.,  to  a 
Lancashire  boiler  7 feet  in  diameter  by  22  feet 
in  length,  having  two  flues  of  2 ft.  9 in. 
diameter  with  circulating  pipes,  the  area  of 
heating  surface  being  582  square  feet.  The 
fire  bars  differ  widely  from  those  commonly 
used  ; in  each  furnace  they  are  arranged  in  two- 
lengths,  with  26  bars  in  each  row ; the  bars. 


Fig.  2. 


delivering  the  blast  from  the  blower  to  the 
fire.  Within  the  ash-pit  is  a cast-iron  water 
trough,  so  placed  that  the  lowest  portion  of 
the  web  of  every  fire-bar  shall  be  immersed  in 
the  liquid  to  a depth  of  about  two  inches ; as 
the  water  is  thus  brought  into  close  proximity 
to  the  furnace,  and,  moreover,  becomes  directly 
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heated  by  conduction  through  the  metal  fire- 
bars, a somewhat  rapid  evaporation  must  of 
course  take  place  (about  i cubic  foot  per  hour 
from  each  trough) ; and  it  is  necessary  to  in- 
troduce a constant  supply  of  fresh  water  suffi- 
cient to  maintain  the  desired  level  in  the 
troughs.  This  is  accomplished  by  connecting 
them  with  an  outside  tank,  whose  water  level 
is  identical  with  that  required  in  the  troughs, 
and  is  kept  constant  by  means  of  a common 
ball-cock,  such  as  are  fitted  to  house  cisterns. 
The  blast  is  here  obtained  by  means  of  a 
22-inch  Lloyd’s  fan,  running  at  about  1,500  to 
to  2,000  revolutions  per  minute,  driven  from  the 
shafting  in  the  shops  ; but  there  is  also  an 
alternative  method  of  producing  the  required 
air  current,  in  case  of  the  failure  of  the  fan  or 
any  similar  contingency,  by  means  of  a 
Korting’s  steam  injector  supplied  with  high 
pressure  steam  direct  from  the  boiler.  The 
pressure  of  blast  averages  from  half  to  one 
inch  of  water,  but  the  lower  number  is  pre- 
%rred  according  to  present  practice.  The  air, 
then,  is  thus  forced  into  a space  beneath  the 
trough,  passing  around  the  sides  of  which  it 
finally  finds  a way  vertically  up  between  the 
fire-bars  to  the  fuel  above.  The  remaining 
boiler  arrangements  are  similar  to  those 
adopted  with  the  usual  methods  of  firing. 

The  fire  bars  are  commonly  made  of  co  shape, 
the  central  slot  in  the  web,  acting  as  a pre- 
ventive against  breakage  by  unequal  expansion 
at  the  line  of  water  cooling.  The  shape  may 
of  course  be  varied,  one  of  M.  Ferret’s  sug- 
gestions being,  for  example,  a perforated  plate 
with  thin  webs  cast  on  the  lower  side,  the  webs 
dipping  as  before  beneath  the  surface  of  the 
water ; but  the  present  arrangement  is  far  sim- 
pler, and  would,  doubtless,  be  equally  effective. 
By  this  system  of  water  cooling,  the  bars  are 
maintained  at  a lower  temperature  than  is  usual, 
they  have  therefore  a much  longer  life  ; they 
preserve  their  shape  more  satisfactorily,  thus 
maintaining  constant  distances  between  them  ; 
and  moreover  the  clinker  formed  by  the  fusion 
of  the  coal  ash  does  not  readily  adhere  to  them. 
The  first  indication  of  wear  in  the  bars  is  not 
at  the  top,  as  is  usual,  but  along  the  line  where 
they  enter  the  water,  the  joint  action  of  air  and 
moisture  on  the  heated  metal  causing  oxidation 
to  proceed  more  rapidly  here  than  at  any  other 
point. 

Messrs.  Donkin  have  now  had  this  system  in 
use  for  more  than  a year,  and  have  been 
running  it  for  the  most  part  with  breeze  from  the 
gas  works,  a fuel  which  ordinarily  would  give 
a great  deal  of  trouble,  but  which  the  Ferret 


furnace  is  peculiarly  well  adapted  to  burn. 
Screenings  of  bituminous  or  anthracitic  coals 
might  certainly  be  used ; but  in  the  neigh- 
bourhood of  London  we  have  no  vast  supply 
of  this  material,  whereas  the  coke  dust  is 
always  available.  The  choice  of  fuel  de- 
pends upon  the  locality  of  the  works ; in 
coal  districts  the  coal  dust  would  prove  more 
advantageous. 

It  may  be  interesting  to  compare  the  results 
of  some  of  Messrs.  Donkin’s  trials,  each  of 
eleven  hours’  duration,  and  under  similar  con- 
ditions, of  the  classes  of  fuel  in  question. 


Comparative  Trials  ©f  Coal  Dust  and  Breeze 
IN  Ferret’s  Grate. 


Class  of  fuel. 

Fuel  consumed. 

Water  evaporated. 

Pounds  of  water  evapo- 
rated per  pound  of  fuel. 

Cost  per  1,000  gallons 
evaporated. 

lbs. 

lbs. 

s.  d. 

I.  Breeze 

2,800 

14,300 

5’i 

4 

2.  Equal  weights  of  breeze  ■ 

and  coal  dust  I 

3,008 

17,400 

5'8 

5 9 

3.  Coal  dust  

2,016 

15,300 

7-6 

5 loi 

4.  Welsh  coal  dust  

2,231 

15,820 

7'i 

6 32 

Note. — The  evaporating  power  of  the  coal  No.  4 ranges 
from  12  to  14  lbs.  from  cold  feed  water. 


Hence,  although  the  coal  dust  gives  a 50 
per  cent,  higher  evaporative  result  than  the 
breeze,  yet,  on  account  of  the  inferior  cost  of 
the  latter  (5s.  per  ton  delivered  at  the 
works),  it  proves  to  be  more  economical  in 
the  end. 

The  gain  by  the  use  of  the  less  costly  fuel  is 
still  more  clearly  brought  out  by  instituting  a 
comparison  between  its  performance  in  the 
Ferret  furnace,  and  that  of  lump  fuel  burnt  in 
an  ordinary  grate  applied  to  the  same  boiler. 
During  the  first  three  months  that  the  new 
system  was  adopted  by  Messrs.  Donkin, 
196,458  lbs.  of  breeze,  costing  -£22,  was  used 
to  evaporate  929, 100  lbs.  of  water,  whilst  the 
same  boiler,  under  the  older  system,  required, 
during  a similar  period  in  the  previous  year, 
133,362  lbs.  of  lump  coke,  at  a cost  of  ;^49,  to 
evaporate  922,688  lbs.  of  water,  indicating  a 
net  saving,  in  three  months,  of  £2^,  or  55  per 
cent.  From  this  amount  must  be  deducted 
the  trivial  cost  of  producing  the  blast. 
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Appended  is  a table  showing  the  practical 
resuh  of  four  months  of  work. 


Record  of  Work  with  Ferret’s  Furnace. 
Average  temperature  of  feed-water  — 90°  F. 


Month  in  1885 

Gallons  of  water  evapo- 
rated. 

Pounds  of  breeze  con- 
sumed. 

Pounds  of  water  evapo- 
rated per  pound  of  fuel. 

Total  cost  of  fuel. 

Cost  per  1,000  gallons 
evaporated. 

July  

26,910 

59,496 

4’52 

143s.  od. 

5S  314. 

August 

27,050 

60,246 

4'49 

133s.  9zd. 

4s.  ii^d. 

September  

2-1,960 

56,625 

4-41 

1335.94. 

5s.  4ld. 

November  

38,670 

86,366 

4-47 

198s.  s-^d. 

5s.  4d. 

The  furnace  burns  steadily  and  evenly  with 
the  breeze  fuel.  One  might  reasonably  expect 
that,  on  stoking  a fire  with  a finely  divided 
fuel,  under  the  action  of  a forced  draught,  a 
large  quantity  of  the  dust  would  be  swept 
forward,  and  deposited  in  the  boiler  flues;  and 
to  a certain  extent  this  expectation  is  justified 
in  practice.  A somewhat  more  rapid  accumu- 
lation than  usual  actually  does  occur,  but  it  is 
n at  very  great,  and  cleansing  at  two  or  three 
months’  interv’als  is  found  to  be  amply  suffi- 
cient. The  sweepings  may  be  used  in  the 
multiple  stage  furnace,  to  be  described  shortly. 
A very  small  amount  of  ash  also  falls  between 
the  bars,  and  remains  in  the  water  trough, 
from  which  it  is  periodically  removed. 

With  the  view  of  illustrating  more  fully  the 
performance  of  the  Ferret  boiler  furnaces,  I 
have  noted  the  details  of  two  experiments 
made  by  Mr.  Bryan  Donkin,  junr.,  one  with 
small  coal  on  March  10,  and  the  other  with 
coke  breeze  on  March  12  last. 

Exferitnoits  wiUi  coal  dusl  and  coke 
breeze  m Ferret's  boiler  furnace.  — The 
boiler  is  of  the  Lancashire  type,  with  three 
Galloway  tubes  in  each  boiler  tube,  the  smoke 
passing  along  the  latter  to  the  end,  returning 
at  the  sides,  meeting  below  and  finally  back 
underneath  to  the  chimney.  The  boiler  is 
3 years  4 months  old,  and  together  with  the 
flues  was  cleaned  during  the  week  previous  to 
the  experiment.  In  each  trial  the  fire  was 
drawn  at  the  beginning  and  at  the  conclusion 
of  the  experiment,  the  grates  being  kept  well 
covered,  the  fire  doors  closed  as  far  as  possible, 
and  the  damper  full  open. 

The  boiler  dimensions  are  21  ft.  long  X 7 ft. 


diameter,  with  a total  heating  surface  of  582 
sq.  ft.  The  grates  are  4 ft.  long  X i ft.  10^- 
in.  wide  = 7.5  sq.  ft.  in  each  tube  or  15  sq.  ft. 
in  all. 

Note. — In  the  following  statement  the  first  figures 
refer  to  the  coal  dust  experiment,  and  the  figures 
enclosed  in  brackets,  to  that  with  coke  breeze. 

Mean  temperature  of  air  inside  boiler-house  = 66° -4  ; 

[65^-5]  F. 

Mean  temperature  of  air  outside  boiler-house  = 36°  *8; 

[34^-3]  F. 

Duration  of  trial  6 a.m.  to  5 p.m.  = 1 1 hours ; [6  a.m. 

to  7,15  p.m.  = I3:j  hours]. 

Average  pressure  of  blast  in  inches  of  water  = ^ ; 

[t%]. 

Thickness  of  fuel  on  fire-bars  = 5 ; [4]. 

Fire  stoked  during  trial.  Left-hand  furnace  26  ; [50] 
times  = 2-5  ; [3*8]  per  hour.  Right-hand  furnace 
28  ; [53]  times  = 2-5  ; [4]  per  hour. 

Temperatuie  of  smoke  at  exit  of  boiler  = 376°  *5  ; 
[399"*5]  F. 

(These  temperature  readings  were  taken  about  every 
23  ; [87]  minutes). 

Pressure  of  steam  in  boiler-house  by  Bourdon  gauge, 
mean  of  13  ; [17]  observations  = 46*2  ; [44]  lbs. 

Fuel. 

Radford’s  navigation  coal  dust  with  4*17  per  cent, 
water  at  los.  per  ton. 

(Gas  coke  breeze  with  3-12  per  cent,  water  at  5s.  per 
ton.) 

Pounds  burnt  during  trial,  not  deducting  water  in 
fuel  = 2,231 ; [3,360]  lbs. 

Pounds  burnt  per  hour  = 202-8  ; [253-6]. 

Pounds  burnt  per  hour  per  sq.  ft.  of  grate  = 13-5  ; 
[i6-9]. 

Pounds  burnt  per  hour  per  sq.  ft.  of  heating  surface 
= 0-348  ; [0-435]. 

Ashes  = 58;  [68]  lbs.;  clinkers,  176;  [595]  lbs.; 
total  = 234;  [663]  lbs.  = iO'5  ; [19-7]  per  cent, 
of  fuel. 

Pounds  of  air  (by  anemometer  alone)  per  lb.  of  fuel 
= 14-37;  [I2-I]. 

Feed  Water  {ineasured  by  Kennedy's  meter'). 
Temperature  of  feed;  mean  of  17,  [23]  observations 
= 92°-9;  [89°-3]  F. 

Pounds  evaporated  during  trial  = 15,820;  [17,580]. 
Pounds  evaporated  per  hour  = 1,438-2  ; [1,326-7]. 
Pounds  evaporated  per  hour  per  sq.  ft.  of  heating 
surface  = 2-45  ; [2-28]. 

Pounds  evaporated  per  lb.  of  fuel  consumed  = 7-09  ; 

[5*23]. 

Pounds  evaporated  per  lb.  of  fuel  (calculating  feed  at 
212°  F.)  = 8-14  ; [6-02]. 

Analyses  of  the  gases  showed  always  excess  of 
oxygen  ; no  carbonic  oxide  was  found  at  any  time. 

Evaporation  from  the  troughs  = 2-63  per  cent,  of 
that  of  the  feed  water  = total  of  416-06  lbs.  with  the 
small  coal. 
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Other  experiments  have  shown  that  during  the 
night  the  total  loss  by  radiation  averaged  133,647 
units  per  hour.  Calculated  from  the  above  data  the 
following  balance-sheet,  accounting  approximately 
for  the  heat  evolved  during  the  ii  hours’  trial  of 
the  small  coal,  may  be  arrived  at. 

The  coal  used  has  been  analysed  some  time  since 
and  found  to  contain — 


Percent.  lbs. 

Carbon  ,,  8479,  or  1,892  of  the  day’s  consumption 

of  2,231  lbs. 

Hydrogen.  4*55,  or  102  „ „ „ 

Oxygen..  2-17,  or  48  „ „ „ 

Nitrogen  . 0-96,  or  21  „ „ ,, 

Sulphur  . 0*57,  or  13  „ „ 

Ash  ....  279,  or  62  „ 

Water  ..  4-17,01-  93  „ „ „ 


100-00  2,231 

The  evaporative  power  = 12-8  at  212°  Fahr., 
found  by  Thompson’s  calorimeter.  Anemometer 
readings  of  air-blast  supplied,  showed  velocity  of 
2,248  feet  per  minute  through  a'  tube  of  0-297  feet 


sectional  area.  Then  taking  the  weight  of  i cubic 
foot  of  air  at  58®  Fahr.  to  be  0*0767  lbs.,  the 
weight  of  air  passed  during  the  ii  hours  was 
(2,248  X 0-297)  X 0-0767  X (60  X 1 0 = 33,798  lbs. 

Now  the  carbon  in  the  day’s  charge  required  1,892 
X I = 5»045  lbs.  of  oxygen,  to  form  6,937  lbs.  carbon 
dioxide ; and  the  hydrogen  in  the  day’s  charge 
required  102  X 8 = 816  lbs.  of  oxygen,  to  fornv 
918  lbs.  water;  so  that  total  oxygen  required  to 
burn  coal  = 5,861  lbs. ; but  the  charge  of  fuel  itself 
contained  48  lbs. ; hence  oxygen  required  from  air 
supplied  = 5,813  lbs. 

But  the  air  actually  supplied  contained  33,798  X 
= 7,773  lbs.  of  oxygen  ; deducting  that  absolutely 
required  for  combustion,  viz.: — 5, 813  lbs. ; the  ex- 
cess of  oxygen  supplied  was  1,960  lbs.  ; and  this  is 
equivalent  to  1,960  X — 8,522  lbs.  of  air;  whilst 
the  nitrogen  present  in  the  air  whose  oxygen  was 
used=  5,813  X 19,461  lbs. 

Ferando’s  Patent  Marine  Boiler 
Furnace. 


Balance-sheet  of  Heat  Units  (Fahrenheit). 

Heat  evolved.  Heat  units. 

2,231  lbs.  of  coal,  evolving- 12*8  X 996  heat  units  per 

lb.  will  give  duringcombustion  2,241  X I2'8x  996  28,442,573 


Per  Heat  absorbed. 

cent.  Heat  units. 

61*5  By  feed-water  evaporated,  1,582  gals,  at 
46-2  lbs.  gauge  pressure  : — 

Total  heat  from  32°  in  steam  at  46  2 lbs. 
pressure  = 1,167-5 

Temperature  of  feed  = 93°  : hence 

1 1,167- (93°- 32)  I X 15,820  17,504,830 

J5‘3  „ Furnace  gases  ; — 

Excess  air  = 8,522  (lbs.)  X ) 

0-238  (sp.  ht.)  X (376-5“-^  645,993 

58  = 318-5)  ) 

Nitrogen  with  consumed  oxy-  \ 
gen,=  19,461  (lbs.)  X 0-244  > 1,512,392 

(sp.  ht.)  X 318-5°  ) 

Carbon  dioxide  formed  = \ 

6,937(lbs.)  X o-2i64(sp.ht.)  ( 478.122 

3185° ) 

Water  from  H in  coal  = 918  i 
(lbs.)  X [(212  - 58)  X I + [ 

966  -p  (376-5  - 212)  X I ’ • 

4,805] j 

Water  in  coal  = 93  X [(212  — 

60)  X I + 966  + (376  5 - [ 111,321 

212)  -4805]  ) 

Evaporation  from  troughs  — ) 

416-06  X [(212  - 60)  X I + I 498,031 

966+  (376-5-212)  X -4805]) 

4-346541 

5’2  Loss  byradiation  (say  = night)  133,647  X II  ...  1,470,117 
i8'o  Unaccounted  for Heat  in  cinders,’*  carbon 
in  smoke,  cinders  unconsumed,  extra 
cooling,  air  drawn  into  flues  between  brick 
work  and  boiler,  &c 5,121  085 

28,442  537 

’*  There  was  little  or  no  smoke. 


Signor  Ferando,  of  Genoa,  has  applied  forced 
draught  to  marine  boilers,  and  he,  like  Ferret,, 
uses  closed  ash  pits,  communicating  with  a 
reservoir  continuously  charged  with  air  from  a 
fan  blower.  The  fan  is  driven  by  a small 
engine,  deriving  its  motive  power  from  the 
main  boiler  when  at  sea,  or  from  the  donkey 
boiler  when  in  harbour,  the  pressure  employed 
being  equal  generally  to  about  one  inch  of 
water.  Finding  that,  with  ordinary  longi- 
tudinal fire-bars,  the  draught  did  not  pass 
evenly  through  the  narrow'  apertures,  he 
arranges  his  bars  transversel}'.  They  are  17 
inches  long,  by  Te  inch  in  width  at  the 
top,  tapering  to  inch  at  the  bottom,  by 
4 inches  in  maximum  depth,  and  are  placed 
with  yV  inch  distances  betw'een  them  at  the 
top,  this  space  increasing  to  y\  inch  at  the 
lowest  point.  Instead  of  dipping  the  bars 
into  a w'ater  trough,  as  in  the  furnace  last 
described,  Ferando  injects  a water  spray  on  to 
the  floor  of  the  ash  pit,  and  depends  upon  the 
cooling  action  of  the  resulting  aqueous  vapour 
to  prevent  overheating.  If,  in  spite  of  this, 
and  before  a protective  covering  of  clinker  is 
formed,  the  bars  should  tend  to  overheat,  a 
small  quantity  of  steam  from  the  boiler  is 
turned  into  the  ash-pit  for  a short  time.  This 
system  has  been  applied  to  several  Italian 
ships  within  the  last  year,  and  Messrs.  Scott 
Brothers,  of  Newcastle,  have  recently  adapted 
it  to  the  boilers  of  their  s.s.  Odiel,  and,  I 
believe,  are  now  fitting  other  vessels  on  the 
same  principle.  They  are  burning  Ryhope 
duff,  containing  7 per  cent,  of  ash,  and  costing 
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2s.  gd.  per  ton,  free  on  board  (against  7s.  6d. 
per  ton  = price  of  the  old  fuel) ; and  they 
inform  me  that,  in  the  last  voyage  made  by 
the  Odiel,  the  small  gave  steaming  results 
equal  to  the  large  coal,  ii^  tons  only  being 
used  instead  of  12  tons  of  bunker  coal  formerly 
employed,  the  actual  consumption  of  duff  being 
I -84  lbs.  per  indicated  horse-power.  A trial 
trip  of  the  Odiel  over  the  measured  mile,  on 
the  20th  ult.,  is  reported  in  the  daily  Press  as 
having  shown  a speed  of  9 408  miles  in  a 
rough  sea,  the  engines  giving  from  67  to  68 
revolutions  with  a pressure  of  over  70  lbs. 
Combustion  is  practically  complete,  about  f 


inch  of  a hard  bare  clinker  forming  on  the 
bars,  the  amount  passing  through  into  the 
ash-pit  in  the  course  of  an  eleven  days’  voyage 
being  very  trifling. 

Green’s  Patent  Water-hearth  for 
Boilers. 

From  the  construction  of  this  furnace,  which 
at  present  is  used  for  ordinary  lump  coal  in 
internally  fired  boilers,  and  is  especially  suited 
to  the  combustion  of  anthracite  and  highly  car- 
bonaceous fuels,  I should  imagine  that  it  might 
be  readily  adapted  to  the  utilisation  of  slack. 
From  the  accompanying  sketch*  (Fig.  5)  it  will 


Fig.  5 


be  seen  that  in  the  position  generally  occupied 
by  the  fire-bars  (which  in  this  furnace  are 
entirely  dispensed  with),  is  a shallow  cistern  or 
w'ater  box  constructed  of  boiler  plate  ; the  top 
plate  is  perforated  with  a sufficient  quantity  of 
small  holes;  and  in  corresponding  positions  in 
the  lower  plate  are  a like  number  of  apertures 
of  somewhat  greater  diameter.  Each  pair  of 
holes  is  fitted  with  a conical  tube,  firmly  screwed 
into  the  plates,  which  are  thus  securely  riveted 
together,  and  at  the  same  time  pierced  with 
passages  forming  air  communications  between 
the  furnace  and  the  ash-pit.  A constant  flow 
of  water  is  maintained  through  the  water  box, 
and  thus  around  the  conical  tubes,  by  two  pipes 
passing  from  the  front  end  of  the  box  down- 


wards through  the  ash-pit,  and  so  making 
connection  with  the  lower  part  of  the  boiler ; 
and  by  two  leading  upwards,  in  the  direct  path 
of  the  flame  and  heated  gases,  at  the  bridge 
where  it  joins  the  upper  portion  of  the  boiler. 
In  this  manner  the  circulation  of  water  in  the 
boiler  is  promoted,  and  the  grate  is  not  heated 
to  a temperature  at  which  the  iron  would  be 
damaged,  but,  on  the  contrary,  its  heat  is  com- 
municated at  once  to  the  water  in  the  box, 
which  thus  actually  becomes  a part  of  the 


• This,  the  original  type  of  furnace,  has  lately  been 
improved  as  explained  in  the  text— the  tubes  joining  the 
water-box  with  the  upper  half  of  the  boiler  being  now  placed 
at  the  bridge  end,  the  downward  tubes  at  the  door  end  of 
the  grate. 
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boiler  itself.  The  air  supply  passes  through 
these  tubes,  which,  however,  permit  ashes 
to  fall  into  the  ash-pit  beneath,  and  would 
thus  be  a source  of  inconvenience  if  small  fuel 
were  used  ; but  by  subdividing  or  obstructing 
the  apertures,  one  would  predict  that  either 
with  or  without  forced  draught  a more  pul- 
verulent fuel  might  well  be  burnt. 

Ferret’s  Patent  Multiple  Stage 
Furnace. 

Leaving  now  the  application  of  dust  fuels 
to  boiler  heating,  let  us  turn  our  attention 
for  a few  minutes  to  two  other  furnaces,  de- 
vised by  M.  Ferret,  specially  to  burn  fuels  far 
inferior  even  to  those  of  which  we  have  been 
treating  hitherto— for  instance,  such  highly 
unpromising  material  as  the  sweepings  of 
boiler  flues,  and  the  like. 

You  may  remember  that  M.  Ferret  has 
given  us  a pyrites  burner  for  use  in  the  manu- 
facture of  vitriol,  where  the  roasting  mineral 
is  spread  out  on  a .series  of  large  superposed 
trays,  over  which  the  air  alternately  passes 
until  the  free  oxygen  is  entirely  replaced  by 
sulphur  dioxide ; the  calcination  (when  once 
initiated)  being  effected  by  the  heat  of  com- 
bustion of  the  oxidising  pyrites.  Finding  this 
to  be  successful,  he  has  since  applied  the  same 
principle  to  the  utilisation  of  the  lowest  grade 
fuels,  when  high  temperatures  are  not  required, 
as  e.g.,  in  the  heating  of  foundry  core  ovens, 
of  baker’s  ovens,  of  laundries,  or  in  the  warm- 
ing of  large  buildings.  Fig.  6 illustrates 


Fig.  6. 


the  general  arrangement  of  the  furnace. 
Within  a rectangular  brick  chamber  lined  with 
fire-brick  are  four  refactory  fire-clay  trays  or 
shelves  transversely  arched,  and  extending  the 
whole  length  of  the  furnace,  with  the  exception 
of  narrow  passages  left  alternately  at  the  back 
and  the  front.  These  slabs  rest  on  supports 


in  the  side  walls,  and  are,  therefore,  easily 
removable  for  repairs,  without  disturbing  the 
structure  of  the  furnaces.  Beneath  the  lowest 
shelf  is  a small  grate  or  fireplace,  used  only 
in  starting  the  furnace.  In  the  front  wall  are 
three  doors  giving  access  to  the  stages  and  to^ 
the  grate  respectively.  In  using  the  furnaces 
a fire  of  wood  and  coke  is  kept  burning  in  the 
grate,  until  the  whole  of  the  interior  is  at  a dull 
red  heat ; the  charge  of  dust  fuel  is  then  intro- 
duced, preferably  through  a hopper  in  the 
roof,  and  is  raked  down  through  the  end 
passages  from  stage  to  stage,  until  it  is  finally 
spread  evenly  over  the  surfaces  of  the  various 
shelves.  An  excess  of  air  being  admitted,  the 
whole  charge  rapidly  becomes  heated,  and  a 
slow  combustion  ensues.  The  coke  fire  may 
now  be  extinguished,  then  the  air,  passing 
over  the  stages  in  alternate  directions  as 
it  ascends  through  the  passages  at  back 
or  front,  keeps  the  fuel  steadily  glowing, 
and,  with  the  minimum  of  attention,  pre- 
serves a perfectly  uniform  temperature  in  the 
products  of  combustion,  which  finally  make 
their  escape  by  the  channels  provided  for  them. 
The  furnace  should  be  stoked  at  twelve-hour 
intervals,  though  on  occasions — as,  for  ex- 
ample, on  Sunday — one  charging  in  the  day 
may  suffice  ; when  left  for  a longer  period  than 
twenty-four  hours,  the  temperature  is  sensibly 
lowered,  and  some  time  will  elapse  before  the 
normal  conditions  are  restored.  Stoking  is 
commenced  at  the  lowest  point.  With  the  aid 
of  a long  rake  inserted  through  the  bottom 
door,  the  ash  is  removed  from  the  pit,  and  the 
contents  of  the  lowest  stage  brought  down  in 
its  stead  ; the  fuel  resting  on  each  of  the  other 
trays  is  then  raked  on  to  that  next  below, 
beginning  at  the  second  lowest ; the  topmost 
tray  is  thus  cleared  to  receive  a fresh  charge 
from  the  hopper.  Inasmuch  as  the  breeze, 
from  exposure  to  the  weather,  is  frequently 
very  wet,  it  is  desirable,  as  far  as  practicable, 
to  allow  it  to  dry  on  the  heated  furnace  top 
before  use ; it  will  then  take  two  days  to  pass 
over  the  four  stages  of  the  furnace,  and  be 
ultimately  removed  as  a clean  ash,  containing 
but  a small  fraction  of  combustible  matter. 
Messrs.  Donkin  have  one  of  these  furnaces 
applied  to  the  heating  of  a core  oven,  for 
which  purpose  it  is  very  satisfactory ; and  they 
have  kindly  sent  up  for  your  inspection  samples 
of  the  fuel  before  and  after  passing  over  the 
stages. 

The  inside  dimensions  of  this  individual 
furnace  are  as  follows  : — 8 ft.  in  depth  by 
3 ft.  4 in.  in  width  by  3 ft.  8 in.  in  height,  each 


A ^n7  2,  1886  ] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


539 


of  the  four  working  stages,  exposing  a super- 
ficial area  of  about  21-5  square  feet.  About 
200  lbs.  of  breeze  are  added  to  each  charge, 
showing  a total  daily  consumption  of  400  lbs., 
of  which  25  per  cent,  is  subsequently  removed 
as  ash. 

Wherever  possible,  as  for  instance  in  foundry 
ovens,  the  gases  on  leaving  the  furnace  are 
led  directly  into  the  oven  they  are  intended  to 
heat ; but  where  this  is  not  permissible,  as  in 
warming  dwellings,  they  are  passed  into  a 
chamber  wherein  they  circulate  around  iron 
tubes,  through  which  is  passed  a current  of 
pure  cold  air.  which  thus  becomes  heated  and 
rendered  serviceable  for  warming  and  ventila- 
tion purposes ; conversely,  if  preferred,  the 
furnace  gases  may  pass  through  the  tubes, 
and  the  air  to  be  heated  around  them. 

Since  the  temperature  in  these  furnaces  need 
not  greatly  exceed  the  igniting  point  of  the 
combustible  used  (indeed,  it  must  never  be 
allowed  to  reach  that  at  which  clinker  might 
be  formed,  for  the  clinker  would  seriously 
damage  the  fire-brick  arches,  and  interfere 


I-'iG.  7. 


blocks,  of  semi-octagonal  section,  slightly 
arched  longitudinally,  and  resting  base  down- 
wards on  its  end  walls.  These  blocks  are  so 
arranged  that  the  spaces  between  those  in  one 
roware  immediatelyabovethe  blocks  inthe  next 
tier.  Beneath  each  prism  there  is  a passage 
in  the  end  wall  opening  from  the  furnace,  and 
communicating  either  with  the  tier  beneath  or 
with  that  above,  the  communications  alternating 
as  in  the  multiple  stage  furnace. 

In  using  this  furnace,  fuel  is  fed  in  from 
above,  and  passing  downwards  between  the 
prisms,  it  fills  the  whole  chamber,  with  the 
exception  of  a free  space  which  forms  naturally 


with  clean  stoking),  it  will  be  evident  that  a 
fuel  highly  charged  with  ash  or  dirt  may  be 
satisfactorily  employed.  Thus  a field  for  the 
use  of  the  very  poorest  material  is  opened  up. 
Even  the  sweepings  of  boiler  flues,  as  above 
indicated,  and  the  contents  of  old  heaps  of 
slack  or  breeze,  the  result  of  long  years  of 
accumulation,  may  be  turned  to  account. 
Another  distinct  advantage  is  scored  in  the 
small  amount  of  wear  and  tear  and  depre- 
ciation of  plant,  owing  to  the  comparatively 
low  temperature  of  the  whole  furnace. 

Ferret’s  Patent  Prismatic  Furnace. 

A later  development  of  this  idea  has  resulted; 
in  the  introduction  of  the  prismatic  furnace,, 
which  is  intended  to  burn  the  same  class  of 
fuel,  and,  in  short,  to  do  the  same  work  as 
the  older  type,  but  at  a less  expenditure 
of  manual  labour  in  stoking.  Like  the 
last,  this  furnace  (Figs.  7 and  8)  consists 
of  a rectangular  brick  chamber  with  a 
temporary  grate  beneath  ; but  in  lieu  of  the 
four  stages,  there  are  four  tiers  of  prismatic 


Fig.  8. 


beneath  the  entire  length  of  each  block.  A 
fire  is  then  lighted  in  the  grate,  the  heated 
products  of  combustion  mixed  with  an  excess 
of  air  pass  through  the  free  spaces  beneath 
the  lowest  row  of  blocks,  thence  ascending 
through  the  passages  in  the  end  wall,  they 
emerge  into  the  spaces  beneath  the  tier 
above ; here  passing  in  a reverse  direction, 
they  again  rise  to  the  next  row  through 
the  channels  in  the  opposite  wall,  and  so 
on,  until  at  last  they  reach  the  top  of  the 
chamber.  The  dust  fuel  immediately  surround- 
ing the  sir  spaces  in  the  lowest  tier  becomes 
gradually  ignited,  then  that  surrounding  the 
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second  row,  and  the  third.  At  this  point  the 
enkindling  fire  may  be  extinguished,  and  com- 
bustion will  proceed  slowly  and  regularly, 
requiring  attention  only  at  long  intervals  (12 
Siours).  In  stoking,  -a  gentle  agitation  of  the 
■charge  surrounding  the  air  spaces  beneath 
the  prisms,  by  means  of  a rabble,  introduced 
through  doors  in  the  furnace  front,  causes  a 
general  subsidence  of  the  upper  layers  of  fuel 
into  the  spaces  left  by  the  matter  which  has 
undergone  combustion.  This  rabbling,  which 
is  commenced  at  the  lowest  tier,  is  repeated 
at  each  subsequent  row,  and  the  operation  is 
completed  when  the  requisite  quantity  of  dust 
is  added  from  the  hopper.  The  maximum  rate 
of  combustion  is  found  to  be  about  2 lbs.  of 
fuel  per  hour  per  square  foot  of  surface  of  the 
top  row  of  prisms.  The  fuel  used  may  be  of 
the  worst  possible  description,  the  inventor 
proposing  to  burn  even  sawdust  and  spent  tan. 
Incidentally,  it  may  be  interesting  to  note 
that,  as  pyrites-roasting  practice  led  to  the 
adoption  of  the  multiple  stage  furnace  for 
burning  low  grade  fuels,  so  it  has  now  been 
proposed  to  apply  the  later,  or  prismatic  form 
of  furnace,  to  the  requirements  of  the  vitriol 
maker,  and  recent  information  from  Paris 
speaks  of  its  successful  application  in  this 
direction. 

Gas-Carbon. 

Before  concluding,  I wish  to  remind  you  of 
a substance  which,  under  certain  conditions, 
makes  an  admirable  fuel.  Gas-carbon,  or 
retort-carbon,  is  a bye-product  in  the  manu- 
facture of  coal-gas ; it  is  the  carbonaceous 
matter  which,  during  the  distillation,  is  gradu- 
ally deposited  on  the  inner  walls  of  the  retorts. 
There  is,  of  course,  but  a limited  supply  of 
this  material,  which  at  present  is  in  part 
broken  up  and  burnt  under  the  retorts,  and  in 
part  sold  for  conversion  into  electric-light 
carbons;  it  is,  however,  a remarkably  pure 
carbon,  an  analysis  of  an  average  sample  by 
Mr.  James  Paterson  showing  : — 

Carbon  99’38  per  cent. 

Ash 0-21  ,,  ,, 

Sulphur 0*14  „ „ 

Water 0-27  ,,  „ 

100-00 

The  mean  of  several  determinations  by 
Thompson’s  calorimeter  gave  an  evaporative 
power  of  12-57  lbs.  of  water  at  100®  C.  per  i lb. 
of  the  carbon.  The  high  carbon  per-centage 
indicates  a correspondingly  high  value  as  a 


fuel,  the  unusually  small  proportion  of  water 
marking  it  out  specially  for  producing  high 
temperatures,  whilst  the  almost  entire  absence 
of  sulphur  assigns  to  it  a special  value 
for  experimental  work,  as  it  emits  prac- 
tically no  sulphurous  gases  such  as  are  a 
frequent  source  of  annoyance  when  coke  is 
employed.  We  have  for  a long  time  used  it, 
alone  or  mixed  with  a small  percentage  of 
coke,  in  our  large  laboratory  pot  furnaces, 
which  will  take  crucibles  of  100  lbs.  capacity, 
as  well  as  in  small  experimental  blast-furnaces 
of  the  Deville  type.  For  the  latter  purpose 
especially,  we  find  it  to  possess  great  advan- 
tages over  coke ; the  absence  of  ash  means 
absence  of  fusible  clinlrer,  so  that  the  crucible 
is  not  slagged  down  even  after  very  prolonged 
heating;  and,  since  these  furnaces  are  worked 
in  the  open  laboratory,  albeit  under  a hood, 
the  freedom  from  sulphur  dioxide  in  the 
surrounding  atmosphere  renders  their  use  far 
more  pleasant  than  formerly.  These  remarks 
apply  also,  but  in  a less  degree,  to  the  use  of  the 
gas  carbon  in  the  melting  furnaces.  I believe 
that  in  some  districts  it  is  now  used  for  melting 
brass,  and  those  who  have  had  experience  with 
it  will,  I think,  fully  corroborate  the  statements 
I have  just  made  as  to  its  cleanliness  and 
sweetness.  It  is  extremely  dense  and  hard  ; 
and  possessing  therefore  a high  igniting  point 
it  requires  a good  draught,  and  must  be  en- 
kindled in  the  first  place  with  a less  refractory 
fuel;  but  when  combustion  has  fairly  com- 
menced, it  continues  to  burn  steadily  and 
satisfactorily. 

Finally,  I must  express  my  sincere  thanks 
to  several  gentlemen  for  the  kind  and  ready 
assistance  they  have  afforded  me  in  the  pre- 
paration of  this  paper.  For  the  specimens  of 
coal  exhibited,  this  evening,  I am  indebted 
to  Mr.  Proud,  of  the  South  Hetton  Coal 
Company. 


DISCUSSION. 

The  Chairman  said  the  importance  of  this 
question  was  very  great,  for  it  appeared  that  in  some 
cases  no  less  than  60  per  cent,  of  the  coal  got  was 
small,  a large  proportion  being  left  in  the  pit  as  not 
being  worth  bringing  to  bank.  Besides  this,  there 
was  the  dust  which  afterwards  arose  from  handling 
the  coal,  and  these  two  items  bore  a very  large  pro- 
portion to  the  total  amount  of  coal  which  would  be 
utilised.  Those,  therefore,  who  devised  economical 
methods  for  using  this  small  coal  were  doing  a 
national  service.  Of  course,  this  had  a considerable 
effect  on  the  price  of  large  coal,  because  if  a colliery 
produced  so  many  tons  of  large  coal,  and  so  many 
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tons  of  small,  and  the  latter  had  to  be  thrown  away, 
the  whole  of  the  expenses  must  be  charged  a gainst 
the  large,  which  was  thus  necessarily  enhanced  in 
price.  Some  attempts  had  been  made  to  utilise  small 
coal  at  the  pit’s  mouth  by  coking,  and  saving  the 
distillates,  and,  at  one  time,  great  hopes  were  enter- 
tained of  this  process,  but  in  some  places  it  had  to  be 
given  up  in  consequence  of  the  depreciation  of  the 
products.  Of  course,  if  small  coal  could  be  utilised 
at  the  pit’s  mouth,  it  would  be  unnecessary  to  find  a 
method  of  using  it  in  furnaces ; but  the  failure  of  this 
method  made  it  more  necessary  to  find  such  means. 
The  question  of  the  smoke  nuisance  had  not  been 
referred  to,  but  it  had  an  intimate  connection  with 
the  question  of  furnaces.  It  was  very  desirable  that 
combustion  should  be  carried  on  perfectly — not  only 
that  all  available  fuel  should  be  used,  but  that  what 
was  burned  should  be  perfectly  consumed,  so  that  no 
volatile  carbon  should  be  sent  out  from  the  chimney 
top.  He  was  sometimes  amused  to  hear  complaints 
of  smoke  in  London,  for  Londoners  did  not  really 
know  what  smoke  was,  as  those  who  lived  in  some 
of  the  large  towns  in  the  North  did.  Still,  even  the 
amount  of  smoke  in  London  was  a just  cause  of 
complaint ; though,  if  the  air  of  the  manufacturing 
districts  could  be  rendered  as  pure  as  that  of  the 
metropolis,  a great  deal  would  have  been  accom- 
plished. He  lived  in  London,  and  from  his  house 
no  smoke  whatever  was  sent  out ; and  if  everybody 
would  follow  his  example,  the  atmosphere  would  be 
much  purer. 

Mr.  Crampton  said  he  could  not  say  much  on 
this  particular  subject,  being  more  acquainted  with 
methods  for  producing  very  high  temperatures  with 
regularity;  wth  the  systems  described  this  was  not 
possible,  nor  was  it  required.  With  regard  to  the 
use  of  powdered  fuel,  anyone  who  could  discover  a 
means  of  vdthstanding  the  fluxing  action  of  the  dirt 
which  was  always  found  in  coal-dust  would  do  a 
great  deal ; he  had  burnt  some  two  or  three  thousand 
tons  of  coal  in  experiments  in  this  direction,  but  so 
far  without  success  in  being  able  to  retain  the  furnace 
for  any  length  of  time.  The  only  means  of  accom- 
phshing  it  seemed  to  be  to  have  revolving  chambers 
protected  with  water  ; the  slag  formed  a film  round 
the  furnace,  and  thus  made  a perpetual  lining,  the 
surplus  slag  running  away.  This  form  of  furnace, 
however,  was^only  applicable  under  very  special  cir- 
cumstances. He  had  made  some  experiments  lately, 
to  see  how  far  this  method  could  be  applied  in  steam- 
boats, and  he  feared  it  would  take  up  too  much  room 
to  be  convenient,  but  he  was  not  sure  of  this.  Some 
dust  coal  could  be  utilised  by  being  washed,  but  this 
again  could  only  be  done  profitably  in  special  cases. 
The  water  cooled  furnace  which  had  been  described 
seemed  very  ingenious,  but  he  should  like  to  know  the 
quantity  of  coal  which  could  be  burned  per  foot  of 
grate  ; this  was  a most  important  point,  in  order  to 
know  the  grate  area  required  for  evaporating  a given 
quantity  of  water  in  a certain  time.  He  should  think 
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the  proportion  would  be  about  the  same  as  in 
Jukes’s  furnace  (but  it  might  be  more),  which  did  not 
bum  more  than  6 or  7 lbs.,  or  sometimes  8 or  10  lbs. 
per  foot,  but  the  latter  quantity  was  rather  trying  for 
the  fire-bars.  He  had  seen  these  furnaces  which  had 
been  in  work  for  eight  years  almost  without  intermis- 
sion, but  it  was  evident  that  this  could  only  be  accom- 
plished by  constant  supervision,  so  as  to  keep  every^- 
thing  in  perfect  order.  In  fact,  it  became  a question 
in  many  of  these  furnaces  whether  they  would  not 
require  more  supervision  than  could  usually  be  ob- 
tained. The  prismatic  furnace  was  very  ingenious,  and 
he  could  see  by  the  material  produced  that  a fluxing 
heat  was  never  attained ; the  ash  could  be  removed 
at  leisure,  but  it  would  probably  take  a considerable 
time.  In  conclusion,  he  would  say  that  this  question 
could  not  be  brought  forward  too  often  ; there  was  a 
vast  amount  of  coal  wasted  in  this  and  other  countries, 
and  any  method  by  which  this  could  be  prevented 
should  be  welcomed. 

Mr.  Donkin  said  they  could  bum  about  35  lbs.  of 
coal  to  the  square  foot  of  furnace,  with  half  an  inch 
space,  but  the  average  was  about  20  lbs. 

Mr.  Henderson  said  he  had  no  personal  con- 
nection with  the  Green  furnace,  but  hearing  that  Mr. 
McMillan  was  preparing  this  paper,  he  brought  it 
under  his  notice  as  being  the  one  which  of  all  he  had 
seen  seemed  best  to  encourage  heat,  and  to  admit  of 
the  application  of  the  oxygen  of  the  air  to  the  carbon 
of  the  coal,  so  as  to  ensure  perfect  combustion  and 
avoid  smoke.  The  furnace  was  so  arranged  that  the 
whole  of  the  heat  produced  on  the  fire-bars  was 
transmitted  to  the  water  underneath,  and  from  there 
circulated  through  the  boiler ; and,  apart  from  the 
question  of  combustion,  there  was  this  great  advantage, 
that  incrustation  was  prevented.  Where  incmstation 
took  place,  of  course  it  increased  the  cost  of  evapora- 
tion, and  deteriorated  the  boiler.  A few  months  ago 
Mr.  Green  told  him  that  one  of  these  furnaces  had 
been  in  operation  at  Swansea  for  three  years,  and  on 
examining  the  boiler  at  the  expiration  of  that  time, 
the  amount  of  scale  found  was  practically  nothing  ; 
the  iron  being  almost  as  clean  as  the  day  it  was  first 
put  in  operation.  In  such  a case  of  course  the  saving  to 
steam  users  was  very  great.  He  had  hoped  to  hear 
something  on  the  question  of  smoke,  which  depended, 
as  he  had  already  pointed  out,  on  the'perfect  combina- 
tion of  the  oxygen  of  the  air  with  the  carbon  of  the 
coal;  unless  this  were  effected,  a great  deal  of  carbonic 
oxide  was  given  off.  In  the  colliery  districts  there 
was  great  profligacy  in  the  use  of  coal,  owing  to  its 
cheapness,  and  the  amount  of  small  coal  wasted  was 
very  great  and  important,  especially  in  large  towns. 
Considering  the  hard  winter  we  had  just  passed 
through,  it  was  a great  pity  that  some  method  had 
not  been  devised  by  which  this  small  coal  could  be 
utilised  in  the  shape  of  briquettes,  such  as  were 
largely  used  in  France  and  Belgium.  Such  a mode 
of  dealing  with  it  would  confer  a great  boon  on  the 
poorer  classes  of  our  large  towns. 
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Mr.  Crampton  thought  the  question  of  carriage 
would  be  a great  difficulty. 

Mr.  Henderson  said  there  were  thousands  of  tons 
of  small  coal  almost  thrown  away  in  London.  In 
the  Pool,  where  the  sea-borne  coal  was  screened,  it 
accumulated  in  large  quantities. 

Mr.  Crampton  asked  if  Mr.  McMillan  had  any 
information  as  to  the  mode  of  manufacturing  these 
briquettes  on  the  Continent.  He  believed  one  main 
difficulty  was  in  getting  a simple  machine  for  making 
them. 

Mr.  JoBLiNG  (Messrs.  Scott  and  Co.)  said  the 
Ferando  furnace  had  been  thoroughly  successful  in 
their  steamers;  they  used  nothing  but  “duff,”  and 
obtained  quite  as  good  results  as  -with  large  coal ; and 
in  one  ship  rather  better,  only  using  ii|  tons  of 
small  coal  to  produce  the  same  result  as  12  tons  of 
large.  The  difficulty  of  black  smoke  arose  at  first, 
but  this  had  been  overcome.  There  was  one  steamer 
now  in  London,  and  he  should  be  happy  to  show  the 
furnace  to  any  one  who  was  interested.  The  coal 
they  used  was  the  very  worst  description,  costing 
2s.  qd.  per  ton  delivered.  Two  steamers  were  now 
running  on  this  system,  and  arrangements  were  being 
made  for  converting  the  whole  of  the  fleet,  and  he 
expected  the  plan  would  soon  be  generally  adopted 
by  steam  users. 

Mr.  W.  Crowder  asked  if  breeze  had  been 
applied  for  the  purpose  of  raising  steam,  or  only 
for  other  heating  purposes.  There  was  a good 
deal  of  breeze  to  be  obtained  in  London  at  a low 
price,  and  if  it  could  be  used  for  raising  steam  it 
would  be  a great  gain.  The  furnace  appeared  to  be 
much  on  the  principle  of  the  Naussig  pyrites  furnace, 
such  as  was  used  for  making  vitrol.  At  his  works 
there  were  a good  many  boilers,  and  the  consumption 
of  coal  was  something  considerable. 

Mr.  McMillan  said  the  PeiTet  boiler  furnace, 
which  was  used  by  Messrs.  Donkin,  burned  solely 
breeze,  with  the  water  cooled  fire-bars.  Breeze  was 
also  used  in  the  prismatic  furnace,  but  that  was  only 
for  warming  rooms,  or  for  core  furnaces.  For 
ordinary  boiler  furnaces,  where  a greater  heat  was 
required,  the  water  cooled  fire-bars  were  employed  ; 
there  fresh  breeze  from  gasworks  was  burned. 

Mr.  Arthur  Glover  asked  if  Mr.  MacMillan 
had  any  information  as  to  the  use  of  breeze  or  in- 
ferior fuel  in  kilns  used  for  the  purpose  of  making 
cement,  which  was  now  becoming  a very  large  in- 
dustry on  both  the  Thames  and  the  Medway. 
Probably  over  half  a million  tons  of  coal  per  annum 
were  used  in  this  industry,  and  if  this  kind  of  fuel 
could  be  used  it  would  save  good  fuel,  and  would  be 
economical  in  every  way. 


Mr.  W.  Crowder  said  the  lecturer  had  not  made 
any  reference  to  the  Wilson  gas  producer,  which  was 
somewhat  similar  to  some  of  these  furnaces,  and 
would  probably  throw  a light  on  the  last  question 
asked ; you  could  use  this  low  quality  fuel  for  pro- 
ducing gas  which  would  be  perfectly  available  for 
burning  cement. 

Mr.  McMillan  said  there  were  so  many  branches 
to  this  subject,  and  everyone  had  so  many  different 
ideas  of  his  own,  that  it  was  very  difficult  to  cover 
the  whole  ground.  He  might  have  dealt  with  gas 
producers,  and  undoubtedly  fuel  of  this  kind  might 
be  used  in  certain  classes  of  gas  producers.  He 
had  already  answered  the  other  questions  put,  and  had 
only  further  to  thank  Mr.  Thomson  for  his  kind  assist- 
ance in  preparing  the  photographs  by  which  the 
paper  had  been  illustrated. 

The  Chairman  then  proposed  a vote  of  thanks  to 
Mr.  McMillan,  which  was  carried  unanimously. 


SE  VENTEENTH  ORDINARY 
MEETING. 

Wednesday,  March  31,1 886 ; the  Right  Hon  ' 
Sir  Henry  J.  Selwin-Ibbetson,  Bart.,  M.P., 
in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society  : — 

Bazley,  Sir  Thomas, Bart.,  Hatherop  Castle,  Fairford, 
Gloucestershire. 

Christopher,  Robert  George,  35,  Chauntler-road, 
Custom-house,  Victoria  Docks,  E. 

Harland,  Robert  Henry,  37,  Lombard-street,  E.C. 
Henderson,  John,  junr.,  Meadowside  Works,  Partick, 
Glasgow. 

Ince,  H.  Osborne,  Eltham-lodge,  193,  Kilbum-road, 

W. 

Legg,  William  A.,  Liverpool  Waterworks,  Llan- 
wddyn,  Lanfyllin. 

Lewis,  Henry  Frederick  William,  Lyndham-house, 
Hampton-road,  Redland,  Bristol. 

Wildy,  Augustus  G.,  13,  Furnival’s-inn,  Holbom, 

E.C. 

The  following  candidates  were  balloted  for 
and  duly  elected  members  of  the  Society  : — 

Dunn,  John,  i,  John-street,  St.  James’s-square, 

S.W. 

Greenman,  Charles,  76,  Clay  ton-road.  Peel- ham, 

S.E. 

Robinson,  Edward  A.,  Combe  Down,  Bath. 

Storey,  H.  S.,  Lancaster. 

The  paper  read  was — 
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METHODS  OF  RENDERING  THE  BLIND 
SELF-SUPPORTING,  ESPECIALLY  THAT 
FOLLOWED  IN  GERMANY. 

By  T.  R.  Armitage,  M.D., 

Hon.  Sec.  to  the  British  and  Foreign  Blind  Association  for 
promoting  the  education  and  emplo5’ment  of  the  blind. 

The  first  time  I had  the  honour  to  deliver  an 
address  at  the  Society  of  Arts  on  the  subject 
of  the  education  and  employment  of  the  blind 
was  in  1871.  At  that  time  we  were  just 
emerging  from  a period  of  the  greatest  con- 
fusion in  all  that  related  to  the  education  of 
the  blind.  Each  school  used  whatever  system 
for  reading  of  which  its  managers  happened 
to  have  heard,  and  once  adopted,  that  parti- 
cular system  was  adhered  to  with  the  greatest 
pertinacity.  As  a rule,  each  institution  worked 
on  its  own  lines  without  knowing  what  was 
going  on  in  kindred  institutions  in  this  country 
or  abroad.  It  was  to  put  an  end  to  this  con- 
fusion, and  to  discover  the  best  methods  of 
educating  and  employing  the  blind,  that  the 
British  and  Foreign  Blind  Association  was 
founded  by  me  in  1868.  I was  convinced  that 
the  only  competent  judges  of  questions  relating 
to  education  through  the  means  of  the  sense 
of  touch  are  the  blind  themselves  ; and,  acting 
on  this  conviction,  the  members  of  the  Execu- 
tive Council  of  the  Association  were  all  blind 
with  the  exception  of  myself,  and  my  own 
sight  is  so  imperfect  that  1 am  obliged  to  use 
the  finger,  and  not  the  eye,  for  the  purpose  of 
reading,  and  for  the  observation  of  everything 
requiring  exactness.  The  first  question  that 
presented  itself  to  us  was  the  determination 
of  the  best  system  of  raised  letters  for 
reading,  as  reading  is  the  basis  of  all 
education.  We  were  not,  however,  satisfied 
with  examining  for  ourselves,  but  we  took  the 
opinion  of  all  the  most  intelligent  blind  within 
our  reach.  We  found  that  in  all  the  systems 
then  generally  known  in  England  the  letters 
were  formed  of  raised  lines.  In  some  of 
these,  the  lines  represented  the  ordinary 
Roman  letters,  and  this  form  of  relief 
printing  was  naturally  generally  favoured  by 
the  seeing.  The  other  forms  consisted  of 
simple  lines,  straight  and  curved,  which  are 
far  more  easily  felt  than  the  Roman  letter,  and 
were  therefore  most  in  favour  among  the  blind. 
Mr.  Conolly,  however,  one  of  the  earliest 
members  of  the  council,  was  one  of  the  very 
few  blind  people  at  that  time  in  England  who 
was  acquainted  with  the  admirable  system  of 
writing  which  was  used  by  the  blind  of  France 


and  Belgium.  He  had,  it  is  true,  only  a 
most  imperfect  writing  frame,  a clumsy  wooden 
pocket  frame,  such  as  was  used  at  that  time  in 
Belgium ; but  even  this  imperfect  apparatus 
had  been  of  the  greatest  possible  use  to  him. 
He  had  been  able  to  take  his  notes  at  lectures, 
write  abstracts  of  books,  &c.  ; he  took  an 
Arts  degree  at  the  University  of  London,  and 
was  for  years  engaged  in  preparing  men  for 
university  examinations.  It  was  at  once 
evident  that  a system  by  which  the  blind  can 
write,  and  easily  read  what  they  have  written, 
must  be  of  immense  value  to  them.  The  only 
means  by  which  this  can  be  done  is  by  a 
system  composed  of  raised  points  in  varied 
positions.  Two  principal  modifications  of 
point  systems  had  to  be  studied.  The  one 
used  at  that  time  in  France  and  some 
other  parts  of  the  Continent  was  invented  in 
1829  by  M.  Louis  Braille,  a blind  pupil,  after- 
wards professor,  of  the  Paris  School.  A modi- 
fication had  been  introduced  by  Dr.  Russ,  of 
New  York,  which  was  considered  by  him 
greatly  superior  to  the  original  Braille,  as  he 
believed  that  it  effected  a very  considerable 
saving  of  space,  and  could  be  written  more 
rapidly.  It  was  certain  that  none  of  the  line 
systems  were  suited  for  educational  work, 
because  they  could  not  be  written,  and  the 
choice  therefore  lay  between  the  original 
Braille  and  its  New  York  modification.  It 
took  two  years  of  patient  investigation  to 
determine  which  point  system  presented  the 
greatest  advantages,  but  the  council  at  last 
came  to  a unanimous  decision  in  favour  of  the 
Braille  system,  and  set  to  work  to  secure  its 
general  adoption.  In  this  they  have  suc- 
ceeded, and  it  now  would  be  considered  a 
disgrace  for  a school  for  the  blind  not  to  teach 
writing.  In  fact,  writing  in  relief  is  of  just  the 
same  use  to  the  blind  as  ordinary  writing  is  ta 
the  seeing.  Having  settled  the  main  question 
of  reading  and  writing,  the  best  method  for 
constructing  maps,  the  best  apparatus  for 
arithmetical  calculation,  &c.,  had  to  be  deter- 
mined, but  on  these  points,  as  on  the  ques- 
tion of  reading  and  writing,  pretty  general 
unanimity  now  exists.  The  great  aim  that 
should  be  kept  in  view  in  all  education  for 
the  blind,  is  to  enable  them  to  become  self- 
supporting  in  after  life.  With  this  object 
great  attention  should  be  paid  to  physical 
training,  as  most  blind  children  are  naturally 
weak  in  body ; and  the  hand  should  be 
specially  trained,  as  it  is  to  the  hand  more 
than  to  any  other  organ  that  the  blind  man 
must  look  to  replace  the  lost  sense  of  sight. 
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•Kindergarten  work  and  object  lessons  should 
form  a very  important  part  in  the  educa- 
tion of  blind  children,  and  further  training 
should  be  all  directed  to  develop  the  in- 
telligence, strength  of  body,  and  dexterity  of 
hand. 

Among  all  callings  that  the  blind  can  follow, 
that  of  music  is  undoubtedly  the  best.  As 
tuners,  teachers,  and  organists,  the  blind, 
when  properly  trained,  can  support  themselves 
very  well,  and  are  able  to  compete  successfully 
with  the  seeing.  In  Paris,  the  blind  have 
almost  a monopoly  of  tuning;  and  they  have 
obtained  this  simply  because  they  are  found 
to  do  their  work  as  well,  and  in  many  cases 
much  better,  than  their  seeing  competitors. 
In  England,  at  the  time  that  I delivered  my 
first  address  in  these  rooms,  it  is  probable 
that  not  more  than  about  per  cent,  of  the 
former  pupils  of  our  blind  institutions  were 
able  to  earn  from  £^o  to  ;^ioo  a year  by 
the  profession  of  music  ; and  I then  strongly 
advocated  the  improvement  of  the  training  of 
the  blind  in  this  respect,  so  that  we  might 
achieve  here  somewhat  of  the  success  of  the 
blind  in  Paris.  This  idea  has  since  then  been 
carried  into  practice.  The  Royal  Normal 
College  for  the  Blind,  which  was  founded 
soon  afterwards,  contains  now  170  pupils. 
According  to  its  report,  about  80  per 
-cent,  of  its  former  pupils  are  self-support- 
ing, and  returns  were  made  in  1884  by  59 
former  pupils  whose  aggregate  earning  for  the 
twelvemonth  are  stated  to  have  been  ;^6,iii. 
Many  who  made  no  returns  are  known  to  be 
-doing  equally  well.  For  this  success  to  be 
achieved  the  pupils  have  to  be  placed  under 
the  very  best  possible  conditions,  and  no  out- 
lay must  be  spared  to  render  the  general  and 
professional  training  as  perfect  as  possible. 
If  this  is  not  done,  failure  will  result  in  the  great 
majority  of  cases.  There  are,  however,  many 
blind  children  who  are  not  likely  to  succeed 
well  as  musicians,  and  the  probability  of  their 
doing  so  diminishes  if  their  training  is  not 
commenced  early  ; for  these,  then,  some  handi- 
craft trade  is  the  most  suitable,  basket  making, 
rope  making,  brush  making,  chair  caning,  and 
mat  making,  and  all  the  varieties  of  sewing, 
knitting,  &c.,  for  girls,  are  those  trades  which 
are  most  usually  taught.  We  will  now  apply 
the  same  test  to  handicraft  trades  that  we  did 
to  music,  viz.,  the  after  success  of  the  pupils. 
We  have  no  accurate  statistics  on  this  subject, 
but  speaking  from  a very  large  experience 
amongst  the  blind,  I should  doubt  if  10  per 
cent,  of  all  the  former  pupils  of  our  institutions 


can  support  themselves  by  the  trades  they  have 
learnt  in  schools.  Most  of  the  pupils,  when 
they  leave,  do  not  attempt  to  follow  the  trade 
that  it  has  taken  them  six  or  seven  years  to 
learn,  but  become  small  traders  or  pedlars,  or 
turn  mangles,  &c.  When  a pupil  has  been 
trained  in  one  of  our  blind  schools  he  is,  as  a 
rule,  sent  out  into  the  world  to  shift  for  himself ; 
often  before  he  has  completely  mastered  his 
trade,  without  any  knowledge  of  the  world,  and 
frequently  at  a too  early  age.  With  such  dis- 
advantages, it  is  no  wonder  that  failure  should 
be  common.  At  most  of  the  Scotch  institutions, 
however,  a workshop  connected  with  the  school 
receives  the  pupil  at  the  end  of  their  training  ; 
but  even  where  this  is  the  case  it  is  found  that 
those  who  attempt  to  start  for  themselves 
almost  invariably  fail.  It  is  a very  serious 
question  whether  this  most  unsatisfactory  result 
is  inevitable,  and,  happily,  this  question  can  be 
answered  in  the  negative.  In  Germany,  a very 
similar  state  of  things  used  formerly  to  prevail, 
but  many  years  ago  a system  of  careful  super- 
vision and  assistance  of  the  old  pupils  was 
begun  in  Saxony.  It  has  been  gradually  per- 
fected by  three  successive  directors,  and  has 
been  imitated  by  most  of  the  other  German 
institutions.  The  result  is  that  over  80  per  cent, 
of  the  former  pupils  do  succeed  in  maintaining 
themselves,  by  manual  trades  with  the  addition, 
when  necessary,  of  a little  systematic  assistance 
from  the  institution.  What  makes  this  fact 
the  more  remarkable  is  that  there  are  scarcely 
any  workshops  for  the  blind  in  Germany,  that 
nearly  all  the  former  pupils  work  at  home. 
The  experience  of  all  those  in  the  United 
Kingdom  who  are  interested  in  the  employment 
of  the  blind,  points  to  the  fact  that  it  is  much 
easier  for  the  blind  to  support  themselves  when 
employed  in  workshops  than  when  working  at 
home  ; and  if  it  were  not  for  our  workshops  a 
much  smaller  proportion  of  the  former  pupils 
of  our  blind  schools  would  be  self-supporting 
than  at  present.  In  fact,  it  is  our  workshops 
that  at  present  save  our  schools  from  the 
disgrace  of  the  almost  universal  failure  of 
those  pupils  who  have  learnt  manual  trades, 
and  this  is  not  so  much  owing  to  bad  teaching 
as  to  the  utter  want  of  supervision  and  care  of 
their  former  pupils.  The  results  in  Germany 
are  so  different  from  any  with  which  we  are 
acquainted  in  England,  that  the  managers  of 
our  institutions  can  hardly  believe  them,  but 
if  true  they  attribute  them  to  a difference  in 
the  social. conditions  or  in  the  less  keen  com- 
petition which  they  suppose  to  exist  in 
Germany.  I have  known  this  system  for  many 
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years,  but  was  somewhat  incredulous,  until  in 
1883  I went  to  Dresden,  and  spent  ten  days  in 
£^oing  from  village  to  village,  and  from  house  to 
house,  visiting  the  blind  workmen,  and  hearing 
from  their  own  lips  what  they  were  doing.  No 
doubt  some  of  them  had  a hard  struggle,  but 
I found  that  they  were  all  following  the  trades 
they  learned  when  at  the  institution.  The 
men  are  all  either  basket  or  rope  makers,  and 
without  exception  able  to  support  themselves, 
though  some  indifferent  workers  are  obliged  to 
receive  assistance  from  the  institution,  and 
this,  too,  is  almost  always  the  case  with  the 
women. 

The  fund  for  assisting  the  former  pupils 
amounts  to  £1,^00  a year,  and,  as  their 
number  is  about  300,  it  follows  that  a supple- 
ment, amounting  to  an  average  of  ;^5  a year, 
is  all  that  is  required  to  save  everyone  from 
the  necessity  of  receiving  parish  assistance  or 
begging.  The  system  by  which  this  is  done 
is  briefly  as  follows  : —The  training  in  school 
is  always  directed  to  teaching  such  trades  as 
will  be  of  the  greatest  use  when  the  pupil 
leaves  school.  He  never  leaves  until  he  has 
learnt  his  trade  thoroughly,  or,  at  least,  as 
well  as  his  capacity  permits.  When  about  to 
leave,  the  director  visits  the  locality  where  the 
pupil  is  to  settle  ; arranges  his  future  abode, 
with  his  parents  or  elsewhere,  as  seems  most 
desirable.  He  finds  some  leading  person  in 
the  district  to  act  as  his  vicegerent.  This  is 
usually  a clergyman,  doctor,  mayor,  or  some 
other  person  of  influence  ; his  duties  are  to 
give  the  blind  man  counsel,  whenever  neces- 
sary ; to  assist  him  by  recommending  him  to 
customers,  and  to  keep  the  director  informed 
as  to  his  conduct  and  circumstances.  Every 
former  pupil  may  depend  upon  the  moral  and 
material  support  of  the  institution  as  long  as 
he  conducts  himself  well,  does  not  apply  for  or 
receive  parish  or  charitable  relief,  and  works 
to  the  best  of  his  or  her  ability.  The  pupil  is 
started  with  ^ an  outfit  of  tools  and  material, 
and  is  helped,  if  necessary,  when  suffering 
from  sickness  or  accident,  or  whenever  an  out- 
lay is  necessary  which  is  beyond  his  power  to 
defray. 

In  England,  where  no  such  timely  assistance 
is  given,  if  a blind  man  meets  with  an 
accident,  or  if  there  is  a temporary  cessation 
of  orders,  he  must  manage  to  live  ; his  clothes, 
furniture,  and  tools  go  to  the  pawnbrokers, 
and  when  once  the  downward  course  is  com- 
menced it  cannot  be  arrested.  One  great 
merit  of  the  system  I have  been  describing 
is  that  adequate  assistance  is  given  at  the 


right  time  and  in  the  right  manner.  I am 
able  to  give  a very  convincing  proof  that 
the  great  success  of  the  former  pupils  in 
Germany  is  due,  not  so  much  to  better  training, 
or  to  more  favourable  conditions  of  life,  as  to- 
the  admirable  system  I have  been  describing. 
Some  years  ago,  the  small  States  adjoining- 
Saxony  sent  their  blind  children  to  be  trained 
at  Dresden.  They  were  educated  in  all  respects, 
like  Saxon  children,  but  a marked  difference 
occurred  on  their  return  home,  for,  whereas, 
the  pupils  from  Saxony  almost  invariably  suc- 
ceeded, those  from  the  smaller  States  almost  in- 
variably failed.  Struck  with  this  difference 
about  ten  years  ago,  they  established  the 
same  kind  of  supervision  which  had  produced 
such  beneficial  results  in  Saxony,  and  since 
this  change  had  been  made  the  results  became 
just  as  good  as  in  Saxony. 

The  system  is  adopted  more  or  less  in 
almost  all  German  institutions.  Among  these 
I may  mention  as  good  examples,  those  of 
Kiel,  Neukloster,  and  the  Jewish  school  at 
Vienna.  These  are  newer  institutions  than 
that  at  Dresden,  consequently  there  are  no 
pupils  w'ho  are  past  work,  and  almost  all,, 
male  and  female,  have  no  further  assist- 
ance than  a fair  start  in  life,  and  the  pri- 
vilege of  obtaining  raw  material  at  cost 
price,  and  of  sending’any  work  which  they 
cannot  dispose  of  at  home  for  sale  at  the 
institution. 

A similar  society  exists  in  connection  with 
the  Paris  institution,  to  find  situations  and 
give  assistance  when  necessary  to  former 
pupils.  Most  of  these  are  musicians,  and 
therefore  have  a better  chance  of  success  than 
thosepractising  manual  trades ; but  many  would 
have  failed  without  being  properly  started. 
Several  of  the  provincial  institutions  of 
France  are  establishing  a similar  system. 
It  is  high  time  that  we  should  do  some- 
thing of  the  same  sort  in  England ; in  fact, 

I do  not  think  there  is  any  reform  in  insti- 
tutions for  the  blind  which  is  so  necessary  as 
this. 

I am  glad  that  a Royal  Commission  to- 
inquire  into  the  condition  of  the  blind  is 
now  sitting,  and  it  is  a pleasure  to  me  to 
see  one  of  my  brother  Commissioners  in  the 
chair.  I hope  that  the  result  of  our  inquiries 
may  tend  to  the  benefit  of  those  to  whom  for 
many  years  I have  been  devoting  my  life.  I 
must,  however,  state  that  what  I have 
said  this  evening  is  entirely  unofficial.  I 
alone  am  answerable  for  the  opinions  I have 
expressed. 
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Mr.  F.  J.  Campbell,  LL.D.  (Royal  Normal 
College,  Norwood),  said  he  had  little  to  add  beyond 
supporting  what  Dr.  Armitage  had  said  with  regard 
to  preparing  the  blind  for  independence.  On  this 
point  he  might  give  one  practical  illustration. 
America,  some  years  ago,  was  far  in  advance  on 
many  points,  but  some  of  the  American  schools 
had  lately  rather  fallen  behindhand,  although  one 
or  two  schools  there  were  as  striking  examples  as 
that  of  Dresden.  There  was  a very  large  school  in 
Philadelphia,  one  of  the  oldest  in  America,  yet  it 
was  found  that  a large  proportion  of  those  who  left 
it  were  not  self-supporting.  Some  time  since,  how- 
over,  a very  energetic  and  intelligent  blind  man,  and 
an  excellent  man  of  business,  resolved  that  this 
•should  net  continue,  and  he  undertook  singlehanded 
to  establish  a working  home  for  the  blind.  He 
began  with  a few  inmates,  and  his  first  care  was  to 
see  that  they  were  thoroughly  trained,  and  he  found 
it  very  difficult  at  the  first  to  make  those  who  had  been 
in  the  old  schools  support  themselves  ; they  did 
not  work  with  determination,  but  after  a time  all 
these  men  were  able  to  do  so.  This  was  entirely 
•due,  first,  to  his  good  example,  and,  next,  to  the  very 
^reat  care  he  gave  to  the  business  part  of  the  con- 
■cern.  There  was  an  outcry  amongst  the  broom- 
makers  of  Philadelphia  that  this  place  was  under- 
selling them,  and  as  a State  subvention  had  been 
applied  for  to  aid  in  building  a shop,  and  towards  the 
training  of  the  blind,  a committee  of  inquiry  was 
appointed.  Mr.  Hall,  the  manager,  produced  as 
witnesses  some  of  the  largest  dealers  in  Phila- 
delphia and  New  York,  and  they  gave  evidence 
that  for  the  same  class  of  brooms  for  which 
they  paid  in  the  ordinary  trade  i dollar  lo  cents  the 
dozen,  they  paid  Mr.  Hall  i dollar  5 cents,  and 
found  they  were  better  worth  the  money.  This  was 
the  key  to  the  whole  position ; they  did  good  work, 
and  had  a good  business  manager  to  get  it  into  the 
market.  It  took  a blind  man  a long  time  to  learn  a 
trade,  the  same  as  it  did  a sighted  man,  and  Dr. 
Armitage  had  made  a very  true  remark  about  the 
•evil  of  sending  pupils  out  too  early.  He  had  had 
some  experience  of  that  in  the  Normal  College.  He 
had  a young  man  there  who,  being  very  poor,  was 
■desirous  of  earning  his  living  as  soon  as  possible  ; he 
was  trained  as  a tuner,  and  was  very  efficient.  Being 
applied  to  for  a tuner,  he  (Mr.  Campbell)  sent  this 
young  man,  but  he  had  to  come  back,  because  his 
employers  said  that  although  he  was  thoroughly 
■capable,  and  they  had  no  fault  to  find  with  him, 
there  would  be  a mutiny  amongst  all  the  men  if  such 
a mere  boy  were  employed  at  a man’s  wages,  so  he 
must  wait  until  he  was  older. 

Rev.  William  Stainer  said  this  subject  was 
much  akin  to  the  one  to  which  most  of  his  life  had 
been  devoted,  viz.,  the  training  of  the  deaf  and 
dumb,  and  he  had  been  very  much  interested  in  the 


paper.  The  great  point  was  to  render  these  people 
self-supporting,  and  this  question  had  caused  him  a 
deal  of  anxiety.  In  his  present  position,  as  super- 
intendent of  the  education  of  the  deaf  and  dumb 
under  the  London  School  Board,  it  did  not  come 
under  his  official  notice;  but  he  had  tried  to  do 
something  in  his  private  capacity  by  opening  a large 
home,  fitting  it  up  with  lathes  and  tools,  and  en- 
deavouring to  teach  the  elder  boys  the  use  of  them. 
He  should  like  to  ask  Dr.  Armitage  if  he  had  any 
information  with  regard  to  day  schools  for  the  blind. 

Mr.  W.  C.  Lester  (Secretary,  Indigent  Blind 
Visiting  Society)  said  there  were  classes  for  the 
blind  in  various  parts  of  London,  and  the  scholars  in 
them  were  of  all  ages,  from  eight  up  to  eighty. 
It  was  very  desirable  that  the  young  blind  should, 
where  possible,  be  sent  to  the  Board  schools,  for  he 
was  strongly  of  opinion  that  the  blind  should  be 
trained  with  the  seeing,  to  adapt  them,  as  far 
as  possible,  to  the  same  kind  of  life.  He  was 
opposed  to  the  separate  system,  and  felt  certain 
that  a young  scholar  would  make  much  more 
progress  amongst  sighted  pupils.  A great  educa- 
tional work  was  being  done  amongst  children  of  a 
larger  growth,  and  education,  during  the  last  fifteen 
years,  had  wonderfully  progressed.  Whereas  for- 
merly very  few  could  read,  reading  was  now  general ; 
and  the  Braille  system  was  much  in  advance  of  all 
others,  as  by  it  the  pupils  learned  not  merely  to 
read  but  also  to  write,  and  to  read  what  they  had 
written ; and  some  forty  or  more  in  these  classes  were 
employed  in  writing  books  for  the  use  of  blind 
persons.  He  was  much  pleased  with  what  had  been 
said  as  to  the  importance  of  lending  the  blind  a 
helping  hand  at  the  right  time.  Some  years  ago,  a 
blind  man  came  to  him,  having  just  left  school. 
He  was  going  to  return  home,  being  quite  unable  to 
do  anything  for  his  support.  He  (Mr.  Lester)  pro- 
mised him  a certain  amount  of  help  from  his  society 
if  he  could  raise  ^10  from  others,  and  the  result 
was  he  got  together  ^^30.  With  that  sum  he  started 
a workshop,  got  on,  was  able  to  employ  others,  and 
did  exceedingly  well. 

Mr.  Campbell  said  for  many  years  they  had  been 
trying  to  get  blind  musicians  recognised  as  real 
artistes  and  not  simply  as  blind  musicians ; in  this 
they  had  had  various  encouragements ; but  one 
recent  one  he  should  like  specially  to  mention.  Some- 
time since  he  took  a pupil  to  play  to  Herr  Joachim, 
and  after  playing  pieces  of  various  schools,  Bach, 
Beethoven,  Schumann,  &c.,  Mr.  Joachim  was  so 
much  pleased  with  the  pupil  that  he  said  he  would 
do  anything  he  could  to  bring  him  forward,  and  on 
April  loth  he  was  going  to  play  with  him  at  the 
Saturday  Concert. 

Mr.  Sutton  (hon.  secretary  Surrey  Association 
for  the  Welfare  of  the  Blind)  had  listened  with 
great  interest  to  the  paper,  but  said  it  was  very 
painful  to  hear  that  90  per  cent,  of  those  who  left  the 
schools  were  unable  to  earn  their  living.  He  had 
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met  with  about  half-a-dozen  who  could  earn  from 
los.  up  to  27s.  or  28s.  per  week,  but  the 
rest  were  perfectly  incapable.  They  could  use 
the  wood  chopper,  and  do  the  inferior  kind  of 
basket  making,  and  that  was  all.  The  reason  of  this 
must  be  deficient  training.  There  were  large  insti- 
tutions all  over  the  country,  and  one  large  one  in 
London,  on  the  other  side  of  the  water,  which  pro- 
fessed to  turn  out  capable  workmen,  but  he  had  not 
found  such  to  be  the  case.  There  seemed  to  be  a 
want  of  method  and  intelligence  in  teaching  the  kind 
of  work  which  would  be  most  remunerative.  Dr. 
Armitage  had  referred  to  Dresden,  but  it  must  be 
remembered  that  there  the  institution  was  sup- 
ported by  the  State,  whilst  in  England  they  were  all 
dependent  on  voluntary  contributions,  and  he  did  not 
believe  there  was  one  institution  in  England  which  was 
supported  by  the  labour  of  the  inmates.  There  might 
be  individual  cases  where  a man  could  earu;,^!  or 
25s.  a week,  but  that  was  only  when  the  institutions 
provided  them  with  work ; competition  was  so  great, 
even  amongst  seeing  men,  that  a blind  man  in  a large 
town  would  be  thrown  in  the  background  altogether 
without  some  one  to  assist  him.  No  doubt,  in  course 
of  time,  there  would  be  efficient  education  for  the 
young,  whereby,  when  they  grew  older,  they  would 
be  able  to  support  themselves,  but  so  far  there  were 
a very  large  mass  who  were  more  or  less  dependent. 
He  hoped  the  difficulty  v'ould  be  in  some  way  met  by 
the  labours  of  the  Royal  Commission. 

Mr.  CULSHAW  said  he  was  treasurer  of  the  Liver- 
pool School  for  the  Blind,  which,  with  the  exception 
of  the  one  in  Paris,  was  the  oldest  in  the  world,  and 
it  had  the  largest  number  of  pupils  of  any  in  the 
kingdom.  One  point  he  would  refer  to  was  the 
period  spent  in  the  school.  Dr.  Armitage  recom- 
mended six  years  being  fixed,  but  it  was  veiy 
difficult  to  carry  out  strictly  a rule  of  that  kind. 
There  was  an  idea  amongst  the  indigent  blind  that 
when  once  they  got  into  an  institution  they  were  to 
stay  there  all  their  lives.  Some  few  years  since  they 
found  there  were  some  of  the  inmates  who  had  been 
there  thirty  or  forty  years  ; they  were  no  good  to  the 
institution,  and  they  were  discharged,  though  it  was 
painful  to  have  to  do  so.  They  then  found  it  was 
not  advisable  to  fix  any  definite  period,  and  though 
it  was  understood  that  a pupil  who  had  derived  all 
the  advantage  he  could  should  not  stay  longer  than 
six  years,  as  a fact  they  had  some  who  remained 
fifteen  or  twenty  years.  The  committee  had  the 
greatest  difficulty  to  find  suitable  trades  for  the 
blind.  They  had  tried  brush  making,  basket-making, 
and  mat-making  for  the  men  only.  Dr.  Armitage 
bad  referred  to  rope-making,  which  in  Liverpool  of 
course  was  a most  important  trade,  but  after  trying 
it  for  a long  time,  they  found  it  did  not  pay  at  all. 
They  could  not  compete  with  the  ordinary  traders, 
and  practical  people  wmuld  not  come  to  them.  It 
was  much  the  same  with  the  other  trades,  and  he 
feared,  unless  some  such  system  as  ihat  adopted  in 


Saxony  were  followed,  there  would  always  be  a 
great  difficulty  in  the  majority  of  the  blind  maintain- 
ing themselves.  He  knew  two  or  three  who  had  lett 
the  institution,  and  whom  he  had  found  in  the  most 
helpless  state  afterwards.  They  taught  music  to  all 
who  had  any  aptitude  for  it ; but,  in  dealing  with  the 
indigent  blind,  it  was  not  advisable  to  encourage 
them  all  to  devote  themselves  to  music.  They  had 
taught  tuning  for  several  years,  but  it  was  very 
exceptional  to  find  anyone  in  Liverpool  who  would 
take  a blind  person  as  a tuner. 

The  Chairman  said  at  first  he  had  felt  some 
hesitation  in  accepting  the  invitation  of  the  Society 
to  take  the  chair,  feeling  that  he  knew  too  little 
of  the  subject  individually,  and  that  as  one  of 
the  Royal  Commission  which  had  been  appointed 
to  inquire  into  this  matter  and  take  evidence  upon 
the  points  referred  to,  it  would  not  be  right  or  proper 
to  express  any  decided  opinion  before  the  Commission 
had  come  to  a determination  on  the  evidence  sub- 
mitted to  it.  Still,  he  thought  that  without  ex- 
pressing an  opinion  on  any  disputed  point,  he  might 
fairly  express  the  interest  he  took  in  a discussion  of 
this  kind,  the  object  of  which  was  to  increase  the 
public  knowledge  with  regard  to  our  unfortunate 
fellow  subjects,  and  at  all  events  endeavour  to  in- 
crease that  knowledge  for  their  benefit,  and  with  a 
view  to  improve  their  condition.  No  one  could 
have  listened  to  what  had  fallen  from  Dr.  Armitage 
without  feeling  what  a great  subject  it  W’as,  and 
how  far  at  present  England  was  behind  other 
countries  in  dealing  with  it.  He  trusted  that 
when  the  time  came  for  the  report  of  the  Roya 
Commission  to  be  issued,  it  would  be  seen  that  they 
had  benefited  by  the  information  gathered,  not 
only  as  to  the  way  in  which  both  the  blind  and 
the  deaf  and  dumb  were  treated  in  this  country, 
but  also  by  the  knowledge  which  other  countries 
had  of  this  subject,  and  that  out  of  that  know- 
ledge and  experience  they  might  be  able  to  suggest 
something  which  would  be  for  the  benefit  of  so 
large  and  unfortunate  a class.  He  had  much 
pleasure  in  proposing  a vote  of  thanks  to  Dr. 
Armitage  for  his  very  able  exposition  of  this  subject. 
No  one  could  have  listened  to  it  without  feeling  that 
every  word  he  said  came  not  only  from  his  heart  but 
from  a long  and  careful  experience,  from  a life  almost 
devoted  to  the  subject. 

The  vote  of  thankshavingbeen carried  unanimously. 

Dr.  Armitage  thanked  the  meeting  for  the  atten- 
tion they  had  given  him,  and  said,  in  reply  to  Mr. 
Stainer,  that  as  far  as  his  experience  went,  good  day 
schools  were  better  than  indifferent  residential  schools, 
very  much  better ; and  as  unfortunately  there  were  a 
good  many  indifferent  residential  schools,  and  the 
London  School  Board  gave  a first-rate  education  to 
blind  children,  he  was  always  glad  to  see  blind  child- 
ren entering  day  classes,  and  always  recommended 
them  in  London,  and  some  large  towns  where  this  sys- 
tem w'as  introduced,  to  enter  not  only  the  day  classes 
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especially  for  the  blind,  but  to  take  their  part  in  the 
ordinary  class  education  of  the  school.  But,  on  the 
other  hand,  first-rate  residential  schools  were  far 
better  than  the  best  day  schools  could  possibly  be  ; 
for  this  reason,  that  day  schools,  at  any  rate  hitherto, 
had  never  attempted  to  give  that  careful,  individual 
training  which  was  so  essential  to  the  blind  child ; 
and  most  of  them  did  not  attempt  to  give  any  technical 
training.  Some  did,  such  as  the  one  at  Sunderland, 
and  one  at  Bradford.  It  was  very  important  that 
blind  children  should  begin  technical  training  early, 
and,  until  this  was  provided  for,  they  could  not  do 
without  residential  schools  for  the  higher  forms  of 
education,  music  especially,  after  the  preliminaries 
of  the  three  R’s  had  been  overcome.  In  reply  to 
Mr.  Culshaw,  he  would  say  that  he  felt  the  greatest 
possible  sympathy  with  gentlemen  who,  having  been 
educated  to  see  only  one  phase  of  this  question, 
had  a difficulty  in  imagining  that  there  was  another 
side  to  it.  The  question  was  not  what  particular 
trade  should  be  taught,  for  if  the  blind  did  not 
succeed  in  one  trade,  the  school  must  teach  another. 
The  school  must  teach  the  trade  which  was  best 
suited  to  the  blind  in  after  life.  The  failure 
lay  in  two  directions.  In  the  first  place,  schools 
frequently  taught  trades  which  the  blind  could  not 
follow  in  after  life,  such  as  mat-making,  sash-line 
weaving,  and  various  others.  No  blind  man  could  suc- 
ceed in  making  a living  at  them,  and,  therefore,  until 
the  whole  system  of  these  trades  was  changed,  it  was 
not  desirable  to  teach  them  at  all.  Another  thing 
was  that  very  often  the  particular  kind  of  basket- 
making was  not  taught  which  the  blind  man  would 
find  most  useful.  What  an  institution  should  do 
was,  not  to  look  at  what  paid  best  in  the  institution, 
but  at  vffiat  would  pay  best  when  the  blind  had  left. 
And  when  all  this  was  done,  nothing  was  done 
unless  some  system  were  adopted  of  looking  after 
the  blind,  similar  to  that  adopted  in  Germany. 
That  system  was  hardly  known  a few  years  ago 
by  any  English  institution,  and  therefore  the  con- 
clusions arrived  at  were  all  arrived  at  from  a treat- 
ment diametrically  opposed  to  that  which  he  recom- 
mended. He  hoped  his  numerous  friends  amongst 
the  managers  and  committees  of  institutions  would 
forgive  him  for  saying  that  the  system  had  not  been 
tried  at  all  in  England,  and  that  the  best  thing  they 
could  do  would  be  to  go  to  Dresden,  Neukloster, 
Kiel,  or  any  place  where  this  system  was  fully  carried 
out,  and  if  they  did  not  come  back  red-hot  in  favour 
of  it,  he  should  be  very  much  surprised. 


FISHERY  BOARD. 

The  proposal  to  establish  a Fisheries  Board 
having  been  under  the  consideration  of  the 
Council  of  the  Society  of  Arts,  the  Secretary 
wrote  on  behalf  of  the  Council  to  Professor 
Huxley,  F.R.S.,  asking  him  for  his  views  as  to 
the  constitution  of  the  Board,  and  especially 


whether  he  considered  it  desirable  that  there 
should  be  a representative  or  representatives 
of  science  on  the  Board.  The  following  is 
Professor  Huxley’s  memorandum  in  answer  to 
the  Secretary’s  communication  : — 

I am  of  opinion  that  the  less  the  Govern- 
ment interferes  with  any  branch  of  industry 
the  better;  and  that,  as  a general  rule,  the 
cost  and  trouble  of  obtaining  such  scientific 
information  as  is  necessary  for  the  successful 
prosecution  of  a branch  of  industry  ought  to 
fall  upon  those  who  profit  by  it,  and  not  upoa 
the  general  body  of  the  taxpayers.  I do  not 
think  that  any  sane  man  would  propose  to 
establish  a Government  office,  composed  of 
chemists  and  metallurgists,  for  the  purpose  of 
managing  the  business  of  the  ironmasters. 

The  case  of  the  fishing  industry,  however,, 
is  peculiar.  The  different  classes  of  fisher- 
men tend  to  encroach  on  one  another’s 
liberties  ; and,  in  the  case  of  sea  fisheries,  the 
nation  at  large  is  proprietor,  and  has  an  in- 
terest in  their  being  properly  worked.  More- 
over, beyond  the  three-mile  limit,  the  interests 
of  English  fishermen  may  come  into  conflict 
with  those  of  foreigners,  and  give  use  to  in- 
ternational questions  of  great  difficulty  and 
delicacy.  Hence  I have  no  doubt  that  some 
department  of  the  Government  ought  to  be  in 
close  relation  with  the  fisheries  ; ought  to  be 
able  to  interfere  with  them  to  some  extent,  and 
under  certain  circumstances  ; and  ought  to  be 
able  to  institute  or  undertake  such  scientific 
inquiries  as  may  be  needful  in  order  to  obtain 
satisfactory  data  for  its  action. 

My  first  connection  with  fishery  questions 
dates  back  now  about  a quarter  of  a century  ; 
and,  from  that  time  to  this,  I have  taken  every 
opportunity  of  urging  the  formation  of  a. 
Government  Department,  such  as  I imagine  is 
now  about  to  be  established,  empowered  to 
deal  with  the  fisheries  on  these  principles. 

I think  that  such  a Fishery  Department 
should — 

1.  Collect  accurate  statistical  and  other  in- 
formation respecting  the  fisheries  of  England, 
bearing  upon  fishery  interests  in  general, 
and  present  a yearly  report  to  be  laid  before 
Parliament  based  thereupon. 

2.  That  it  should  be  empowered  to  inquire 
into  grievances  of  fishermen,  and  suggestions 
for  improvement  of  the  fisheries.  Hitherto- 
the  only  method  open  to  those  who  were, 
or  supposed  themselves  to  be  aggrieved, 
was  to  get  a Royal  Commission  of  Inquiry 
appointed.  Within  my  experience,  three  of 
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these  Commissions  have  inquired  at  intervals 
of  eight  or  nine  years,  at  great  cost  of  trouble 
and  money,  into  the  same  questions  regard- 
ing the  sea  fisheries,  and  have  arrived  at 
practically  the  same  results. 

3.  That  it  should  have  power  of  inquiry  to 
make  orders  regulating  or  restricting  acts  of 
fishery. 

4.  That  it  should  be  empowered  to  obtain 
such  scientific  assistance  as  may  be  needful. 

It  is  to  this  last  point  that  the  questions 
addressed  to  me  are  more  particularly  directed ; 
but  I could  hardly  have  answered  them  satis- 
factorily, unless  I had  sketched  forth  my 
general  views  as  to  the  justification  and  the 
limits  of  State  interference  in  fishery  matters. 
I have  had  something  to  do  both  with  science 
and  with  administration  ; and  it  is  in  the 
interest  of  both  that  I express  my  strong  con- 
viction that  they  ought  to  be  kept  separate. 

The  function  of  the  man  of  science  is  to 
ascertain  facts,  and  give  advice  based  upon 
that  which  he  has  ascertained.  He  may  be 
the  most  competent  person  in  the  world  to  do 
that,  and,  at  the  same  time,  wholly  unfit  for 
administrative  duties.  If,  again,  we  consider 
the  four  kinds  of  action  to  which,  I believe, 
the  operations  of  a Fishery  Department  should 
be  restricted,  what  is  the  advantage  of  setting 
a skilled  naturalist  to  collect  and  digest 
statistics,  or  to  draw  up  regulations  and 
orders,  or  to  weary  out  his  soul  in  the  routine 
business  of  an  administrative  office  ? What  he 
is  wanted  for  is  to  act,  firstly,  as  an  assessor 
in  inquiries  ; and,  secondly,  as  an  investigator 
of  such  problems  as  bear  directly  upon  those 
fishery  questions  in  which  the  general  public 
is  interested.  For  example,  the  nation  at  large 
has  an  interest  in  providing  against  the  prac- 
tice of  unduly  wasteful  modes  of  fishing,  as 
tending  to  the  wanton  destruction  of  its  pro- 
perty ; and  I should  say  that  any  amount  of 
money  bestowed  upon  the  scientific  investiga- 
tion of  the  effect  of  some  modes  of  fishing 
might  be  well  spent. 

I am  strongly  of  opinion  that  the  best 
method  of  bringing  science  into  its  proper 
relation  with  the  Fishery  Department  is,  that 
the  latter,  when  it  requires  a scientific  answer 
for  an  inquiry,  or  when  it  desires  that  a 
scientific  problem  should  be  thoroughly  in- 
vestigated, should  apply  to  the  President  and 
Council  of  the  Royal  Society  to  nominate  a 
person  or  persons  to  undertake  the  work. 
That  is  a course  frequently  pursued  by  other 
Governmental  departments,  and  it  works  very 
satisfactorily.  However,  if  it  should  be  thought 


better  to  have  a permanent  adviser,  or  a per- 
manent committee  of  reference,  I see  no  great 
objection  to  the  adoption  of  either  of  these 
plans. 

But  what  I desire  to  repudiate  as  strongly 
as  possible,  in  the  name  and  the  interests  of 
science,  no  less  than  in  that  of  the  working 
fishermen,  is  the  proposal  which  I see  con- 
tinually pressed  in  letters  addressed  to  the 
papers,  to  appoint  a body  of  scientific  men  to 
“manage”  the  fisheries.  In  the  first  place, 
the  proposition  is  futile,  for  anybody  who 
knows  anything  about  the  feeling  among 
the  smack  owners  and  working  fishermen,  is 
aware  that  they  would  not  listen  to  such  a 
proposal  for  a moment.  In  the  second  place, 
the  notion  that  the  fisheries  want  “managing” 
by  a Government  office,  and  that  the  fishing 
business,  like  every  other,  ought  not,  as  far  as 
possible,  to  be  left  to  manage  itself,  is,  in  my 
opinion,  utterly  foolish  and  mischievous.  And, 
in  the  third  place,  if  the  fisheries  were  to  be 
thus  “managed,”  men  of  science  are  no 
more  the  right  people  to  be  entrusted  with 
“ managing  ” fishery  affairs  than  a landsman, 
who  happens  to  be  master  of  the  theory  of 
navigation,  is  the  right  man  to  be  trusted  with 
steering  an  ironclad. 

The  whole  lesson  of  my  somewhat  lengthy 
and  varied  experience  of  fishery  matters  may 
be  summed  up  thus  : — 

1.  Don’t  meddle,  unless  you  have  good 
grounds  for  believing  that  you  know  what  the 
effect  of  your  meddling  will  be. 

2.  Listen  to  all  that  the  scientific  men 
without  practical  knowledge,  and  the  prac- 
tical men  without  scientific  knowledge,  have 
to  say ; but  give  to  neither  the  power  of 
directly  interfering  with  such  a large  and 
important  branch  of  industry  as  fishing. 

3.  Collect  all  the  information  that  is  to  be 
had,  so  that  the  country  may  know  year  by 
year  how  the  fisheries  really  stand  ; make  that 
information  accessible  to  the  people  who  are 
engaged  in  the  fishing  industry ; inquire  into 
real  or  supposed  grievances  ; and  regulate 
or  restrict,  experimentally,  on  good  cause 
shown. 

4.  Let  the  Department  charged  with  these 
duties  obtain  such  scientific  help  as  is  needful 
from  persons  of  recognised  scientific  com- 
petency, who  are  not  under  the  control  of  the 
Administrative  Department,  and  are  not 
responsible  to  anyone  for  the  conclusions  at 
which  they  may  arrive.  Moreover,  let  all 
scientific  inquiries  thus  undertaken  be  strictly 
relevant  not  merely  to  fishery  matters,  but  to 
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questions  with  which  the  State  may  properly 
deal  as  the  representative  of  the  general 
interest. 

If  the  Government  is  to  be  asked  to  give  a 
body  of  scientific  men  a roving  commission  to 
inquire  into  the  natural  history  of  the  seas  and 
rivers  of  England,  let  that  issue  be  put  plainly 
before  the  Minister  to  whom  the  application  is 
made.  But  I do  not  see  what  the  Board  of 
Trade  has  to  do  with  such  “ aid  to  science ; ’’ 
nor  why  it  is  desirable  that  the  gentlemen  who 
are  to  be  entrusted  with  this  very  considerable 
enterprise  should  have  the  “ management  of 
the  fisheries  ” — which  means  the  power  of 
meddling  with  a great  industrial  interest — 
thrown  in  as  a sort  of  /zors  Fceuvre. 

T.  H.  Huxley. 

March  20,  1886. 


Miscellaneous. 

♦ 

COLONIAL  AND  INDIAN  EXHIBITION. 

Her  Majesty  the  Qaeen  has  been  graciously  pleased 
to  intimate  her  intention  of  opening  the  Exhibition, 
on  Tuesday,  the  4th  of  May ; and  an  additional 
impetus  has  thus  been  given  to  the  work  of  preparation 
which  is  actively  proceeding. 

The  change  in  the  weather  has  materially  facili- 
tated the  building  operations,  which  had  been 
somewhat  delayed  by  the  severe  frost ; and  a marked 
advance  has  been  lately  made  in  all  structural  altera- 
tions. A constant  supply  of  exhibits  still  continues 
to  reach  the  Exhibition  from  all  sources. 

On  Monday  last  (March  29th),  H.R.H.  the  Prince  of 
Wales  visited  the  Exhibition.  His  Royal  Highness, 
accompanied  by  H.R.H.  the  Duke  of  Connaught, 
a Royal  Commissioner,  was  received  by  Sir  Philip 
Cunliffe-Owen  at  the  main  entrance  in  Exhibition- 
road.  Their  Royal  Highnesses,  conducted  by  Sir 
Philip,  went  through  the  courts  of  India,  the  West 
Indies,  Hong  Kong,  Canada,  New  Zealand  and  the 
Australian  colonies.  Sir  Dighton  Probyn,  Colonel 
Ellis,  Mr.  Francis  Knollys,  and  Major  Egerton  were 
in  attendance. 

Mr.  J.  Adrien  Despeissis,  the  Executive  Com- 
missioner for  Mauritius;  Mr.  B.  Howell  Jones, 
Executive  Commissioner  for  British  Guiana;  Mr. 
F.  A.  Swettenham,  the  Executive  Commissioner  for 
the  Straits  Settlements;  and  Mr.  Alpin  F.  Thomson, 
of  the  Western  Australian  Commission,  are  now  in 
London. 

The  West  Indian,  British  Honduras,,  and  Hong 
Kong  courts,  situated  in  the  East  Gallery,  are 
amongst  the  most  forward  in  the  Exhibition ; the 


following  notes  point  out  a few  of  their  special 
features. 

West  Indies. 

Mr.  Augustus  J.  Adderley,  C.M.G.  (who  was 
Executive  Commissioner  for  the  Bahamas  at  the 
International  Fisheries  Exhibition)  is  Executive 
Commissioner  for  the  many  islands  which  together 
form  the  British  West  Indies  : Major  Malet  acts  as 
Secretary. 

For  the  purposes  of  the  Exhibition,  the  islands 
have  been  grouped  as  follows  : — Jamaica,  Trinidad, 
Barbados,  Windward  Islands,  Leeward  Islands 
and  the  Bahamas.  In  every  island  a committee  has 
been  appointed,  and  the  lists  of  them  occupy  no  less 
than  ten  pages  in  the  official  prospectus.  In  several 
of  the  principal  towns  exhibitions  have  been  held  for 
the  purpose  of  selecting  objects  to  represent  the 
various  islands. 

The  courts — as  in  the  East  Indian  gallery — are 
entered  through  screens  decorated  in  a Moorish 
style,  which  recalls  the  supremacy  once  held  by 
Spain  in  the  West  Indies. 

Amongst  the  principal  exhibits  will  be  sugar  canes 
and  sugars  of  all  kinds ; coffees  and  cocoas ; dried 
fruits  and  honey ; rums  and  liqueurs ; pink  pearls, 
corals,  shells,  sponges  and  minerals.  The  court  will 
be  embellished  with  fine  palms,  pine-apples  and 
bamboos  from  Antigua,  cabbage  palms  from  St. 
Kitt’s,  lime-trees  from  Montserrat,  and  tree-ferns 
from  Dominica. 

The  Pope  and  the  Propaganda  College  have 
consented  to  lend  very  valuable  and  interesting  maps 
of  the  islands,  amongst  which  will  be  a fac-simile 
copy  of  the  famous  Borgia  map,  the  oldest  existing 
chart  of  the  New  World.  There  will  be  stone  imple- 
ments and  other  relics  of  the  now  extinct  Carib  race  ; 
and  many  paintings  of  landscapes,  flowers  and  insects. 
In  fact,  the  miniature  picture  gallery  will  be  quite  a 
feature  in  the  court.  Views  of  various  towns  have 
been  introduced  into  the  frieze  of  the  wall  decora- 
tions. 

A statue  of  Columbus,  by  Signor  Ghidoni,  of 
Milan,  and  relics  of  the  great  discoverer  wiU  have  a 
prominent  place  in  the  gallery,  in  which  also 
stands  a fountain  in  Doulton  ware,  designed  by 
Mr.  Tinworth. 

In  a special  tank,  now  being  constructed  in  the 
Aquarium  Annexe,  the  process  of  hatching  marine 
turtles  from  ova  will  be  publicly  demonstrated  ; and 
arrangements  have  been  made  for  the  preparation  of 
turtle  soup  and  other  appetising  dishes.  There  will 
also  be  a constant  supply  of  fruits  and  vegetables  for 
the  Colonial  market. 

The  band  of  the  1st  Native  West  Indian  Regiment 
is  coming  over  from  Jamaica,  and  will  play  daily  in 
the  Exhibition  during  the  season ; their  picturesque 
uniform  is  very  like  that  of  the  Zouaves. 

British  Honduras. 

Mr.  Adderley  is  also  Executive  Commissioner  for 
British  Honduras;  the  Assistant  Commissioner  is 
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Chief- Justice  W.  A.  M.  SherifiF.  The  local  commission 
at  Belize  has  sent  over  to  Enj^land  the  articles  ex 
hibited  by  them  at  the  New  Orleans  Exhibition. 
The  principal  exhibits  will  be  woods,  stone  im- 
plments,  pre-historic  pottery,  ancient  Aztec  curiosi- 
ties, and  many  other  interesting  objects. 

Hoxg  Koxg. 

The  Secretary  to  the  Royal  Commission  is  Execu- 
tive Commissioner  for  Hong  Kong,  and  the  court  is 
being  arranged,  under  his  direction,  by  Mr.  H.  E. 
AVodehouse,  Honorary  Secretary  to  the  Commission 
at  Hong  Kong,  and  Mr.  E.  H.  Fishbourne,  LL.B., 
The  Honourable  William  Keswick,  M.L.C.,  is 
chairman  of  the  local  commission,  which  consists  of 
thirty-five  members— native  and  European. 

There  will  be  a very  good  collection  of  models, 
consisting  of  the  docks  at  Hong  Kong ; a 
vermilion  factory;  junks;  a joss-house;  a theatre; 
a convent,  with  pagoda ; a dispensary,  accom- 
panied by  medicines ; and  a raised  map  of  the 
colony,  surrounded  by  photographic  views.  There 
will  be  a bamboo  yard,  with  bamboo  workers,  and 
chairs  and  other  articles  of  bamboo  and  rattan ; a 
mat-making  machine  ; a shop  and  a hawker’s  stall ; 
blackwood  furniture,  sedan  chairs,  a janricksha  ; and 
a trophy  of  china,  A 20  horse-power  engine,  built 
by  the  Dock  Company,  will  also  be  placed  in  the 
court. 

The  trade  of  the  colony  will  be  further  represented 
by  ropes ; brass,  pewter,  tin  and  silver  ware ; pith 
hats  and  shoes  ; biscuits ; an  opium  pan  and  stove  ; 
butterflies,  coins,  woods,  granite,  spirits,  oils ; 
ginger  and  chow  chow ; sugar  and  molasses ; an 
exhibit  of  silk ; and  examples  of  needle- work  from 
the  convents. 

Electric  Ltghtixg. 

The  electric  lighting  is  under  the  control  of  a com- 
mittee composed  of  Sir  Frederick  Abel,  chairman; 
Sir  Francis  Bolton,  who  directs  the  garden  illumina- 
tions ; and  Mr.  W.  H.  Preece,  who  specially  looks 
after  the  lighting  of  the  buildings. 

The  whole  of  the  motive  power  required  for  the 
internal  lighting  of  the  exhibition  buildings  will  be 
supplied  under  contract  by  Messrs.  Davey,  Paxman 
and  Co.,  of  Colchester;  the  power  absorbed  amounts 
to  1,200  indicated  horse-power. 

The  principal  galleries  and  courts  will  be  lighted 
by  arc  lamps,  of  which  160  are  supplied  by  the  Anglo- 
American  Brush  Electric  Light  Corporation,  Limited ; 
140  by  Messrs,  R.  E.  Crompton  and  Co. ; and  100 
by  the  Pilsen-Jbel  Electric  Light  Company,  Limited 
— making  400  lamps  in  all,  each  lamp  giving  a light 
equal  to  at  least  1,000  standard  candles. 

The  Indian  Palace,  the  dining-rooms,  and  the 
different  offices  in  the  “ Old  London-street”  (or  “The 
Old  London  World’s  Exchange  ” as  it  is  to  be  called 
this  year),  as  well  as  the  Colonial  and  Indian  tea 
houses,  will  be  lighted  by  means  of  incandescent 
lamps,  supplied  with  current  by  the  Edison-Hopkinson 


dynamo  machines.  These  machines  are  lent  by  the 
Edison- Swan  United  Electric  Light  Company^ 
Limited. 

The  club  dining-rooms,  over  the  West  Arcade  ; 
the  Chinese  Pavilion ; the  Royal  Box,  underneath 
the  clock  tower ; the  secretarial  offices,  and  the 
Subway  to  the  South  Kensington  Station,  will  be 
lighted  by  incandescent  lamps,  which  are  fed  by 
secondary  batteries,  lent  by  the  Electrical  Power 
Storage  Company,  Limited.  These  secondary 
batteries  will  be  charged  by  Edison-Hopkinson 
dynamo  machines. 

The  electric  illumination  of  the  gardens  will  be 
effected  by  means  of  about  10,000  small  glow  lamps 
(mostly  of  10  candle-power  each) ; and,  in  addition^ 
a number  of  arc  lamps  suspended  from  tall  masts 
will  be  used  to  give  a strong  moon-like  effect,  when 
the  illuminated  fountains  are  not  playing.  This 
installation,  as  well  as  the  whole  of  the  work  con- 
nected with  the  fountains,  which  have  been  enlarged 
and  altered,  has  been  carried  out  by  Messrs.  Galloway 
and  Sons,  of  Knott  Mill  Iron  Works,  Manchester. 


REMOVAL  OF  SNOW. 

So  heavy  a fall  of  snow  as  that  at  the  beginning 
of  the  present  year  has  not  been  known  in  the 
Belgian  Ardennes  for  a period  of  thirty  years.  The 
highest  hedges  disappeared,  and  in  some  places  the 
snow  drifted  to  a height  of  4 metres,  or  13  feet. 
The  postal  service  was  interrupted,  and  it  became 
necessary  to  dig  out  a train  on  the  Gouvy  and 
Bastogne  line.  So  late,  again,  as  the  5th  March,  the 
snow  fell  at  Laroche  to  such  an  extent  that  the  postal 
service  was  made  with  difficulty  by  horsemen,  causing 
some  delay.  The  dilligence  between  Baconfoy  and 
Marloie  was  obliged  to  stop  running ; at  the 
“ Baraque  de  Farture  ” the  snow  drifted  to  a depth 
of  3 metres,  or  10  feet.  Snow  which  fell  in  Paris,  on 
the  8th  and  loth  December,  to  a depth  of  about 
4 inches,  was  removed  at  a cost  of  220,000  francs,  or 
;^8,8oo,  by  means  of  salt,  which  has  the  property  of 
forming  with  snow  a liquid  mud  that  can  only  freeze 
at  a very  low  temperature.  The  method,  devised  by 
M.  D’Ussel,  engineer  to  the  Paris  Municipality,  was 
first  adopted  in  the  winter  of  1 880-1.  Rock  salt> 
obtained  from  salt  mines  in  the  east  of  France,  cost- 
ing about  37  francs.,  or  25s.  a ton,  at  Paris,  is  kept 
in  large  storehouses  until  required  for  distribution  in 
different  quarters  of  the  City  at  the  beginning  of 
winter.  Directly  any  considerable  fall  occurs,  the 
scavengers  bring  salt  in  wheelbarrows,  and  throw  it 
over  the  surface  of  the  fallen  snow  ; but  no  effect  is 
produced  until  the  snow  and  salt  are  churned  to- 
gether by  the  horses’  hoofs  and  wheels  of  vehicles. 
After  two  or  three  hours,  however,  liquefaction  is 
sufficiently  advanced  for  the  clearance  to  be  effected 
by  sweeping  machines  or  brooms.  On  an  average, 
the  quantity  required  is  125  grammes  per  square 
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metre,  or  2 lbs.  per  square  yard,  the  cost  of  the  salt 
amounting  to  rather  less  than  an  eighth  of  the  whole 
expense,  which  is  three  or  four  centimes  per  square 
metre,  or  about  a farthing  per  square  yard.  It 
appears  that  this  method  is  not  applicable  to 
macadamised  roads,  because  the  salt  disintegrates 
Ihe  roadway. 


CULTIVATION  OF  IXTLE  IN  MEXICO. 

The  ixtle,  or  Tampico  fibre,  is  stout,  cylindriform, 
and  of  the  strongest  descriptions  of  fibre  known.  It 
lias  a yellowish-white  colour,  and  varies  in  length 
from  one  to  three  feet,  according  to  localities  where 
the  plant  grows.  The  fibre  designated  as  tula 
measures  an  average  length  of  24  inches,  and  the 
yanmave  averages  30  inches.  Consul  Cassard,  of 
Tampico,  states  that  the  ixtle  is  extracted  from  the 
leaf  of  the  Agaves  Mexicana^  to  which  species 
belongs  the  maguey,  or  aloe,  and  much  resembles 
the  latter  in  the  form  and  conditions  of  growth, 
although  smaller  in  size.  It  has  an  elongated,  sharp, 
thorn-edged  leaf,  containing  about  three  parts  of 
aqueous  matter,  and  one  part  of  solid,  which  is  all 
fibre.  On  maturing,  the  ixtle  shoots  up  from  its  very 
centre  a long  round  flower-stem,  which,  on  attaining 
its  full  growth,  falls  to  the  ground,  carried  by  its  own 
weight.  The  special  botanical  name.  Consul  Cassard 
■says,  is  not  known  in  Mexico.  Ixtle  is  its  Indian 
name,  and  the  Spaniards  have  given  it  the  local 
appellation  of  Lechuguilla.  It  grows  wild  in  the 
stony  sections  of  the  table  lands  of  the  States 
of  Tamaulipas  and  San  Luis  Potosi,  and  its 
most  extensive  fields  lie  in  the  vicinity  of  the 
towns  of  Tula  and  Yanmave.  Growing  with  ex- 
traordinary luxuriance,  in  inexhaustible  fields,  it 
it  is  never  replanted,  and  the  cropped  fields  lie  in 
barrenness  with  but  a few  isolated  leaves  growing 
sparsely  from  the  old  roots.  To  become  an 
article  of  commerce,  the  ixtle  is  submitted  to  a 
very  simple  process  of  curing,  which  consists  in 
completely  purging  from  its  leaf  the  watery  matter, 
and  then  in  exposing  to  the  sun  the  cleansed 
fibres,  which  are  thus  dried  and  bleached.  The  con- 
trivance used  in  curing  the  leaf  is  very  primitive, 
consisting  simply  of  a triangular  smooth  edged  piece 
of  iron,  measuring  about  sixteen  inches  long  and  two 
inches  broad,  with  a handle  at  one  end  and  a hook  at 
the  other.  A board  is  laid  at  the  foot  of  a tree,  and 
over  it  crosswise  is  placed  the  iron  or  presser,  one 
end  hooked  on  to  the  roots  of  the  tree,  and  the 
handle  end  resting  in  the  operator’s  hand,  with 
which  he  strongly  presses  the  leaf  against  the  board, 
while  with  the  left  hand  he  draws  it  its  full  length, 
repeating  the  operation  until  the  leaf  is  completely 
purged  of  its  aqueous  matter.  By  the  above  process 
an  Indian  is  enabled  to  clean  on  an  average  twenty 
pounds  of  ixtle  per  day.  The  cutting  and  curing 
of  the  leaves  have  no  special  season ; both  these 
operations  are  performed  while  the  plants  ripen,  and 


this  occurs  throughout  the  whole  year.  A large 
trade  is  carried  on  in  the  export  of  ixtle  from 
Mexico.  From  the  port  of  Tampico  alone  about 
7,000,000  pounds  are  annually  shipped  to  Europe 
and  the  United  States. 


Correspondence. 


LIGHTHO USE  ILL  UMINANTS. 

It  is,  I suppose,  not  desirable  that  I should  remain 
absolutely  silent  on  the  subject  of  Mr.  Wigham’s 
letter  in  the  last  number  of  the  Journal,  lest  judg- 
ment against  me  should  go  by  default. 

But  really  there  is  little  or  nothing  to  answer, 
because  aU  the  points  raised  by  Mr.  Wigham  are 
discussed  in  my  paper.  If  any  readers  of  the  Journal 
are  induced  to  think  that  I have  been  unfair  or 
generally  inaccurate,  I would  ask  them  to  do  me  the 
justice  to  read  my  paper  through  carefully,  and  they 
will  find  all  the  points  referred  to  in  Mr.  Wigham’s 
letter  fully  dealt  with. 

E.  Price  Edwards. 

30th  March,  1886. 


AFGHAN  FRONTIER. 

I have  just  read  with  great  interest  Mr.  Simpson’s 
paper  on  his  “ Experiences  on  the  Afghan  Frontier.” 
Will  you  kindly  permit  me  to  add  a word  of  addi- 
tional testimony  to  the  “blessedness”  of  Badghis 
(p.  489)  to  which  he  refers  } 

Of  late  years  it  has  been  the  fashion  (I  think  since 
M.  Lessar’s  first  visit  to  these  parts)  to  call  a part 
of  the  Paropamisus  by  the  name  of  “ Barkhut.”  I 
tried  when  I was  down  in  those  regions  to  find  any 
warrant  for  this  name  as  so  applied,  but  could  find 
none.  It  was  not  known  by  any  one  across  whom  I 
came.  But  one  day  a native,  in  discussing  with  me 
the  fruitfulness  of  the  soil,  remarked  that  the  hills 
were  a “ Kuh-i-Barakat”  mountain  (full  of)  blessing* 
Here  me  thought  is  the  derivation,  and  this  idea  was 
confirmed  by  my  friend  Major  the  Hon.  M.  Talbot, 
who  just  about  the  same  time  was  struck  by  the 
same  phrase  used  to  him  by  a Dervish. 

Alexander  Finn. 

Peamore,  Torquay, 

March  29th,  1886. 


General  Notes. 

♦ 

Preveniion  < F Fire-damp  Explosions. — The 
Austrian  Government  offers  a prize  of  a thousand 
florins  (or  about  ^^85)  for  a discovery  or  invention 
affording  the  best  means  for  preventing  fire-damp 
explosions  in  collieries.  The  method  employed  must 
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absolutely  prevent  all  contact  of  explosive  gas  with 
inflammable  matter  ; must  not  provoke  the  dis- 
•engagement  of  deleterious  gases  other  than  those 
now  known ; must  be  simple,  and  present  no  cause 
of  danger ; be  of  rapid  and  not  complicated  appli- 
cation ; and  not  exceed  in  cost  the  methods  hitherto 
'employed.  Application  is  to  be  made  to  the  Imperial 
Direction  of  Mines,  Vienna,  before  the  ist  of  Januarj^ 
J887,  accompanied  by  an  ofhcially  attested  report  of 
the  result  of  actual  trials.  The  discovery  to  which 
the  prize  is  awarded  will  remain  the  property  of  the 
inventor,  who  must  make  known  his  name  and 
address. 


MEETINGS  OF  THE  SOCIE2Y. 
Ordinary  Meetings. 

Wednesday  evenings,  at  Eight  o’clock  : — 
April  7. — “ Preparation  of  Drawings  for  Photo- 
graphic Re-production.”  By  J.  S.  Hodsox.  Lord 
Alfred  S.  Churchill  will  preside. 

April  14. — “The  Treatment  of  Sewage.”  By 
Dr,  C.  Meymott  Tidy.  Sir  Frederick  Abel, 
D.C.L.,  C.B.,  F.R.S.,  will  preside. 

Foreign  and  Colonial  Section. 
Tuesday  evenings,  at  Eight  o’clock  : — 
April  13. — “The  Progress  of  the  British  Posses- 
sions in  the  last  quarter  of  a century.”  By  P.  L. 
SiMMOXDS. 

May  6.—“  The  Commerce  and  Industries  of  New 
South  Wales.”  By  Edward  Combes,  C.M.G., 
President  of  the  Board  of  Technical  Education  of 
New  South  Wales.  Sir  Henry  Barkly,  G.C.M.G., 
K.C.B.,  F.R  S.,  will  preside. 


Applied  Chemistry  and  Physics  Section 
Thursday  evenings,  at  Eight  o’clock  : — 
April  8. — “Asbestos  and  its  Applications.”  By 
James  Bo\  d.  Sir  Frederick  Abel,  D.C.L.,  C.B., 
F.R.S.,  will  preside. 

May  13.— “The  Scientific  Development  of  the 
Coal  Tar  Colour  Industry.”  By  Professor  R. 
Meldola,  F.C.S. 


Indian  Section. 

Friday  evenings,  at  Eight  o’clock  : — 

April  2. — “The  History  of  Archaeology  in  India.” 
By  James  Gibbs,  C.S.I.,  C.I.E.,  late  Member  of  the 
Viceroy’s  Council.  Sir  George  Birdwood,  M.D., 
C.S.I.,  Member  of  the  Council,  will  preside. 

May  7. — “Indian  Manufactures  from  a Prac- 
tical Point  of  View.”  By  B.  H.  Baden 
Powell,  C.I.E.  The  Right  Hon.  Lord  Harris 
will  preside. 

May  21.— “ Everyday  Life  of  Indian  Women,  as 
revealed  in  their  own  sayings.”  By  Capt.  Richard 
Carn.yc  Temple. 

The  above  dates  are  liable  to  alteration. 


Cantor  Lectures. 

The  Fifth  Course  will  be  on  “The  Arts  of 
Tapestry  Making  and  Embroidery.’’  By 
Alan  S.  Cole. 

Lecture  I. — April  5. — Points  of  resemblance 
between  Weaving,  Tapestry-making  and  Embroideiy 
— Special  technical  peculiarities  of  each  process — 
Ornamental  effects  as  characteristics  common  to 
Decorative  Textiles— National  Styles — Works  by 
Cavemen  and  Eskimos — Types  of  Cosmopolitan 
Ornamental  Devices — Coincident  similarity  between 
Ornaments  produced  by  different  people  at  various 
periods — Imitation  as  a factor  in  production  of  Orna- 
ment—Leochare’s  group  of  Ganymede  and  Eagle 
compared  with  similar  compositions  in  Sassanian 
Metal  Work  and  Graeco-Buddhist  Sculpture — De- 
terioration from,  and  aspiration  to,  a given  standard 
of  performance  in  Drawing  and  Composition — Types 
of  New  Zealand  Ornament — Types  of  Scandinavian 
Ornament — Resume. 

Lecture  II. — April  12. — Classical  allusions  to 
Decorated  Hangings — Method  of  making  Tapestries 
compared  with  that  of  simple  Weaving  and  Carpet- 
making— Textiles  of  Graeco-Egyptian,  Turcomar>, 
modern  Japanese— Indications  of  Commerce,  Craft- 
Gilds,  and  organised  Factors  during  ist  to  12th 
Centuries  in  Europe,  Syria,  Persia — Application  of 
the  Tapestry-making  Process  to  Hangings— Anti- 
quity of  use  of  Hangings — Decorated  Textiles  used 
in  nth  and  12th  Centuries — Bayeux  Tapestry — 
Tapestry  from  St.  Gereon,  at  Cologne — Scheme  of 
its  Pattern  compared  with  that  shown  in  Sassanian 
Metal-Mork — Sicilian  Weavings — Italian  and  Ice- 
landic Embroideries — Early  mentions  of  Tapicers  and 
Tapissiers— Patronage  of  the  Burgundian  Dukes — 
Influence  of  Flemish  Paintings  upon  Designs  in  14th 
and  15th  Centuries — Spread  of  Tapestry’-making  in 
other  European  Countries — Petrarch’s  Triumphs  in 
Books,  Furniture,  and  Tapestries  of  the  late  15th 
and  iGth  Centuries — Tapestries  in  17th  Century — 
Gobelin’s— Mortlake — Resume. 

Lecture  III.  — April  19. — Embroidery  — Two 
Classes:  Embroidery  on  one  side  of  a material ; 
on  both  sides  — Indications  of  wide-spread  use 
of  Embroidery,  and  same  form  of  stitches — 
Long  practice  of  the  Art  by  Mohammedans, 
Chinese  and  Japanese  — Influence  of  Christian 
Ecclesiastical  Establishments  in  developing  Em- 
broidery, and  Designs  for  it,  in  Europe — Importance 
of  considering  Embroideries  in  respect  of  their 
workmanship  and  design — Analysis  of  Stitches — 
Simplicity  of  classification — The  numerous  names 
given  to  works  of  technical  similarity — Specimens  of 
Embroideries  of  different  times  in  respect  of  Articles 
of  Use  and  Costumes — Resume. 


Additional  Lectures. 

Six  Elementary  Lectures  on  “ Electricity” 
will  be  delivered  by  Professor  George  Forbes, 
on  Saturday  afternoons,  at  Three  o’clock  : — 
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Lecture  I.— April  3. — Electromotive  Force  and 
Potential. 

Lecture  II.— April  10.— Cuixents  and  Resistance. 

Lecture  III. — May  i. — Magnetism. 

Lecture  VI. — May  8. — Electro-magnetic  Phe- 

nomena. 

Lecture  V. — May  15.— Induction. 

Lecture  VI. — May  22. — Electrical  Measurement. 

Tuesday  evenings,  at  Eight  o’clock  : — 

“Japanese  Art  Work.”  By  Ernest  Hart. 

Lecture  I. — May  4. — Japanese  Metal  Work. 

Lecture  II. — May  ii. — ^Japanese  Porcelain  and 
Pottery. 

Lecture  III. — May  18. — Japanese  Picture  Books 
and  Drawings. 

The  rules  of  admission  to  these  Lectures  will 
be  the  same  as  for  the  Cantor  Lectures.  Each 
member  has  the  right  of  admission  for  himseif 
and  one  friend. 

Tickets  available  for  all  the  Society’s  meet- 
ings were  supplied  to  all  the  members  at  the 
commencement  of  the  Session. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  April  5. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Mr. 
Alan  S.  Cole,  “ The  Arts  of  Tapestry-making  and 
Embroidery.”  (Lecture  I.) 

Farmers’  Club,  Salisbury  Hotel,  Salisbury-square, 

E. C.,  4 p m.  Mr.  James  Howard,  “ Haymaking.” 
Engineers,  Westminster  Town-hall,  S.  W.,  yj  p.m. 

Mr.  Arthur  Rigg,  “ Obscure  Effects  of  Reciproca- 
tion in  High  Speed  Steam-engines.” 

Chemical  Industry  (London  Section).  Special  Meet- 
ing in  the  Lecture  Theatre,  City  and  Guilds  of 
London  Institute,  Exhibition-road,  S.W.,  8 p.m. 
Prof.  Unwin,  “ The  Principles  and  Methods  of 
Testing  Cementing  Materials.” 

Medical,  ii,  Chandos-street,  W.,  8^  p.m. 

Victoria  Institute,  7,  Adelphi- terrace,  W.C.,  8 p.m. 
Paper  by  Prof.  Hull. 

Tuesday,  April  6... Royal  Institution,  Albemarle-street, 
W.,  3 p.m.  Prof.  A.  Gamgee,  “ New  Function  of 
Circulation.”  (Lecture  V.) 

Central  Chamber  of  Agriculture  (at  the  House  of 
THE  Society  of  Arts),  ii  a.m. 

Civil  Engineers,  25,  Great  George-street,  S.W., 
8 p.m.  Mr.  Percy  F.  Frankland,  “ Water-Purifi- 
cation ; its  Biological  and  Chemical  Basis.” 
Pathological,  53,  Berners -street,  Oxford-street,  W., 
8^  p.m. 

Biblical  Archmology,  0,  Conduit-street,  W.,  8 p.m. 
Zoological,  II,  Hanover-square,  W.,  8g  p.m.  i.  Mr. 

F.  E.  Beddard,  “ Some  Points  in  the  Anatomy  of 
Ckaum  chavaria.’’’'  2.  Miss  Agnes  Crane,  “A 
Brachlopod  of  the  Genus  A f re h'a.”  3.  Mr.  J.  G. 
Goodchild,  “Ihe  Disposition  of  the  Cubital 
Coverts  in  Birds.” 

Wednesday,  April  7. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Mr.  J.  S.  Hodson,  “ Pre- 
paration of  Drawings  fox  Photographic  Repro- 
cuction.” 

Geological,  Burlington-house,  W.,  8 p.m.  i.  Mr. 

G.  W.  Lamplugh,  “ Glacial  Shell-beds  in  British 


Columbia.”  2,  Mr.  James  Backhouse,  “A  lower  jaw 
of  Machaii'odus  from  the  ' Forest-bed,’  Kessing- 
land.”  3.  Mr.  E.  Tulley  Newton,  “A  contribu- 
tion to  the  History  of  the  Cetacea  of  the  Norfolk 
‘ Forest-bed.’  ” 

Royal  Society  of  Literature,  21,  De  la  Hay-street, 
S.W.,  8 p.m. 

Archaeological  Association,  32,  Sackville-street,  AV., 

8 pm.  i.  Rev.  J.  J.  Daniell  “ Prehistoric  Enclo- 
sure on  Langley  Burrell-common.”  2.  Mr.  Thos. 
Morgan,  “ Notes  on  a Roman  Monument  at  Piers- 
bridge,  Durham.” 

Obstetrical,  53,  Berners-street,  8 p.m. 

Civil  and  Mechanical  Engineers,  7,  AVestmlnster- 
chambers,  S.W.,  7 p.m.  Mr.  A.  Ivor  Smith, 

“ The  Working  and  Interlocking  of  Railway 
Signals,  &c.,  by  Electricity.” 

Thursday,  April  8. ..SOCIETY  OF  -ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m  (Chemical  and  Physical 
Section.)  Mr.  James  Boyd,  “Asbestos  and  its 
Applications.” 

Royal,  Burlington-house,  W.,  42  p.m. 

Antiquaries,  Burlington-house,  AV.,  8^  p m. 

College  of  Physicians,  Pall-mall  East,  S.AV.,  5 p.m. 
(Lumleian  Lectures.)  Dr.  AV.  H.  Stone,  “The 
Electrical  Conditions  of  the  Human  Body.” 
(Lecture  I.) 

Ro)ml  Institution,  Albemarle-street,  W.,  8 p.m. 

Prof.  Dewar,  “ Electro-Chemistry.”  (Lecture  HI.) 
Telegraphic  Engineers  and  Electricians,  25,  Great 
George-street,  S.AV.,  8 p.m.  Adjourned  dis- 
cussion on  Air.  Alexander  Bernstein’s  paper, 
“ Electric  Lighting  by  means  of  Low  Resistance 
Glow  Lamps.” 

Mathematical,  22,  Albermarle- street,  AV.,  8 p.m. 

Friday,  April  9 ...  United  SeiY’ice  Institute,  AVhitehall- 
yard,  3 pm.  Alajor  J.  T.  Bucknill,  “Personnel 
for  Submarine  Alining.” 

Royal  Institution,  Albemarle-street,  W.,  8 p.m. 
Weekly  Aleeting,  g p.m.  Air.  AV.  Anderson^ 
“ New  Application  of  the  Properties  of  Cork  to 
the  Arts.” 

Astronomical,  Burlington-house,  AV.,  8 p.m. 

Civil  Engineers,  25,  Great  George-street,  S.W.,  yj 
p.m.  (Students’  Aleeting.)  Air.  Gilbert  AI.  Hunter, 
“ Locomotive  Engine  and  Carriage-sheds,  as  used 
on  the  Caledonian  Railway.” 

Quekett  Alicroscopical  Club,  University  College, 
AV.C,,  8 p.m. 

Clinical,  53,  Berners-street,  W.,  8J  p.m.  ■ 

New  Shakspere,  University  College,  AV.C.  8 p.m. 
Mr.  R.  Boyle,  “ The  Plays  which  Fletcher  wrote 
with  other  Dramatists.” 

Saturday,  April  10.. .SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  3 p.m.  (Special  Lecture.)  Prof. 
George  Forbes,  “ Electricity.”  (Lecture  II  , 
“ Currents  and  Resistance.”) 

Physical  Science  Schools,  South  Kensington,  S.W., 
3 p.m.  Professor  Balfour  Stewart,  “ The  Causes 
of  Diurnal  Changes  of  Terrestrial  Alagnetism.” 
Royal  Institution,  Albemarle-street,  AV.,  8 p.m. 
Professor  Oliver  Lodge,  “ Fuel  and  Smoke.” 
(Lecture  I.) 

Geologists’  Association,  2^  p.m.  A^sit  to  the  Science 
Collection,  South  Kensington,  under  the  direction 
of  Professor  Judd. 


Correction. — In  Mr.  Vincent  Robinson’s  paper 
(see  ante  p.  452,  col.  i,  line  13),  the  cheap  substitute 
for  kermes  should  be  lac^  not,  as  printed,  cochineal. 
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All  commumcattons  Jot  the  Society  should  be  addressed  to 
the  Secretary^  John-street,  Adelpht,  London,  JV.C. 


NOTICES. 


CANTOR  LECTURES. 

The  first  lecture  of  the  fifth  course  on  “ The 
Arts  of  Tapestry  Making  and  Embroidery,” 
was  delivered  by  Mr.  Alan  S.  Cole,  on  Mon- 
day evening,  5th  inst.  The  lecturer  dealt 
more  especially  with  the  growth  of  design, 
and  the  coincident  similarity  between  orna- 
ments produced  by  different  people  at  various 
periods.  He  drew  attention  to  the  points  of 
resemblance  between  weaving,  tapestry-mak- 
ing, and  embroider)’,  and  illustrated  the 
different  classes  of  ornament,  such  as  the 
spiral,  the  key  pattern,  &:c.,  as  they  occur  in 
widely  separated  periods,  and  in  different 
nations,  by  a series  of  lantern  slides  thrown 
on  the  screen  by  means  of  the  electric  light. 

The  lectures  will  be  printed  in  the  Jonrnal 
during  the  summer  recess. 


WESTGARTII  ESS  A YS. 

The  three  essays  by  W.  Woodward,  H.  H. 
Bridgman,  and  J.  Corbett,  to  which  the  prizes 
offered  by  Mr.  William  Westgarth  were 
awarded  by  the  Society  of  Arts  in  1885,  are 
now  published  under  the  title  of  “Essays  on 
the  Street  Re-alignment,  Re-construction, 
and  Sanitation  of  Central  London,  and  on  the 
Re-housing  of  the  Poorer  Classes.”  The 
volume  is  published  by  George  Bell  and  Sons 
at  15s.,  but  copies  can  be  obtained  by  members 
of  the  Society  of  Arts  for  los.  each,  on  applica- 
tion to  the  Secretary. 


Proceedings  of  the  Society. 

♦ 

INDIAN  SECTION. 

Friday,  April  2,  1886;  Sir  George  Bird- 
wood,  M.D.,  C.S.I.,  in  the  chair. 

The  Chairman,  in  introducing  the  reader  of  the 
paper,  observed  that  Mr.  James  Gibbs  was  a most 
distinguished  member  of  the  Indian  Civil  Service, 
who  had  held  some  of  the  highest  offices  of  .State  in 
India.  He  was  in  Scinde  as  Assistant  Judicial  Com- 
missioner, and  Acting  Assistant  Political  Commis- 
missioner,  at  Sir  Bartle  Frere’s  right  hand,  all 
through  the  trying  period  of  the  Mutiny.  Sub- 
sequently he  was  for  ten  years  a judge  of  the  High 
Court  of  Bombay,  and,  afterwards,  for  five  years  a 
member  of  the  Government  of  Bombay,  and  for  five 
years  more,  ending  last  May,  a member  of  the  Legis- 
lative Council  of  India.  From  the  beginning  of  his 
career  Mr.  Gibbs  had  been  an  assiduous  and  zealous 
student  of  the  general  archaeology,  and  particularly  of 
the  numismatology  of  India.  He  was,  in  fact,  the 
founder  of  the  Archaeological  Survey  of  Western 
India,  which  had  for  years  past  been  so  admirably 
conducted  by  Dr.  James  Burgess,  C.I.E.,  who  had 
now  succeeded  General  Cunningham  as  Director- 
General  of  the  Archaeological  Survey  of  India. 
Mr.  Gibbs  could,  therefore,  speak  with  authority  on 
the  subject  of  his  paper,  which,  as  an  index  to  the 
progress  of  Indian  Archaeology,  would  form  a 
valuable  addition  to  the  records  of  the  Society  of 
Arts. 

The  paper  read  was — 

THE  HISTORY  OF  ARCHEOLOGY  IN 
INDIA. 

Bv  James  Gibbs,  C.S.L,  C.I.E. 

Late  Member  of  the  Councils  of  the  Governor  of  Bombay 
and  the  Governor- General  of  India. 

The  archaeology  of  India  has  of  late  years 
been  brought  much  more  prominently  before 
the  public  than  it  was  formerly.  But  although 
from  time  to  time  notices  of  what  was  being 
done  have  appeared  in  the  form  of  published 
reports  and  occasional  paragraphs  in  the 
public  press,  no  full  and  connected  account 
has  yet  been  put  forward,  from  which  those 
interested  in  the  subject  could  obtain  any 
correct  idea  of  the  extent  or  value  of  what  has 
been  really  done. 

Havingbeen  for  many  years  deeply  interested 
in  the  antiquities  of  India,  especially  its  coins 
and  the  preservation  of  its  ancient  monuments, 
and  having  been  officially  connected  with  the 
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Department  of  Archaeology,  both  while  a 
member  of  the  Bombay  Government  as  well  as 
that  of  India,  I have,  at  the  request  of  some 
friends,  consented  to  give  a short  account  of 
what  has  been  done  towards  collecting  informa- 
tion about  India  and  its  people,  their  manners 
and  customs  and  early  history,  as  well  as  the 
survey,  illustration,  and  conservation  of  its 
ancient  monuments.  I do  this  the  more 
willingly  as  I know  the  British  Government 
has  been  at  times  censured  by  foreign  savants 
for  neglecting  its  duty  in  this  respect.  This 
may  have  been  to  some  extent  a just  charge  in 
former  years,  but  latterly  the  subject  has  been 
made  a branch  of  the  general  administration 
of  the  country,  and  no  slur  can  now  be  cast  on 
us  for  not  taking  care  of  the  treasures  which 
have  come  into  our  charge. 

In  the  earlier  portion  of  this  paper  I shall 
use  the  term  archaeology  ” in  its  wider  sense, 
restricting  it  to  what  it  is  more  generally  con- 
fined, viz.;  the  history  of  ancient  buildings,  in 
the  later  part  of  my  observations. 

I will  commence  by  alluding  to  the  earliest 
steps  taken  in  regard  to  this  interesting  subject, 
and  I may,  perhaps,  take  the  foundation  of  the 
Asiatic  Society  of  Bengal  as  the  starting  point. 
This  society,  which  held  its  centenary  meeting 
on  the  15th  January,  1884,  at  which  I had  the 
pleasure  of  being  present,  was  established  at 
the  suggestion  of  Sir  William  Jones,  a judge 
of  the  Supreme  Court  of  Judicature,  and  has 
during  the  century  of  its  existence  done  much 
to  carry  out  the  object  for  which  it  was  founded, 
and  which  was  stated  to  be  “to  inquire  into 
the  history  and  antiquities,  arts,  sciences,  and 
literature  of  Asia;  “ and  its  founder,  in  his 
inaugural  address,  when  enlarging  on  the 
details  of  such  inquiries,  said,|,“if  now  it  be 
asked  what  are  the  intended  objects  of  our 
inquiries  within  these  spacious  limits,  we 
answer  man  and  nature;  whatever  is  performed 
by  the  one  or  produced  by  the  other” — which  is 
nowparaphrasedonallthesociety’spublications 
thus,  “ The  bounds  of  its  investigations  will  be 
the  geographical  limits  of  Asia,  and  within 
these  limits  its  inquiries  will  be  extended  to 
whatever  is  performed  by  man  or  produced  by 
nature.” 

Its  bead-roll  contains  many  well  known 
names.  To  enumerate  a few — we  find  those  of 
Sir  William  Jones,  the  founder  and  first 
president,  one  of  the  earliest  Englishmen  who 
undertook,  by  translations,  to  place  within 
the  reach  of  European  scholars  the  wisdom  and 
science  which  is  found  in  the  ancient  MSS.  of 
Hindoo  sages.  Henry  Thomas  Colebrooke,  who 


after  serving  the  society  in  various  offices, 
ending  in  that  of  president,  returned  to  Eng- 
land, and  was  one  of  those  who  founded  the 
Royal  Asiatic  Society  of  Great  Britain  and 
Ireland-  He  was  a profound  Sanskrit  scholar, 
and  his  papers  are  still,  in  spite  of  the  great 
advance  which  has  of  modern  times  been  made 
in  Oriental  research,  looked  upon  as  models  of 
their  kind.  Sir  Charles  Wilkins,  the  first 
Englishman  who  acquired  a thorough  mastery 
of  Sanskrit,  and  brought  his  profound  learning 
to  bear  upon  its  palaeography,  so  as  to  decipher 
several  of  the  ancient  inscriptions  which  were 
unintelligible  to  the  pundits  of  his  time.  His 
successor,  in  many  of  his  offices,  was  Horace 
Hay  man  Wilson,  whose  grammar  and  dic- 
tionary of  Sanskrit,  his  translations  of  the 
Vishna  Purana  and  Mega  Duta,  and  his 
Theatre  of  the  Hindoos,  stamped  him  as  the  fit 
occupant  of  the  Boden  chair  at  Oxford, 
which  he  held  until  his  death.  These  and 
others  all  laboured  in  the  cause  of  archaeology 
in  its  widest  sense ; but  the  next  name 
is  one  which  will  be  ever  remembered 
as  that  of  the  great  pioneer  who  opened 
out  the  hidden  recesses,  and  threw  a blaze  of 
light  into  the  previously  dark  places  of  the 
archaeology  and  numismatics  of  India — James 
Prinsep,  who  for  some  years  was  secretary,  and 
enriched  the  society’s  journal  with  his  dis- 
coveries. To  him  we  owe,  mainly,  the 
decipherment  of  the  ancient  alphabets  in 
which  the  inscriptions  on  the  earliest  coins, 
copper  plates,  and  stones,  were  recorded,  a 
knowledge  of  w'hich  has  opened  up  to  us  so 
much  of  the  early  history  of  Asia,  and  whose 
most  modest  suggestions,  and  even  casual 
hints,  have  scarcely  ever  been  proved  by  sub- 
sequent investigation  to  be  otherwise  than 
correct.  His  premature  death  has  been 
universally  considered  one  of  the  greatest 
losses  the  cause  of  archaeology  in  India  ever 
sustained.  To  these  may  be  added  the  names 
of  Sir  John  Shore,  Wilford,  Bentley,  Kitto, 
and  Dr.  Mill,  to  complete  the  roll  of  the  past. 
Of  the  living  members,  I should  mention  the 
veteran  Brian  Houghton  Hodgson,  who  did 
so  much  to  open  out  Nepaul  to  European 
scholars,  and  who  utilised  the  very  favourable 
opportunities  his  position  as  Resident  there  for 
so  many  years  gave  him  for  carrying  on 
literary  and  scientific  pursuits.  His  contribu- 
tion of  more  than  100  papers  to  the  journal, 
besides  a large  collection  of  MSS.,  lately 
classified  by  Dr.  Mitra,  and  many  specimens 
of  natural  history,  laid  the  society  under  great 
obligations.  One  other  name  I must  add, 
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that  of  Baboo  Rajendralal  Mitra,  LL.D., 
who  after  labouring  for  the  society  for 
many  years,  in  various  offices,  was  on  the  last 
vacancy  elected  its  president,  a distinction  he 
had  well  earned  from  the  good  service  he  had 
rendered,  especially  in  regard  to  the  prepara- 
tion of  the  “Bibliotheca  Indica,”  as  also  for  his 
own  independent  publications. 

The  “Asiatic  Researches,”  in  20  vols.,  84 
vols.  of  the  Journal  and  index,  19  vols.  of 
Proceedings,  167  of  Oriental  works,  31  of  mis- 
cellaneous works  relating  to  India,  14  of 
catalogues,  and  18  of  Sanskrit  works,  record 
what  has  been  done  by  its  members. 

Some  twenty  years  after  the  Asiatic  Society 
was  established  in  Bengal,  Sir  James  Mackin- 
tosh, the  then  Recorder  of  Bombay,  put 
forward  a proposal  to  establish  a similar  one 
at  that  place,  and,  on  26th  November,  1804, 
“ The  Bombay  Literary  Society  ” was  founded, 
which,  in  1827,  became  “The  Bombay  Branch 
of  the  Royal  Asiatic  Society,”  by  which  title 
it  still  flourishes.  Its  rolls  also  show  a number 
of  names  well  known  as  scholars  in  Indian 
history  and  archaeology — such  as  Lieutenant- 
Colonel  Boden,  who  founded  the  Sanskrit 
chair  at  Oxford  ; Captain  John  Briggs,  F.R.S., 
whose  contributions  to  almost  every  depart- 
ment of  literature  and  science  connected  with 
the  East  are  so  well  known  ; William  Erskine, 
the  author  of  the  life  of  Babar  and  Humayan  ; 
General  Vans  Kennedy,  the  author  of  ‘ ‘ Hindoo 
Mythology,”  “The  Origin  and  Affinity  of 
Languages,”  and  many  papers  in  the  home 
and  Bombay  Societies’ journals,  testifying  to  his 
varied  and  extensive  learning.  The  above, 
together  with  Lord  Valentia  and  his  travelling 
companion,  Henry  Salt,  F.R.S.,  early  writers 
on  India  and  the  East,  were  at  the  foundation 
meeting.  In  more  modern  times,  I may  men- 
tion the  Rev.  Dr.  John  Wilson,  F.R.S.,  the 
well-known  missionary  educationalist,  famed 
for  his  intimate  knowledge  of  India,  its  history, 
antiquities,  and  the  manners  and  customs  of 
its  people  ; the  Rev.  Dr.  Stephenson,  who, 
with  Colonel  Meadows  Taylor,  the  Brothers 
West,  and  Dr.  James  Bird,  assisted  the  Cave 
Temple  Commission  to  prepare  and  decipher 
the  inscriptions  collected  ; Mr.  Justice  Newton, 
whose  researches  into  the  coins  of  Sujrastra 
afford  much  information  on  that  period  of 
history' ; and  Dr.  Bhau  Dhaji,  who  personally, 
and  by  his  great  influence  over  others,  did  much 
to  collect  and  make  use  of  the  inscriptions  and 
archaeological  remains  of  his  Presidency.  The 
society  has  published  three  quarto  and  eighteen 
octavo  volumes  of  proceedings  and  journals. 


In  Madras,  the  Literary  Society  owed  its 
foundation  in  1816  to  Sir  John  Newbold,  the 
Chief  Justice,  assisted  by  Messrs.  Benjamin 
Guy  Babington,  Francis  Whyte  Ellis,  C.  M. 
Wish,  and  Major-General  Cullen.  It  did  not, 
however,  flourish,  owing  to  the  death  or 
departure  of  some  of  its  founders  very  shortly 
after  its  formation  ; it  suffered  especially  from 
the  death  of  Mr.  Ellis,  who  was  probably  the 
ablest  Dravidian  scholar  we  ever  had,  and 
whose  sudden  death,  in  1819,  is  still  deplored. 
It  was,  however,  resuscitated  by  Sir  C.  E.  Grey, 
the  next  Chief  Justice,  and  in  1827,  the  first 
part  of  its  transactions  appeared  in  quarto, 
published  by  Longmans ; no  more  were  pub- 
lished, and  SirC.  Grey’s  promotion  to  Calcutta 
again  caused  the  society  to  languish  until 
1833 — five  years  after  it  had  been  affiliated  to 
the  London  Society — when  under  the  patronage 
of  the  Governor,  Sir  Frederick  Adam,  it  took  a 
fresh  start,  and  following  the  example  of  the 
Calcutta  Society,  commenced  publishing  its 
transactions  locally,  the  first  number  in  1834. 
Its  publications  have  not  appeared  very 
regularly,  but  in  all  27  vols.,  large  and  small, 
have  been  issued. 

The  first  collector  of  ancient  inscriptions 
was  Colonel  Colin  Mackenzie,  who  prepared  a 
fine  collection  of  copies  from  stones  and 
copper-plates,  in  triplicate,  one  of  which  was 
sent  to  the  India-house,  another  to  Calcutta, 
but  I have  not  been  able  to  trace  the  third. 
To  this  collection  my  venerable  friend.  Sir 
Walter  Elliot,  to  whom  I am  indebted  for  this 
sketch  of  the  rise  of  the  Madras  Literary 
Society,  has  contributed  very  many,  as  also 
Mr.  C.  P.  Brown  and  Mr.  C.  M.  Wish.  These 
have  again  been  augmented  by  others,  and 
some  attempts  at  collation  and  translation  have 
been  made  by  the  late  Dr.  Burnell  and  Mr. 
Fleet,  the  present  epigraphist  to  the  Govern- 
ment of  India,  and  other  scholars.  Sir  Walter 
Elliot  collected  595  tablet  inscriptions  in  old 
Kanareseand  Sanskrit  from  the  Kanarese  por- 
tion of  Southern  India,  and  a great  many  in 
Telegu  from  that  portion.  Two  volumes  of 
these  are  now  in  the  library  of  the  Edinburgh 
University,  but  have  as  yet  been  made  very 
little  use  of  ; Mr.  Fleet  has,  however,  examined 
them  with  the  view  of  publication. 

Amongst  the  retired  Anglo-Indians  who 
kept  up  and  enlarged  their  connection  with 
the  antiquities,  numismatics,  and  archaeology 
of  India,  it  is  grievous  for  me  to  mention  the 
names  of  J ames  Fergusson  and  Edward  Thomas 
with  the  prefix  of  “late;”  both  were  alive 
when  I commenced  collecting  materials  fo 
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this  paper,  and  took  much  interest  in  it,  and 
the  former,  only  four  days  before  he  was  struck 
down,  was  warmly  urging  me  to  the  work  and 
offering  me  his  own  most  valuable  assistance. 
Both  have  gone  to  their  rest,  and  doubtless 
full  notes  of  their  works  and  merits  will  appear 
by  abler  pens  than  mine  ; but  I could  not  allow 
this  opportunity  to  pass  without  prominently 
alluding  to  my  two  old  friends  and  collaborators 
in  the  work  of  Indian  archaeology.  There  are 
many  other  names  which  I might  mention  if 
time  and  space  permitted,  but  I must  refrain. 

Archaeology  in  its  widest  sense  occupied  the 
attention  of  many  of  the  members  of  these  four 
societies,  as  will  appear  from  a reference  to  the 
publications.  We  hardly  find  a volume  of  the 
“ Asiatic  Researches  ’’which  does  not  contain, 
besides  papers  on  ancient  buildings,  old  in- 
scriptions, sculptures,  and  prehistoric  remains, 
researches  into  the  early  history  of  the  country, 
its  original  races,  the  Mauryas,  Andhras, 
Graeco-Bactrians,  Indo-Bactrians,  and  Indo- 
Scythians,  the  Mitras,  Guptas,  and  others ; 
while  numismatics,  though  not  often  brought 
to  notice,  were  not  wholly  omitted.  The  later 
journals  show  how  well  the  successors  of  the 
earlier  contributors  have  kept  up  the  supply, 
and  by  their  discoveries  have  aided  greatly  in 
bringing  to  light  the  vast  stores  of  information 
so  long  hidden  from  the  world.  In  fact,  we 
are  dependent  on  the  proceedings  of  these 
societies,  and  the  labour  of  their  members,  for 
all  the  knowledge  we  had  on  this  great  sub- 
ject— certainly  up  to  1862,  when  a new  era 
commenced.  Much  had  been  done,  spasmodi- 
cally it  may  have  been.  At  one  period  many 
active  labourers  appeared  in  the  field,  at 
another  the  science  met  with  great  neglect ; 
but  still  something  was  always  being  done, 
though  as  yet  Government  had  given  no  help- 
ing hand. 

In  1862,  General  (then  Major)  Alexander 
Cunningham,  of  the  Bengal  Engineers,  who 
had  devoted  all  the  spare  time  of  many  years  of 
his  life  to  the  study  of  the  numismatics  and 
antiquities  of  India,  drew  up  a memorandum, 
at  the  request  of  Lord  Canning,  the  Governor- 
General,  which  met  with  approval,  and  what 
is  now  the  Archaeological  Survey  of  India  was 
commenced.  For  the  first  four  years  (1S62-65) 
General  Cunningham  worked  alone,  and  the 
results  are  shown  in  the  first  two  volumes  of 
reports.  Lord  Lawrence  having,  however, 
stopped  the  work,  the  General  resigned  the 
service  and  returned  to  England,  where  he 
remained  until  1871,  when,  at  the  invitation  of 
Lord  Mayo,  he  returned  to  his  former  labours. 


and  with  two  assistants  has  continued  work- 
ing until  last  year,  when  he  resigned  his 
appointment,  with  the  intention  of  returning 
to  England.  An  opportunity  thus  occurred 
for  a revision  of  the  establishment,  to  which  I 
shall  allude  more  fully  hereafter.  Twenty 
volumes  of  reports  have  been  published,  and 
I believe  four  or  five  more  are  nearly  ready ; 
and  here  I must  express  a deep  regret,  in 
which  I feel  sure  my  audience  will  sympathise, 
that  the  notes  of  years,  the  books,  and,  I fear, 
some  of  the  curiosities  he  has  collected — to  the 
extent  of  45  cases,  which  were  coming  home 
before  General  Cunningham — have  been  lost 
in  the  P.  and  O.  Company’s  steamer  Indus. 

I was  in  hopes  some  portion  might  have  been 
rescued,  but  from  the  latest  accounts  I fear  the 
vessel  has  broken  up  and  that  everything  is 
totally  lost.  This  is  indeed  to  some  extent  a 
national  misfortune,  and  will  prevent  our 
benefiting  by  much  of  the  labours  of  a life- 
time spent  in  archaeological  pursuits. 

This  survey,  however,  did  not  extend  beyond 
Bengal,  the  North-West  Provinces,  and  the 
Punjaub,  with  parts  of  Central  India  and 
Ragpootana ; but  it  has  produced  good  fruit, 
for,  besides  the  volumes  of  reports,  some 
special  works  have  appeared,  viz.,  Cunning- 
ham’s “Ancient  Geography  of  India,”  the 
Buddhist  period,  his  “Stupa  of  Barhut,”  and 
his  “Corpus  Inscriptionum  Indicarum  Dr. 
Rajendralal  Mitras’  “ Buddya  Gaya,”  and 
his  largerwork  on  “The  Antiquities  of  Orissa;”* 
while,  in  England,  we  have  had  the  splendid 
work  on  “ Tree  and  Serpent  Worship,”  by  the 
late  lamented  James  Fergusson,  in  which  the 
Buddhist  sculptures  of  Sanchi  and  Amravati 
are  illustrated  and  explained.  The  cost  of  all 
but  the  first-mentionedwas  borne  by  theGovern- 
ment  of  India. 

But  as  yet  the  survey  had  not  been  extended 
to  the  Bombay  or  Madras  Presidencies,  and 
although  various  Secretaries  of  State  had  from 
time  to  time  written  out  urging  on  the  local 
Governments,  and  also  on  the  Government  of 
India,  the  necessity  for  surveying  the  ancient 
remains  in  those  Presidencies,  hardly  anything 
had  been  done  up  to  1873.  Lord  Iddesleigh, 
then  Sir  Stafford  Northcote,  and  Secretary  of 
State,  so  far  back  as  1867  had  intimated  his 
consent  to  a yearly  sum  of  Rs.  13,000  being 
allotted  for  this  work  in  each  of  these  Presi- 
dencies, and  the  Duke  of  Argyll  had  specially 
urged  on  the  Bombay  Government  the  necessity 
for  a survey  of  the  rock-cut  temples  of 
Western  India  to  enable  Mr,  Fergusson  to 
bring  out  his  long  projected  work  on  that  sub- 
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ject,  but  nothing  had  actually  been  com- 
menced. 

In  1873,  I became  a member  of  the  Bombay 
Council,  and  at  once  took  up  and  reviewed  the 
entire  subject  from  the  Government  records, 
with  the  result  that  I found  the  sum  total  of 
the  work  done  in  Bombay  was  confined  to  the 
purchase  of  a large  number  of  photographs, 
taken  by  various  amateurs,  of  ancient  build- 
ings scattered  over  the  Presidency,  but  with- 
out any  attempt  at  systematic  classification  ; 
and  in  addition  a survey  had  been  made  and 
some  casts  of  the  details  taken  of  the  Temple 
of  Ambenauth  in  the  Konkan. 

I should,  however,  mention  that  in  1865  a 
committee  had  been  formed  in  Bombay  under 
the  auspices  of  Sir  Bartle  Frere,  the  Governor, 
and  a warm  friend  to  the  cause,  to  prepare  for 
publication  a series  of  volumes  of  the  “ Archae- 
ological Antiquities  of  Western  India  each 
volume  was  to  be  published  under  the  patron- 
age and  at  the  expense  of  a native  gentleman, 
several  of  whom  had  agreed  to  give  ;^i,ooo 
each  towards  the  cost.  Mr.  T.  C.  Hope,  now 
a member  of  the  Viceroy’s  Council,  was  the 
editor,  assisted  by  i\Ir.  Fergusson  as  to  the 
architectural  details,  but  only  three  volumes 
were  issued,  viz.,  (i)  “Ahmedabad,”  and  (2) 
“Dharwar  and  Mysore,”  under  the  patronage 
of  Air.  Premchand  Roychand  ; (3)  “Beejha- 
pore,”  under  the  patronage  of  Mr.  Kursondass 
Madhoadass,  when  the  commercial  crisis,  on 
the  close  of  the  American  war,  occurred  and 
prevented  many  of  those  who  would  otherwise 
have  carried  on  this  work  from  fulfilling  their 
intention.  The  photographs  used  in  these 
books  were  those  which  had  been  previously 
purchased  by  Government,  as  I have  above 
mentioned. 

Mr.  (now  Dr.)  James  Burgess,  C.I.E.,  had 
been  for  some  years  one  of  the  most  active 
members  of  the  Bombay  branch  of  the  Royal 
Asiatic  Society,  and  had  done  far  more  than 
anyone  else  to  survey,  photograph,  or  sketch 
the  ancient  monuments  of  the  Presidency.  He 
had  for  years  so  employed  himself  during  his 
vacations,  and  had  started  a monthly  periodical 
called  the  “Indian  Antiquary,”  which  was 
devoted  to  the  subject,  in  which  also  he  had 
commenced  the  publication  of  fac-similes 
of  inscriptions,  together  with  their  trans- 
literation and  translation.  He  was  about 
to  return  home  for  good,  having  taken  his 
pension  from  the  educational  institution  over 
which,  he  had  for  some  years  presided,  when, 
finding  he  was  much  disappointed  that 
Government  had  not  employed  him  in  the 


work  which  he  had  so  deeply  at  heart,  and 
thus  availed  themselves  of  the  great  experience 
and  valuable  collection  of  materials  he  had 
acquired,  I fortunately  prevailed  on  him  to 
^elay  his  departure,  and  await  a reply  to  a 
communication  which  was  at  once  made  to  the 
Supreme  Government  for  permission  to  com- 
mence the  survey  on  Bombay;  this  was  granted, 
and  Dr.  Burgess  was  appointed  to  its  head. 
The  annual  sum,  Rs.  13,000,  was  small;  it  has 
since  been  increased  to  Rs.  18,000;  but  the 
work  produced  will,  I think,  bear  comparison 
with  any  of  a similar  nature  in  any  other  part 
of  the  Empire.  Five  volumes  have  been  pub- 
lished, viz.  : — (i)  The  district  of  Belgaum  and 
Kaladgi ; (2)  the  district  of  Kattiawad  and 
Katch  ; (3)  the  district  of  Bedar  and  Auranga- 
bad; (4)  the  Buddhist  cave  temples  ofAdjuntah, 
Karli,  &c.  ; (5)  the  Ellora  cave  temples ; 
another  volume  is  in  the  press,  and  materials  for 
two  more  are  ready  ; while  the  result  of  the 
survey  of  the  cave  temples  enabled  Mr. 
Fergusson,  in  conjunction  with  Dr.  Burgess, 
to  produce  the  long  contemplated  work  on 
these  singular  monuments  of  the  past,  which 
was  published  under  the  patronage  of  her 
Majesty’s  Secretary  of  State.  In  addition  a 
few  volumes  only,  I believe,  containing  im- 
pressions of  the  inscriptions  which  had  been 
photographed  were  prepared  for  the  use  of 
scholars,  with  an  introduction  by  Mr.  Fleet. 

In  Madras,  very  little  was  done  after  Sir 
Walter  Elliot  left,  until  about  1876,  when  Mr. 
R.  Sewell,  of  the  M.C.S.  took  up  the  subject,, 
in  which  he  was  much  interested,  and  after 
having  read  up  all  the  information  he  could 
obtain,  proceeded  to  put  his  knowledge  into 
practice,  and  on  his  appointment  to  the 
Krishna  district,  having  obtained  a small 
grant  of  Rs.  1,000  from  Government,  he  pro- 
ceeded with  the  excavations  of  the  Amaravati 
Tope ; and  also  cleared  out  several  cave 
temples  at  Undavalle,  Bezvada,  and  else- 
where, besides  discovering  a new  tope  at 
Jaggayapeta.  His  reports  were  published  by 
the  Madras  Government,  and  his  ability  as  an 
antiquarian  scholar  became  known  both  in 
India  and  England.  He  has  written  various 
papers  for  the  journals  of  the  Asiatic  societies ; 
but  his  principal  works  are  one  published  in 
2 vols.,  qto,  by  the  Madras  Government,  in 
the  preparation  of  which  he  was  employed 
from  1881  to  1883.  The  first  volume  contains 
a topographical  list  of  the  antiquities  in 
Southern  India,  distributed  according  to  the 
districts  in  which  they  are  situated.  This 
large  amount  of  valuable  information  \vas 
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prepared  in  anticipation  of  the  survey  which 
it  was  hoped  would  soon  be  established.  The 
second  volume  contains  a list  of  copper- 
plate prints,  inscriptions  chronologically  and 
dynastically  arranged,  and  a sketch  of  the 
d}masties  of  Southern  India;  this  latter  is 
merely  tentative,  and  can  only  be  perfected 
from  the  examination  and  collation  of  the 
many  hundreds  of  inscriptions  from  which 
alone  correct  historical  data  can  be  obtained. 
His  other  work  is  on  the  Amravati  Tope. 

After  several  proposals  had  been  made,  the 
objections  to  which  were  too  apparent,  the 
.archaeological  survey  of  Madras  was  placed 
in  Dr.  Burgess’s  hands,  and  with  two  assistants 
he  has  already  prepared  a large  mass  of 
valuable  information,  many  beautiful  drawings, 
and  accurate  surveys,  enough  for  five  volumes, 
and  I trust  will  soon  be  allowed  to  begin  pub- 
lishing them.  He  has  found  Mr.  Sewell’s 
preliminary  lists  and  reports  of  very  great 
value  and  service  to  him  ; and  I have  no  hesi- 
tation in  saying  that  archaeology  is  very  deeply 
indebted  to  that  gentleman  for  what  he  has 
done  in  Southern  India  ; if  it  had  not  been  for 
him  we  should  have  remained  without  any 
fresh  information  or  discoveries,  in  fact,  no 
progress  would  have  been  made  in  archaeology 
in  Madras,  from  the  time  Sir  Walter  Elliot 
■left  the  Presidency,  until  Dr.  Burgess’s  survey 
was  introduced,  had  not  Mr.  Sewell  taken  the 
■matter  in  hand. 

In  addition  to  the  survey  under  General 
Cunningham,  Sir  John  Strachey,  when  Lieut. - 
Governor  of  the  North-West  Provinces,  took 
up  the  special  case  of  the  royal  buildings  in 
the  forts  of  Agra  and  Delhi  and  their  neigh- 
bourhoods. A restoration  of  these  buildings— 
much  of  the  damage  to  which  had  occurred 
at  the  time  of  the  Mutiny,  and  shortly  after, 
from  the  hands  of  our  soldiers  and  fellow- 
countrymen— rendered  such  a course  desirable 
on  other  than  purely  archseological  grounds, 
and  under  the  able  care  of  Mr.  Heath,  of  the 
Public  Works  Department,  this  has  been 
carried  out  at  a very  large  cost;  and  the  re- 
mains of  the  palaces,  &c.,  in  the  forts  of  Agra 
and  Delhi,  at  Futtepore-Sikri,  with  the  tombs 
of  Akbar,  Itm-ud-dowla,  and  that  wonderful 
monument,  the  Taj,  have  not  only  been  rescued 
from  decay  and  destruction,  but  have  been 
restored  with  such  scrupulous  care,  and  are 
now  in  such  a state  of  preservation,  that,  with 
the  annual  inspection  provided  for,  they  will, 
I trust,  last  as  long  as,  at  all  events,  the 
British  Government  remains  paramount  in 
India. 


In  1878,  several  instances  had  occurred  in 
Bombay  in  which  ancient  buildings  had  been 
repaired  by  the  Public  Works  Department  in 
anything  but  a creditable  manner,  in  fact, 
they  had  been  sometimes  irreparably  injured. 

I will  give  one  instance — a friend  of  mine, 
then  a collector  and  magistrate  in  Guzerat, 
during  one  of  his  tours  came  across  a fine  old 
building  sadly  in  want  of  repair.  He  was  an 
archaeologist,  and  at  once  sent  in  an  applica- 
tion to  Government,  who  sanctioned  the  work, 
and  ordered  the  public  works  officer  of  the 
district,  a Royal  Engineer,  to  carry  it  out. 
The  next  season,  my  friend,  hearing  the 
repairs  had  been  completed,  hastened  to  see 
his  restored  relic,  when  to  his  utter  disgust,  he 
found  that  on  completion  of  the  repairs,  the 
building  had  been  covered  with  slate-coloured 
wash  in  the  same  manner  as  the  barracks  and 
outbuildings  are  by  that  department.  This 
led  Sir  Richard  Temple’s  Government  to 
appoint  the  late  Major  Mant,  R.E.,  as  curator, 
to  superintend  all  repairs  and  restorations.  A 
similar  want  having  been  found  by  the  Govern- 
ment of  India  in  1881,  the  Secretary  of  State 
sanctioned  such  an  appointment  for  three 
years.  Major  Cole,  R.E.,  who  was  made 
curator,  issued  three  annual  reports,  and  also 
had  some  drawings  reproduced  at  Paris  by 
Morel  and  Co.  ; but  it  was  found  that  it  was 
better  to  leave  the  matter  in  the  hands  of  the 
archseological  surveyors  to  check  the  Public 
Works  Department,  and  that  the  expense 
would  not  justify  a renewal  of  the  appoint- 
ment, and  it  in  consequence  ceased. 

General  Cunningham  having  expressed  his 
desire  to  retire  from  India,  his  appointment 
has  been  broken  up,  and,  in  lieu  of  our 
Director  General  with  two  assistants,  Bengal, 
the  North-West  Provinces,  and  the  Punjaub, 
together  with  Rajpootana,  Central  India,  and 
Chota  Nagpore,  has  been  formed  into  three 
districts,  and  a surveyor,  with  two  or  more 
assistants  and  staff,  as  in  Bombay,  appointed 
to  each.  Dr.  Burgess  will  be  the  general 
referee  and  adviser  of  the  Government  of 
India,  but  will  remain  in  personal  charge  of 
his  present  work  in  Bombay  and  Madras. 
Under  this  arrangement,  every  part  of  the 
Indian  Empire  will  have  its  archseological 
surveyor,  who,  with  his  assistants,  will  be 
able,  before  many  years  are  over,  to  give  us  a 
very  full  and  careful  account  of  all  the  ancient 
monuments,  and  will  enable  the  Government 
to  publish  much  interesting  and  valuable  in- 
formation on  the  subject. 

Another  branch  of  archaeology,  to  which  I 
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have  above  alluded,  is  the  collection  and 
translation  of  the  ancient  inscriptions  on 
rocks  and  stones  and  copper  plates,  which 
abound  in  many  parts  of  India.  The  earliest 
collection  was,  as  I have  already  stated,  made 
by  Colonel  Colin  Mackenzie  in  Southern  India ; 
this  was  followed  by  additions  made  by  Sir 
Walter  Elliot,  and  others,  by  the  Cave  Temple 
Commission,  in  connection  with  the  Bombay 
Asiatic  Society,  as  well  as  by  private  indi- 
viduals who  appreciated  such  records,  amongst 
whom  I may  mention  the  Rev.  Doctors  Stephen- 
son and  John  Wilson,  Dr.  James  Bird,  the 
Brothers  West,  and  Dr.  Bhau  Dhaji ; while 
General  Cunningham  had  also  succeeded  in 
procuring  a large  number,  especially  those 
connected  with  the  Gupta  dynasty  ; but 
nothing  had  been  done  towards  their  sys- 
tematic publication,  transliteration,  and  trans- 
lation, excepting  those  inscriptions  which 
had  been  published  in  the  “ Indian  Antiquary,  ’ ’ 
edited  by  Dr.  Burgess,  the  translation  and 
transliteration  of  which  were  prepared  chiefly 
by  Mr.  Fleet,  Professor  Biihler,  and  Pundit 
Bhugwunlal  Indraje,  to  the  last  of  whom, 
especially,  this  branch  of  archaeology  is  much 
indebted.  In  1882,  however,  I am  glad  to  say 
the  Secretary  of  State  approved  of  a scheme 
put  forward  by  the  Government  of  India,  by 
which  an  epigraphist  was  appointed  for  this 
special  duty.  Mr.  J.  F.  Fleet,  C.I.E.,  of  the 
Bombay  Civil  Service,  was  selected  forthework; 
he  had  been,  as  I have  already  mentioned,  for 
some  years  engaged  with  the  Elliot  and  other 
collections,  and  had  published  a good  many 
articles  or  papers  in  the  columns  of  the  “ Indian 
Antiquary,”  and  had  also,  as  a contribution 
to  the  Bombay  Gazetteer,  drawn  up  a valuable 
account  of  the  Hindoo  history  of  India  from 
the  earliest  times,  to  A.D  1318,  founded  chiefly 
on  the  information  he  had  acquired  from  the 
inscriptions  he  had  translated.  At  General 
Cunning^ham’s  suggestion,  Mr.  Fleet  com- 
menced his  new  duties  with  the  Gupta  portion, 
and  the  first  volume  is  nearly  ready  to  be 
issued.  A good  deal  of  delay  has  been  caused 
from  the  imperfect  state  of  the  copies  which 
had  been  taken  of  many  of  the  inscriptions, 
which  necessitated  fresh  ones  being  procured. 
The  plan  adopted  is  to  take  from  the  stone  or 
plate  ^fac-simiie,  either  by  a rubbing  on  paper 
or  by  an  estamlage,  which  is  a mould  made  by 
beating  wet  paper  into  the  letters  by  means  of 
a brush,  and  allowing  it  to  dry  before  removal. 
Accurate  copies  of  these,  on  a reduced  scale  if 
necessary,  are  taken  by  photography,  and  pro- 
duced on  paper  by  one  of  those  novel  processes 
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discovered  of  late  years.  This  plan  has  great 
advantage  over  the  former  system  of  hand- 
made copies  taken  by  the  eye,  and  similarly 
reduced,  as  adopted  by  General  Cunningham  in 
his  “Corpus  Inscriptionum  Indicarum,”  pub- 
lished by  the  Government  of  India  in  1877, 
which  were  always  liable  to  error,  however 
carefully  done.  Under  the  new  plan,  the 
inscriptions  appear  with  all  their  imperfections 
on  the  paper  just  as  on  the  original  stone  or 
plate,  and  so  all  those  scholars  who  are  in- 
terested in  the  work  can  criticise  Mr.  Fleet’s 
translations  and  suggest  improvements. 

The  practical  result  of  this  appointment  will 
be  a vast  amount  of  new  historical  matter — 
the  fixing  of  dates  and  the  names  of  rulers  in 
ancient  days — thus  enabling  us  to  fill  in  many 
of  the  lacunce  existing  in  early  Indian  history. 
This  important  branch  of  archaeology  has  thus 
been  placed  in  a promising  position,  and  its 
results  may  be  looked  for  with  every  hope  of 
success.  The  number  of  inscriptions  is,  how- 
ever, very  great,  and  on  the  expiration  of  the 
three  years  for  which  the  epigraphists  appoint- 
ment are  sanctioned,  it  may  be  necessary  to 
reconsider  it  with  a view  to  obtaining  more 
assistance  than  is  at  present  available. 

A further  contribution  to  the  study  of  the 
cave  temples  has  been  made  by  Mr.  John 
Griffiths,  of  the  Bombay  School  of  Art,  who 
has  for  some  ten  years  past  been  engaged 
with  his  pupils,  every  cold  season,  in  copying 
full  size  the  fresco  paintings  in  the  Ajunta 
caves.  It  will  be  remembered  that  those  very 
accurate  copies  taken  by  the  late  Major  Gill 
were  burnt  in  the  Crystal  Palace,  and  as  it 
was  found  that  age  was  rapidly  destroying 
what  was  left  of  the  frescoes,  the  Bombay 
Government  appointed  Mr.  Griffiths  to  the 
work,  and  a very  large  amount  has  been 
accomplished.  Curiously  enough,  some  of 
these  also  were  injured  at  the  fire  last  year  at 
South  Kensington. 

The  above,  I believe,  gives  a pretty  correct 
account  of  the  steps  which  have  been  taken  to 
secure  the  carrying  out  of  a complete  archaeo- 
logical survey  in  India,  and  it  has  already 
been  shown  how  fully  the  results  justify  the 
cost,  not  only  from  an  antiquarian  and  archaeo- 
logical point  of  view,  but  more  especially  as  a 
means  whereby  great  additional  information 
has  been  derived  for  settling  the  early  history 
of  the  country. 

In  spite,  however,  of  what  appears  to  be  the 
clear  duty  of  a civilised  Government  in  regard 
to  the  ancient  monuments  it  has  inherited,  as 
well  as  its  manifest  use  in  affording  the  only 
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safe  evidence  of  the  history  of  the  past,  it  is 
surprising  to  find  how  little  support  or  en- 
couragment  archaeology  meets  with  from  the 
great  majority  of  the  officers  of  Government ; 
many  very  able  men  speak  openly  of  the  survey 
as  a waste  of  money,  and  the  surveyors  and 
others  engaged  get  but  too  often  the  cold 
shoulder  of  officialism,  and  find  the  bands  of 
red  tape  tightened  to  their  discomfort  and 
hindrance.  Unless  it  so  happens  that  a mem- 
ber of  the  Government  is  personally  interested, 
a director  or  surveyor  finds  it  very  uphill  work. 
A secretary  or  some  junior  officer  ‘‘pigeon- 
holes” a report,  not  knowing,  perhaps,  how 
to  deal  with  it,  or  contents  himself  with  an- 
nouncing his  opinion  that  “we  govern  the 
living  and  not  the  dead,”  and  so  would 
relegate  all  archaeological  matters  to  that 
oblivion  in  which  they  so  long  remained. 
Much  of  this  I have  personally  felt,  and,  even 
in  the  higher  positions  I subsequently  held, 
have  seen  how  difficult  it  was  at  times  to  over- 
come the  uis  inertice  of  those  who,  thinking 
the  whole  subject  purely  dilettanti  and  un- 
practical, but  not  daring  openly  to  oppose  a 
member  of  the  Government,  used  all  the 
powers  of  the  secretariate  to  delay  and  thwart 
the  work.  The  number  of  gentlemen  who  now, 
like  Mr.  Sewell,  take  interest  in  it  may  be 
counted  on  the  fingers ; but  it  is  in  hopes  that 
a change  may  come  on,  when  the  feelings  of 
those^interested  in  the  work  here  at  home  be- 
come known  in  India,  that  formed  one  reason 
why  I have  consented  to  give  this  lecture. 

The  subject  of  restoration  is  one  of  great 
importance.  Opinions  differ  largely  as  to 
what  should  and  what  should  not  be  done. 
I must  say  I am  not  one  of  those  who  would 
give  up  a building  to  time  to  complete  its 
destruction,  when  by  some  careful  repair,  a 
new  stone  or  two,  or  a beam  or  a buttress,  it 
might  be  kept  standing  for  years,  especially 
in  India,  where  the  climate  and  speedy  growth 
of  vegetation  injure  buildings  rapidly.  Of 
course  I do  not  mean  that  we  should,  on  the 
strength  of  a few  stones  found  in  situ,  a 
mere  fractional  portion  of  the  former  structure, 
attempt  to  reproduce  a building  supposed  to 
represent  the  original,  as  was  in  one  case 
suggested ! I would  not  hesitate  to  replace 
stones  which  have  fallen,  or  put  in  fresh  ones 
to  hold  the  others  in  their  places,  or  to  take 
down  and  rebuild  portions  of  buildings  likely 
to  fall.  Perhaps  the  best  example  of  this  sort 
of  restoration  was  the  rebuilding  with  the 
original  marble  blocks  the  pearl  mosque  at 
Delhi,  the  domes  of  which  had  fallen  during 


the  siege  ; the  ^^taking  down  and  rebuilding 
one  of  the  minars  of  the  Taj  which  was  in  a 
dangerous  state ; and  a similar  work  at 
Ahmedabad  ; while  at  Futtipor  Sikri  a few 
new  stones  put  in  here  and  there,  and  the  re- 
placing of  old  ones,  has  stopped  further  decay. 

Mr.  Heath’s  restorations  of  the  buildings  at 
Agra  and  Delhi  have  been  carried  out  in  a 
most  conscientious  manner,  and  the  repair  of 
the  mosaic,  which  suffered  most  from  our  own 
soldiers  and  fellow-countrymen,  has  not  only 
been  successful,  but  has  revived  this  branch 
of  art  at  Agra,  specimens  of  which  will 
doubtless  appear  at  the  coming  Exhibition.  I 
must  here  allude  to  one  matter  to  which  public 
attention  should  be  drawn,  in  order  that  a 
restoration  of  another  sort  may  be  the  result. 
When  the  fort  of  Delhi  was  taken  in  1857, 
great  havoc  was  made  in  the  palace  buildings, 
and  the  screen  behind  the  emperor’s  seat  in 
the  Dewani  Am,  or  hall  of  public  audience, 
was  sadly  mutilated  and  despoiled  of  some  of 
the  larger  mosaic  tablets.  A gallant  officer  in 
high  command  appropriated  several,  and 
having  had  them  converted,  I believe,  into 
tables,  sold  them  to  the  South  Kensington 
Museum.  One  of  them  v/as  the  famous 
picture  of  Orpheus  charming  the  animals, 
which  is  said  to  contain  the  portrait  of  the 
architect  employed  by  Shah  Jehan,  Austin-de- 
Bordeaux.  I trust  that  as  the  screen  is  now 
being  restored,  those  tablets  may  be  returned, 
and  replaced  in  their  original  position. 

I must  allude  to  another  sort  of  restoration, 
which  was  used  by  Major  Keith,  under  Major 
Cole’s  instructions,  in  the  Sanchi  Tope.  The 
large  gateways  which  had  long  before  fallen 
to  the  ground,  and  of  which  portions  had 
been  removed  by  the  natives  residing  near 
both  for  building  materials  and  making  lime, 
were  collected  and  carefully  re-erected  on 
their  original  sites,  those  pieces  wanting, 
and  without  which  the  work  would  not  stand, 
being  supplied  by  pieces  of  new  stone  left 
plain. 

One  other  method  of  restoration  has  been 
made  use  of— it  is  not  singular  to  India — it  is 
the  removal  of  the  masses  of  white  and 
coloured  wash,  which  from  frequent  repetition 
have  at  length  become  a thick  coat  of  plaster, 
with  the  result  of  hiding  all  the  beautiful  carved 
work  on  the  marble  or  stone ; this  certainly 
had  one  benefit,  is  preserved  what  was  beneath, 
and  now  when  our  workmen  get  at  it  they 
restore  to  view  the  beautiful  chasings  on  the 
stone  in  about  as  good  a state  as  when  they 
left  the  chisel  of  the  original  sculptor.  A 
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particularly  good  instance  of  this  sort  of 
restoration  was  carried  out  by  Major  Keith 
on  the  Palace  of  Mansing,  in  the  Fort  of 
Gwalior,  which  we  have  just  made  over  to 
His  Highness  the  Maharajah  Scindia.  I trust 
that  Lord  Dufferin,  who  takes  a great  interest 
in  archaeology,  will  give  the  Maharajah  a hint 
not  again  to  cover  up  what  we  have  restored, 
and  also  that  he  will  preserve  the  other  curious 
buildings  we  have  placed  in  repair  in  this 
fort. 

It  would  be  impossible  for  me,  in  a paper 
of  this  nature,  to  give  any  detailed  list  of  what 
has  been  done — the  Reports  will  show  a great 
deal  of  the  work — but  I may  add  that  of  my 
own  knowledge,  in  almost  all  parts  of  India, 
in  Bengal,  the  North-Western  Provinces,  the 
Punjaub,  Madras,  Bombay,  and  Sind,  much 
has  been  done  and  many  fine  buildings  rescued 
from  ruin. 

I will  now  call  your  attention  to  the  draw- 
ings which  appear  on  the  wall  behind  me. 
These  will  give  you  some  idea  of  the  work 
done,  and  also  atford  an  insight  into  the  very 
wonderful  architecture  and  ornamentation 
which  is  to  be  found  in  the  old  buildings  in 
India  and  which  it  is  our  desire  to  preserve. 

I have  shown  how  much  is  done  towards 
this,  but  I would  utter  a word  of  caution.  The 
number  of  these  old  buildings  is  very  great,  in 
some  districts  they  appear  in  profusion,  capitals 
like  Delhi  and  Agra  are  surrounded  by  them, 
while  in  the  neighbourhood  of  any  famous 
shrine  there  are  to  be  found  hundreds  of  tombs 
of  persons  who  wished  to  lie  near  the  sainted 
remains  and  so  acquire  a better  chance  here- 
after by  rising  in  his  company.  But  the  great 
majority  of  these  tombs,  mosques,  and  temples, 
are  more  or  less  in  a state  of  disrepair,  which 
forbids  any  attempt  to  save  them  from  utter 
decay,  especially  in  those  parts— and  they 
are  many — in  which  the  ground  is  impregnated 
with  saltpetre  ; while  those  which  require 
repair  and  might  receive  it  are  so  numerous 
that  the  expenditure  required  is  far  greater 
than  the  Government  can  afford  or  could  be 
justified  in  expending;  this  is  too  often  for- 
gotten, and  complaints  are  made  by  travellers 
who,  having  come  across  some  fine  tomb  evi- 
dently needing  repair,  at  once  accuse  Govern- 
ment of  neglecting  its  duty,  not  thinking  that 
nothing  less  than  an  unlimited  supply  of  money 
could  possibly  do  all  that  we  would  wish  to  see 
done.  Unfortunately,  the  natives  of  India 
take  no  interest  in  such  matters,  and,  as  a 
rule,  no  native  will  repair  the  tombs  of  his 
forefathers. 


As  a warning  to  those  who  abuse  the  Indian 
Government  for  not  taking  care  of  their  ancient 
monuments,  I may  relate  what  the  late  Mr. 
Fergusson  told  me  the  last  time  I saw  him. 
He  said  he  had  been  shown  the  first  number 
of  a publication  on  Indian  monuments  by  a 
French  saz^ant,  who  had  travelled  in  that 
country,  which  had  just  been  published  in 
Paris,  in  which  he  found  the  drawing  of  a 
temple  much  dilapidated,  and  in  the  letter- 
press  an  attack  on  the  British  Government — 
first,  for  not  having  prevented  its  desecration, 
and  next,  for  having  allowed  much  of  its 
materials  to  be  used  for  road  making,  forming  a 
heavy  indictment.  Mr.  Fergusson  then  showed 
me  a sketch  he  had  made  of  the  same  building 
more  than  forty  years  before,  showing  it  had 
in  no  way  changed  its  appearance  or  condition, 
while  its  desecration  had  occurred  300  years 
ago  by  the  Mahommedans,  and  the  temple 
itself  was  not,  or  ever  had  been,  in  British 
territory. 

Full  lists  of  ail  architectural  remains  are 
now  being  finally  revised  by  the  archaeological 
surveyors  in  each  district.  These  will  form^ 
registers,  and  repairs  must  go  on  as  money 
can  be  afforded  by  the  local  or  Imperial 
Governments,  the  most  successful  works  being 
first  taken  in  hand. 

In  some  places  funds  have  been  left  for  the 
sustentation  of  mosques  and  temples,  and  we 
often  find  that  even  when  they  are  appropriated 
to  the  purpose  for  which  they  were  designed — 
and  this  I am  sorry  to  say  is  not  always  the 
case — the  manner  in  which  the  work  is  done 
is  neither  creditable  to  the  taste  of  the  directors 
or  advantageous  to  the  building.  The  subject 
is  one  which  requires  careful  handling,  but  I 
hope  the  Archaeological  Department  may  be 
able  make  its  influence  felt  in  the  expenditure 
of  such  funds. 

I have  now,  in  conclusion,  only  to  thank  you 
for  your  attention  to  a lecture  which  I fear' 
has  been  little  else  but  a dry  statement  o£ 
facts,  with  little  to  enliven  it  or  make  it  other- 
wise than  prosy;  but  my  object  has  been  to 
make  public  what  has  been  done,  what  is 
being  done,  and  what  remains  to  be  done  in 
this  interesting  branch  of  study.  As  to  the 
last,  very  much  does  remain  to  be  done,  be- 
cause the  field  is  immense,  and  the  funds  can- 
not reasonably  be  large  which  the  Government 
can  devote  to  the  object.  It  would,  indeed, 
be  a good  thing  if  we  could  find  among  the 
rich  natives  of  India  men  like  “ Nil  Desper- 
andum,”  Sir  E.  Beckett,  Mr.  Guinness,  Mr. 
Roe,  and  others,  who  would  come  forward  with 
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funds  for  the  . restoration  of  the  ancient  build' 
ings  of  their:  country,  or  for  the  publication  of 
the  results'  of  the  survey.  I am  in  hopes  that 
the  spread  of  Western  civilisation  will  bring 
about  such  a change,  and  that  the  Government 
may,  in  future  years,  find  many  earnest  and 
willing  supporters  and  contributors  to  this 
great  national  work. 


DISCUSSION. 

Mr.  R.  Sewell  said  he  was  emboldened  to  make 
a few  remarks  by  the  very  kind  way  in  which  Mr. 
Gibbs  had  spoken  of  him . The  work  described  was 
one  of  great  interest  to  him,  as  he  had  resided  a long 
time  in  the  country,  and  had  done  what  he  could 
to  help  on  the  study  of  archaeology.  The  Madras 
Literary  Society,  which  began  by  doing  a very  ex- 
cellent work,  was  now  practically  dead,  he  should 
not  like  to  say  for  how  many  years.  There  was  an 
attempt  some  time  ago  to  resuscitate  it,  but  at  the 
present  time  it  was  nothing  more  nor  less  than  a large 
lending  library — very  little  encouragement  to  the 
study  of  archaeology.  About  four  years  ago  he 
attempted  to  induce  the  society  to  reduce  the  sub- 
scription to  about  a year  instead  of  or  ^5,  so 
■that  those  resident  in  Madras  who  might  wish  to  use 
the  library,  in  the  same  way  as  persons  resident  in 
London  might  use  such  a library  as  that  of  the  Royal 
Asiatic  Society  might  be  able  to  do  so,  studying  the 
books  there,  but  not  taking  them  away.  His  sug- 
gestion, however,  was  negatived  with  scorn,  and 
practically  it  was  simply  a lending  library  from  which 
people  borrowed  the  leading  novels,  and  he  was 
sorry  that  the  Royal  Asiatic  Society  of  England 
should  still  call  it  an  affiliated  society.  Some  day  he 
hoped  it  would  be  resuscitated.  Mr.  Gibbs  had 
aUuded  to  the  great  national  loss  suffered  in  the 
destruction  of  General  Cunningham’s  collection  of 
MSS.,  but  that  was  by  no  means  the  only  case  of 
the  kind.  The  whole  of  Sir  Walter  Elliot’s  fine 
collection,  consisting  of  thousands  of  copies  of  inscrip- 
tions, and  the  accumulated  work  of  a lifetime,  were  lost 
in  a ship  in  which  he  sent  them  over  to  England,  a ship 
laden  with  sugar.  Two  or  three  of  the  papers  which 
were  saved  were  lent  to  him  when  writing  his  report 
on  the  Amaravati  tope  some  years  ago,  and  they 
were  then  quite  blackened,  and  smelt  strongly  of 
•sugar.  Another  great  loss  was  that  of  the  painting 
of  the  Ajuntah  tope,  in  the  Indian  section  of  the 
South  Kensington  Museum.  He  could  not  quite 
endorse  Mr.  Gibbs’s  views  with  regard  to  the  very 
few  monuments  which  had  really  been  injured  during 
the  British  raj,  at  any  rate  in  Southern  India.  There 
were  several  monuments  on  the  banks  of  the  River 
Chrishna  which  had  been  absolutely  destroyed  during 
the  British  regime.  He  knew  certainly  of  two  old 
Buddhist  topes — and  probably  there  were  others — 


one  at  Valerada,  ten  miles  from  the  river,  which  was 
of  great  value,  inasmuch  as  it  represented  the  great 
dome-shaped  old  brick  structure  which  the  Buddhists 
were  so  fond  of  erecting  in  that  locality ; and  of  that 
there  remained  very  little  indeed.  There  was  an  area 
in  the  middle  of  the  village  with  fragments  of  broken 
brick,  but  absolutely  nothing  of  the  original  structure. 
Worse  than  that  was  the  destruction  of  the  tope  at 
Battiprole,  on  the  south  side  of  the  Kistna,  which 
must  have  been  still  remaining  within  the  memory  of 
man,  for  he  had  had  descriptions  of  it  by  those  who 
had  seen  it.  He  had  been  informed  that  within 
thirty  years  the  dome  was  practically  complete, 
though  not  altogether  in  first-rate  order ; still,  what 
there  was  was  in  a very  good  state  of  preservation. 
There  were  also  fragments  of  the  rail  round  it, 
showing  how  it  resembled  the  tope  at  Sanchi.  That 
rail  was  constructed  of  marble,  and  though  it  was 
very  much  demolished,  there  remained  certainly 
within  the  memory  of  the  inhabitants  of  the  village 
one  if  not  more  of  the  pillars  which  the  Buddhists 
always  erected  in  connection  with  such  buildings. 
He  could  not  exactly  say  whether  the  sculptures 
were  very  elaborate,  but  the  work  was  certainly  very 
old  ; and  he  could  speak  himself  to  the  fact  of  these 
being  of  marble,  for  he  had  seen  them.  It  might  be 
supposed  that  he  had  seen  them  buried  underground, 
or  scattered  about  the  locality,  or  in  the  village,  but  he 
was  sorry  to  say  this  was  not  the  case.  The  Royal 
Engineers  had  a road  to  make  close  by  the  side  of 
that  old  tope,  and,  not  the  least  understanding  the 
value  of  the  monument,  they  found  a splendid  supply 
of  large  bricks  ready  to  hand  in  the  dome.  All  the 
bricks,  'with  the  exception  of  a very  few,  were  utilised 
in  this  way,  and  a very  good  road  they  made.  Hard 
by  there  ran  a canal  over  which  the  road  had  been 
carried  by  means  of  an  excellent  bridge.  The  canal 
was  only  used  for  irrigation,  and  the  bridge,  there- 
fore, had  been  utilised  to  make  an  excellent,  and  no 
doubt  economical,  dam  or  weir.  In  the  very  dry 
season  he  visited  this  place,  and  found  the  bed  of  the 
canal  completely  dr)q  and  there  to  his  dismay  he 
saw  a large  number,  forty  or  fifty,  of  the  original 
ancient  Buddhist  marble  structures,  which  had  been 
laid  on  the  floor  of  the  canal,  which  made  an  excel- 
lent groundwork  for  the  water  to  flow  over  at  all 
seasons,  except  when  it  was  perfectly  dry.  That  was 
a practical  example  of  the  ignorant  destruction  of 
one  of  the  most  valuable  monuments  of  antiquity. 
The  monolithic  remains  at  Mahabalipur,  which 
were  known  as  the  Seven  Pagodas,  south  of  Madras, 
were  well  known,  but  it  was  not  so  well  known  that  the 
whole  ground  was  quite  recently  in  the  possession  of 
a zemindar.  The  village  in  which  these  monuments 
lay  was  given  by  the  Mohammedan  Government  to 
the  ancestor  of  the  present  holder,  and  when  he 
joined  the  district  in  which  these  monuments  lay, 
close  to  Madras,  about  three  years  ago,  he  found 
that  the  locality,  which  consisted  of  a range  of  hills 
composed  of  most  excellent  granite,  most  useful  for 
building  bridges,  &c.,  had  been  leased  by  the 
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zemindar,  some  )'ears  previously,  to  a family  of 
contractors,  who  employed  gunpowder,  dynamite, 
and,  as  much  as  they  could,  pick-axes  and  crowbars, 
to  demolish  the  rock.  When  he  inspected  the  place, 
he  found  there  was  no  great  injury  done  to  the 
monuments  themselves;  they  were  very  much  scat- 
tered, and  whether  any  had  absolutely  been  destroyed 
it  was  impossible  to  say,  for  if  they  had,  they  had 
disappeared ; but  the  work  was  still  going  on,  and 
the  demolition  was  gradually  extending,  the  rock 
being  more  and  more  valuable  the  deeper  they  cut 
into  it,  and  every  possible  attempt,  of  course,  w^as 
made  by  the  contractors  to  make  the  best  use  of 
their  time.  He  made  a strong  report  to  the  Madras 
Government,  imploring  them  to  take  some  measures 
to  prevent  this  traffic,  which,  if  it  had  not  done 
much  damage  hitherto,  vcas  likely,  in  the  course  of 
years,  to  produce  serious  results  to  the  old  monu- 
ments. Inquiries  were  made,  but  it  was  found  that 
the  case  presented  serious  difficulties,  because  the 
question  arose  whether  the  ^Mohammedan  Govern- 
ment, in  making  over  the  village  to  the  zemindar, 
gave  him  only  the  arable  land  and  the  village  itself, 
or  whether  they  intended  also  to  make  over  the 
entire  waste.  Now,  all  the  hills  out  of  which  these 
monolithic  monuments  were  carved  belonged  abso- 
lutely to  the  waste,  and  it  was  a very  intricate 
problem,  which  had  never  yet  been  settled,  whether 
the  whole,  or  only  a part,  had  been  originally 
granted.  So  the  matter  remained ; but  two  mails 
ago  he  received  the  extremely  gratifying  information 
that  the  zemindar,  whose  feelings,  no  doubt,  had  to 
some  extent  been  worked  upon,  had  made  over,  as  a 
free  gift  to  the  nation,  the  whole  of  the  long  line  of 
hills  which  contained  these  grand  old  monuments. 
The  result  was  that  the  British  Government  would 
now  spread  its  segis  over  the  remains,  and  he  trusted 
no  further  injury  could  possibly  occur. 

Mr.  W.  G.  Pedder  said  he  knew  verj'  little  of  this 
subject,  but  he  was  aware  from  his  official  experience 
at  the  India-office,  that  the  work  which  Dr.  James 
Burgess  was  doing  in  AVestern  and  Southern  India 
was  of  the  greatest  possible  value,  and  he  hoped  the 
new’  position  w’hich  he  had  taken,  which  gave  him  a 
kind  of  supervision  over  the  work  throughout  India, 
would  result  in  very  great  benefit.  Mr.  Sew’ell  had 
referred  to  the  Adjuntah  paintings  having  been  de- 
stroyed in  the  fire  at  the  Kensington  Aluseum,  but 
he  believed  the  paintings,  although  they  had  run  a 
great  risk,  w’ere  not  destroyed,  but  only  slightly 
damaged.  Those  w’hichw’ere  destroyed  w’ere  Colonel 
Gill’s  original  paintings,  w’hich  were  burnt  at  the 
Cr}’stal  Palace.  Every’  one  acquainted  w’ith  India 
knew  how  great  was  the  difficulty  of  preserving  these 
ancient  monuments.  In  the  first  place,  the  expendi- 
ture w’ould  be  enormous  to  undertake  anything  like  a 
general  restoration,  and  in  the  next  place  there  were 
questions  like  that  just  referred  to,  in  which  private 
rights  might  be  interfered  with.  At  the  same  time 
no  doubt  a great  deal  might  be  done  in  some 


places  to  restore  valuable  antiquarian  objects,  and 
still  more  might  be  done  to  preserve  those 
which  had  not  fallen  altogether  into  decay.  He 
believed  the  Government  of  India,  and  all  the 
local  governments,  were  now  fully  alive  to  the 
importance  of  maintaining  these  ancient  monuments 
and  interesting  records,  and  he  hoped  for  the  future 
they  would  hear  no  more  of  such  acts  of  vandalism 
as  those  which  had  been  mentioned,  and  which  had 
occasionally  come  under  his  notice,  where  ancient 
works  had  been  used  for  road  metal.  He  knew  the 
interest  Mr.  Fleet  took  in  the  work,  and  there  was 
never  a more  useful  appointment  made  than  that 
by  W’hich  he  was  entrusted  with  the  investigation 
and  publication  of  the  epigraphy  of  India, 

Dr.  Pringle  said,  having  spent  many  years  iii 
Orissa,  and  seen  a greal  deal  of  Bobunshwar,  the 
place  known  as  “the  city  of  a thousand  temples,” 
he  had  listened  with  great  interest  to  this 
paper,  and  only  wished  he  had  had  an  opportu- 
nity of  seeing  the  book  on  the  antiquities  of 
Orissa  by  the  learned  Dr.  Mitra.  He  did  not 
know  whether  it  contained  any  pictures  of  Kanarack 
or  the  black  pagoda  near  Juggernaut.  But  he  had 
looked  up  some  of  his  old  photographs  taken  when 
he  was  quite  a beginner,  and  brought  them  with 
him.  That  wonderful  temple  which  was  never  con- 
secrated for  reasons  which  the  natives  gave,  and 
which  it  is  unnecessary  to  allude  to  here  (for  they 
always  had  a reason  for  everything  if  you  would' 
only  listen  patiently  to  them),  had  completely  col- 
lapsed, but  the  entrance  remained  as  strong  as  ever ; 
that  w’as  owing  to  half  a dozen  strong  iron  bars 
acting  as  lintels,  which,  speaking  from  memory,  were 
about  12  ft.  long  by  about  g in.  square.  The  iron 
for  these  bars  was  obtained  in  the  hills  about  150 
miles  distant,  and  w’here  they  were  doubtless  manu- 
factured. There  were  some  beautifully  carved  stones 
and  enormous  figures  of  lions  and  horsemen,  which 
Dr.  Hunter  seemed  to  think  had  been  brought  by 
land  carriage.  He  asked  the  natives  how  they  were 
brought,  for  there  was  not  a stone  nearer  than  the 
neighbouring  hills,  and  they  told  him  they  were 
floated  down  on  large  rafts  made  of  entire  new  sdl 
trees,  and  they  were  rolled  up  in  these  trees,  and 
when  he  asked  them  how  they  got  them  up  that 
heighth,  they  said  they  built  a mound  and  dug 
it  out.  [While  on  this  subject  a photograph, 
was  shown  of  a bridge  in  which  there  was  na 
attempt  at  an  arch,  the  Attaranullla  bridge, 
or  bridge  which  divided  the  river  into  eighteen 
streams.]  This  bridge  near  Juggernaut  was  built 
by  resting  one  stone  on  another,  each  one  pro- 
jecting slightly  beyond  the  one  beneath  until  they 
nearly  met  at  the  top.  One  great  difficulty  in 
preserving  old  buildings  in  India  was  the  growth  of 
vegetation,  principally  the  Indian  fig ; the  seeds  rested 
on  the  little  ridges,  took  root,  and  tore  the  building 
to  pieces  in  a remarkably  short  space  of  time.  At 
Juggernaut  he  asked  the  priests  why  they  covered  the 
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temple  with  chundm ; they  said  it  was  done  about  200 
years  ago,  because  they  wanted  to  preserve  the  temple. 
It  was  perfectly  smooth,  so  that  if  any  seed  fell  on  it 
it  rolled  off,  but  he  was  told  there  were  some  roots 
at  last  getting  into  that  chundm,  and  they  could 
not  replace  it,  for  they  did  not  know  how 
to  make  it  as  it  was  formerly  done.  With 
regard  to  not  repairing  “ the  tombs  of  the  prophets,” 
he  was  afraid  it  was  due  to  the  poverty  of  the 
people,  or  the  diversion  of  the  funds  into  other  chan- 
nels. Around  Agra  many  places  were  given  up  to 
tombs,  it  being  the  custom  when  any  great  or  good 
man  was  buried  for  the  whole  neighbourhood  to  be 
used  as  a place  of  sepulchre.  On  one  occasion,  when 
riding  through  the  Boolandshur  district,  he  was  told 
by  a native  that  a wonderful  discovery  had  been  made 
at  Indrapore,  and  a long  story  was  told  him  about 
the  bones  of  giants  having  been  found.  He  rode 
over  and  found  Mr.  Carlyle  very  busy  superintending 
the  digging  out  of  a mound.  On  asking  him  what 
made  him  dig  there,  he  told  him  he  had  found  in  the 
river  a large  copper  plate,  on  which  was  a statement 
that  the  ground  in  the  neighbourhood  was  to  be  given 
to  the  temple  “while  the  sun  and  moon  endure,” 
which  was  the  usual  expression.  Mr.  Carlyle,  there- 
fore, commenced  digging  ; but  he  apparently  at  first 
missed  the  real  temple,  though  he  found  portions  of 
it  after,  and  had  come  on  an  old  tomb,  and  he 
dug  out,  amongst  a number  of  female  skeletons, 
some  which  the  natives  had  mistaken  for  giants,  but 
which  were  really  the  skeletons  of  the  huge  Nubians 
who  were  often  brought  over.  They  were  very  tall, 
fhe  height  in  several  instances  being  over  six  feet. 
With  reference  to  coins,  he  might  mention  that  he 
got  from  a railway  cutting  in  Scinde  a beautiful  little 
piece  of  sculpture  of  Chrishna  enteringMatura,  holding 
in  his  hand  his  cup,  and  an  umbrella  being  held  over 
his  head.  The  coin  representing  that  was  now.  in 
the  British  Museum.  The  stone  was  found  in  Scinde 
in  cutting  a railway,  and  the  coin  was  found  at  Kewoj 
on  the  Ganges.  While  at  Matura  a quantity  of 
copper  coins  were  given  to  him  to  select  from,  and 
he  picked  out  one  of  Constantine  the  Great.  In 
Saharaupur  he  found  twelve  coins  belonging  to  the 
time  of  Menandra,  no  two  of  which  were  alike.  He 
thought  it  would  be  difficult  to  find  twelve  sixpences 
aU  different,  and  this  showed  how  extensive  the 
coinage  must  have  been  in  those  ancient  times  at  least 
200  years  b.c. 

Mr.  Hyde  Clarke  said  Mr.  Gibbs  had  referred  to 
Sir  William  Jones  as  being  the  father  of  the  Bengal 
Asiatic  Society  ; but  it  had  not  probably  occurred  to 
•those  who  had  heard  him  that  it  was  to  the  Society 
of  Arts  and  in  that  room  that  Sir  Wilfiam  Jones 
owed  the  idea  of  that  society.  In  one  of  the  pictures 
on  the  waU  would  be  seen  the  portrait  of  William 
Shipley,  the  founder  of  the  Society  of  Arts,  who 
was  the  uncle  of  Lady  Jones,  and  was  in  constant 
correspondence  with  Sir  William  Jones  when  he  was 
in  England,  and  the  plan  of  the  Royal  Asiatic 


Society — which  was  of  a thoroughly  practical  nature, 
and  has  lasted  to  this  day — was  formed  in  conjunction 
with  William  Shipley  and  his  brother,  the  Bishop 
of  St.  Asaph;  and  one  of  the  first  honours  which 
Sir  William  Jones  received  was  that  of  being  elected 
corresponding  member  of  another  society,  the  Kentish 
Society  of  Arts.  Their  correspondence  was,  to  a 
great  extent,  on  a subject  which  deeply  interested 
Sir  William  Jones,  viz,,  how  far  the  products  of 
India  could  be  turned  to  account ; for  it  was  with 
that  intent  that  the  Bengal  Asiatic  Society  was 
founded.  He  was  very  glad  to  hear  from  Mr.  Gibbs 
a vindication  of  the  Government  of  India  and  of 
England  in  this  matter  of  Indian  archaeology.  Being 
interested  in  these  matters  himself,  he  had  often 
compared  the  labours  of  Englishmen  with  those  of 
other  nations.  At  the  present  moment,  the  Govern- 
ment which  was  doing  most  on  such  subjects  was 
that  of  the  United  States,  their  anthropological 
department  being  carried  on  most  munificently.  They 
must,  however,  look  to  the  way  in  which  those 
labours  were  conducted.  Their  publications  were 
as  finely  executed  as  the  resources  of  printing 
and  engraving  would  allow,  but,  nevertheless,  they 
did  not  surpass  those  of  the  Government  of 
India,  and  the  labours  of  the  eminent  men  connected 
with  that  department  were  applied  solely  to  the 
aborigines  of  the  United  States,  men  who  had  prac- 
tically little  to  do  with  the  governmental  interests  of 
the  present  day.  The  Archaeological  Survey  of  India 
required  no  vindication,  because  it  was  from  the 
historical  results  which  were  obtained  from  that 
survey  that  practical  instruction  for  use  in  the  present 
day  was  derived.  They  heard  a great  deal  about 
India  for  the  Indians,  but  what  was  the  evidence  that 
the  archaeology  of  India  gave  } That  nearly  every 
part  of  India,  and  sometimes  the  whole  of  it,  had 
been  in  the  hands  of  various  changing  and  foreign 
dynasties.  Another  Government  which  had  com- 
peted with  us  in  these  matters,  sometimes  very 
munificently,  was  that  of  Russia ; but  he  was  bound 
to  say  the  labours  of  their  officers  by  no  means  sur- 
passed those  of  our  own  countrymen.  There  was  a 
practice  in  this  country  of  depreciating  what  was 
done  by  English  scholars,  but  when  one  thought  of 
the  names  which  Mr.  Gibbs  had  enumerated,  and 
the  real  value  of  their  labours,  it  would  be  found  that 
on  their  investigations  the  efforts  of  foreign  scholars 
had  been  founded.  If  they  looked  to  the  publications 
of  some  French  or  German  society,  it  would  be  seen 
that  their  investigations  were  carried  out  with  our 
own  materials,  and  their  articles  were  founded  on  the 
inscriptions  to  which  Sir  Walter  Elhot  applied  hinr- 
seU,  and  it  was  not  the  fact  that  they  showed  deeper 
scholarship.  People  were  in  the  habit  of  talking  of 
the  publications  of  the  Asiatic  Society  alone,  without 
reference  to  other  societies  in  London  which  took  up 
the  same  subject,  and  to  the  Bengal  Asiatic  Society, 
and  the  Bombay  branch  had  likewise  done  a great 
deal  of  very  valuable  work.  With  what  the  Govern- 
ment had  done,  and  the  efforts  of  individual  scholars, 
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there  was  an  amount  of  work  produced  which  far  sur- 
passed, not  merely  that  of  the  scholars  of  any  Oriental 
school  in  Europe,  but  of  Europe  altogether,  and 
what  had  been  done  by  other  countries  had  been 
done  with  materials  collected  by  Englishmen.  When 
Dr.  Pringle  spoke  of  its  being  owing  to  the  poverty 
of  the  natives  in  India  these  monuments  being 
in  disrepair,  he  would  ask  him,  who  had  such 
a wide  experience,  whether  he  knew  of  any 
other  country  where  the  monuments  were  kept  in 
good  repair.  In  those  numerous  cities  which  he 
must  have  passed  thiough  from  India  on  his  way  to 
Europe,  if  the  monuments  had  been  repaired,  they 
had  been  repaired  as  they  had  in  India  and  other 
countries  from  time  to  time,  where  there  was  some 
wdse  enlightened  public-spirited  Sovereign  who 
applied  the  funds  of  the  State  for  the  purpose.  Even 
*n  Europe  it  was  the  common  practice  for  men  not 
to  repair  the  tombs  of  their  fathers — and  we  could 
not  say  too  much  of  what  was  done  even  in  this 
countrj’ — but  for  a man  to  put  up  his  own  monument, 
perhaps  leaving  a finer  work  to  perish.  He  need 
scarcely  say,  although  it  was  an  idle  tribute,  that  one 
could  not  listen  to  this  record  of  Mr.  Gibbs  of  the 
labours  of  the  past,  without  a feeling  of  gratification 
that  he  should  have  brought  it  before  the  Society, 
but  with  a feeling  of  great  pain  when  one  thought  of 
some  of  the  names  enumerated  which  had  been  so 
lately  lost. 

Mr.  Martix  Wood  said  it  was  impossible  for 
him  to  listen  to  this  paper  and  discussion  without 
recalling  a scene  in  a very  different  room,  where  the 
position  of  the  chairman  and  ISIr.  Gibbs  were  re- 
versed, where  Mr.  Gibbs  used  to  be  president  and 
Dr.  Birdwood  used  to  be  reader,  and  that  fact  was 
intimately  connected  with  that  section  of  the  paper 
which  referred  to  the  establishment  of  the  Bombay 
Literary  Society,  as  it  was  called,  by  its  principal 
founder  Sir  James  Mackintosh.  It  should  not  be 
forgotten  that  the  records  of  the  first  twenty  years 
of  that  Society,  in  fact  its  whole  history  before  it 
became  a branch  of  the  Royal  Asiatic  Society, 
had  been  preserved  by  the  efforts  of  a native  friend 
of  Mr.  Gibbs,  at  whose  expense  and  trouble  those 
early  volumes  were  edited  and  re-published — he  re- 
ferred to  the  Rao  Sahib  Vishvanath  N.  Mundlik.  He 
thought  Mr.  Gibbs  had  scarcely  done  justice  to  the  dis- 
position of  the  natives  of  India  to  take  a pride  in  and 
contribute  towards  the  restoration  and  maintenance 
of  these  ancient  objects.  Very  handsome  donations 
were  given  when  some  who  had  now  passed  away  had 
the  power  to  do  so  in  those  prosperous  years 
from  1861  to  1865  and  1866.  He  had  been  much 
struck  by  the  self-abnegation  of  Mr.  Gibbs  in  making 
scarcely  any  but  a passing  reference  to  that  depart- 
ment of  archaeology  in  which  he  was  himself  so  great  a 
proficient,  viz.,  numismatics.  Without  that  the 
science  of  comparative  archaeology  would  be  incom- 
plete, because  it  was  owing  to  the  many  discoveries 
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in  that  direction  that  the  dates  and  sequence  of  events 
had  been  made  out,  and  Mr.  Gibbs  had  himself  done 
a great  deal  in  that  particular  branch  of  science. 
With  regard  to  the  financial  aspect  of  the  matter,  it 
should  be  borne  in  mind  when  reference  was  made 
to  the  liberality  of  the  Government,  and  when 
it  was  stated  that  the  Secretary  of  State  had  done  so 
and  so  in  publishing  various  works,  that  all  those 
expenses  were  at  the  cost  of  India,  and  not  defrayed 
by  the  British  Treasury. 

Mr.  Sewell  said  he  did  not  know  anything  which 
would  advance  the  preservation  of  ancient  monuments 
in  India  more  than  the  discovery  of  some  means  of 
checking  the  growth  of  tree  roots  on  the  temples. 
All  sorts  of  things  had  been  tried  in  Southern  India, 
but  they  had  discovered  absolutely  nothing  effectual. 
They  had  burnt  the  roots  with  red-hot  crowbars,  and 
some  people  had  suggested  putting  sugar  upon  them, 
in  order  to  attract  ants  and  other  insects,  but  he  did 
not  think  that  was  very  practicable.  If  any  remedy 
were  discovered  and  made  known,  it  would  be 
invaluable. 

Mr.  Liggins  said  he  once  heard  Sir  Joseph 
Hooker  say  that  one  of  the  best  applications  would 
be  corrosive  sublimate. 

Dr.  Pringle  remarked  that  the  natives  themselves 
said,  if  they  can  by  any  possibility  bore  a hole  into 
the  plant  when  young,  and  pour  boiling  water  into  it, 
it  M'ould  die  at  once.  The  ants  would  not  do,  for 
they  would  carry  away  the  earth  from  between  the 
stones  and  loosen  them. 

The  Chairman,  in  moving  a cordial  vote  of 
thanks  to  Mr.  Gibbs  for  his  valuable  and  very  in- 
teresting paper,  said  at  that  late  hour  the  only  remark 
he  would  make  was  that  there  were  other  antiquities 
in  India,  and  deserving  of  at  least  equal  consideration 
with  the  material  ones  of  ruined  tombs  and  temples  ; 
and  that  the  growing  interest  of  Englishmen  in  the 
latter,  he  hoped,  afforded  a just  assurance  of  their  grow - 
ng  appreciation  in  the  future  of  the  unimpaired  vitality 
and  ready  adaptability  to  changing  circumstances  of 
the  religious  and  social  institutions  of  a great  his- 
torical people,  whose  civilisation  had  successfully 
sustained  all  the  shocks  and  vicissitudes  of  over  3,000 
years. 

The  vote  of  thanks  having  been  passed  unanimously, 

Mr.  Gibbs,  in  acknowledging  the  compliment, 
said  he  would  not  detain  the  meeting  with  any 
further  observations,  as  the  remarks  which  had  been 
made  all  seemed  to  point  in  the  same  direction  as 
his  own,  and  did  not  call  for  any  reply.J 
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Capt.  R.  C.  Temple  writes I have  been  pre- 
vented from  attending  the  reading  of  this  valuable 
paper,  but  I should  like  to  add  a few  remarks  to  Mr. 
Gibbs’s  account  of  the  recent  study  of  Indian  epi- 
graphy. As  one  of  the  present  editors  of  the  “ Indian 
Antiquary,”  I need  hardly  say  that  I fully  appreciate 
the  importance  of  epigraphy  in  this  connection,  and 
can,  to  some  extent,  explain  the  difficulties  under 
which  its  students  labour.  In  a land  like  India,  where 
the  genius  of  the  people  does  not  incline  them  to 
accurate  historical  statement,  and  where  the  writers 
have  no  notion  of  dates,  epigraphical  records  are  of 
primary  value  when  dated ; for  since  many  of  them 
are  grants,  the  names  of  the  grantors  (gener- 
ally rulers  of  .some  kind)  and  their  dates  become 
matters  of  everyday  practical  importance  to  the 
grantees  who  possess  and  preserve  them.  Hence  the 
frequency  with  which  they  contain  both  these  all  im- 
portant items.  When  genuine,  such  grants  afford 
information  at  first  hand,  the  value  of  which  far 
transcends  that  of  the  reports  of  the  scribes,  even 
when  contemporary  with  the  events  they  relate. 
They  conclusively  prove — and  they  alone — the  facts 
which  they  state,  viz.,  the  names  and  lineage  of  the 
kings  who  made  them,  and  the  time  when  they 
ruled.  But  there  is  a difficulty  here,  and  no  small 
one  either.  These  local  rulers  followed  more  than 
one  era,  and  the  fixing  of  the  initial  year  of  these 
eras  can  only  be  arrived  at  by  putting  two  and  two 
together ; by  comparing  the  dates  of  the  inscriptions 
of  many  dynasties  with  each  other.  To  show  how 
difficult  a matter  proving  the  date  at  which  any 
given  Indian  era  really  commenced  is,  I may  mention 
that  Mr.  Fleet  is  only  now  about  to  publish  a series 
of  inscriptions,  by  which  he  hopes  to  finally  settle  the 
long  disputed  question  as  to  the  epoch  of  an  era  of 
such  fundamental  importance  as  that  of  the  Guptas. 
It  is  clear,  then,  that  the  historical  truth  of  the  facts 
of  early  Indian  history  can  only  be  reached  by  the 
correct  decipherment  and  rendering  of  as  many  of  the 
epigraphical  records  as  are  available.  This  means 
the  close  consideration,  involving  the  publication  of 
an  approximately  complete  “ Corpus  Inscrip tionum 
Indicarum.”  Of  course  a single  publication  hke  the 
“Indian  Antiquary”  can  only  do  a portion  of  the 
work  that  is  required,  and  some  of  the  difficulties  in 
the  way  of  achieving  what  has  been  already  done  by 
it  I will  now  indicate.  A scientific  publication,  how- 
ever high  its  aim,  can  only  live  in  the  same  way  as 
do  its  purely  commercial  contemporaries.  The 
measure  of  public  support  accorded  to  it  dictates  the 
length  of  its  life ; it  has,  in  short,  to  cater  to  its 
public,  if  it  would  continue  to  live  and  do  useful  work. 
Now  during  the  fifteen  years  that  the  “Indian 
Antiquary”  has  managed  to  flourish  I think  it 
will  be  admitted  that  the  most  valuable  service  it 
has  done  is  the  preservation  and  publication  of  a 
large  number  of  inscriptions  that  prove  historical 
facts  and  settle  dates.  Mr.  Fleet’s  Sanskrit  and 
Old  Cananese  series  alone  numbers  over  160,  in- 
volving the  publication  of  some  hundred  oifac  similes. 


Hardly  a number  of  the  journal  is  published  without 
one  or  more  epigraphical  subjects  appearing,  and 
every  fac  sunile  plate  costs  a sum  to  be  estimated  in 
pounds  sterling ; so  that  the  epigraphical  papers  are, 
and  have  always  been,  our  greatest  source  of  ex- 
pense, and  it  may  now  surprise  my  readers  to  be  told 
that  they  are,  and  have  always  been,  also  our  chief 
danger.  The  fact  is  they  are  dry  reading,  and  to 
any  one  not  an  expert  in  early  Indian  history,  it  is 
not  always  apparent  why  a particular  inscription  is 
inserted  and  published  at  so  much  expense.  “I 
don’t  care  twopence  what  King  Samanta  Deva  HI., 
of  heaven  knows  where,  granted  or  did  not  grant  in 
the  year  889  A.d.,  and  I am  not  going  to  read  about 
it,”  is  a remark  of  a sort  I have  had  more  than  once 
made  to  me ; though  of  course  it  is  only  by  care- 
fully considering  such  apparent  trifles  that  real 
history  is  built  up.  I could  name  two  gentle- 
men, both  well  known  for  philological  and 
ethnographical  studies  in  India,  who  ceased  to  sub- 
scribe to  us  because  of  the  frequent  inscriptions. 
Over  and  over  again  have  both  Mr.  Fleet  and  myself 
been  advised  to  drop,  or  at  any  rate  to  largely  reduce, 
our  epigraphical  papers,  and  we  have,  as  a result, 
been  to  some  extent  obliged  to  fall  in  with  the  pre- 
vailing wishes  of  our  subscribers,  and  at  least  to 
“gild  the  pill,”  as  it  were.  I do  not  mean  by  this 
remark  to  disparage  much  else  that  scholars  are  good 
enough  to  contribute  to  our  pages.  Such  papers  as 
Mr.  McCrindle’s,  on  “The  Indian  Geography  of 
Ptolemy,”  and  Professor  Ball’s  “ Researches  into 
the  Ancient  Greek  Notices  of  Indian  Animals  and 
Plants,”  for  instance,  would  always  be  of  value.  I 
merely  wish  to  show  how  difficult  is  is  to  bring 
inscriptions  before  the  public  at  all.  The  natural 
difficulties  in  the  way  of  the  publication  of  the 
results  of  epigraphical  research  are— the  expense 
of  collection,  the  expense  of  translation,  when 
a competent  scholar  has  been  found,  the  expense  of 
reproduction  and  publication  when  translated,  and 
the  difficulty  of  finding  a public  willing  to  contribute 
towards  the  publication.  At  the  same  time  their 
primary  importance  to  the  study  of  archaeology  is 
beyond  question.  Before  closing  my  remarks,  I wish 
to  pay  a tribute  to  the  services  of  my  friend  and  co- 
editor, Mr.  Fleet,  to  the  science  of  Indian  epigraphy. 
It  is  no  exaggeration  to  say  that  he  has  done  more 
than  any  scholar  living  towards  the  accurate- 
presentation  of  these  records  of  the  far-distant 
past,  and  the  settlement  of  disputed  points ; I may 
say,  indeed,  towards  the  discovery  of  the  very 
existence  of  many  data,  and  so  towards  the  filling 
up  of  many  wide  gaps  in  the  history  of  our  great 
dependency. 


The  paper  was  illustrated  by  a series  of  drawings, 
showing  the  architecture  and  ornamentation  of  the 
old  buildings  of  India.  One  of  these  will  be  repro- 
duced as  a supplement  to  the  Journal^  and  will  he 
issued  with  the  number  for  April  23. 
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EIGHTEENTH  ORDINARY 
MEETING. 

Wednesday,  April  7,  1886 ; Lord  Alfred 
S.  Churchill,  Vice-President  of  the  Society, 
in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society  : — 

Donkin,  Kdwin  Bryan,  Southwark  - park  - road, 
Bermondsey,  S.E. 

Douglas,  Charles  Stewart,  Manor-lodge,  Sutton, 
Surrey. 

Douglas,  William  Carstairs,  Manor-lodge,  Sutton, 
Surrey. 

Fletcher,  Alfred  E.,  57,  Gordon- square,  W.C. 
Leake,  Charles  Frederick,  Hale -house,  Staines, 
Middlesex. 

Lockwood,  Philip  Causton,  i,  Gloucester- place, 
Brighton. 

Manchester,  Duke  of,  K.P.,  Kimbolton,  St.  Neots, 
Hunts. 

Porter,  Edmund  Robinson,  16,  Daleham-gardens, 
South  Hampstead,  N.W. 

Quick,  Frederick  James,  New  University  Club,  S.W. 
Ripley,  Henrj',  Owston,  Doncaster. 

Watt,  George,  M.B.,  Revenue  and  Agriculture 
Department,  Calcutta. 

Williams,  Oliver  John,  38,  York-road,  Westminster, 
S.W.,  and  Harwich,  Essex. 

Wragge,  George  E., 47,  Belvedere-rd.,  Lambeth,  S.E. 

The  following  candidates  were  balloted  for 
and  duly  elected  members  of  the  Society  : — 

Audsley,  G.  A.,  Devon  Nook,  Duke’s-avenue, 
Chiswick. 

Bromhead,  Horatio  K.,  245,  St.  Vincent-st.,  Glasgow. 
CrackneU,  John  Edmund,  Glan-y-mor,  Havergal- 
villas.  Green-lanes,  Wood- green,  N. 

Crocker,  Frederick  Joel,  147,  Cannon-street,  E.C. 
Darke,  Edward  Thomas,  16,  Rochester-terrace, 
Camden-road,  N.W. 

Grote,  Arthur,  42,  Ovington-square,  S.W. 

Hobson,  Richard,  The  J^Iarfords,  Bromborough, 
Cheshire. 

The  paper  read  was  — 

PREPARATION  OF  DRAWINGS  FOR 
PHOTOGRAPHIC  REPRODUCTION. 

By  James  Shirley  Hod.son,  F.R.S.L. 

Author  of  “An  Historical  and  Practical  Guide  to  Art 
Illustration.” 

Every  object  that  is  capable  of  producing 
an  image  upon  the  organ  of  vision  is  capable 
of  being  reproduced  by  photography,  and 
therefore  it  is  taken  for  granted  that  no  special 
care  need  be  exercised  in  the  matter  of  the  pre- 


paration of  drawings  for  photographic  repro- 
duction. The  camera  is  the  magic  lantern 
which  is  credited  with  the  power  of  being  able 
to  “turn  lead  into  gold,”  or  of  making  an 
artistic  picture  out  of  a crude  and  imperfectly 
prepared  design. 

Such  appears  to  be  the  prevalent  belief,  and 
it  is  only  upon  some  such  hypothesis  that  we 
can  account  for  the  disregard  often  evinced  by 
artists  as  to  the  means  to  be  employed  in  the 
preparation  of  drawings  intended  for  photo- 
graphic reproduction.  If  the  successful  pre- 
paration of  such  drawings  were  indeed  one  of 
the  things  that  “ come  by  nature,”  it  would 
unquestionably  be  inferred  that,  in  undertaking 
to  lay  before  the  members  of  the  Society  of 
Arts  a paper  devoted  specifically  to  the  con- 
sideration of  this  subject,  I had  set  myself  a 
task  as  unnecessary  as  it  would  be  likely  to 
prove  unprofitable. 

There  is,  however,  ample  evidence  in  sup- 
port of  the  assertion  that  among  artists  there 
exists  an  apparent  indifference  to  the  means 
to  be  employed,  or  a want  of  knowledge  of  the 
principles  involved,  as  well  as  a disregard  of 
the  technical  application  of  those  principles. 
I have  seen  sketches  made  in  charcoal  upon 
coarse  brown  packing  paper,  with  the  “ high- 
lights ” put  in  with  body  white,  and  offered  as 
designs  suitable  for  conversion  into  relief 
blocks.  Satisfactory  as  such  sketches  may  be 
from  an  artistic  point  of  view,  they  are  value- 
less to  the  photographer.  This  is  only  one  of 
the  many  difficulties  which  are  presented  in 
the  production  of  those  illustrated  catalogues 
with  which  we  are  familiar  under  the  title  of 
“ Academy  Notes.” 

Although  it  may  be  frankly  admitted  that 
the  subject  which  I have  the  honour  of  sub- 
mitting to  your  attention  to-night  is  neither 
extensive  in  detail  nor  abstruse  in  character,  I 
hope  to  be  able  to  show  that  it  is  at  least 
interesting  and  uselul. 

There  are  two  separate  and  distinct  styles  of 
drawing  for  reproductive  purposes,  whether 
the  artistic  engraver  be  employed,  or  any  of 
the  means  of  automatic  engraving  be  used. 
These  two  methods  are  technically  known 
respectively  as  fac  simile  drawing,  and  draw- 
ing in  wash,  The  former  consists  in  the  sole 
employment  of  lines,  in  which  the  shading  is- 
to  be  produced  as  well  as  the  outline  of  a 
picture.  Every  line  and  mark  that  is  sub- 
sequently to  appear  in  the  engraving  must  be 
traced  in  the  original.  This  description  of 
drawing  is  applicable  to  wood  engraving,  to 
line  engraving  upon  copper  or  steel,  as  well  as 
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to  all  the  methods  for  automatically  producing 
blocks  for  relief  printing.  The  line  method  is 
also  universally  adopted  by  etchers  in  intaglio. 

Drawings  in  wash  are  frequently  employed 
for  the  purposes  of  wood  engraving,  and  may 
be  successfully  reproduced  in  aquatint,  in 
mezzotint,  and  in  some  methods  of  photo- 
graphic reproduction. 

In  the  early  days  of  engraving  the  work  of 
the  artist  or  designer,  as  well  as  that  of  the 
engraver,  was  performedby  the  same  individual. 
We  read  of  the  niellatori  of  Italy,  and  of  the 
T^arten-7nacherm  of  Germany,  as  being  the 
earliest  engravers  respectively  in  i?itaglio  and 
in  rilievo  ; but  no  mention  is  made,  so  far  as  I 
am  aware,  of  any  distinct  class  of  persons 
wholly  employed  in  drawing  or  making  the 
designs,  unless,  indeed,  the  illuminators  were 
so  employed.  Before  the  introduction  of  print- 
ing, engravers  were  sufficiently  numerous  to 
form  a special  guild  or  fellowship,  and  it  is 
possible  that  they  may  have  been  indebted  to 
the  illuminators  for  the  designs  upon  which 
they  worked.  Subsequently  there  sprang  up  a 
feeling  of  alarm  and  jealousy  of  the  new  inven- 
tion of  type  printing,  which  induced  the 
engravers  to  endeavour  altogether  to  prohibit 
the  use  of  wood  engravings  in  books,  as  we 
read  in  the  history  of  Zainer,  the  printer,  of 
Augsburg.  The  printer  therefore,  thrown  upon 
his  own  resources,  was  compelled  to  try  his 
skill  as  an  engraver,  and  make  his  own  wood- 
cut  illustrations  as  well  as  he  could.  The 
earliest  examples  of  fac  simile  drawing  are  to 
be  found  in  the  block  books  of  the  fifteenth 
century. 

Albrecht  Diirer  (1471-1528)  is  a remarkable 
and  well-known  instance  of  the  combination 
of  artist  and  engraver  in  the  same  person. 
This  was  also  the  case  with  many  others 
among  the  celebrated  etchers,  both  of  early 
and  modern  times,  many  of  whom  were 
painters  first,  and  adopted  etching  as  a ready 
means  of  reproducing  their  designs,  for  the 
purpose  of  a wider  popularity. 

Contemporary  wfith  Albrecht  Diirer  (who  is 
credited  by  his  biographer,  Dr.  Thausing,  with 
being  the  discoverer  of  etching),  a notable 
example  of  the  separate  study  of  engraving, 
apart  from  the  work  of  the  artist,  is  to  be 
found  in  the  case  of  Marc  Antonio  Raimondi 
(1488-1534).  After  copying  the  engravings  of 
Diirer  so  successfully  as  to  cause  them  to  be 
sold  as  originals,  Mark  Antonio  submitted 
himself  almost  exclusively  to  the  guidance  of 
Raphael,  for  the  purpose  of  translating  on  to 
the  plate  the  paintings  of  the  great  master. 


It  is  but  natural  to  suppose  that  a marked 
improvement  in  technical  detail  would  result 
from  the  separate  study  of  the  two  occupa- 
tions. The  undivided  energy  of  the  engraver 
would  be  fixed  upon  the  means  of  reproducing 
upon  the  plate  the  effects  of  the  painting  which 
he  had  undertaken  to  translate ; while  the 
artist,  on  the  other  hand,  would,  by  his  advice, 
assist  the  engraver  to  preserve  the  artistic 
effects  of  the  original. 

In  noticing,  however  briefly,  the  combina- 
tion of  artist  and  engraver  in  the  same  person, 
the  mind  naturally  reverts  to  the  career  of 
Thomas  Bewick  (1753-1828).  It  is  customary 
to  speak  of  the  revival  of  wood-engraving  in 
connection  with  this  name,  because  the  art,  in 
Bewick’s  day,  had  fallen  into  a very  low  and 
crude  condition  ; but  it  must  be  admitted  that 
Bewick’s  early  works  at  least  were  exceptional 
neither  in  character  nor  in  quality.  He  is 
principally  celebrated  for  his  introduction  of 
the  “ white  line,”  by  the  use  of  which  he  more 
completely  separated  the  principal  figures  of 
his  pictures  from  the  background.  He  also, 
by  occasionally  paring  down  the  surface  of  his 
blocks,  produced  a softened  effect  in  outline, 
or  shading,  when  required  to  be  graduated 
towards  the  high  lights  of  his  design,  or  to  be 
vignetted.  Bewick  assisted  the  printer  in 
causing  the  light  parts  of  his  pictures  to  recede 
by  the  mechanical  contrivance  of  partially 
lowering  the  surface  of  the  block. 

The  use  of  a wash  ” in  preparing  drawings 
for  the  engraver  was  adopted  by  artists,  in  con- 
sequence of  the  facilities  which  are  thus  afforded 
for  producing  effective  designs  with  the  smallest 
possible  outlay  oftime  and  trouble.  It  is  reported 
of  a celebrated  artist  in  “black  and  white,” 
who  now  occupies  a deservedly  high  position 
as  president  of  one  of  our  artistic  institutions, 
that  in  the  short  space  of  half  an-hour  he  has 
been  known  to  put  upon  a wood  block  such 
indications  of  a design  as  served  the  purpose 
of  the  engraver,  in  the  production  of  an  effective 
if  not  elaborate  illustration.  Although  the 
artist  alluded  to  is  known  to  possess  a facile 
pencil,  it  is  manifestly  impossible,  in  so  short  a 
time,  to  give  anything  like  a carefully  detailed 
fac  simile  drawing.  The  general  tone  of  the 
various  portions  of  the  design  was  indicated  by 
the  wash,  while  a few  masterly  touches  of  the 
pencil  guided  the  engraver  in  what  is 
technically  called  the  “drawing”  of  the 
subject.  When  we  hear  artists  complain  that 
their  drawings  have  been  spoilt  by  the 
engraver ; that  their  figures  have  been 
caricatured,  their  choicest  intentions  ruined. 
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the  “ work  ” cut  away,  Uc.,  it  mig^ht  in  justice 
be  inquired,  how  has  the  drawing  been  pre- 
pared ? I have  no  desire  to  defend  the 
engraver  at  the  expense  of  ^he  artist,  because 
I know  that  the  accusation  is,  sometimes  at 
least,  justly  made ; but  it  is  fair  to  point  out 
that,  in  the  case  of  a wood-engraving,  the 
evidences  as  to  the  method  of  preparing  the 
drawing  are  absolutel}"  destroyed  in  the  opera- 
tion of  engraving.  There  is  another  element 
which  operates  to  lower  the  character  of  an 
illustration  in  the  process  of  engraving,  result- 
ing from  the  desire  to  cheapen  the  work. 
However  artistic  may  be  the  skill  employed  in 
the  production  of  the  drawing,  the  engraver  is 
frequently  ten-pted  to  consider  the  commercial 
rather  than  the  artistic  aspect  of  the  question. 

The  greatly  increased  use  of  wash  in  pre- 
paring drawings  has  unquestionably  raised 
the  character  of  the  work  of  the  engraver, 
particularly  in  the  matter  of  tint  work,  by 
throwing  him  upon  his  own  resources  ; but  it 
is  at  least  open  to  question  whether  in  so  doing 
the  peculiar  genius  of  the  wood-cut  has  not 
been  to  a great  degree  lost  sight  of.  The 
most  modern,  and  in  its  way  the  most  perfect 
exhibition  of  the  “ wash-drawing”  style,  is  to 
be  found  in  the  school  of  wood-engraving, 
which  has  its  exponents  in  the  American 
publications  of  the  Centui'y  Magazine  and 
Haj'Pe?  ' s Magazine.  Popular  as  this  style 
appears  to  be  with  many,  it  is  extremely 
doubtful  if  it  will  be  able  to  retain  the  high 
estimation  in  which  it  is  now  held,  be)’ond  the 
time  generally  allotted  to  the  caprice  of  fashion. 
The  English  Illustrated  Magazine,  on  the 
contrary,  studies  to  preserve  in  the  character  of 
its  illustrations  a recognition  of  the  true  genius 
of  the  wood-cut. 

Not  unfrequently  the  work  of  transcribing 
a design  to  the  wood-block  for  the  purpose  of 
engraving  is  performed  by  the  aid  of  photo- 
graphy, a plan  which  offers  the  additional 
advantage  of  altering  the  size  or  scale  of  the 
subject  to  the  requirements  of  the  engraving. 

Successfully  to  prepare  drawings  for  photo- 
graphic reproduction,  it  is  essential  that  some 
knowledge  should  be  possessed  of  the  funda- 
mental principles  of  photography,  as  well  as 
an  acquaintance  with  the  capabilities  of  the 
particular  process  of  reproduction  which  is  to 
be  employed.  Thus,  the  mateiial  upon  which 
the  drawing  is  to  be  made  should  be  of  such  a 
character  as  will  yield  a strong  and  well- 
defined  contrast  to  the  lines  of  the  drawing  ; 
while  the  pigment  employed  for  the  drawing 
should  be  as  black  as  can  be  procured.  White 


Bristol  board  of  fine  surface,  and  the  best 
Indian  ink,  meet  these  conditions.  A blue- 
black  does  not  form  a desirable  drawing 
medium,  but  the  introduction  of  red  or  orange 
into  the  composition  would  serve  to  intensify 
the  photographic  image.  To  draw  upon  a 
dark  orange-coloured  paper  with  a pale  blue- 
grey  ink  would  be  simply  to  disregard  all 
photographic  principles,  for  the  photographic 
value  of  the  paper  and  of  the  ink  w^ould  be 
nearly  equal,  and  the  drawing  would  con- 
sequently be  lost. 

Uniformity  of  colour  in  the  drawing  is  also 
desirable,  and  the  artist  should  resist  the 
natural  tendency  to  express  distance  and  to 
produce  his  effects  by  diminishing  the  inten- 
sity of  colour  in  parts  of  his  picture.  From  a 
drawing  uniform  in  colour  a satisfactory  nega- 
tive is  obtained;  but,  in  the  other  case, 
the  photographer  must  estimate  an  average 
duration  of  exposure,  and  will  rarely  escape 
the  dilemma  of  some  portions  being  over- 
exposed, while  others  are  comparatively  unde- 
veloped. This  theory  receives  illustration  from 
the  fact  that  very  good  subdued  effects  can  be 
obtained  from  well-executed  pencil  drawings, 
where  this  uniformity  of  colour  is  preserved. 
A longer  exposure  may  be  required,  but  every 
part  of  the  picture  will  be  equally  developed. 

To  return  to  the  matter  of  the  paper  used, 
colour  is  not  the  only  important  consideration. 
If  the  surface  of  the  paper  be  irregular  and 
coarse  in  texture,  such  as  painters  in  water- 
colour delight  in — although  of  Whatman’s 
best  Turkey  mill — good  results  must  not  be 
expected.  A negative,  taken  in  the  ordinary 
way,  from  a drawing  made  on  such  a material, 
would  inevitably  reproduce  all  the  inequalities 
of  the  texture  of  the  paper,  to  the  manifest  in- 
jury of  the  more  delicate  parts  of  the  drawing. 
In  reproductions  from  old  prints  or  printed 
books,  the  condition  and  character  of  the 
paper  present  some  of  the  greatest  difficulties 
with  which  the  photographer  has  to  contend. 
The  ridges  in  the  surface  of  the  paper  cast 
shadows  which  are  too  faithfully  reproduced 
in  the  negative.  The  employment  of  a diffusive 
rather  than  a direct  light  is  the  usual  remedy, 
but  the  best  way  of  dealing  with  the  difficulty 
is  that  employed  in  the  studio  of  the  Autotype 
Company.  The  original  is  laid  upon  the  floor 
under  a strong  light,  and  the  camera  is  set  at 
an  angle  of  45  degrees. 

Mr.  Alfred  Dawson  informs  me  that  he 
inclines  to  the  opinion,  founded  upon  his 
extensive  experience  and  untiring  experiment, 
that  it  is  desirable  to  get  rid  of  the  surface  of 
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the  paper  altogether,  by  covering  it  with  a 
substance  similar  to  an  enamel. 

We  now  come  to  a consideration  of  the 
peculiar  character  of  the  engraving  process 
for  which  the  photographic  image  is  to  be 
taken,  as  this  knowledge  will  determine,  in 
some  measure,  the  method  of  preparing  the 
drawing.  For  all  the  ordinary  purposes  of 
mechanical  printing,  whether  by  the  copper- 
plate, the  lithographic,  or  the  typographic 
process,  it  is  essential  that  the  details  and 
shading  of  a picture  shall  be  presented  either 
by  lines  or  by  a stipple  or  grain.  The  use  of 
the  line  method  gives  the  designation  of  “line 
engraving  ” to  a well-known  description  of 
artistic  engraving  upon  steel  or  copper,  and  is 
also  employed  in  wood  engraving ; while  the 
use  of  a grain  is  the  characteristic  of  mezzo- 
tint engraving  and  stipple  engraving,  and 
especially  of  the  two  varieties  of  aquatint. 

There  are  other  methods  of  reproduction 
where  these  conditions  are  not  essential,  such 
as  the  Woodburytype  process,  and  the  stanno- 
type,  as  well  as  the  process  which  is  known  by 
the  names  of  collotype,  heliotype,  and  Albert- 
type. 

Wash  drawings  would  '^appear  to  be  in- 
admissible for  reproduction  by  photography 
where  the  ultimate  destination  is  the  ordinary 
printing  press,  because  the  gradations  of  tone 
produced  in  a photographic  piint  afford  no 
resting  place  for  the  ink  in  printing.  There 
are,  however,  methods  by  which  an  artificial 
grain  or  a line  tint  can  be  added  photo- 
graphically to  the  printing  surface.  The  late 
Mr.  Walter  Woodbury  was  the  first  to  meet 
the  difficulty  by  interposing  a gauze  in  the 
camera  between  the  object  and  the  negative. 
In  Miessenbach’s  process  a transparent  plate 
is  introduced  for  the  purpose ; and  Ives’s 
method  of  producing  the  same  effect  is  said 
to  be  by  means  of  a plaster  cast.  In  all  these 
methods  of  producing  a system  of  lines  through 
the  picture  it  is  very  difficult  to  guard  against 
the  tendency  of  the  lines  to  obliterate  the 
drawing,  and  the  effect  is  like  looking  at  the 
artist  through  a gridiron. 

There  are  in  the  market  some  specially  pre- 
pared papers  for  drawing  upon  for  photo- 
graphic reproduction.  The  surface  of  the 
paper  is  smooth,  and  is  coated  with  a com- 
position upon  which  a series  of  lines  or  ridges 
is  produced,  so  that,  as  the  pencil  passes  over 
the  paper,  a serrated  line  is  produced  which 
greatly  assists  in  the  representation  of  the 
middle  tones  of  a picture.  Strong  shadows 
are  put  in  with  Indian  ink  ; and  the  effect  of 


the  high  lights  is  produced  by  scratching  away 
the  surface  of  the  paper. 

Something  has  yet  to  be  said  as  to  the  scale 
to  which  to  make  drawings  intended  for  photo- 
graphic reproduction.  Drawings  that  are  made 
of  a larger  size  than  the  proposed  resultant 
block,  and  have  consequently  to  be  reduced  in 
the  camera  about  one-fourth,  generally  produce 
satisfactory  results.  Artists  adopting  a bold 
treatment  of  their  subjects  may  wfith  advantage 
make  larger  drawings,  but  a limit  of  twice  the 
scale  of  the  intended  printing  surface  should 
rarely  be  exceeded.  Where  the  “lined  clay 
paper  ’ ’ is  used,  the  scale  of  the  lines  necessarily 
imposes  a limit  as  to  enlarged  size  of  the 
drawing.  If  tliis  be  made  on  too  large  a scale, 
a reduction  that  w’ould  be  suitable  for  the 
drawing  would  contract  the  distances  between 
the  lines  so  much  as  to  present  a confused 
mass. 

There  is  yet  another  mechanical  “aid  to 
drawing”  which  requires  to  be  described,  as 
affording  the  means  of  facilitating  the  w’ork  of 
the  artist.  “Day’s  shading  and  printing 
medium  ” offers  to  artists  a similar  economy 
of  time  and  labour  to  that  of  “wash  drawing,”’ 
as  compared  with  fac  simile  w’ork.  The  out- 
line of  the  drawing  being  made,  all  the  drudgery 
of  the  shading  can  be  added  by  means  of 
“Day’s  shading  mediums.”  The  patent 
claims  to  secure  the  “ method  of  lining,  shad- 
ing, stippling,  hatching,  graining,  printing,  or 
tinting  pictures  or  other  objects  in  one  or  more' 
colours,  which  consist  in  applying  pressure  to^ 
the  back  of  a planting  film,  having  an  inked 
printing  face  in  relief.”  The  drawing  being 
made  in  outline,  a suitable  film  is  selected,  and 
after  being  inked  on  the  under  surface  and 
placed  in  position,  a burnisher  applied  on  the 
upper  surface  fills  in  the  shading  required* 
The  shading  mediums  can  be  used  on  draw- 
ings made  on  paper  or  other  material,  and 
on  lithographic  stones  or  zinc. 

In  conclusion,  the  conditions  required  in  the 
successful  preparation  of  drawings  for  photo- 
graphic reproduction  may  be  thus  briefly 
summarised  : — 

That  a sufficient  photographic  contrast 
should  exist  between  the  pigment  employed  and 
the  material  upon  which  the  drawing  is  made. 

That  a paper  should  be  selected  which  is 
smooth  and  without  water-mark,  and  w’hite. 

That  the  drawing  material  may  be  pencil  or 
ink,  in  which  blue  is  not  a component. 

That  the  drawing  may  be  advantageously 
made  upon  a larger  scale  than  the  intended 
result. 
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That  a line  or  fac  simile  drawing  is  prefer- 
able where  a relief  block  is  required,  and  that 
a uniformity  of  colour  in  the  drawing  should 
be  aimed  at. 

That  the  wash  method  may  be  freely  em- 
ployed in  drawing  for  any  of  the  gelatine  pro- 
cesses, including  photogravure,  collotype, 
Woodbury  type,  &:c. 


At  the  conclusion  of  the  paper  specimens  of  the 
work  produced  by  Mr.  Day’s  shading  and  printing 
medium  were  shown. 

The  paper  was  illustrated  by  a series  of  framed  prints 
which  were  hung  on  the  walls,  and  exhibited  by  Messrs. 
Boussod,  Valladon,  and  Co.,  successors  to  Messrs. 
Goupil  (specimens  of  photogravure),  Messrs.  Waterlow 
and  Sons  (photo-prints  compared  with  the  original 
drawings),  the  Autotype  Company,  Messrs.  A.  and  E. 
Dawson,  the  Phototype  Company,  the  Automatic 
Engraving  Company,  ^iessrs.  Sprague  and  Co. 
(specimens  of  their  ink  process),  Mr.  C.  Hancock 
(drawings,  copies,  and  blocks),  Mr.  Shanks,  and  Mr. 
Dallas. 


DISCUSSION. 

Jilr.  Bird  said  the  scope  of  the  paper  was  rather 
limited,  and  did  not  give  much  room  for  discussion ; 
but  Mr.  Hodson  had  stated  the  principal  facts,  which 
artists  would  do  well  to  bear  in  mind,  if  their  work 
had  to  be  reproduced  by  photogiaphic  means.  In 
the  great  majority  of  drawings,  whether  in  chalk  or 
washes,  the  tone  of  the  paper  would  operate  pre- 
judicially if  they  were  reproduced  in  the  camera.  A 
pencil  drawing  might  be  extremely  effective  and  satis- 
factoiy  in  effect  on  a toned  paper,  and  the  lines  of 
such  drawings  might  be  faithfully  reproduced,  but 
the  half-tints  would  be  spoiled,  owing  to  the 
effect  of  the  surface  of  the  paper,  and  though  the 
lines  might  be  perfectly  rendered,  the  effect  of  the 
tone  of  the  paper  would  be  entirely  lost.  It  was  very 
desirable  that  some  one  should  take  up  the  subject 
experimentally,  and  tiy^  all  the  usual  kinds  of  artists’ 
materials,  oil  and  watercolours,  chalk,  pencil,  different 
kinds  of  papers,  and  other  expedients.  In  that  way 
they  would  soon  arrive  at  the  best  paper,  the  best 
pigments,  and  the  best  method. 

Mr.  H.  Trueman  Wood  thought  the  paper  had 
hardly  done  justice  to  the  extent  to  which  photo- 
graphy would  be  used  in  the  future,  in  the  prepara- 
tion of  illustrations  either  for  books  or  on  a larger 
scale,  such  as  were  shown  on  the  walls.  There  were 
three  classes  of  drawings  to  the  reproduction  of 
which  photography  might  be  applied,  drawings  in 
line,  sketches  in  monochrome,  and  coloured  pictures. 
From  any  one  of  these  originals  it  was  possible  to 


produce  a print,  by  lithography,  by  the  use  of  an 
intaglio  plate,  such  as  a copper-plate,  or  by  the  use 
of  a surface  block  which  could  be  printed  with 
type.  Besides  this  there  were  the  processes  for 
producing  prints  in  half-tone,  such  as  the  Wood- 
bury type  and  Collotype.  The  process  of  re- 
producing a picture  already  in  line  was  tolerably 
simple,  and  had  been  dealt  with  sufficiently  in 
that  room,  in  Mr.  Bolas’s  Cantor  lectures,  and  in 
other  papers.  A line  engraving,  a wood-cut,  a 
pencil  drawing,  or  an  etching  could  be  repro- 
duced with  great  ease  in  photography,  and  either 
printed  in  lithography,  or  a block  might  be  pre- 
pared to  print  with  ordinary  type.  He  shared  the 
opinion  which  he  knew  was  held  by  many  well 
able  to  judge,  that  there  was  a very  great  future 
for  photography  in  reproducing  illustrations  of  that 
sort ; and  every  day  processes  were  coming  more 
and  more  into  use,  not  only  for  book  illustration, 
but  even  in  many  of  the  illustrated  papers.  The 
files  of  the  Graphic  and  Illustrated  London 
News,  for  instance,  would  show  that  process 
blocks  were  coming  extensively  into  use  for  such 
purposes.  To  produce  printing  surfaces  from 
monochrome  pictures  was  more  difficult,  but  it 
was  now  being  regularly  done,  and  he  was  quite 
certain  that,  before  long,  people  who  wanted 
illustrations  made  would  not  be  satisfied  with 
depending  on  the  skill  of  the  engraver  to  reproduce 
the  artist’s  intentions,  but  in  all  cases  where  real 
accuracy  of  reproduction  was  required  would  insist 
on  having  an  actual  photograph,  either  from  the 
object  itself  or  from  the  artist’s  drawing  reproduced 
as  a printing  block.  In  the  case,  for  instance,  of  a 
traveller  in  a new  country,  it  was  of  very  great  im- 
portance that  the  pictures  he  had  taken — and  no 
traveller  should  dream  of  going  into  a new  country  with- 
out a camera — should  be  reproduced  as  evidence  of 
what  was  actually  seen,  rather  than  trusting  to  what  an 
artist  thought  he  saw,  or  what  an  engraver  thought 
the  original  artist  saw.  In  looking  at  Lieutenant 
Greeley’s  recent  work  on  the  Arctic  regions,  he 
had  been  much  struck  with  the  illustrations  of  arctic 
travel,  as  showing  what  could  be  done  by  photo- 
graphy. In  this  case  the  illustrations  were  not  repro- 
duced directly  on  the  block  by  photography,  and 
had  to  be  translated  into  line  by  the  skill  of  the 
engraver,  but  the  photograph  guaranteed  the  fidelity 
of  the  outline  at  any  rate ; these  illustrations  were 
as  good  as  could  be  desired,  and  bore  evidence 
that  what  appeared  in  the  book  was  actually 
what  was  before  the  camera  when  the  picture  was 
taken.  Those  interested  in  the  subject  knew  per- 
fectly well  the  processes  by  which  blocks  were  pro- 
duced from  wash  sketches,  such  as  the  processes  of 
Meissenbach  and  others,  and  he  need  not  describe 
them,  but  he  did  think  Mr.  Hodson  had  been 
scarcely  fair  to  Mr,  Ives,  in  saying  that  his  process 
“ was  believed  to  be  carried  out  by  means  of  a 
plaster  cast,”  for  Ives  had  described  in  his  speci- 
fication most  exactly  all  the  details  of  the  process. 
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SO  that  anyone  could  take  the  specification  and 
go  to  work,  and  if  he  had  sufficient  skill  could 
produce  a block  himself.  This  was  more  than 
could  be  said  of  the  majority  of  patented  processes, 
the  specifications  of  which  were,  generally  speaking, 
very  deficient  indeed  in  information.  He  believed 
the  time  was  not  far  distant  when  the  majority  of  our 
illastrations-would  be  produced  by  the  artist  making 
a drawing  in  wash,  having  that  photographed,  and 
reproduced  by  one  of  the  m any  processes  for  intro- 
ducing grain  into  the  drawing,  so  as  to  make  it 
capable  of  holding  ink,  and  being  printed.  In  the 
case  of  the  reproduction  of  coloured  pictures,  he 
thought  they  might  have  had  a reference  to  isochro- 
matic  plates,  by  means  of  which  pictures  could 
be  much  more  faithfully  translated  into  a photograph 
than  by  the  ordinary  mode.  Some  very  interesting 
accounts  had  lately  been  given  at  the  Photographic 
Society  of  the  way  in  which  this  was  done, 
and  no  doubt  Captain  Abney  could  give  some 
further  information  about  it.  He  would  also  refer  to 
tie  excellent  instructions  given  by  Colonel  Waterhouse 
in  the  Photographic  News  for  1882,  page  482,  which 
he  prepared  for  the  Indian  Survey,  as  to  the  way  in 
which  drawings  that  were  to  be  copied  by  photo- 
graphy should  be  prepared.  Colonel  Wffiterhouse  had 
principally  in  view  the  reproduction  of  maps,  and 
therefore  said  nothing  about  wash  drawings ; but  the' 
instructions  he  gave  would  be  found  very  useful  by 
those  who  had  work  of  that  sort  to  do.  He  thought 
Mr.  Hodson  must  have  made  a slight  mistake  in  saying 
that  the  Autotype  Company  copied  pictures  placed 
on  the  floor,  by  pointing  the  camera  at  an  angle  of 
45  degrees,  as  he  could  not  see  how  anything  but  a 
curiously  distorted  image  could  be  produced  in  that 
way. 

Mr.  Alfred  Dawson  said  he  would  confine  his 
remarks  to  the  question  of  letter-press  illustration, 
for  the  works  of  Goupil  and  others  of  a similar  class 
were  so  full  of  technical  details  and  elaborate  working- 
up  that  they  hardly  came  within  the  scope  of  the 
paper.  It  was  very  important  that  the  artist  and  the 
man  of  science  should  know  what  to  expect — what 
could  be  done,  and  what  ought  to  be  done.  One 
point  which  he  could  say,  as  an  artist  as  well  as  a 
photographic  reproducer,  had  been  entirely  forgotten 
up  to  the  present  time,  was  that  the  facility  of  the 
artist’s  hand  lay  at  the  root  of  all  the  work  which 
could  be  done.  If  the  artist  had  to  work  in  an 
awkward  manner  he  was  handicapped,  and  his  work 
when  done  would  not  be  worth  printing,  or  at  any 
rate,  it  would  not  be  what  it  should  be.  Therefore, 
any  process  should  be  judged  of  in  the  light  of  the 
question,  “Did  it  cramp  the  artist  ?” — and  if  it  did, 
it  must  be  improved  until  that  objection  was  re- 
moved. There  were  very  nice  methods  which 
would  reproduce  a very  good  result  from  another 
photograph,  or  from  nature,  but  the  public  would 
soon  tire  of  any  kind  of  reproduction  of  that  sort, 
because  such  pictures  had  no  soul  in  them.  When 


the  public  bought  a book  full  of  pictures  they  wanted 
the  reproduction  of  a man’s  mind  and  thought ; the 
touch  and  feeling  of  the  artist  therefore  lay  at  the 
bottom  of  all  reproductive  processes,  and  in  that 
view  there  were  one  or  two  points  to  be  con- 
sidered. He  had  seen  printed  instructions  that  a 
line  drawing  should  be  perfectly  clear,  in  black  and 
white,  but  there  were  exceptions  to  that.  The  late 
Mr.  Cecil  Lawson  used  to  make  a kind  of  drawing 
which  always  came  out  splendidly,  but  he  had  no- 
idea he  was  doing  anything  particular.  He  took 
the  upper  end  of  a pen,  or  a half-dry  brush,  and 
rubbed  the  ink  about  the  paper  until  he  pro- 
duced a sort  of  tint,  and  in  that  he  worked  his 
lines,  and  produced  that  dark  effect  of  which  he  was 
so  fond,  but  those  drawings  always  came  out  first 
rate.  That  showed  you  wanted  something  more  than 
a clear  outline,  and  when  an  artist  wasted  a deal  of 
trouble  in  making  a nice  clear  line  drawing,  it  often- 
turned  out  wiry.  The  printing  ink  did  not  give  the 
same  effect  as  was  produced  with  the  pen  ; sometimes 
a thick  line  became  almost  thin,  and  the  work  turned 
out  unsatisfactory.  There  was  a kind  of  pen  work  on 
rough  paper,  in  which  the  line  was  broken  up  inta 
dots,  in  which  this  fault  was  cured.  Again,  some- 
times thin  lines  became  thick,  and  perhaps  not  one 
block  in  a dozen,  even  when  drawn  in  clear  lines, 
would  come  out  as  it  should.  Mr.  Pennell  drew  with 
a very  black  shiny  ink  which  reflected  the  light,  sn 
that  when  photographed  the  lines  were  filled  with 
little  dots,  and  that  destroyed  the  effect  because  you 
could  not  go  over  all  the  lines  and  make  them 
solid,  and  when  photographing  by  the  electric 
light  in  dark  weather  this  evil  was  intensified.  There 
were  several  good  printing  methods,  but  none  touched 
the  point  he  had  referred  to.  Some  of  Goupil’s 
works  showed  the  artist’s  efforts  actually  reproduced, 
but  when  would  that  be  obtained  in  letter-press 
printing  ? The  American  engravers  had  to  a large 
extent  succeeded  in  doing  so,  but  it  would  be  a long 
while  before  any  “process”  would  give  similar 
results.  The  method  of  Messrs.  Sprague,  though 
not  a letter-press  process,  could  be  converted  into  a 
block,  and  that  was  the  nearest  approach  he  had  seen 
to  an  actual  reproduction  of  the  artist’s  work.  The 
artist  must  not  be  hampered  but  developed,  and  in 
his  mind’s  eye  he  could  see  the  artist’s  drawing  exactly 
reproduced  before  the  public.  If  there  were  a tree 
with  a stump  nearly  black,  that  should  come  out,  and 
so  should  the  effect  of  scattered  sunlight.  The  last 
point  was  the  printing,  and  there  the  question  of  cost 
came  in,  because  to  produce  the  best  effects  not  only 
must  the  very  best  skill  be  employed,  but  paper 
of  the  very  finest  quality.  What  was  very  satis- 
factory for  a rough  sketch  like  the  Academy  notes, 
was  not  at  all  the  thing  for  a standard  work,  to  hand 
down  the  result  of  skill  and  genius  to  all  ages. 

Mr.  Hancock  said  pencil  drawings  could  never 
be  expected  to  come  out  satisfactorily  in  photography, 
because  every  grain  of  blacklead  was  a small  mirror, 
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which  reflected  the  Ight.  For  line  drawings,  if 
drawing  paper  were  used,  drawing  ink  should  be 
employed ; if  on  smooth  writing  paper,  writing  ink 
should  be  used,  and  then  the  result  would  be  satis- 
factory. A very  good  result  would  be  obtained  by 
drawing  with  Indian  ink  on  drawing  paper,  if  the 
lines  were  all  of  the  same  colour, 

Mr.  Warnerke  said  he  had  tried  the  grained  paper 
to  which  reference  had  been  made,  and  found  it  very 
useful.  It  gave  the  appearance  of  a very  elaborate 
drawing,  with  a very  delicate  grain,  just  wdiat  w’as 
wanted  for  a photograph,  with  very  little  trouble.  This 
paper  was  used,  largely  on  the  Continent,  and  almost 
all  drawings  intended  for  photographic  reproduction 
were  made  on  it.  There  were  several  kinds.  One 
consisted  of  parallel  lines  in  relief,  the  paper  itself 
being  white  ; in  another  kind  the  parallel  lines  were 
impressed  in  the  paper ; and  in  a third  there  were 
black  lines  printed  perpendicular  to  the  first.  When 
you  made  a shade  with  the  pencil  on  this  paper  the 
result  was  a series  of  square  points,  but  when  you 
used  a penknife  you  got  a network  of  lines.  In  this 
way  you  could  produce  a variety  of  effects  -which 
■were  very  well  reproduced  in  the  photograph.  The 
most  suitable  pencils  to  use  with  this  paper  were 
those  made  by  Hardmuth,  marked  “Negro,”  made 
in  five  degrees  of  hardness.  No.  i being  the  softest 
They  were  perfectly  black,  rather  greasy,  and  took 
kindly  to  the  paper.  He  was  of  the  same  opinion  as 
Mr.  Wood,  that  before  long  no  process  except  pho- 
tography would  be  used  for  making  printing  blocks, 
which  would  soon  riral  the  more  costly  methods  of 
engraving. 

Mr.  Werge  said  with  regard  to  obtaining  a 
photograph  of  an  object  placed  on  the  floor,  it 
could  either  be  done  by  turning  the  camera  upside 
down,  as  he  had  done  to  photograph  objects,  such 
as  carved  ivories,  which  could  not  be  hung  up, 
or  by  placing  the  camera  at  an  angle  and  using 
a reflector.  With  regard  to  the  isochromatic 
plates  alluded  to  by  Mr.  Wood,  he  could  not 
say  that  he  was  perfectly  satisfied  with  them  ; they 
reproduced  the  yellows  better,  but  they  did  not 
recognise  the  reds  at  all ; and  as  Mr.  Sawyer,  of  the 
Autotype  Company,  proved,  even  the  yellows  were 
not  recognised  in  their  proper  proportion.  He  gave 
an  instance  of  three  different  shades  of  yellow 
being  photographed  with  these  plates,  and  they 
gave  exactly  the  same  tint  to  them  all.  The 
remarks  hitherto  made  applied  chiefly  to  drawings 
copied  by  the  camera,  but  his  expeiience  was  that  if 
the  drawings  were  made  on  translucent  paper,  whether 
pen  and  ink,  pencil,  wash  drawings,  or  any  form  of 
monochrome,  they  were  best  copied  without  the  aid 
of  a camera  at  all ; simply  by  contact  printing.  Of 
course  this  could  only  be  done  where  the  copy  was  of 
the  same  size  as  the  drawing,  but  even  if  an  enlarge- 
ment or  reduction  were  required,  a better  result  would 
be  got  by  making  a transparency  from  a negative  so 


obtained.  When  this  method  was  resorted  to,  the 
roughness  of  the  paper -w’as  of  very  little  consequence. 
Not  long  ago  he  had  replaced  a lost  calotype  negative 
in  this  way  to  complete  an  interesting  series  of  old 
architecture.  He  happened  to  have  an  old  silver 
print  of  the  subject,  which  he  simply  laid  in 
contact  with  a dry  plate,  and  obtained  a negative,, 
which,  with  the  oiiginal  and  a print  from  it,  he 
had  brought  with  him;  it  was  a perfect  fac  simile: 
of  the  original,  except  in  colour.  In  the  old  wet 
plate  days  this  could  not  be  done,  because  you  could 
not  put  anything  in  contact  with  a wet  plate  without 
mining  it,  but  now  the  most  valuable  drawings  could 
be  placed  in  contact  with  bromised  paper,  or  a gela- 
tine plate,  and  reproduced  without  the  slightest  risk 
or  injury. 

Captain  Abney,  F.R.S.,  said  he  was  in  hopes 
that  the  day  would  not  come  w'hen  all  book 
illustrations  would  be  produced  by  photography 
because,  as  Mr.  Dawson  had  said,  the  great 
pleasure  of  a good  illustration  was  the  soul  put 
into  it  by  the  artist.  He  must  differ,  however, 
from  Mr.  Dawson  on  some  of  the  technical  details 
he  had  gone  into,  such  as  the  spreading  of 
lines,  for  instance.  He  had  had  some  experience 
of  these  processes,  and  if  they  were  perfect, 
none  of  this  spreading  or  wiriness  ought  tO' 
appear.  The  result  ought  to  be  an  exact  repro- 
duction of  what  the  artist  had  put  on  the  paper. 
There  were  difficulties,  no  doubt,  but  he  had  seen 
fac  similes  -which  it  would  be  difficult  to  distinguish 
from  the  original.  He  also  thought  the  difficulties 
connected  with  rough  paper  had  been  exaggerated. 
He  had  had  to  photograph  hundreds  of  drawings 
made  on  very  rough  paper,  and  could  only  say  that 
when  once  you  knew  how  to  get  over  the  difficulty 
it  disappeared  for  ever.  You  were  not  supposed  tO' 
have  the  very  exact  exposure  which  was  necessary  ta 
reproduce  a half-tint  negative,  but  you  could  get  rid 
of  the  grain  by  giving  a very  reduced  exposure,  and 
placing  the  print  in  a proper  light.  If  the  artist 
would  use  moderately  smooth  drawing  paper,  so  much 
the  better ; but  if  he  preferred  to  use  rough,  it  did 
not  matter,  the  drawing  could  still  be  produced.  Mr. 
Werge  recommended  contact  printing,  but  he  did  not 
think  it  was  to  be  compared  to  printing  in  the 
camera.  The  very  excellent  negative  he  had  shown 
would,  he  thought,  have  been  produced  better  in  the 
camera.  Mr.  Baden  Pritchard  reproduced  by  contact 
printing,  long  before  gelatine  was  thought  of,  a great 
many  of  Roger  Fenton’s  photographs  taken  in  the 
Crimea.  He  used  the  collodio-bromide  process, 
and  the  result  did  great  credit  to  his  ingenuity.  With 
regard  to  pencil  drawings,  as  had  been  remarked, 
every  piece  of  graphite  from  a pencil  was  a reflector. 
Glass  reflected  light,  although  it  was  not  silvered  at 
the  back,  and  so  did  graphite  ; in  other  words,  it 
was  transparent,  and  if  you  made  a hard  stroke  more 
was  employed  and  it  was  less  transparent,  whilst 
a light  stroke  was  more  transparent.  There  was  whita 
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sliown  through  the  light  strokes  more  than  through  the 
dark  strokes,  and  therefore,  by  any  method  of  block 
|)rinting  or  lithography,  it  was  absolutely  impossible 
'to  reproduce  a pencil  drawing  in  correct  gradations 
-of  tint.  He  had  copied  a great  many  pencil  draw- 
ings, and  always  found  this  was  a difficulty.  The 
artist  used  his  pencil  with  different  degrees  of 
'pressure,  and  so  produced  gradations  of  light  and 
■shade.  It  was  really  a half-tint  picture,  drawn  in 
line,  and  therefore  it  could  not  be  reproduced  so 
perfectly  as  a pen  and  ink  drawing.  It  was  rather 
too  late  to  go  into  the  question  of  isochromatic 
(or,  more  properly,  ortho-chromatic)  plates,  but  he 
thought  Mr.  Werge  had  spoken  too  strongly 
against  them.  Even  since  Mr.  Sawyer  read  his 
paper,  considerable  strides  had  been  made  in  re- 
producing coloured  pictures  iri"  correct  gradation  of 
tint.  In  a coloured  drawing  there  were  three 
things  to  be  taken  account  of — first  of  all  the 
colour  itself,  whether  it  were  pure ; next  the  line ; 
and,  thirdly,  the  luminosity  of  the  colour.  You 
could  not  imitate  the  line,  you  could  only 
hope  to  imitate  the  luminosity  in  black  and 
white,  and  it  was  perfectly  easy  to  judge  whether 
the  luminosity  of  black  and  white,  or  of  any  particular 
grey,  was  the  same  as  that  of  any  particular  colour 
on  a picture,  and  the  process  of  orthophotography, 
as  he  preferred  to  call  it,  had  advanced  to  such  an 
extent  that  he  believed  it  now  even  represented  the 
three  shades  of  yellow,  which  it  could  not  do  at  the 
date  of  Mr.  Sawyer’s  paper. 

Mr.  Archer  Clarke  said  he  was  very  glad  to 
hear  Mr.  Weige  say  a word  in  favour  of  contact 
printing.  He  had  just  had  a number  of  photograplis 
brought  in  by  a gentleman  to  be  copied,  which  had 
come  from  Italy,  and  he  said  he  could  only  leave 
them  for  an  hour  and  a-half.  Of  course  it  was 
impossible  to  reproduce  them  in  the  camera  in 
that  time  ; the  only  way  was  to  put  them  in  a 
printing  frame  and  expose  them  under  the  gas 
with  photographic  sensitised  paper.  The  whole 
twenty  were  taken  off  iti  about  75  minutes,  the 
photographs  were  returned  in  exactly  the  same  con- 
dition as  they  were  received,  and  now  any  number  of 
copies  could  be  reproduced  by  lithography  or  any 
kindred  means.  With  reference  to  pencil  drawings, 
he  had  no  doubt  they  had  all  seen  the  windows  full 
of  copies  of  Frank  Miles’s  drawings,  including  the 

Gardener’s  Daughter;”  they  were  the  perfection  of 
reproduction,  and  they  were  all  from  pencil  drawings. 

The  Chairman  having  moved  a vote  of  thanks  to 
Mr.  Hodson,  which  was  carried  unanimously, 

Mr.  Hodson,  in  reply,  said  he  had,  in  preparing 
his  paper,  kept  strictly  within  the  title,  and  had  con- 
sidered that  any  observations  on  the  means  of  repro- 
ducing drawings  after  they  had  been  prepared  would 
be  outside  the  subject.  He  mentioned  that  in 
reference  to  the  observations  which  had  fallen  from  Mr. 


Wood.  He  was  very  much  interested  in  the  subject, 
and  was  no  doubt  echoing  the  opinion  of  others  when 
he  said  that  the  discussion  had  been  particularly 
interesting  and  instructive. 


Miscellaneous. 

♦ 

COLONIAL  AND  INDIAN  EXHIBITION 

The  first  meeting  of  the  Reception  Committee  was 
held  on  Wednesday,  March  31st,  at  the  House  of  the 
Society  of  Arts.  There  were  present : — The  Duke 
of  AbercOrn,  C.B.  (Chairman) ; the  Earl  of  Cadogan 
(Vice-Chairman) ; the  Right  Hon.  the  Lord  Mayor 
of  London;  Sir  Daniel  Cooper,  Bart.,  K.C.M.G.  ; 
Sir  Charles  Tupper,  G.C.M.G.,  C.B.  ; Sir  Selby 
Smyth,  K.C.M.G.  ; Sir  Charles  Hutton-Gregory% 
K.C.M.G. ; Sir  John  Coode;  Samuel  Morley,  Esq.; 
Field-Marshal  Lord  Napier  of  Magdala,  G.C.B., 
G.C.  S.I. ; Major-General  Sir  Peter  Lumsden,  G.C.B., 
C.S.I.  ; Lieutenant-General  Sir  Charles  Brownlow, 
K.C.B.  ; Lieutenant-General  Sir  Samuel  Browne, 
K.C.B.,  K.C.S.I.,  V.C.  ; Lieutenant-General  Sir 
Harry  Lumsden,  K.C.S.I.,  C.B.  ; Colonel  Sir 
Owen  Tudor  Burne,  K.C.S.I.,  C.I.E.  ; Sir  Philip 
Cunliffe-Owen,  K.C.M.G.,  C.B.,  C.I.E.  (Secre- 
tary to  the  Royal  Commission)  ; Arthur  Hodgson, 
Esq.,  C.M.G.,  General  Secretary,  and  Lieutenant- 
General  Henry  K.  Burne,  C.B.,  and  H.  Trueman 
Wood,  Esq.,  Secretaries.  This  committee  has  been 
appointed  by  H.R.H.  the  Prince  of  Wales,  to 
make  arrangements  for  the  reception  of  Colonial 
and  Indian  visitors  to  the  Exhibition.  One  prin- 
cipal duty  cf  the  committee  will  be  to  organise 
visits  to  manufacturing  towns  and  other  centres 
of  interest,  and  to  arrange  that  special  facilities 
are  provided  for  visitors  anxious  to  see  as  much 
as  possible  of  the  country  in  the  limited  time 
likely  to  be  at  their  command.  In  order  to  defray 
such  charges  as  may  be  required  for  the  proper 
carrying  out  of  the  scheme,  the  committee  has  been 
authorised  to  collect  subscriptions  from  those  who 
may  wish  to  take  part  in  a movement  of  this  national 
character.  The  Society  of  Arts  has  consented  to 
afford  the  use  of  their  house  and  their  organisation  in 
aid  of  the  scheme,  and  it  is  believed  that  the  com- 
mittee may  reckon  on  receiving  valuable  aid  from  the 
provincial  corporations,  while  it  is  hoped  that  in 
many  cases  the  mayors  of  the  chief  seats  of  industry 
will  receive  the  visitors  and  arrange  for  their  being 
hospitably  entertained  during  their  stay.  At  their 
meeting  on  Wednesday,  the  committee  considered 
generally  the  arrangements  which  might  be  made  for 
the  reception  of  the  numerous  distinguished  visitors 
who  may  be  expected  to  visit  this  country  during  the 
coming  summer,  and  appointed  a sub-committee  to 
prepare  a detailed  scheme  on  the  lines  suggested. 
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Workmen’s  Clubs. 

In  the  number  of  this  Journal  for  February  19th 
(see  ante  p.  307),  a short  account  was  given  of  the 
scheme  of  Workmen’s  Clubs  which  has  been 
organised  in  connection  with  the  Exhibition.  The 
following  supplementary'  notes  may  now  be  added. 

The  clubs  are  invariably  composed  of  a president, 
a number  of  vice-presidents,  an  honorary  secretary, 
and  a number  of  suitable  representatives  as  committee- 
men, in  addition  to  honorary  members  and  ordinary 
members.  Honorary'  members  are  those  who  give 
donations  to  the  clubs  for  the  purpose  of  assisting 
deserving  members  of  the  working  classes.  Grants 
of  assistance,  from  these  sources,  will  be  made 
entirely  at  the  discretion  of  the  local  committees. 

Until  September,  members  of  these  clubs  may 
Gubscribe  small  sums  (the  amount  of  which  is  at  the 
discretion  of  the  various  local  committees)  with  a 
view  to  forming  a fund  to  defray  the  expenses  of  their 
stay  in  London  and  their  journey  to  and  fro.  No 
person  can  be  admitted  to  club  membership  after  the 
i8th  of  September. 

The  railway  companies  of  the  United  Kingdom 
have,  in  comphance  with  a special  request  made  to 
them  by  H.R.H.  the  Prince  of  Wales,  agreed  to 
accord  considerable  privileges  in  regard  to  travelhng 
facilities  to  the  members  of  the  clubs. 

From  the  21st  June  next,  until  the  31st  October, 
members  of  the  clubs  will  be  able  to  secure — on 
presentation  of  a warrant  (copies  of  which  will 
be  supplied  to  the  local  committee  by  the  Royal 
Commission)  at  the  booking  offices  of  their  respective 
railway  stations — a ticket  to  and  from  Loudon  for 
Ihe  price  of  a single  third  class  fare.  Tickets  will 
be  granted  to  children  under  twelve  years  of  age  at 
half  the  price  to  be  paid  by  adults.  These  tickets  will 
be  available  for  return  for  any  number  of  days  up  to 
fourteen  from  the  date  on  which  they  are  issued. 
The  only  condition  imposed  upon  members  is  that 
they  shall  have  joined  the  club  not  less  than  six 
weeks  previous  to  the  date  of  the  issue  of  their 
warrant. 

It  will  thus  be  seen  that  any  working-man  who 
desires  to  avail  himself  of  the  privilege  of  member- 
ship at  the  earliest  date  (21st  June),  will  be  able  to 
do  so,  even  if  he  joins  the  club  as  late  as  the  first  week 
in  May.  It  should,  however,  be  pointed  out  that 
subscriptions  if  commenced  at  an  earlier  date,  would 
necessarily  be  smaller  than  would  those  confined  to 
the  exact  six  weeks.  The  responsibility  of  deciding 
what  classes  of  persons  resident  within  the  locahty 
should  be  admitted  to  club  membership  rests  entirely 
with  the  local  committee  ; but,  as  a general  rule,  it 
is  suggested  that  persons  of  every  class  of  life,  who 
may  be  in  the  receipt  of  weekly  or  monthly  wages, 
ihould  be  deemed  eligible  for  membership.  It  should 
be  further  noted  that  a man  may  make  his  wife  and 
any  number  of  his  children  members  of  the  club. 
Single  women  may  also  become  members. 

The  local  committees  will  be  supplied  by  the 
Royal  Commission  with  copies  of  a list  of  all  respect- 


able small  hotels,  lodging-houses,  and  eating-house* 
(with  their  respective  tariffs),  the  proprietors  of 
which  may  be  disposed  to  offer  accommodation  to 
club  members  on  favourable  terms. 

Where  members  of  a club  think  fit  to  form  them] 
selves  into  parties  of  not  less  than  five  in  number, 
the  Royal  Commission  udll  arrange  for  the  supply 
of  trustworthy  guides  at  a charge  of  about  five 
shillings  a day.  The  larger  the  party,  the  lesr, 
naturally,  will  be  the  expense  to  each  member. 
Notice  will  have  to  be  given  not  less  than  a week 
previous  to  the  day  upon  which  the  party  sets  out 
upon  its  journey.  The  terms  will  then  be  intimated; 
and,  when  accepted,  the  guide  will  be  instructed 
to  meet  the  party  by  whatever  train  it  decides  to 
reach  London. 

Every  member  of  a club  will  be  entitled  to  receive 
from  his  local  committee,  on  payment  of  sixpence, 
an  admission  to  the  Exhibition,  and  printed  par- 
ticulars, which  will  aid  him  in  a thorough  examination 
of  the  objects  in  the  Exhibition. 

In  obedience  to  the  instructions  of  H.R.H.  the 
Prince  of  Wales,  Mr.  Somers  Vine,  the  official  agent 
to  the  Royal  Commission,  has  within  the  last  few 
weeks  attended  and  addressed  public  meetings,  called 
together  to  discuss  the  club  scheme,  at  the  following 
towns  : — Newcastle,  Carlisle,  York,  Scarborough, 
Bridlington,  Liverpool,  Radcliffe,  Northwich,  Spald- 
ing, Wisbeach,  Bournemouth,  Bristol,  Bridgewater, 
Wells,  Taunton,  St.  Thomas’s,  and  Exeter. 

In  most  cases,  resolutions  in  support  of  the  scheme 
have  been  enthusiastically  carried.  And  it  should 
be  stated  that  in  many  other  towns,  where  the  Royal 
Commission  has  not  been  represented,  meetings  have 
been  called,  and  clubs  have  been  formed. 


At  the  meeting  of  the  Court  of  Common  Council, 
on  Thursday,  April  i,  a letter  was  read  from  M''. 
Francis  Knollys,  C.B.,  private  secretary  to  the 
Prince  of  Wales,  addressed  to  the  Lord  Mayor,  in 
which  his  Royal  Highness  expressed  his  extreme 
gratification  at  the  guarantees  given  by  the  Corpora- 
tion and  the  City  Companies  to  the  Exhibition,  a 
work  which  he  believed  would  be  of  vast  importance, 
not  only  to  our  Indian  Empire  and  Colonial  depen- 
dencies, but  to  the  inhabitants  of  the  United 
Kingdom. 


BOTANICAL  GARDENS,  NILGIRIS. 

The  Report  of  the  Director  of  the  Government 
Botanical  Gardens  and  Parks  for  1884-5,  been 
received  from  the  India-office,  and  the  following 
notes  on  some  of  the  more  interesting  plants,  which 
have  been  introduced  or  grown  in  the  gardens  during 
the  year,  is  taken  therefrom  : — 

Erythroxyloji  Coca. — Two  big  bushes  of  this  plant 
exist  at  Barliyar,  where  they  grow  freely,  but  fruit 
sparingly.  About  sixty  young  plants  have  been 
raised  from  seed,  and  a large  number  of  cuttings 
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were  put  down  during  the  winter,  but  these 
have  not  done  well.  It  may  be  taken  as  certain 
that  Erythroxylon  ceca  will  thrive  well  in  many 
parts  of  Southern  India,  and  that  it  may  be  easily 
propagated  from  seed,  but  that  it  will  be  profitable 
for  the  European  planter  to  grow  it  upon  a large 
scale  is  a matter  upon  which  I entertain  much  doubt. 
Vast  tracts  of  country  in  South  America  are  cultivated 
with  this  plant,  and  an  almost  unlimited  quantity  of 
leaves  may  be  obtained  from  that  country  for  the 
purpose  of  manufacturing  the  valuable  alkaloid 
Cocaine.  Last  winter  this  alkaloid  is  said  to  have 
fetched  2s.  6d.  per  grain.  At  this  price,  could  it  have 
been  maintained,  its  cultivation  would  have  been 
productive  of  enormous  profits,  but  the  price  has 
since  declined  to  7d.  per  grain,  and  it  is  very  unlikely 
that  this  sum  will  be  realised  much  longer.  In  this 
opinion  Mr.  Thiselton  Dyer  concurs,  and  he  more- 
over wrote  a short  time  ago  to  caution  me  against 
being  too  sanguine  that  the  cultivation  would  be  a 
commercial  success,  or  advising  me  at  any  rate  to 
discount  very  largely  the  reports  which  had  been 
spread  abroad  about  it. 

Mr.  Hooper  has  analysed  three  samples  of  the 
leaves  taken  from  the  bushes  at  Barliyar.  In  his 
first  attempt  to  isolate  the  alkaloid  in  a crystalline 
state  he  was  unsuccessful ; in  his  second  attempt  he 
succeeded  in  obtaining  the  alkaloid  as  crystalline, 
but  with  an  admixture  of  some  acrid  principle  which 
rendered  it  useless  as  an  anaesthetic ; his  third  attempt 
ended  in  complete  success,  and  the  alkaloid  manu- 
factured by  him  has  been  used  and  approved  of  by 
Dr.  Brockman  in  his  surgical  ophthalmic  operations. 
Surgeon- General  Doctor  Furnell  reports  that  the 
simple  chewing  of  the  leaves  is  productive  of  relief 
in  cases  of  spasmodic  bronchial  coughs,  and  suggests 
that  Cocaine  should  entei  into  the  composition  of 
cough  lozenges.  Mr.  Hooper’s  analyses  show  that 
the  leaves  of  the  bushes  grown  at  Barliyar  are  very 
rich  in  the  aUcaloid,  as  he  extracted  from  them  | per 
cent. 

Erythroxylon  monogynuni. — The  leaves  of  this 
plant  are  said  to  have  been  largely  eaten  during  the 
famine  by  the  natives  of  several  districts  where  it 
grew  wild  in  abundance,  and  it  was  thought 
probable  that  the  leaves  of  this  plant  might  be 
found  to  contain  an  alkaloid  with  properties  similar 
to  that  which  is  obtained  from  the  Erythroxylon 
coca;  and  Dr.  Cornish  just  before  lie  left  India  wrote 
to  ask  me  to  have  the  subject  investigated.  As  the 
plant  does  not  grow  upon  these  hills,  I applied  to 
Mr.  Gamble  for  his  assistance,  and  he  has  sent  me 
several  small  consignments  of  the  leaves,  which  had 
been  collected  and  dried  by  Mr.  Higgins,  Deputy 
Conservator  of  Forests  in  the  Cuddapah  District. 
These  consignments  I handed  over  to  Mr.  Hooper, 
who,  after  his  analyses  of  them,  reports  that  they 
ontain  no  anaesthetic  property  at  all  analogous  to 
that  which  is  found  in  Erythroxylon  coca;  but  that 
they  do  contain  a bitter  and  a tonic  principle  which 
may  have  mitigated  the  pangs  of  starvation. 


Eucalyptus  Globulus  and  other  species. — During 
the  year  20  lb.  of  the  oil  of  the  leaves  of  the 
Eucalyptus  globulus  were  sent  to  the  INIadras 
Medical  Department.  The  latter  consignment  was 
sold  at  the  rate  of  Rs,  3-3-0 — 5 shillings  per  pound 
being  the  wholesale  English  quotation. 

The  processes  required  for  the  manufacture  of  the 
oil  are  very  simple  and  inexpensive,  and  I think  it  is 
a pity  that  those  who  have  large  plantations  of  these 
trees  should  not  endeavour  to  utilise  them  for  this 
purpose  as  well  as  for  fuel.  The  way  to  extract  the 
oil  is  as  follows  : — 

The  young  shoots,  having  perfectly  matured  but 
not  old  leaves,  are  passed  through  an  ordinary  chaff- 
cutter  and  cut  into  slips  not  exceeding  one  inch  in 
length ; the  smaller  the  chips  the  more  readily  is  the 
oil  extracted  from  them.  These  chips  are  then 
macerated  in  water  over  night  and  put  the  next 
morning  into  a stiU,  which  is  kept  boiling,  till  the 
greater  part  of  the  fluid  has  past  over  as  vapour.  This 
is  then  shaken  up  with  a little  common  salt  to  cause 
the  complete  separation  of  the  oil  from  the  water ; 
the  oil  is  then  decanted  from  the  water  and  passed 
through  a sheet  of  filtering  paper,  when  it  is  ready 
for  sale. 

Instead  of  passing  the  leaves  through  a chaff- 
cutter,  it  would  be  better  to  pass  them  through  some 
crushing  machine,  as  the  object  is  to  smash  up  the 
hard  cells,  which  surround  the  cavities  into  which 
the  oil  is  passed  by  the  secreting  cells.  I do  not 
know  of  such  a machine,  but  I should  think  that 
some  modification  of  the  old-fashioned  mangle  would 
prove  effective. 

Box. — This  at  an  elevation  from  5,000  to  7,500 
grows  more  vigorously  than  I have  ever  seen  it  do  in 
Europe,  and  I have  planted  a small  plot  of  ground 
near  the  jail  on  the  Dodabetta  estate  with  the  view  of 
finding  out  if  it  may  not  be  profitably  grown  to 
supply  the  wood  engraver’s  trade. 

Castilloa  elastica. — The  few  plants  of  this  rubber- 
yielding  tree,  which  were  put  out  two  years  ago  at 
Barliyar,  are  growing  grandly. 

Ceara. — This  fruits  freely  at  Barliyar,  and  the  seed 
appears  to  be  eaten  by  birds  and  deposited  in  the 
neighbouring  jungle,  for  young  plants  have  been 
found  growing  where  they  never  had  been  planted  by 
man.  If  this  is  so,  we  may  look  forward  to  the  Ceara 
rubber  tree  becoming  a denizen  of  our  ghat  forests. 

Waras. — I was  asked  last  year  by  Mr.  Thiselton 
Dyer  to  obtain  information  for  him  about  this  dye. 
This  I have  done,  and  from  specimens  which  I sent 
to  Kew  turns  out  to  be  the  ^xo^\xceoi  Elemingia 

Grahamiana  F.  congesta.  AVith  respect  to  the  dis- 
tinctive characters  of  these  two  species,  I pointed  out 
that,  after  studying  the  plants  in  their  living  condition, 
I did  not  think  them  sufficiently  constant  to  allow  of 
the  two  species  being  kept  separate,  and  in  this  opinion 
both  Mr.  Thiselton  Dyer  and  Professor  Oliver  now 
concur.  The  waras  yields  a beautiful  dye  when  applied 
to  animal  substances  such  as  silk  or  wool,  but  it  is 
inferior  as  a dye  when  used  for  the  purpose  of  colour- 
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ing  vegetable  products,  such  as  cotton  or  linen.  ISIr. 
Thiselton  Dyer  has  kindly  obtained  for  me  a London 
expert's  opinion  upon  the  value  of  luaras,  and  I 
regret  to  say  that  it  is  not  such  as  is  likely  to  lead 
one  to  believe  that  it  will  ever  become  an  object  of 
commercial  interest.  I may  mention  that  when  I 
was  in  Madras  last  winter,  I saw'  at  the  Agri- Horti- 
cultural Garden’s  flow'er-show'  a specimen  of  waras 
in  a native  dyer’s  collection  which  w'as  being  ex- 
hibited, and  from  which  it  w’ould  appear  that  waras 
is  not  unknown  as  a dye  in  India. 


Obituary. 


Edward  Solly,  F.R.S. — By  the  sudden  death, 
from  heart  disease,  of  Mr.  Edw'ard  Solly,  on  Friday 
2nd  inst.,  the  Society  of  Arts  loses  one  of  its 
oldest  members,  and  one  who  held  the  office  of 
Secretary'  at  the  period  this  yournal  w’as  first  started. 
Mr.  Solly  w’as  born  in  London  on  October  ir, 
1819,  and  w'as  educated  at  Berlin.  He  was  elected 
a member  of  the  Society  of  Arts  in  1838,  and  in  the 
same  year  he  w’as  appointed  Chemist  of  the  Royal 
Asiatic  Society.  In  1841,  he  was  Lecturer  on 
Chemistry  at  the  Royal  Institute,  and  Hon.  IMember 
of  the  Royal  Agricultural  Society  in  1842;  in  1843, 
he  was  elected  a Fellow  of  the  Royal  Society.  In 
1845,  he -was  appointed  Professor  of  Chemistry  in  the 
East  India  Company’s  Military  College  at  Addis- 
combe  ; and  in  the  following  year  Hon.  Professor  of 
Chemistiy’  to  the  Horticultural  Society.  His  work 
on  “ Rural  Economy,”  first  published  in  1843,  w^as 
issued  in  a third  edition  in  1850.  The  Royal 
Society’s  catalogue  of  scientific  papers  contains 
the  titles  of  a series  of  tw'enty-tw’O  papers  on  subjects 
connected  with  chemistry,  physics,  and  agriculture, 
WTitten  by  Mr.  Solly  from  1836  to  1849.  His 
first  paper  on  the  “ Conducting  Power  of  Iodine, 
Bromine,  and  Chlorine  for  Electricity  ” was  pub- 
lished in  the  “Philosophical  Magazine,”  in  1836, 
and  was  translated  into  German,  the  translation 
appearing  in  the  journals  of  Erdmann,  Liebig,  and 
Poggendorff.  He  delivered  in  1852  one  of  the 
lectures  on  the  results  of  the  Great  Exhibition,  his 
subject  being  vegetable  substances.  On  June  9,  1852, 
Mr.  Solly  was  appointed  secretary  of  the  Society  of 
Arts,  he  having  previously  resigned  his  seat  on  the 
Council  and  membership  of  the  Society.  On  May  4, 
1853,  he  resigned  his  office,  and  w'as  succeded  in  July 
by  the  late  Mr.  Le  Neve  Foster.  Since  that  time  Mr. 
Solly’s  studies  w’ere  more  especially  devoted  to 
English  literature,  and  he  became  one  of  the  greatest 
authorities  on  questions  respecting  the  period  of  Pope 
and  Swift.  He  was  a frequent  contributor  to  the 
Notes  and  Queries,  the  Bibliographer^  Antiquary, 
&c.,  and  was  one  of  the  founders  of  the  Index 
Society,  for  which  Society  he  compiled  a valuable 
“Index  of  Hereditary  Titles.” 


MEETINGS  OF  THE  SOCIE7Y. 
Ordinary  Meetings. 

Wednesday  evenings,  at  Eight  o’clock  : — 
April  14. — “The  Treatment  of  Sewage.”  By 
Dr.  C.  Meymott  Tidy.  Sir  Frederick  Abel, 
D.C.L.,  C.B.,  F.R.S. , will  preside. 

Foreign  and  Colonial  Section. 
Tuesday  evenings,  at  Eight  o’clock  : — 
April  13. — “The  Progress  of  the  British  Posses- 
sions in  the  last  quarter  of  a century.”  By  P.  L. 
SiMMONDS. 

May  6. — “ The  Commerce  and  Industries  of  New 
South  Wales.”  By  Edward  Combes,  C.M.G., 
President  of  the  Board  of  Technical  Education  of 
New  South  Wales.  Sir  Henry  Barkly,  G.C.M.G., 
K.C.B.,  F.R  S.,  will  preside. 


Applied  Chemistry  and  Physics  Section. 
Thursday  evenings,  at  Eight  o’clock: — 
May  13. — “The  Scientific  Development  of  the 
Coal  Tar  Colour  Industry.”  By  Professor  R. 
Meldola,  F.C.S. 


Indian  Section. 

Friday  evenings,  at  Eight  o’clock  : — 

May  7. — “Indian  Manufactures  from  a Prac» 
tical  Point  of  View.”  By  B.  H.  Baden 
Powell,  C.I.E.  The  Right  Hon.  Lord  Harris 
wiU  preside. 

May  21. — “Everyday  Life  of  Indian  Women,  as 
revealed  in  their  own  sayings.”  By  Capt.  Richard 
Carnac  Temple. 

The  above  dates  are  liable  to  alteration. 


Cantor  Lectures. 

The  Fifth  Course  will  be  on  “The  Arts  of 
Tapestry  Making  and  Embroidery.”  By 
Alan  S.  Cole. 

Lecture  II. — April  12. — Classical  allusions  to 
Decorated  Hangings — Method  of  making  Tapestries 
compared  with  that  of  simple  Weaving  and  Carpet- 
making— Textiles  of  Grseco-Egyptian,  Turcoman, 
modern  Japanese — Indications  of  Commerce,  Craft - 
Gilds,  and  organised  Factors  during  1st  to  12th 
Centuries  in  Europe,  Syria,  Persia — Application  of 
the  Tapestry-making  Process  to  Hangings — Anti- 
quity of  use  of  Hangings — Decorated  Textiles  used 
in  nth  and  12th  Centuries — Bayeux  Tapestry — 
Tapestry  from  St.  Gereon,  at  Cologne — Scheme  of 
its  Pattern  compared  with  that  shown  in  Sassanian 
Metal-work — Sicilian  Weavings — Italian  and  Ice- 
landic Embroideries — Early  mentions  of  Tapicers  and 
Tapissiers— Patronage  of  the  Burgundian  Dukes — 
Influence  of  Flemish  Paintings  upon  Designs  in  14th 
and  15th  Centuries — Spread  of  Tapestry-making  in 
other  European  Countries — Petrarch’s  Triumphs  in 
Books,  Furniture,  and  Tapestries  of  the  late  15th 
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and  i6th  Centuries — Tapestries  in  17th  Century — 
Gobelins — Mortlake — Resume. 


Additional  Lectures, 

Six  Elementary  Lectures  on  “ Electricity  ” 
will  be  delivered  by  Professor  George  Forbes, 
on  Saturday  afternoons,  at  Three  o’clock  : — 

Lecture  II. — April  10. — Currents  and  Resistance. 

Lecture  III. — May  i. — Magnetism. 

Lecture  VI. — May  8. — Electro-magnetic  Phe- 

nomena. 

Lecture  V. — May  15. — Induction. 

Lecture  VI. — May  22. — Electrical  Measurement. 

Tuesday  evenings,  at  Eight  o’clock  : — 

^‘Japanese  Art  Work.”  By  Ernest  Hart. 

Lecture  I. — May  4. — Japanese  Metal  Work. 

Lecture  II. — May  ii. — Japanese  Porcelain  and 
Pottery. 

Lecture  III. — May  18. — Japanese  Picture  Books 
and  Drawings. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  April  12. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Mr. 
Alan  S.  Cole,  “ The  Arts  of  Tapestry-making  and 
Embroidery,”  (Lecture  II.) 

Geographical,  University  of  London,  Burlington- 
gardens,  W.,  8^  p.m.  Capt.  Cyprian  A.  G. 
Bridge,  “Cruises  in  the  Western  Pacific,  in- 
cluding visits  to  the  Caroline  and  Marshall 
Islands.” 

British  Architects,  9,  Conduit- street,  W.,  8 p.m. 

Medical,  ii,  Chandos-street,  W.,  8^  p.m. 

Tuesday,  April  13. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Foreign  and  Colonial 
Section.)  Mr.  P.  L.  Simmonds,  “ Progress  of  the 
British  Possessions  in  the  Last  Quarter  of  a 
Century.” 

Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Professor  A.  Gamgee,  “ New  Function  of  Circula- 
tion.” (Lecture  VI.) 

Medical  and  Chirurgical,  53,  Berners -street,  Oxford- 
street,  W.,  8.^  p.m. 

Civil  Engineers,  25,  Great  George-street,  S.W., 
8 p.m  I.  Adjourned  discussion  on  Dr.  Percy  F, 
Erankland’s  paper,  “ Water  Purification  ; its 
Biological  and  Chemical  Basis.”  2.  Mr.  Henry 
Ward,  “Brickmaking.” 

Royal  College  of  Physicians,  Pall-mall  East,  S.W., 
5 p.m.  (Lumleian  Lecture.)  Dr.  W.  H.  Stone, 
“ The  Electrical  Conditions  of  the  Human  Body.” 
(Lecture  II  ) 

I’hotographic,  5A,  Pall-mall  East,  S.W  , 8 p m. 

Anthropological,  3,  Hanover-squarc,  W.,  8 p.m. 
I.  Mr.  H.  Ling  Roth,  “The  Origin  of  Agricul- 
ture.” 2.  Dr.  Hickson,  “ Notes  on  the  Sengirese.” 

Colonial  Institute,  St.  James’s  Banqueting-hall,  69, 
Regent -street,  W.,  8 p.m.  Mr.  Nevile  Lubbock, 
“ Our  West  Indian  Colonies.’’ 

Horticultural,  South  Kensington,  S.W.,  i p.m. 
Promenade  Show. 


Wednesday,  April  14. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Dr.  C.  Meymott  Tidy, 
“ The  Treatment  of  Sewage.” 

Hospitals  Association  (at  the  House  of  the  Society 
OF  Arts),  5 p.m.  Second  Annual  Meeting. 

Graphic,  University  College,  W.C.,  8 p.m. 

Microscopical,  King’s  College,  W.C  ,8pm.  Mr.  G. 
Masree,  “Structure  and  Evolution  of  the  Florideae.” 

Pharmaceutical,  17  Bloomsbury-square  W.C.,8p.m. 

Royal  Literary  Fund,  10,  John-street,  Adelphi, 
W.C.,  3 p.m.  Annual  Meeting. 

Naval  Architects  (at  the  House  of  the  Society  of 
Arts),  noon.  Annual  Meeting.  i.  Opening 
Address  by  the  President.  2.  Reading  of  papers 
and  discussions. 

Thursday,  Aprtl  15  . Naval  Architects  (at  the  House  of  the 
.Society  OF  Arts).  Annual  Meeting.  Morning  at 
noon  ; evening  at  7 p.m.  Reading  of  papers  and 
discussion  continued. 

Royal,  Burlington-house,  W.,  p.m. 

Linnean,  Burlington-house,  W.,  8 p.m.  i.  Mr.  F. 
P.  Pascoe,  “ New  Genera  and  Species  of  African 
Curculionidae.”  2.  Mr.  E.  F.  Im.  Thurm,  “Notes 
on  the  Plants  observed  during  the  Roraima 
Expedition.”  3.  Mr.  C.  E.  Broome,  “Fungi from 
Queensland.”  (Part  III.) 

Chemical,  Burlington-house,  W.,  8 p.m.  Ballot  Lr 
the  election  of  Fellows. 

Society  for  the  Encouragement  of  Fine  Arts,  9, 
Conduit-street,  W.,  8 pm.  Mr.  E.  P.  Loftus  Brock, 
“ Old  Engravings  of  the  Italian  School.” 

Parkes’  Museum  of  Hygiene,  74A,  Margaret-street, 
W.,  8 p.m.  The  Rev.  F.  Lawrence,  “ Eremacausis : 
Sanitary  Burials.” 

Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Prof.  Dewar,  “Electro  Chemistry.”  (Lecture HI.) 

Historical,  ii,  Chandos-street,  W.  8pm. 

College  of  Physicians,  Pall-mall  East,  S.W.,  5 p.m. 
(Lumleian  Lectures.)  Dr.  W.  H.  Stone,  “The 
Electrical  Conditions  of  the  Human  Body.” 
(Lecture  HI.) 

Numismatic,  4,  St.  Martin’s-place,  W.C.,  7 p.m. 

Cymmrodorion  Society,  27,  Chancery-lane,  W.C-,  8 
p.m.  Mr.  Egerton  G.  B.  Phillimore,  “ The  Welsh 
Historical  Triads.” 

Friday,  April  16. ..Naval  Architects  (at  the  House  of  the 
Sqciety  of  Arts).  Annual  Meeting.  Morning 
at  noon  ; evening  at  7 p.m.  Reading  of  papers  and 
discussion  continued. 

United  Service  Institute,  Whitehall  - yard,  S.W., 
3 p.m.  Major  E.  T.  H.  Hutton,  “Mounted 
Infantry:  (i.)  An  adjunct.  (2.)  An  auxiliary  to 
Cavalry.  (3.)  The  Volunteer  Force  in  its  relation 
to  Mounted  Infantry.  (4.)  Remounts  for  an  im- 
provised Mounted  Force.” 

Royal  Institution,  Albemarle-street,  W.,  8 p.m 
Weekly  Meeting,  g p.m.  Prof.  Sir  Henry  E 
Roscoe,  “ Recent  Progress  in  the  Coal  Tar 
Industries.” 

Philological,  University  College,  W.C.,  8 p.m.  Dr. 
C.  A.  M.  Fennell,  “Extracts  from  the  Stanford 
Dictionary  of  Imported  Foreign  Words  and 
Phrases,” 

Saturday,  April  17. ..Naval  Architects  (at  the  House  of 
THE  Society)of  Arts),  noon.  Annual  Meeting. 
Reading  of  papers  and  discussion  continued. 

Botanic,  Inner  Circle,  Regent’s -park,  N.W.,  3|p.m. 

Royal  Institution,  Albemarle-street,  W.,  8 p.ir. 
Professor  Oliver  Lodge,  “ Fuel  and  Smoke.” 
(Lecture  II.) 

Geologists’  Association,  2^  p m.  Visit  to  the  Museum 
of  the  Royal  College  of  Surgeons,  Lincoln’s-inn- 
fields.  Demonstration  on  Pierosaurta,  &c , by 
Prof.  Charles  Stewart. 
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No.  1,743.  VoL.  XXXIV. 
♦ 

BRIDAY,  APRIL  16,  1886. 


Ail  communicahons  fot  ihe  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelphi,  London,  JV.C. 


NOTICES. 

♦ 

ELECTRIC  LIGHTING  ACT 
AMENDMENT  (No.  z)  BILL. 

The  following  petition  was  presented  to  the 
House  of  Lords  on  Thursday,  15th  April,  by 
the  Duke  of  Abercorn,  C.B.,  Vice-President 
of  the  Society  : — 

To  THE  Right  Honourable  the  Lords 
Spiritual  and  Temporal  in  Parliament 
Assembled. 

The  Humble  Petition  of  the  Society  for  the 
Encouragement  of  Arts,  Maiiufactures, 
and  Commerce,  incorporated  by  Royal 
Charter, 

Sheweth  : — 

I,  A Bill  is  now  pending  in  your  Right 
Honourable  House,  under  the  above  short 
title,  whereby  it  is  proposed  to  amend  the 
27th  Section  of  the  Electric  Lighting  Act  of 
1882,  by  extending  the  term  for  compulsory 
purchase  by  local  authorities  from  the  maxi- 
mum of  twenty -one  years  therein  given  to 
thirty  years  ; or,  with  the  consent  of  the  local 
authority,  to  forty-two  years. 

- 2.  The  Act  of  1882  has  entirely  stopped  the 
development  of  electric  lighting  by  distribution 
from  a central  station  to  consumers  in  private 
houses  and  shops,  and  has  done  so  by  reason 
of  the  oppressive  conditions  set  forth  in  the 
said  27th  Section,  conditions  which  have  de- 
terred capitalists  from  embarking  in  under- 
takings which,  if  successful,  will  be  com- 
pulsorily taken  from  them  upon  terms  of  pay- 
ment such  as  must  of  necessity  return  to  them 
but  a small  portion  of  the  capital  embarked. 

3 The  Electric  Lighting  Amendment  Bill 


(No.  3)  does  not  remedy  these  conditions,  but 
simply  defers  the  date  of  compulsory  purchase. 

4.  Your  Petitioners  are  convinced  that  it 
will  be  impossible  to  raise  capital  under  the 
new  conditions  contained  in  the  Electric 
Lighting  Act  (1882)  Amendment  (No.  3)  Bill, 
as  it  has  been  proved  to  be  under  the  original 
Act  itself. 

5.  An  undertaking  for  electric  lighting 
distribution  must  of  necessity  be  one  of 
gradual  development,  needing  a gradual 
calling  up  of  capital,  through  a period  of  years 
as  the  work  developed,  but  as  each  year  that 
elapsed  would  leave  a diminished  period  of 
enjoyment,  it  would  be  impossible  to  obtain 
the  further  instalments  of  capital  needed  for 
such  development.  Any  amendment,  there- 
fore, of  the  Act  of  1882,  which  merely  extends 
the  time  of  purchase,  but  does  not  alter  the 
oppressive  conditions  on  which  that  purchase 
is  to  be  carried  out,  will  not  be  sufficient  to 
attract  capital  to  the  development  of  this  mode 
of  lighting,  a mode  that  possesses  so  many 
advantages,  and  which,  in  the  opinion  of  your 
Petitioners,  ought  to  have  a fair  trial. 

6.  Your  Petitioners  humbly  submit  that  any 
such  amendment  as  that  proposed  by  No.  3 
Bill,  as  also  any  other  provisions  short  of  the 
repeal  of  the  Electric  Lighting  Act  of  1882, 
will  be  wholly  illusory ; and  that  in  order  to 
attract  capital  by  dealing  fairly  with  the 
undertakers,  and  at  the  same  time  to  give  due 
protection  to  the  public,  an  Act  should  be 
passed  containing  such  provisions  as  those 
set  forth  in  the  Electric  Lighting  Act  (1882) 
Amendment  (No,  i)  Bill  already  referred  be- 
fore your  Right  Honourable  House. 

Your  Petitioners  therefore  humbly  pray  your 
Lordships  that  the  said  Electric  Lighting  Act 
(1882)  Amendment  (No.  3)  Bill  may  not  be 
allowed  to  pass  into  law,  and  that  the 
Petition  may  be  referred  to  the  Committee  of 
your  Right  Honourable  House,  to  whom  the 
Bill  has  been  referred,  or  that  such  other  relief 
may  be  given  to  your  Petitioners  in  the 
premises  as  your  Lordships  shall  deem  meet. 

And  your  Petitioners  will  ever  pray,  &c. 

Sealed  with  the  Seal  of  the  Society  j 
for  the  Encouragement  of  Arts,  j 
Manufactures,  and  Commerce,  ^ ( r„s.  ) 
this  13th  day  of  April,  1886,  I 
in  the  presence  of  ) 

(Signed) 

F.  A.  Abel, 

Chairinan  of  the  Council. 

H.  Trueman  Wood, 

Secretary  to  the  Society. 
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CANTOR  LECTURES. 

The  second  lecture  of  the  fifth  course  on 

The  Arts  of  Tapestry  Making  and  Em- 
broidery,” was  given  by  Mr.  Alan  Cole, 
on  Monday  evening,  12th  inst.  The  subject 
of  the  lecture  was  tapestry  making.  After 
explaining  how  the  term  ‘‘tapestry”  had 
been  used  in  two  senses,  the  one,  having 
reference  to  decorated  hangings  generally, 
the  other  to  a special  process,  the  lecturer 
described  the  process  in  detail.  He  then 
showed  diagrams  of  early  specimens  made, 
during  Graeco -Egyptian  times,  by  that  process. 
A considerable  series  of  diagrams  was  devoted 
to  illustrate  the  predominance,  during  the 
period  from  the  4th  to  the  13th  centuries,  in 
woven  and  embroidered  textiles,  of  a scheme 
of  pattern  (composed  of  circular  band  en- 
closing birds  and  beasts).  The  earliest  known 
tapestry-made  hanging  was  wrought  with 
such  a pattern.  It  was  a long  and  narrow 
hanging,  and  in  this  respect  corresponded 
with  the  long  and  narrow  embroidery  of 
the  nth  century,  known  as  the  “ Bayeux 
tapestry.”  It  came  from  the  church  of 
Saint  Gereon,  at  Cologne,  and  parts  of 
it  were  now  preserved  in  various  museums. 
The  fashion  of  long  and  narrow  bands  with 
patterns  of  figure  designs  illustrative  of  re- 
ligious, chivalric,  and  domestic  episodes, 
survived  into  the  fifteenth  century.  But  towards 
the  middle  of  the  fourteenth,  a change  in  size 
and  shape  of  hangings  (tapestry  made)  had 
taken  place.  The  lecturer  alluded  to  the 
principal  centres  of  tapestry-making  as  they 
had  existed,  and  showing  how  change  in 
character  of  design  and  treatment  from  the 
time  of  Ratfaelle  had  led  to  the  attempted 
realisation  of  pure  painting  effects  in  tapestries, 
like  those  of  Gobelins.  He  concluded  by  dis- 
playing diagrams  of  one  of  the  famous  Rheims 
tapestries  (early  i6th  century)  of  the  siege 
of  Soissons,  and  two  of  the  set  of  “ Petrarch’s 
Triumph  ” tapestries,  specimens  of  which  are 
at  South  Kensington  Museum  and  Hampton 
Court  Palace. 

The  lectures  will  be  printed  in  the  Journal 
during  the  summer  recess. 


WESTGARTH  ESSA  YS. 

The  three  essays  by  W.  Woodward,  H.  H. 
Bridgman,  and  J.  Corbett,  to  which  the  prizes 
offered  by  Mr.  William  Westgarth  were 
awarded  by  the  Society  of  Arts  in  1885,  are 


now  published  under  the  title  of  “ Essays  on 
the  Street  Re-alignment,  Re-construction, 
and  Sanitation  of  Central  London,  and  on  the 
Re- housing  of  the  Poorer  Classes.”  The 
volume  is  published  by  George  Bell  and  Sons 
at  15s.,  but  copies  can  be  obtained  by  members 
of  the  Society  of  Arts  for  los.  each,  on  applica- 
tion to  the  Secretary. 


Proceedings  of  the  Society. 


APPLIED  CHEMISTRY  PHYSICS 
SECTION. 

Thursday,  April  8,  1886;  Sir  Frederick 
Abel,  C.B.,  F.R.S.,  D.C.L.,  Chairman  of 
Council,  in  the  chair. 

The  paper  read  was — 

ASBESTOS  AND  ITS  APPLICATIONS. 
By  James  Boyd. 

“Asbestos”  is  derived  from  a Greek  word 
meaning  unconsumable.  It  is  found  in  the 
serpentine  formation,  and  seems  pretty  gene- 
rally diffused  over  the  surface  of  the  globe. 
I have  had  samples  of  it  submitted  to  me 
from  Cornwall  and  Aberdeenshire,'  as  also 
from  Portugal,  Spain,  Savoy  in  France, 
the  island  of  Corsica  — which  I explored 
in  search  of  it — Switzerland,  Germany, 
Greece,  Turkey,  and  Norway;  and  recently, 
in  reading  Victor  Hugo’s  “Outlaw  of  Ice- 
land,” I noticed  the  author,  in  describing  the 
mineral  wealth  of  the  island,  states  “ asbestos 
at  Sund  Moer.”  I have  also  seen  samples 
from  the  Ural  Mountains,  from  Japan,  Aus- 
tralia, South  Africa,  and  South  America,  but 
none  of  these  are  of  any  commercial  value. 

Asbestos,  as  at  present  used  for  manufac- 
turing purposes,  is  obtained  either  from  Italy 
or  Canada.  The  first  named  country  is  that 
from  which  it  was  first  received  for  manufac  - 
turing  purposes  in  this  country,  and  being 
the  one  with  which  I am  most  intimately 
acquainted,  I propose  to  give  you  a brief 
outline  of  the  different  varieties  there  found, 
where  discovered,  in  what  formation,  and  the 
mode  of  extraction. 

Of  Italian  asbestos  there  are  three  distinct 
varieties,  viz.,  the  grey,  which  has  a long 
strong  fibre,  and  is  saponaceous  to  the  touch  ; 
the  flossy,  which  has  a smooth,  silky  appear- 
ance, but  is  dry  to  the  touch;  and  asbestos 
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powder,  which,  while  possessing  all  the  heat- 
resisting  properties  of  the  preceding,  crumbles 
into  powder  when  crushed.  Samples  of  all  the 
three  varieties  are  to  be  seen  on  the  table. 

The  grey  fibre  is  found  principally  in  two 
Alpine  valleys,  viz.,  the  Valtellina  and  the 
Valley  of  Aosta.  To  reach  the  former  we 
start  from  Milan  or  Como,  sail  up  Lake  Como 
to  Colico,  there  take  the  railway  recently 
opened,  which  runs  nearly  parallel  with 
the  River  Ada  along  a valley  bounded  on 
either  side  by  high  mountains  to  Sondrio,  the 
chief  town  of  the  province,  where  we  stay 
overnight  in  a very  good  hotel,  or  we  can 
take  a one-horse  “char-a-banc,”  and  go  on 
to  Chiesa  in  Val  Malenco,  where  there  is 
also  a good  hotel.  Chiesa  stands  3,400  feet 
above  the  sea  level,  and  forms  a convenient 
centre  for  visiting  the  asbestos  mines,  in  which 
the  valley  is  rich.  At  Chiesa  carriage  roads 
and  bridle  paths  cease,  and  anyone  desirous  of 
visiting  the  mines  must  trust  to  his  feet. 
Leaving  Chiesa,  and  going  nearly  due  east, 
we  arrive  in  half  an  hour  at  Lanzada,  a 
straggling  village,  and  another  two  hours* 
walk,  or  rather  scramble  over  a road  princi- 
pally composed  of  loose  boulders,  brings  us  to 
a point  where  the  valley  seems  quite  shut  in, 
whilst  to  our  right  the  torrent  comes  foaming 
through  a narrow  split  in  the  rock,  and  high 
above  us,  but  further  to  our  right,  we  see  the 
high  tableland  of  Acqua  Nera,  the  face  of  which 
seems  scored  with  grey  streaks  which,  on  a 
closer  inspection,  prove  to  be  workings  for 
asbestos. 

Going  a few  steps  ahead,  we  discover  to  our 
left  a narrow  split  in  the  mountain,  and  up 
this,  by  short  zigzags,  we  make  an  ascent  of 
about  600  feet,  and  then  along  a rising  path 
amongst  stunted  pines  we  find  the  first  asbestos 
mine.  Here  in  the  centre  of  a valley,  about 
5,500  feet  above  the  level  of  the  sea,  we  find  a 
serpentine  rock  about  500  feet  in  length  by 
about  100  feet  broad  and  as  many  high. 

The  asbestos  w'as  first  discovered  near  the 
top  of  this  rock,  and  on  being  worked,  followed 
a nearly  horizontal  direction  through  it.  Before, 
however,  the  rock  w'as  pierced  from  side  to  side, 
it  changed  to  a nearly  vertical  formation,  and 
went  down  into  the  rock  almost  like  a cork- 
screw, forming  a rough  circle  of  about  35  feet 
diameter.  This  was  worked  from  above  for  a 
certain  distance,  and  then  a gallery  was  driven 
to  tap  it  underneath,  and  this  process  has 
been  twice  repeated,  until  at  present  we  find 
this  part  of  the  rock  internally  a cavity  of 
about  50  feet  diameter  by  100  feet  high,  with 


the  daylight  showing  from  the  crevices 
above. 

The  asbestos  still  continues  downwards,  but 
a long  and  rather  expensive  tunnel  will  require 
to  be  made  before  it  can  be  further  worked. 
Turning  to  our  right  from  this  point,  and 
crossing  a slight  elevation,  we  find  ourselves 
looking  down  into  Val  Brutta,  which  lies 
600  feet  below,  with  a glacier-fed  torrent  foam- 
ing in  its  midst.  We  have  hardly  commenced 
the  descent  into  this  valley,  when  we  come  on 
a large  excavation  in  the  face  of  the  rock, 
perhaps  100  feet  broad  by  120  high,  cut  in 
every  direction  by  thin  seams  of  asbestos,  which 
seem  to  start  as  from  a centre  and  spread  out 
in  every  direction,  and  these  again  are  traversed 
by  thin  seams  both  horizontally  and  diagon- 
ally. Entering  into  the  rock,  these  seams 
generally  converge  to  a centre,  where  the 
various  thin  seams  unite  themselves,  and  here 
a pocket  of  a ton  or  a ton  and  a-half  of  asbestos 
may  be  found,  and  then  all  appearance  of  its 
presence  ceases.  Continuing  to  work  inwards, 
the  seams  generally  re-appear  and  spread 
themselves  out  as  before.  From  the  fact  that 
there  is  no  regular  seam,  but  that  it  is  mixed  all 
through  the  rock  as  before  described,  there  is 
no  course  save  to  blast  the  rock  to  pieces  by 
dynamite,  and  very  many  tons  of  rock  have  to 
be  dislodged  before  a ton  of  asbestos  is  got. 
A good  discharge  for  the  debris  is,  therefore, 
an  important  element  in  deciding  on  the  open- 
ing of  a working,  and  in  the  mine  in  question 
the  pieces  of  rock  go  thundering  down  at  least 
250  feet,  and  many  find  their  way  into,  and 
some  leap  across,  the  torrent. 

Near  this,  and  on  a slightly  higher  level, 
was  found  a seam  of  asbestos,  about  6 inches 
deep  by  5 inches  broad,  but  of  such  exceeding 
fineness,  that  it  was  judged  profitable  to  follow 
it  up,  and  to  obtain  it,  make  a tunnel  about 
6 feet  square.  A sample  is  on  the  table. 

Still  lower  down,  and  near  the  bottom  of  the 
valley,  various  seams  of  fine  fibre  were  dis- 
covered, and  these,  on  being  worked,  were 
found  to  follow  a semi-circular  direction, 
entering  a good  way  into  the  mountain  side, 
and,  finally  changing  course,  came  again  to  the 
outside,  leaving  a large  isolated  rock  in  the 
centre.  In  1881,  this  working  produced  so 
little  that  I had  given  orders  to  abandon 
it,  but  before  this  was  done  I paid  it  a 
visit,  and  ordered  a pretty  heavy  bore  to 
be  made  with  a corresponding  charge  of 
dynamite,  the  result  being  that,  when  the 
charge  was  fired,  the  piece  of  asbestos  in  the 
case  behind  was  thrown  out  with  other  pieces. 
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and  I need  hardly  say  the  mine  was  not  then 
abandoned,  nor  is  it  yet. 

This  is  the  finest  piece  of  asbestos  I 
have  ever  seen,  whether  as  regards  strength 
or  fineness  of  fibre.  Asbestos  is  found 
all  over  the  rocks  which  form  the  north 
side  of  this  valley,  and  are  worked  in  many 
points ; but  the  workings  to  which  reference 
has  been  made  may  be  regarded  as  types  of 
the  whole. 

Reference  has  also  already  been  made  to 
Acqua  Nera,  which  is  6,500  feet  above  sea-level, 
and  its  whole  western  face  is  composed  of  rock 
which  is  rich  in  asbestos,  but  here  the  seams 
follow  a nearly  vertical  direction.  In  many 
instances  it  has  been  discovered  in  such  posi- 
tions that  the  preliminary  operations  for  work- 
ing have  been  carried  out  by  men  let  down 
from  above  by  ropes,  who,  in  this  position, 
have  bored  the  first  holes  for  forming  a work- 
ing platform.  I can  state  from  personal 
experience  that  it  is  not  very  comfortable  nor 
reassuring  to  look  300  feet  below  you,  and  to 
feel  that  there  is  only  a hemp  rope  between 
your  remaining  suspended  or  going  down 
below. 

Leaving  Val  Brutta  and  going  nearly  due 
north,  in  about  two  hours  we  enter  the  valley 
of  Scierscien.  This  is  a narrow  valley  with 
high  rocks  on  either  side,  and  in  its  centre  a 
torrent  which  descends  from  the  Pitz  Bernina 
glacier. 

The  rocks  are  about  200  feet  high,  and  to 
the  very  top  present  the  appearance  of  having 
been  ground  smooth  either  by  the  action  of 
water  or  glacier,  and  in  them  asbestos  is  found 
almost  everywhere.  In  one  spot,  6,500  feet 
above  the  sea-level,  a very  large  number  of 
seams  of  it  were  found  near  the  base  of 
one  of  these  rocks,  and  on  being  worked, 
formed  an  almost  perfect  circle.  In  the 
centre  the  rock  was  quite  friable  and  soft,  and 
the  asbestos  of  poor  quality,  whilst  at  the 
circumference  the  rock  was  very  hard  and  the 
asbestos  of  fine  quality. 

In  this  district  asbestos  is  found  of  fine 
quality  up  to  ten  thousand  feet  above  sea- 
level,  and  it  is  occasionally  worked  at  this 
elevation ; but  in  some  years  these  seams 
remain  buried  in  snow.  Keeping  up  this 
valley,  in  about  twenty  minutes  we  arrive  at 
the  foot  of  the  immense  glacier  which  descends 
from  the  Pitz  Bernina,  and  here  we  turn  to 
the  left,  and,  making  a long  and  fatiguing 
ascent  over  stone  boulders  and  snow,  we  reach 
the  Pass  of  Entova,  and  descending  in  a 
nearly  due  easterly  direction,  we  come  to  the 


asbestos  mines  in  the  valley  of  Entova,  7,000 
feet  above  sea-level,  but  which  call  for  no 
special  notice.  There  are  also  numerous 
workings  in  the  mountains  called  Sasso  Nero 
(black  rock),  at  an  elevation  of  8,000  feet. 
In  passing,  I would  point  out  that  any- 
one following  this  itinerary,  and  willing  to 
find  himself  on  the  top  of  the  Monte  Motta, 
about  8.000  feet  high,  on  a clear  morning,  can 
enjoy  a view  probably  unequalled  in  the  Alps. 
Beginning  at  the  south-east,  the  eye  can  trace 
an  unbroken  line  of  glacier  from  the  Pizzo 
Scalino  north  to  the  Pitz  Bernina,  then  west 
to  the  Muretto,  and  then  south,  and  terminat- 
ing in  the  Monte  della  Disgrazia,  12,000  feet 
high.  At  the  base  of  Monte  Motta,  in  a dense 
pine  wood,  is  the  beautiful  little  Lake  Palu, 
which  will  repay  a visit.  If,  instead  of  going 
eastward  from  Chiesa,  we  turn  west,  we  begin 
a rapid  ascent,  which,  in  three  hours,  brings 
us  into  the  valley  of  Guimellino,  in  which  are 
found  many  asbestos  workings  at  about  7,000 
feet  above  sea-level;  and  going  northwards, 
over  the  Monte  Lagazzolo  and  Monte  Girosso, 
many  other  workings  are  found  all  about  the 
same  level.  As  the  result  of  long  observation, 
both  on  my  own  part  and  on  that  of  the  Com- 
pany’s Italian  empployes,  the  following  conclu- 
sions have  been  arrived  at,  viz.  : — . 

1.  That  asbestos  of  good  quality  is  only  to 
be  found  in  the  serpentine  formation.  A fine 
seam  of  asbestos  was  found  four  years  ago  in 
a quartz  formation  which  seemed  to  upset  this 
conclusion,  but  it  proved  just  as  we  suspected, 
that  the  quartz  was  only  superficial,  and  before 
six  feet  of  rock  had  been  blasted  away  the 
serpentine  began  to  crop  through.  A piece  of 
this  asbestos  wfith  rock  attached  is  on  the 
table. 

2.  That  if  asbestos  be  found  on  the  face  of 
a rock  exposed  either  to  the  south  or  west  the 
product  is  generally  fairly  abundant  and  of 
good  quality.  If  exposed  to  the  east,  there  is  fine 
quality  but  very  small  quantity,  whilst  if  ex- 
posed to  the  north,  the  quantity  is  plentiful  but 
dry  and  hard,  and  on  entering  into  the  rock  all 
traces  of  it  are  lost. 

When  asbestos  is  first  found  in  any  new 
place,  generally  the  only  superficial  indication 
is  that  the  cracks  in  the  rocks  are  filled  with  a 
white  powdery  substance.  When  the  surface 
is  broken  up,  this  usually  changes  into  a 
leathery-looking  substance,  and  entering  still 
further,  the  true  asbestos  fibre  may  be  found, 
but,  unfortunately,  is  not  always  found.  It 
has  been  my  fortune,  on  one  or  two 
occasions,  to  discover  in  time  a process  which 
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I believe  in  America  is  called  “salting.” 
In  the  case  of  asbestos,  the  “ salting”  con- 
sisted in  driving  in  fine  asbestos  fibre  into  the 
cracks  of  the  rock,  and  trying  to  make  it 
look  like  real  formation.  In  one  instance 
which  came  under  my  notice,  two  hundred 
pounds  were  paid  for  the  right  of  extracting 
asbestos  from  a rock  so  treated;  the  result 
need  not  be  described. 

As  to  the  formation  of  asbestos  I have 
heard  many  theories  advanced,  but  I have  to 
confess  that  I have  none  to  offer. 

Having  dwelt  at  such  length  on  the 
Valtellina  mines,  I feel  constrained  more 
briefly  to  notice  those  of  the  Val  d’ Aosta. 
Starting  from  Turin,  we  take  the  railway  to 
Jvrea,  from  whence  in  a short  time  we  shall  be 
able  to  continue  our  journey  by  rail  to  St. 
Vincent,  in  Val  d’ Aosta,  a place  greatly 
resorted  to  in  summer  for  its  mineral  waters. 
Asbestos  is  found  over  great  part  of  the  Val 
d’ Aosta,  but  the  district  in  which  it  is  found  of 
good  quality  and  in  workable  quantity  lies 
between  the  valley  of  Challand  and  Val  Tour- 
nanche,  which  leads  up  to  the  Matterhorn. 
Here  asbestos  is  found  at  a much  lower  eleva- 
tion than  in  Valtellina,  seldom  exceeding 
6,000  feet,  and  the  mines  are  either  in  pine  or 
chestnut  woods,  or  amongst  meadows.  The 
workings  are  either  exposed  to  the  south  or 
south-west,  and  the  formation  generally  is  what 
I have  described  in  the  Valtellina. 

The  following  analysis,  by  Professor  Barff, 
may  be  regarded  as  typical  of  Italian  asbestos 
fibre,  whether  of  the  Valtellina  or  Valley  of 
Aosta : — 


Italian  Asbestos. 

Analysis  by  Professor  F.  S.  Barff,  M.A. 

A sample  of  Italian  asbestos  fibre,  delivered  to 
me  by  the  United  Asbestos  Company  for  analysis, 
contains  : — 

Per  cent. 


Lime  and  magnesia  . . ..  ..  37*84 

Silica 41-69 

Oxide  of  iron . . ..  ..  ,,  3-01 

Potash  0*85 

•Soda 

Alumina  ..  ..  ..  2*57 


Moisture  e^’aporated  at  ioo»  C.  ..  3*04 

Loss  on  heating  to  white  heat,  water 

of  hydration,  and  organic  matter  9*56 


L^s 


99-97 

•03 


100*00 

This  asbestos  contains  nothing  injurious  to  metal 
with  which  it  comes  in  contact  when  used  in  con- 


I nection  with  machinery,  and  the  special  character  of 
Italian  asbestos  renders  it  vastly  superior  to  that 
found  in  Canada. 

(Signed)  Fredk.  S.  Barff,  M.A., 

Christ’s  Coll,  Camb  , 

Fellow  of  the  Institute  of  Chemistry  of  Great  Britain 
and  Ireland ; late  Professor  of  Chemistry  to 
the  Royal  Academy  of  Arts. 

I have  dwelt  thus  at  length  on  the  grey 
Italian  asbestos  because  it  forms  the  material 
for  so  many  different  branches  of  manu- 
facture ; and  I now  pass  on  to  notice  the 
second  variety,  viz.,  floss  asbestos.  Traces  of 
this  are  found  both  in  the  Valtellina  and  Val 
d’ Aosta,  but  so  far  none  of  serviceable  quality 
has  been  found  in  these  valleys.  It  is  found 
and  worked  in  part  of  the  chain  of  mountains 
that  bound  the  valley  leading  from  the  town 
of  Susa  to  Turin,  and  at  an  elevation  of  about 
8,000  feet  above  sea-level.  It  is  generally 
found  in  thicker  seams  than  the  grey  fibre,  and 
the  seams  are  generally  horizontal,  and  dip 
rapidly  as  you  enter  into  the  rock.  There  is 
always  a very  large  quantity  of  short  powdery 
matter  found  along  with  it  which  is  of  little 
value,  and  often  the  centre  of  a piece 
of  it  contains  pieces  of  quartz ; a speci- 
men of  this  is  on  the  table.  On  the  table 
are  also  to  be  seen  various  objects  which  have 
been  found  amongst  it,  and  some  of  which,  in 
my  opinion,  must,  at  some  time  or  another,  ^'ave 
belonged  to  the  vegetable  kingdom.  These 
are  not  of  sufficient  importance  to  call  for  a 
lengthy  notice,  but  an  analysis  gives  results 
not  widely  different  from  those  of  Professor 
Barff  with  grey  fibre. 

Of  this  floss  fibre  there  are  many  varieties, 
such  as  mountain  cork,  mountain  leather,  &c., 
but  these,  whilst  curious  to  look  at,  have  not  at 
present  any  commercial  value. 

Asbestos  Powder. — This  is  found  in  the  same 
range  of  mountains  as  the  floss  fibre,  but  at  a 
much  lower  elevation,  viz.,  about  5,000  feet 
above  sea-level.  It  was  first  brought  to  light 
by  a large  landslip,  which  exposed  to  view  a 
seam  of  it  about  three  feet  broad  by  one  thick, 
which  entered  into  the  base  of  a hill.  When 
first  noticed  it  was  of  a pasty  consistency,  but 
on  exposure  to  the  air  crumbled  into  powder. 
A quantity  of  it  was  excavated  and  sent  to 
Englahd,  as  it  happened  just  at  the  time 
when  an  inventor  was  in  search  of  such  a 
material,  and  the  result  will  be  referred  to 
further  on. 

With  the  formation  and  working  of  Canadian 
asbestos  I have  no  practical  acquaintance, 
and  the  following  observations  are  based  on 
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data  kindly  furnished  by  Mr.  Irwin,  of  the 
Anglo-Canadian  Asbestos  Company,  of  Can- 
non-street. 

In  Canada,  asbestos  is  mined  only  in  the 
province  of  Quebec,  as  although  in  the  pro- 
vinces of  Ontario  and  Nova  Scotia  traces  or 
indications  have  been  found,  these  have  never 
been  of  such  a kind  as  to  warrant  any  attempts 
being  made  to  work  it. 

In  the  province  of  Quebec  the  workable  de- 
posits are  found  entirely  in  what  are  known 
as  the  eastern  townships,  which  are  on  or  in 
close  proximity  to  the  line  of  the  Quebec 
Central  Railway,  which  runs  from  Sherborne 
to  Levis,  on  the  south  shore  of  the  St.  Law- 
rence river  and  nearl}'’  opposite  the  City  of 
Quebec.  The  formation  of  that  part  of  the 
province  is  metamorphic,  and  the  asbestos  is 
found  in  a belt  of  serpentine  which*  extends 
from  the  township  of  Broughton  on  the  north- 
east, to  that  of  Ham  on  the  south-west,  and 
includes  the  townships  of  Thetford,  Coleraine, 
Ireland,  and  Wolfreston. 

In  the  township  of  Broughton  there  is  a 
small  deposit  of  asbestos  of  very  long  and  fine 
fibre,  but  the  seams  are  so  few  and  uncertain 
that  it  cannot  be  worked  to  a profit,  whilst  on 
the  south-west  ends  the  seams  found  are  so 
much  mixed  with  foreign  substances,  such  as 
chrome  iron,  that  they  cannot  be  worked  on 
account  of  the  great  cost,  and  the  poor  quality 
of  the  asbestos.  Practically,  therefore,  it  may 
be  stated  that  the  mining  of  asbestos  is 
confined  to  the  townships  of  Thetford  and 
Coleraine. 

In  close  proximity  to  the  station  of  Thetford 
are  the  only  producing  properties,  four  in 
number,  that  are  to  be  found  in  that  town- 
ship, and  the  principal  amongst  them  are 
the  property  of  the  Asbestos  Packing  Company 
of  Boston,  who  send  all  the  product  of  their 
mines  to  their  manufactory  at  Boston. 

In  the  township  of  Coleraine  there  are 
only  three  producing  properties,  two  of  which 
are  owned  by  the  Anglo-Canadian  Com- 
pany of  London.  The  whole  district  in  which 
asbestos  is  thus  mined  has  a radius  of  about 
ten  English  miles. 

The  asbestos-bearing  lode  of  serpentine 
varies  in  width  from  10  to  100  feet,  and  in 
many  parts  contains  innumerable  veins  of 
asbestos  varying  from  an  eighth  of  an  inch  up 
to  four  inches  thick,  which  cross  and  re-cross 
each  other  in  every  direction  and  at  every 
angle.  Frequently  several  veins  are  found 
parallel  to  each  other,  being  only  separated 
ty  thin  layers  of  chrome  ore.  The  outcrop  of 


the  veins  are  generally  impure,  containing 
oxide  of  iron,  and  instead  of  being  fibrous 
are  like  leather,  but  a few  feet  in,  this  dis- 
appears, and  the  veins  are  of  a beautiful 
greenish  white  colour.  The  mining  of  asbestos 
is  wholly  conducted  by  opencast  or  quarr}'ing. 

One  curious  feature  of  Canadian  asbestos  is, 
that  although  fire-resisting,  and  in  no  way 
affected  by  acids,  it  is  very  easily  damaged  if 
exposed  to  rain  or  water  in  its  crude  state  ; 
and  a few  days  ago  I was  shown  some,  which 
having  got  wet,  had  become  hard  almost  like 
a piece  of  wood.  The  following  may  be  re- 
garded as  an  average  analysis  of  Canadian 


asbestos : — 

Lime  and  magnesia 33*20 

Silica  40*90 

Oxide  of  iron 5*75 

Potash  traces 

Soda  *68 

Alumina 6*  60 

Loss  on  heating  to  white  heat,  water 

of  hydration,  and  organic  matter  12*50 

Chlorine  *25 


99*88 

Application  of  Asbestos. 

The  valuable  fire-resisting  properties  of 
asbestos  has  been  long  known.  In  the 
history  written  by  Marco  Polo  of  his  travels 
and  adventures  in  China,  in  the  latter  half 
of  the  13th  century,  we  find  him  mention- 
ing an  incombustible  cloth  which  was  said 
to  be  made  from  the  skin  of  the  sala- 
mander, a serpent  which  could  exist  in  the 
fire,  but  which,  on  examination,  he  found 
was  made  from  a fibrous,  mineral,  viz., 
asbestos,  and  he  goes  on  to  detail  its  treat- 
ment and  manufacture. 

I have  also  seen  in  the  Vatican  a 
piece  of  abestos  cloth,  which,  however,  seemed 
to  have  some  foreign  fibre  mixed  with  it, 
probably  in  order  to  facilitate  the  spinning. 
Some  think  this  was  one  of  those  napkins 
which  are  said  to  have  been  used  by  popes 
and  emperors  to  astonish  their  guests  by 
throwing  it,  when  soiled,  on  the  fire,  which 
cleansed  it  from  its  impurities^  This  may 
have  been  possible  with  the  charcoal  fires 
then  in  use,  but  with  our  coal  fires  it  would 
probably  be  further  soiled,  rather  than  purified 
by  such  treatment.  Others  there  are  who 
assert  that  these  cloths’^ere  used  by  the 
Greeks  in  cremating  their  dead,  so  as  to  keep 
the  remains  of  the  body  from  mixing  with  the 
fuel. 

Either  or  both  these  theories  may  be  correct. 
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The  asbestos  from  which  these  cloths  were 
made  is  generally  supposed  to  have  been 
found  at  Paphos,  in  the  Island  of  Cyprus. 
From  the  year  1850,  various  attempts  were 
made  by  Italians  to  utilise  the  asbestos,  so 
plentiful  in  their  mountains,  but  these  were 
chiefly  directed  to  manufacturing  it  into  cloth, 
and  chief  amongst  those  who  did  this  was  the 
Chevalier  Aldini. 

Amongst  those  who  were  the  means  of  bring- 
ing asbestos  within  the  pale  of  mechanical 
application  was  the  Italian  priest  Guiseppe 
della  Coronna,  a native  of  Florence,  whom 
I had  the  pleasure  of  knowing.  After  many 
experiments  he  had,  about  1870,  succeeded 
in  making  asbestos  into  millboard  and  paper 
of  very  good  quality. 

About  the  same  lime  some  Americans  had 
succeeded  in  manufacturing  the  Italian  as- 
bestos into  packings  for  piston  glands  ; and  in 
1872,  a company  was  formed  at  Glasgow,  called 
the  Patent  Asbestos  Manufacture  Company 
Limited,  for  the  purpose  of  making  piston 
packings  according  to  the  American  invention. 
This  company  also  made  a contract  with 
the  Italian  millboard  manufacturer  for  his 
make  of  millboard,  and  to  it  belongs  the  merit 
of  having  first  offered  asbestos  in  a form 
suitable  for  the  engineer. 

This  company  adopted  as  its  trade  mark 
the  salamander  in  a fierce  fire,  but  whether 
in  reference  to  Marco  Polo  or  not,  I am 
not  aware.  A sample  of  the  packing  of  1873 
is  on  the  table,  and,  as  maybe  seen,  consisted 
of  a core  of  asbestos  fibre  consolidated  by 
special  machinery,  and  braided  over  with  cotton 
to  hold  it  together.  That  this  was  a crude 
and  imperfect  way  of  applying  asbestos  is 
apparent,  still  some  wonderfully  good  results 
were  obtained  from  its  use,  as,  for  instance,  in 
the  Anchor  Line  s.s.  Anglia,  the  engineer  of 
which  stated  that  “the  packing  had  proved 
highly  satisfactoryq  having  been  in  use  while 
the  vessel  steamed  24,000  miles.”  The  rod 
was  in  beautiful  condition,  and  the  gland  was 
only  screwed  up  a turn  at  the  end  of  each 
voyage. 

Prior  to  1880,  I had  been  for  a number 
of  years  interested  in  and  connected  with  this 
company,  and  in  that  year,  by  its  fusion  with 
the  asbestos  business  of  Furse  Brothers 
and  Co.,  of  Rome,  and  the  Italo-English 
Pure  Asbestos  Company,  was  formed  the 
United  Asbestos  Company,  Limited,  with  which 
I am  still  connected. 

In  further  dealing  with  the  subject,  it  is 
my  intention  to  notice  the  various  develop- 
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ments  of  asbestos  for  packing  and  jointing 
purposes,  and  thereafter  the  other  uses  to 
which  the  material  has  been  applied. 

Packing. — The  rapidly  increasing  favour 
with  which  high  pressure  steam  is  regarded  by 
engineers,  has  necessitated  the  use  of  packing 
fitted  to  resist  the  higher  temperatures  and 
pressures,  and  as  the  heat-resisting  properties 
of  asbestos  indicate  it  as  a suitable  material, 
manufacturers  of  asbestos  goods  were  stimu- 
lated to  devise  improved  methods  of  manu- 
facture so  as  to  meet  the  altered  conditions  of 
things,  and  the  forms  in  which  asbestos  pack- 
ings are  now  to  be  found  are  numerous. 

Samples  of  the  different  varieties  are  to  be' 
seen  on  the  table,  and  I need  do  little  more 
than  enumerate  them. 

First  of  all,  we  have  yarn  composed  of  a 
single  thread,  or  it  may  be  of  three,  six,  or  nine 
threads  softly  twisted  together,  and  which  is 
largely  used  for  packing  small  glands,  taps, 
&c.,  and  is  found  of  great  use  by  engineers. 

Then  we  have  the  ordinary  braided  packings 
composed  of  parallel  strands  of  thread  forming 
a core,  over  which  asbestos  threads  are  braided 
or  plaited  and  form  the  rubbing  surface. 

This  packing  can  also  be  had  of  a square 
instead  of  a round  section.  These  are  the 
packings  in  everyday  use,  and  for  engines 
using  steam  of  moderate  pressure  give  wonder- 
fully good  results. 

When  I have  heard  people  who  use  it  tell 
how  long  the  same  packing  had  been  in  use  in 
a valve  or  gland,  I have  often  felt  tempted  to 
say  it  lasted  too  long. 

To  meet  the  views  and  wishes  of  engineers, 
soapstone  or  plumbago  is  also  frequently  in- 
corporated with  this  packing,  and  it  is  said  to 
give  very  good  results.  For  engines  using 
steam  of  a higher  pressure,  but  where  a 
moderate  price  is  an  indispensable  condition 
to  its  use,  this  packing  is  greatly  improved  by 
being  braided  or  plaited  all  through  instead  of 
having  a core  composed  of  parallel  threads, 
and  this  is  the  class  of  packing  in  use  in  the 
Ro)’al  Navy,  as  also  in  many  merchant 
steamers. 

The  ideas  of  engineers  as  to  what  forms  a 
good  make  of  packing  vary  very  greatly,  some 
desiring  to  have  it  made  almost  as  hard  as 
iron,  whilst  others  desire  to  have  it  so  soft  that 
it  can  be  pressed  into  any  shape  ; and,  to  meet 
the  views  of  the  latter,  there  is  offered  by 
the  company  with  which  I am  connected  a 
woven  packing  composed  of  parallel  threads 
bound  together  in  a particular  manner,  and 
which  can  be  pressed  into  any  form.  This  is 
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largely  used  by  railway  companies,  and  I 
have  known  many  instances  in  which  this 
packing,  after  six  months  of  continuous  use, 
still  remained  tight  and  serviceable. 

Asbestos  manufacturers  in  pushing  their 
'sales  soon  discovered  that  many  engineers 
had  a deeply  rooted  preference  for  packings 
of  the  well-known  Tuck’s  form,  and  to  meet 
this  desire,  asbestos  has  been  manufactured 
into  cloth,  and  made  up  both  into  round  and 
square  packing,  either  with  or  without  rubber, 
core,  or  backing,  and  has  given  very  good 
results.  The  square  form  is  preferred  by 
marine  engineers,  and  the  engineer  of  a 
steamer  belonging  to  an  important  company 
recently  made  the  following  report  respecting 
it  : — “ We  packed  the  H.P.  slide  and  ex- 
pansion rods  with  it  in  London,  these  being 
the  two  we  had  the  most  trouble  with  ; we 
made  the  whole  voyage  out  and  home  from 
Calcutta  without  putting  any  more  packing 
in,  and  it  was  quite  steam-tight  after  running 
over  16,000  miles.  When  using  Tuck’s  pack- 
ing, we  had  to  repack  about  four  times  a 
voyage,  and  sometimes  stop  at  sea  to  repack  ; 
so,  although  the  first  cost  is  dearer,  I think  it 
will  be  economy  in  the  long  run  to  use  it.” 

The  round  form  of  this  has  been  found  of 
great  value  by  engineers  in  cases  where  wet 
steam  has  to  be  dealt  with,  and  I am  aware 
of  an  instance  in  which  it  was  used  for 
packing  the  piston-rod  of  a Condie’s  steam- 
hammer,  in  which  any  other  kind  of  packing 
lasted  only  a few  days,  whilst  this  lasted  over 
three  months,  when  it  still  remained  in  ser- 
viceable condition. 

Finding  that  many  engineers  had  a great 
liking  for  metallic  packings,  about  a year 
ago  1 began  to  make  experiments,  with  a 
view  to  determine  in  what  way  I could  best 
meet  their  views,  and  the  result  may  be  seen 
on  the  table  in  the  shape  of  a packing  of 
which  each  thread  has  a core  of  very  fine 
brass  or  bronze  wire.  This  metallic  yarn  can 
be  either  braided  up  into  a square  or  round 
packing.  It  can  also  be  woven  into  cloth,  and 
made  up  into  round  or  square  packing  of  the 
forms  already  described  as  similar  to  Tuck’s 
packing,  and  for  other  purposes  which  will  be 
noticed  under  their  proper  headings. 

Having  thus  briefly  glanced  at  the  applica- 
tions of  asbestos  as  a packing,  I propose 
to  notice  its  applications  as  a jointing 
material.  First  in  order  it  comes  to  us  in  the 
shape  of  millboard,  which,  as  already  stated, 
was  originated  by  the  Priest  Coronna.  It  is 
not  necessary  I should  say  much  on  this  point. 


as  many  of  you  are,  doubtless,  familiar  with  it, 
and  for  those  who  are  not,  samples  are  to  be 
^ seen.  Much  of  this  is  sold  in  the  sheet  to 
buyers  who  cut  it  up  into  joints  as  they  require 
it;  but  there  are  other  consumers,  such  as  rail- 
way companies,  to  whom  these  joints  are 
supplied,  cut  to  the  various  forms  in  which  it 
is  required,  and  I believe  I am  correct  in  say- 
ing that  in  no  single  instance  have  these  given 
way  or  blown  out  of  the  joint. 

To  show  the  variety  of  forms  in  which  these 
are  used,  samples  are  exhibited  of  the  various 
forms  of  joints  used  by  the  principal  railway 
companies,  and  I may  further  mention  that 
these  millboard  joints  are  kept  in  stock  as 
standard  washers,  the  same  as  in  india-rubber. 

Millboard  not  being,  however,  sufficiently 
elastic  for  some  purposes,  and  not  well  adapted 
for  joints  with  wet  steam,  some  buyers  desired 
to  have  something  more  nearly  resembling 
rubber  jointing,  but  of  greater  resistance  to 
heat.  Asbestos  has  been  woven  into  cloth,  and 
this  cloth  proofed  on  both  sides  with  rubber, 
and  several  thicknesses  of  cloth  can  be  stuck 
together  according  to  the  thickness  desired. 
This  forms  an  admirable  joint  for  water  or 
wet  steam,  or  where  the  surfaces  are  not 
quite  even,  and  if  rubbed  with  soapstone  or 
plumbago  before  being  applied,  does  not  adhere 
to  the  metal,  and  may  be  used  several  times 
over.  This  cloth  proofed  with  rubber  is  made 
up  into  a great  variety  of  tapes  for  ordinary 
joints,  or  thick  for  manhole  joints  of  steam 
boilers,  and  is  also  made  into  joints  of  all 
forms,  whether  square,  rectangular,  circular, 
or  oval.  The  metallic  cloth  already  referred 
to  can  also  be  made  up  into  all  the  classes  of 
goods  just  mentioned  as  being  made  from  pure 
asbestos  cloth.  Yet  one  application  of  asbestos 
as  a jointing  material  remains  to  be  noticed, 
viz.,  as  a putty.  I have  seen  this  remain 
sound  after  being  for  two  years  continuously 
exposed  to  the  action  of  fire  in  the  flue  of  a 
steam  boiler  carrying  50  lbs.  pressure. 

Sundry  Applications  of  Asbestos  in  the 
State  of  Millboard  Cloth  or  Fibre. 

ist.  Millboard  as  lining  for  firep4?oof  cases 
or  deed  boxes.  With  a view  to  provide  a 
receptacle  for  papers  or  other  articles  of  value 
which  will  be  moderate  in  cost  and  at  the  same 
time  portable,  deed  boxes  jvith  a lining  of 
asbestos  millboard  have  been  introduced,  and 
I trust  that,  as  their  value  is  better  known, 
they  will  come  into  general  use. 

About  two  years  ago,  some  gentlemen  who 
desired  to  see  these  boxes  put  to  a practical 
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test,  visited  the  company’s  works  at  Harefield. 
Two  rails  were  supported  on  brick  at  a height 
of  18  inches  from  the  ground,  and  underneath 
them  a strong  fire  of  wood  shavings  and  chips 
was  made,  and  when  this  had  well  burnt  up, 
one  of  the  deed  boxes  filled  with  papers  was 
pushed  along  the  rails  to  the  centre  of  the  fire, 
where  it  was  completely  enveloped  in  the  flames, 
and  there  it  remained  for  twenty  minutes. 
On  being  withdrawn  it  unlocked  easily,  and 
the  papers  were  found  in  perfect  preservation, 
being  neither  charred  nor  discoloured. 

On  seeing  this  result,  one  of  the  gentle- 
men present  asked  if  the  boxes  could  not 
be  used  for  transporting  gunpowder  or  other 
explosive  substances.  A quarter  of  a pound 
of  gunpowder  was  put  in  a small  bag,  and 
placed  inside  a fresh  box,  which  was  pushed 
along  the  rails  into  the  centre  of  the  Are,  which 
had  fresh  fuel  added.  Those  present  withdrew 
to  a respectful  distance,  evidently  not  having 
absolute  faith  in  the  heat-resisting  properties 
of  asbestos,  and  after  it  had  been  exposed  for 
twenty  minutes,  the  question  arose  how  is  it 
to  be  got  off  the  Are.  By  means  of  a long 
iron  rod  with  a hook,  I performed  this  opera- 
tion, and  the  box  was  opened  and  the  powder 
found  intact.  The  same  gentleman  then  asked, 
“Why  have  the  powder  in  a bag?  Let  it  be  laid 
on  the  bottom  of  the  box  loose.”  This  was  done, 
the  fire  ordeal  repeated,  with  the  same  result, 
the  powder  did  not  go  off. 

Asbestos  tuhinp^.  — To  provide  electrical 
engineers  with  a non-conducting  covering  for 
their  wires,  which  is  both  fireproof  and  water- 
proof, and  thus  guards  against  the  risks  of  fire, 
and  preserves  the  perfect  insulation  of  the  wire, 
asbestos  millboard  is  made  into  tubes  of  all 
diameters,  and  are  fitted  with  sockets  for  join- 
ing the  lengths,  and  with  elbows  for  turning 
corners.  They  can  also  be  made  internally 
in  two  or  more  divisions.  Samples  of  these 
are  on  the  table,  and  they  are  found  to  give 
excellent  results  in  practice. 

Asbestos  millboard  is  made  into  gas  shades 
and  also  into  fire-blowers,  and  for  both  pur- 
poses its  fire-resisting  properties  have  been 
found  of  great  value. 

Asbestos  laper  has  also  been  printed  in 
imitation  of  wall-paper,  and  should  be  valu- 
able for  papering  internal  wooden  divisions  in 
houses  or  offices. 

Asbestos  is  also  made  into  a felt  suitable 
for  placing  under  carpets  or  oilcloth. 

2nd.  Asbestos  Cloth. — This  has  been  very 
largely  used  by  beetroot  sugar  refiners  in 
France,  Germany  and  Austria  for  filtering 


purposes,  it  being  found  that  filter  bags  made 
of  this  material  were  much  better  fitted 
for  this  purpose  than  those  of  any  other, 
as  they  lasted  very  much  longer,  retained 
the  heat,  and  were  easily  cleansed  and  kept 
sweet.  Asbestos  cloth  has  also  been  largely 
used  for  the  filtration  both  of  acids  and 
water,  and  with  the  best  results.  One  of  the 
uses  for  which  the  fire-resisting  properties  of 
asbestos  indicated  that  it  was  specially  suit- 
able in  the  form  of  cloth  was  as  a fireproof 
curtain  for  theatres. 

Some  years  ago,  when  the  disaster  at  the 
Ring  Strasse  Theatre  in  Vienna — in  which  so 
many  fell  victims  to  the  flames — had  drawn 
attention  to  the  great  danger  arising  from  the 
want  of  some  certain  and  rapidly  applicable 
means  of  separating  the  stage  from  the  body 
of  the  theatre,  the  Roman  Minister  of  Public 
Security  issued  an  order  that  every  theatre 
should  be  fitted  with  a fireproof  curtain, 
capable  of  entirely  isolating  the  stage  from 
the  theatre,  and  he  indicated  an  asbestos 
cloth  curtain  as  one  that  would  meet  the  case. 

Shortly  afterwards,  my  company  supplied 
from  their  Turin  works  fireproof  asbestos 
curtains  for  all  the  principal  Roman  theatres, 
and  although  I am  not  aware  of  any  of  these 
having  been  put  to  a practical  test,  1 have 
no  doubt  of  their  ability  to  resist  the  action 
of  fire  should  the  case  ever  arise. 

The  company  has  also  supplied  asbestos  cloth 
fireproof  curtains  for  several  English  theatres, 
but  I am  not  aware  that  these  have  ever  been 
practically  tested. 

In  Germany,  a strong  coarse  make  of  this 
cloth  is  largely  used  for  protecting  the  clothes 
of  men  employed  in  the  manufacture  of  iron 
and  of  acids,  and  of  fire-proof  clothes  far 
firemen.  I have  often  wondered  whether  the 
fire-resisting  properties  of  asbestos  could  not 
be  utilised  in  the  form  of  bags  for  the  carriage 
of  gunpowder,  especially  in  time  of  war,  as  1 
can  conceive  many  cases  in  which  it  would 
prove  itself  to  be  of  much  value. 

The  most  recent  application  of  asbestos 
in  this  form,  with  which  I is  acquainted, 
is  at  the  Midland  Grand  Hotel,  St.  Pancras. 
There  is  a balcony  entered  from  the  reading 
room,  and  in  summer  this  balcony  is  a favourite 
resort  of  smokers.  To  protect  its  frequenters 
from  the  sun,  this  balcony  had  a canvas  awning, 
which,  through  carelessness,  has,  on  more  than 
one  occasion,  been  set  on  fire,  thus  endanger- 
ing the  safety  of  the  building.  My  com- 
pany has  recently  received  instructions  to 
supply  an  awning  of  asbestos  cloth  for  this 
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balcony,  which  will  soon  be  put  into  position.  I 
believe  this  step  has  been  taken  by  the  railway 
company  so  as  to  secure  their  premises  against 
the  danger  of  fire,  but  have  no  doubt  that  in 
hot  weather  the  frequenters  of  this  balcony 
will  discover  that,  owing  to  the  valuable  non- 
conducting properties  of  asbestos,  they  will 
enjoy  a much  cooler  and  pleasanter  smoke 
under  it  than  under  a common  canvas  awning. 

Applications  of  Floss  Fibre. 

This  kind  of  fibre  is  principally  used  in  the 
manufacture  of  gas-stoves,  but  as  I have 
been  informed  that  a paper  on  this  subject 
has  already  been  read  before  this  Society, 
I do  not  consider  it  desirable  to  take  up 
your  time  with  any  attempt  at  describing  the 
various  forms  of  apparatus  in  which  it  is 
used.  Samples  of  this  material  in  its  natural 
state  are  to  be  seen  on  the  table.  As  already 
stated,  in  mining  this  fibre  a very  large  pro- 
portion of  short  powdery  material  is  found, 
and  I now  propose  to  state  briefly  the  uses 
to  which  this  can  be  applied. 

First  amongst  these  is  its  applications  for 
covering  steam  boilers  and  pipes  with  a view 
to  prevent  the  radiation  of  heat,  and  thus 
ensure  economy  in  fuel,  and  also  increase  the 
evaporative  power  of  the  boiler.  This  material 
thus  applied  is  made  almost  of  the  consis- 
tency of  mortar,  and  certain  chemical  ingre- 
dients are  added,  which,  whilst  not  injurious 
tothe  metal,  cause  the  asbestos  to  adhere 
firmly  to  the  plates,  and  when  dry  it  becomes 
quite  hard,  and  can  be  walked  over  without 
injuring  it.  With  a boiler  carrying,  say,  eighty 
pounds  steam  pressure  the  application  of  from 
to  2 inches  in  thickness  of  this  composition 
so  well  retains  the  heat  in  the  boiler,  that  a 
thermometer  with  its  bulb  held  close  to  the 
outer  surface  of  the  covering  will  not  indicate 
more  than  from  80°  to  85°  Fahrenheit. 

I was  recently  asked  to  see  a small 
cross-channel  steamer,  the  owners  of  which 
desired  to  have  the  boiler  covered  with 
asbestos  composition.  The  engineer’s  berth 
was  in  close  proximity  to  the  boiler, 
and  partly  over  one  side  of  it,  and  he  had 
a mournful  tale  to  tell  of  the  extremely 
high  temperature  he  had  often  to  bear 
even  during  winter.  He  had  heard  of  the 
non-conducting  properties  of  asbestos,  and 
seemed  almost  desirous  of  having  the  boiler 
buried  in  it ; in  fact  there  was  no  satisfying 
him  with  the  thickness  of  the  composition. 
I advised  him  to  have  it  if  inches  thick, 


and  said  to  him,  laughingly,  “ Take  care  not 
to  put  it  on  too  thick,  otherwise  you  may 
make  your  berth  too  cold.”  It  was  put  on 
2 inches  thick,  and  after  it  had  been  two 
months  in  use,  I made  inquiry  as  to  the 
result,  and  was  amused  to  hear  that  the  berth 
was  really  felt  too  cold,  but  that  the  tonnage 
of  coal  consumed  each  voyage  had  greatly 
decreased. 

Some  years  ago,  I was  residing  in  Genoa, 
and  was  a member  of  a committee  for 
procuring  a new  floating  chapel  for  the 
use  of  British  seamen  frequenting  that 
port.  The  old  chapel  was  built  on  the 
deck  of  a hulk,  but  the  extremely  high 
summer  temperature  rendered  repairs  both 
frequent  and  costly.  For  this  reason,  the 
committee  were  desirous  of  having  the  new 
chapel  built  of  iron,  but  were  deterred  from 
this  by  the  fear  that  its  roof  and  sides, 
when  exposed  to  the  summer  sun,  would 
get  so  hot,  that  the  temperature  inside 
would  be  quite  unbearable.  Being  fully 
cognisant  of  the  value  of  asbestos  in  such  a 
case,  I proposed  to  All  up  the  space  between 
the  outer  skin  and  the  inner  boarding  with  this 
kind  of  asbestos,  ground  to  a rough  powder, 
and  after  some  difficulty  I induced  the  com- 
mittee to  make  the  experiment.  When  the 
carpenters  began  to  put  in  the  lining,  the  space 
of  about  if  inches  was  tightly  rammed  full  of 
this  powder,  both  up  the  side  and  end  walls, 
and  across  the  ceiling,  and  as  the  chapel  was 
built  at  the  beginning  of  the  summer,  we  had 
not  long  to  wait  to  learn  the  result. 

A careful  series  of  observations  of  the  tem- 
perature inside  and  outside  of  the  chapel  was 
continued  over  several  months.  I regret  that 
having  mislaid  these,  I am  unable  to  give  the 
figures,  but  the  general  result  was  that  whilst 
outside  the  temperature  was  about  100°,  in- 
side, if  the  doors  and  windows  were  kept  shut 
the  temperature  did  not  exceed  70®,  and  was 
deliciously  cool.  On  several  occasions  I have 
heard  captains  who  had  come  on  board  ask 
how  we  were  able  to  keep  the  chapel  so  cool. 

I have  often  wished  I could  get  the 
owners  or  managers  of  some  our  floating 
palaces  which  navigate  the  Suez  Canal  or 
Red  Sea  on  board  this  chapel,  as  I feel  sure 
that  the  deck  cabins  of  these  steamers  could, 
by  such  an  application,  be  made  much  more 
comfortable  for  the  passengers. 

I have  noticed  these  two  cases  as  showing 
that  asbestos  is  equally  valuable  either  for 
retaining  or  excluding  heat.  The  only  other 
application  I will  refer  to  in  connection  with 
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this  material  is  one  most  of  you  are  familiar 
with,  viz.,  the  blocks  or  balls  for  gas  fires. 

Application  of  Asbestos  Powder. 

The  name  of  the  company  with  which  I 
am  connected  has  been  so  much  mixed 
up  with  fireproof  paint,  and  the  public  experi- 
ments made  with  it,  both  in  England  and  on 
the  Continent,  and  also  Australia,  that  I 
feel  it  would  be  mere  affectation  trying  to 
speak  of  the  paint  apart  from  the  company. 

Reference  has  already  been  made  in  this 
paper  to  a sample  of  asbestos  powder  having 
been  sent  to  England  at  a time  when  an  in- 
ventor was  in  search  of  such  a material,  and 
the  result  was  publicly  exhibited  at  the  Crystal 
Palace  in  January,  1882,  in  the  presence  of 
the  Lord  Mayor  and  other  distinguished 
personages. 

The  public  experiments  given  have,  I 
venture  to  think,  demonstrated  clearly  that 
this  paint  will  preserve  woodwork  from 
being  consumed  by  the  action  of  fire  for  a 
lengthened  period,  and  that,  although  by  con- 
tinued exposure  to  a strong  fire  the  wood 
may  become  carbonised  underneath  the  paint, 
it  cannot  become  an  agent  for  communicating 
the  flame  to  surrounding  objects,  and  thus  it 
serves  to  retard  the  progress  of  the  flames 
until  the  firemen  can  get  set  to  work  to 
extinguish  them. 

This  paint  was  extensively  used  at  the 
various  exhibitions  held  at  South  Kensington, 
and,  in  May,  1884,  was  put  to  something  like 
a practical  test,  as  an  exhibitor’s  stall  took 
fire,  and  was  burnt  to  ashes,  but  the  fireproof 
paint  with  which  the  wall  was  painted  pre- 
vented the  fire  from  spreading,  and  it  was 
extinguished,  by  the  aid  of  a portable  engine, 
in  a few  minutes.  This  paint  had,  however, 
some  defects ; amongst  others,  that  it  could 
not  very  well  be  applied  to  smooth  worked 
timber,  and,  when  exposed  to  the  alternate 
action  of  a strong  sun  and  heavy  rain,  it 
inclined  to  lose  its  hold  of  the  timber,  and 
did  not  present  such  a smooth,  finished  ap- 
pearance as  to  fit  it  for  house-painting. 

After  long  continued  experiments,  Mr. 
Mountford,  the  manager  of  the  company’s 
paint  department,  has  now  succeeded  in 
manufacturing  a paint  which  resists  the  action 
both  of  fire  and  water,  and  is  thus  fitted  for 
either  indoor  or  outdoor  application.  It  can 
also  be  made  in  any  colour,  and  presents  a 
smooth,  finished  surface,  fit  for  use  either  in 
dwelling-houses,  offices,  or  other  buildings. 
It  can  also  be  applied  over  old  oil-paint. 


which  is  an  important  point,  as  great  outlay 
is  incurred  where  it  is  necessary  to  thoroug]^ly 
clean  off  old  paint  before  applying  a fresh  coat. 
Samples  of  the  various  colours  as  applied  to 
pieces  of  timber  are  to  be  seen  on  the  table, 
as  also  a small  quantity  of  the  paint. 

To  the  use  of  asbestos  as  a filtering  agent 
reference  has  already  been  made,  and  I 
crave  your  indulgence  for  a moment  to  draw 
attention  to  its  application  for  filtering  water. 

For  the  efficient  filtration  of  water  the 
essentials  are  a sufficiently  energetic  chemical 
action  for  the  removal  or  destruction  of  dele- 
terious matter  in  solution,  and  perfect  me- 
chanical straining  for  the  removal  of  suspended 
matter. 

There  are  many  filters  before  the  public  in 
which  asbestos  is  used  in  some  form  or  other, 
such  as  Maignen’s,  Lipscombe’s,  or  the 
Silicated  Carbon  Filter  Company  ; but  the 
filter  known  as  Judson’s  being  that  with 
which  I am  best  acquainted,  I propose 
briefly  to  refer  to  it.  The  filtering  agent 
employed  in  this  filter  gives  off  minute  particles 
of  oxide  of  iron,  to  remove  which  a straining 
medium  is  required.  Porous  blocks,  or  slabs  of 
carbon,  or  silicates  of  various  kinds  meet  this 
requirement,  but,  unfortunately,  they  sooner 
or  later  become  clogged  ; and  although  in- 
structions for  cleaning  these  by  brushing  or 
scraping  are  sent  out  by  the  makers,  it  has 
been  found  practically  impossible  to  do  this 
cleansing  efficiently,  and  the  block  itself  be- 
comes a source  of  impurity. 

An  obvious  remedy  would  be  to  remove  the 
block  and  replace  it  by  a fresh  one,  but  in 
practice  it  is  found  that  the  fresh  one  cannot 
be  put  in  in  such  a way  as  to  prevent  particles 
passing  round  the  joint.  By,  however,  sub- 
stituting a layer  of  carefully  cleaned  and 
carded  asbestos  fibre  for  this  block,  perfect 
mechanical  straining  is  insured,  and  this  can 
be  removed  and  replaced  by  the  most  un- 
initiated, and  this  is  the  system  adopted  in  this 
filter. 

The  last  application  of  asbestos,  to  which 
reference  will  be  made,  is  for  the  puri- 
fication of  foul  gas.  I was  recently  asked 
by  a firm  in  the  north  of  England  to  supply 
asbestos  yarn  spun  in  such  a way  as  to  have 
good  capillary  action,  and  on  making  inquiry 
I found  it  was  to  be  used  by  Messrs.  Adams 
and  Co.,  of  York,  for  their  ventilating  and 
deodorising  manholes  for  sewers,  cesspools, 
&c.  In  this  arrangement  there  is  placed  over 
the  opening  rising  from  the  sewer  a hood  of 
galvanized  wire  interlaced  v/ith  this  asbestos 
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yarn,  and  the  ends  of  the  yarn  dip  into  a 
receptacle  filled  with  liquid  disinfectant,  and 
as  they  become  saturated  form  a disinfecting 
screen,  through  the  meshes  of  w'hich  the  gases 
rise,  and  in  their  passage  are  purified  and 
rendered  innocuous. 

The  system  generally  adopted  hitherto  for 
deodorising  sewer  gas  has  been  to  cause  it  to 
rise  through  charcoal,  but  the  impurities  soon 
clog  this  up,  and  simply  prevent  the  passage  of 
the  gas,  whereas  in  Messrs.  Adams’s  arrange- 
ment the  gas  rises  freely,  and  is  perfectly 
deodorised. 

In  speaking  of  such  varied  applications  of 
asbestos  it  may  seem  strange  that  I have 
refrained  from  touching  the  much-debated 
question  whether  Italian  or  Canadian  is  the 
best.  Each  have  their  advocates  and  their 
partisans,  but  I do  not  consider  the  present 
a fitting  occasion  to  deal  with  this  ques- 
tion, and  I therefore  limit  myself  to  say- 
ing that  whilst  for  certain  uses  the  one  may 
be  as  suitable  as  the  other,  it  is  not  so  in 
all  cases.  As  an  examination  of  the  samples 
will  show,  the  Italian  is  long  and  strong  in  its 
fibre,  and  is  saponaceous  to  the  touch,  whilst 
the  Canadian  is  short,  and  to  the  touch  is  as 
dry  as  chalk;  and,  therefore,  it  seems  tome 
that  the  properties  of  Italian  indicate  it  as 
better  suited  for  the  engineer’s  use,  especially 
in  the  form  of  packing  or  jointing. 

In  conclusion,  I beg  leave  to  say,  that  if 
any  of  my  hearers  are  desirous  of  personally 
making  themselves  acquainted  with  the  as- 
bestos formation  by  a visit  to  the  mines,  I 
shall  have  pleasure  in  facilitating  their  doing 
so,  and  I shall  also  be  glad  to  give  any  further 
explanations  regarding  it. 


DISCUSSION. 

Mr.  P.  A.  Maignen  said  that  since  lead,  copper, 
and  iron  pipes  were  all  more  or  less  under  a cloud  for 
water  purposes,  it  would  be  interesting  to  know  if  the 
asbestos  tubes  which  had  been  described  could  be  made 
suitable  for  conveying  water ; and  if  it  was  not  a 
trade  secret,  he  should  be  glad  to  know  the  materials 
of  which  the  millboard,  of  which  the  tubes  were 
made,  was  composed.  Mr.  Boyd  had  said  that 
he  had  not  had  much  experience  of  Canadian 
asbestos ; but  he  (Mr.  Maignen)  might  remark 
that  the  fibre  was  very  short,  only  one  inch  to 
one  and  a half  inch  long,  and  so  fine  that  it  was 
considered  for  a long  time  impossible  to  make  use 
of  it  for  weaving.  Messrs.  John  Bell  and  Sons,  how- 
ever, had  produced  a machine  which  had  so  dealt 
with  this  short  fibre  that  it  could  be  woven  into 


cloth.  It  had  been  customary  in  America  and  else- 
where to  mix  cotton,  or  some  acid  or  gluey  sub- 
stance, with  the  asbestos  fibre,  but  such  mixture 
rendered  the  cloth  produced  useless  for  water 
filtration.  His  name  had  been  used,  probably 
because  he  was  the  first  to  use  asbestos  cloth  largely 
for  water  filtration,  and  he  hoped  before  long  it  would 
take  the  place  of  sand  oir  the  scale  required  for  the 
water  supply  of  London.  Many  hundreds  and 
thousands  of  yards  in  his  filters  had  been  used  in 
Egypt  with  great  success  during  the  last  campaign, 
and  no  doubt  to  this  cause  the  excellent  health  of  the 
troops  was  largely  due.  He  first  used  asbestos  cloth 
in  filters  some  six  years  ago.  He  had  previously  used 
canvas  or  felt,  sometimes  an  inch  thick,  but  the 
result  was  that,  with  soft  rain  water  in  which 
ammonia  was  present,  this  felt  soon  became  as  rotten 
as  wet  blotting  paper.  Messrs.  John  Bell  and 
Sons  at  first  feared  that  asbestos  would  prove 
too  expensive  to  use  for  the  filtration  of  water, 
and  it  took  them  two  years  before  they  could 
manufacture  pure  asbestos  cloth  of  exactly  the  right 
porosity  to  arrest  the  fine  filtering  medium  which 
was  employed  in  his  filter  to  purify  water  chemically. 
By  some  accident  a piece  of  cloth  was  sent  him,  some 
two  years  ago,  which  was  most  beautiful  in  appear- 
ance, made  of  fibre  purchased  in  America,  but  after 
a short  time  the  filters  made  with  this  cloth  were 
complained  of,  the  water  becoming  positively 
offensive.  He  soon  discovered,  by  submitting  a 
piece  of  the  cloth  to  the  fire,  that  it  was  mixed  with 
cotton.  Since  then  the  firm  in  question  guaranteed 
that  all  the  fibre  used  in  making  his  cloth  was  wrought 
out  in  this  country  direct  from  the  raw  material.  He 
regretted  that  Mr.  Boyd  had  thought  it  right  to  men- 
tion names  in  relation  to  filters,  and  recommended  a 
particular  one,  as  it  laid  upon  him  the  obligation  to 
make  observations  on  the  subject.  It  was  suggested 
that  oxide  of  iron  was  given  up  to  the  water,  and 
that  it  was  afterwards  arrested  by  asbestos  fibre 
at  the  bottom  of  the  filter.  Now,  if  the  water 
dissolved  the  iron,  he  made  bold  to  say  that  the 
asbestos  would  not  remove  it ; and  if  the  asbestos 
fibre  were  put  loose  at  the  bottom  of  the  filter,  it 
would,  in  his  opinion,  pass  through  any  hole  in  the 
stoneware.  The  use  of  asbestos  for  the  filtration  of 
sewer  gas  had  been  referred  to ; he  could  mention 
another  instance  in  which  it  was  used,  not  as  a 
strainer,  because  no  gas  would  pass  through  wet 
asbestos  cloth,  and  he  thought  the  value  of  liquid 
purifiers  was  somewhat  questionable.  In  the  inven- 
tion of  Mr.  Eedes  Eachus,  of  2,  Great  Queen- street, 
asbestos  cloth  was  used  as  a packing  round  the 
bottom  of  a filter  which  wedged  into  a conical 
manhole,  being  one  of  two  forming  an  upcast 
and  downcast  shaft.  Between  these  two  at 
the  bottom,  in  the  sewer  itself,  was  a flap,  which' 
obliged  the  sewer  gas  to  pass  upwards  through 
a charcoal  filter,  which  was  protected  from  damp 
by  the  dirt  box  at  the  top  of  the  manhole 
having  an  overflow  into  the  downcast  shaft.  Ini 
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this  way  localisation,  aeration  and  filtration,  were 
secured.  There  had  been  various  suggested  methods 
for  filtering  sewage  gas  through  charcoal,  but  the 
difficulty  had  always  been  to  make  a joint  between 
the  filtering  medium  and  the  manhole  or  other 
arrangement ; but  asbestos  cloth  had  been  found  per- 
fectly effective  for  this  purpose. 

Sir  James  Allport  (Chairman  of  the  United 
Asbestos  Company)  said  he  first  became  acquainted 
with  this  material  some  eight  years  ago,  when  he 
visited  the  mines  in  Italy,  inquired  into  the  uses 
to  which  it  was  put,  and  felt  that  it  was  a subject 
which  deserved  commercial  attention,  and  to  be 
brought  before  the  public  in  a more  extensive  form 
than  had  up  to  that  time  been  done.  It  had  been 
introduced  by  an  Italian  company  and  a Glasgow 
company,  and  he  established  a third,  and  these  three 
were  now  united.  He  invited  those  interested  in  the 
matter  to  examine  the  various  specimens  which  were 
exhibited,  and  especially  to  notice  the  difference 
between  the  Italian  and  the  Canadian  asbestos,  the 
former  being  far  superior  in  every  respect,  especially 
in  its  capability  of  being  woven  into  cloth.  He  was 
aware  that  cotton  had  been  mixed  with  asbestos  by 
American  manufacturers  of  asbestos  cloth,  but  it  would 
be  found  that  the  cloth  on  the  table  was  composed  of 
pure  fibre,  incapable  of  injury  either  by  fire,  water,  acid, 
or  oils,  and  consequently  was  very  valuable  for  the 
various  purposes  which  had  been  described  in  the 
paper.  When  he  was  in  Naples  two  years  ago,  he  saw 
in  the  museum  there  a piece  of  cloth,  of  ancient  Roman 
or  Grecian  manufacture,  which  was  so  identical  in 
appearance  with  that  now  made,  that  very  few 
persons  would  be  able  to  detect  the  difference.  He 
had  never  yet  seen  anything  to  equal  this  material  as 
a non-conductor  or  heat-resisting  substance,  and 
ultimately  it  must  come  very  largely  into  use.  It 
had  been  used  both  by  the  War-office  and  Admiralty, 
and  had  proved  eminently  successful  for  the  purpose 
for  which  it  was  required.  Its  superiority  as  a pack- 
ing had  been  proved  on  many  occasions,  its  dura- 
bility being  so  remarkable. 

Sir  J.  H.  Maxwell  said  he  had  used  one  of  the 
filters  referred  to  by  Mr.  Maignen  for  the  last  three 
years,  and  it  gave  every  satisfaction.  At  first  there 
was  a little  difficulty,  as  usual  with  anything  new, 
but  he  soon  was  able  to  instruct  his  servants  how  to 
use  it,  and  it  had  been  in  use  for  some  time,  and, 
as  far  as  he  could  see,  it  purified  the  water  in  the 
most  perfect  manner. 

Mr.  Warington  Smyth,  F.R.S.,  said  he  had  met 
with  asbestos  in  a great  number  of  different  localities 
during  the  last  forty  years,  though  he  had  not  been 
connected  with  it  commercially  in  any  way.  They 
were  much  indebted  to  Mr.  Boyd  for  having,  as  far 
as  he  was  aware,  for  the  first  time  given  a clear  and 
distinct  account  of  the  connection  of  this  mineral, 
in  its  most  useful  form,  with  certain  classes  of  rocks, 


and  with  certain  districts.  Thirty  or  forty  years  ago 
very  little  was  known  about  the  use  of  asbestos, 
and  not  much  about  where  it  could  be  found. 
They  were  aware  that  in  ancient  times  it  was 
employed  for  various  purposes,  but  only  on  a 
small  scale ; and  thirty  years  ago  no  one  could 
have  had  any  conception  of  the  many  uses  to 
which  it  could  be  put  for  the  safety,  convenience,  and 
comfort  of  mankind.  The  public  owed  a great  deal 
to  the  various  companies  and  gentlemen  who  had 
gone  into  the  matter,  and  spent  much  time  and 
money  in  improving  the  manufacture.  Years  ago, 
in  collections  of  minerals  for  geologists,  there  used 
generally  to  be  specimens  of  asbestos  obtained  from 
the  eastern  part  of  the  Alps,  partly  from  Switzer- 
land, but  in  great  measure  from  certain  localities  in 
the  Tyrol.  The  impi'ession  was  that  the  asbestos 
offering  the  best  appearance  was  that  found  in  con- 
nection with  hornblende  or  amphibol.  This  con- 
tained, as  appeared  from  the  analysis,  a larger  pro- 
portion of  alumina,  and  as  he  now  gathered,  the  most 
valuable  kinds  appeared  to  be  those  which  contained 
a large  proportion  of  magnesia,  and  were  found  in- 
mately  connected  with  the  rock  called  serpentine. 
The  serpentines  in  various  parts  of  Europe  could 
scarcely  be  examined  wdihout  finding  them  inter- 
sected with  fissures  which,  generally  speaking,  ran 
from  a quarter  of  an  inch  to  two  or  three  inches 
in  breadth,  and  contained  asbestos  of  more  or  less 
suitable  quality,  but  the  fibre  was  so  short  as  com- 
pared with  those  now  brought  forward,  as  to  probably 
exclude  them  altogether  from  practical  use.  In  this 
country  there  was  a considerable  quantity  of  serpen- 
tine, especially  in  Cornwall,  in  the  Lizard  district, 
also  near  Liskeard,  in  the  island  of  Anglesea,  and  in 
Scotland.  He  had  long  been  familiar  with  varieties 
of  asbestos  from  these  localities.  Any  one  could 
find  specimens  on  Clicker  Tor  in  the  neighbourhood  of 
Liskeard,  but  they  were  always  so  limited  in  breadth, 
that  the  fibre  could  not  pretend  to  compete  with  any 
of  these  which  were  brought  to  such  perfection  as 
manufactured  products.  One  application  appeared 
to  have  escaped  the  notice  of  the  author,  but  which,  as 
the  result  of  many  experiments  which  he  had  had  the 
pleasure  of  being  connected  with  in  company  with 
the  Chairman,  was  destined  to  save  the  lives  of  many 
miners.  It  had  been  found  very  difficult  to  get  a 
good  joint  between  the  metallic  part  and  the  glass 
part  of  the  miner’s  safety  lamp,  and  a great  many 
different  materials  had  been  tried  as  washers  for 
filling  these  joints  in  such  a way  that  the  air  should 
not  be  able  to  get  through.  In  many  cases  the 
air  was  contaminated  with  a certain  amount  of 
gaseous  material,  which  would  render  the  whole 
explosive,  and  if  this  got  through  the  joint  between 
the  glass  and  the  metal,  there  was  a serious  risk  of 
explosion.  After  various  substances  had  been  tried 
and  found  unsatisfactory,  a great  number  of  experi- 
ments— some  hundreds — were  made  with  asbestos 
washers  by  the  Chairman  and  himself,  and  at  the  end 
of  this  long  series  of  experiments,  they  had  main- 
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tained  their  condition  most  admirably,  so  that  their 
use  could  be  strongly  recommended.  This  was  only 
one  of  the  numerous  applications  of  asbestos,  and 
he  could  not  but  feel  that  this  paper,  illustrated 
as  it  was,  by  so  many  interesting  specimens  must 
be  most  valuable  to  men  engaged  in  mechanical 
business. 

Sir  James  Allport  said  he  had  omitted  to  point 
out  the  various  samples  of  pure  asbestos,  both 
Italian  and  Canadian,  which  he  then  proceeded  to 
do.  The  latter  was  much  shorter  in  fibre,  and  pre- 
sented very  much  the  appearance  of  what  was  called 
“ furnace  wool  ” in  the  iron  districts.  He  had  also 
forgotten  to  mention  that  many  experiments  which 
had  been  made  at  the  Crystal  Palace,  South  Ken- 
sington, and  elsewhere,  on  asbestos  fire  resisting 
paint.  There  was  no  doubt  that  its  application  for 
this  purpose  was  one  of  the  most  useful  to  which  it 
could  be  put. 

Mr.  Boyd  said  the  asbestos  tubes  were  made  for 
the  purpose  of  carrying  electric  conductors,  not  for 
conveying  water,  and  he  was  not  in  a position  to  say 
whether  they  could  be  made  suitable  for  the  latter 
purpose.  With  reference  to  the  composition  of  the 
material,  there  were  obvious  reasons  why  he  could 
not  be  expected  to  give  the  information  asked. 
Those  who  spent  money  in  perfecting  a manufacture 
desired  to  preserve  their  secret  as  long  as  possible. 
When  he  stated  that  he  had  not  much  experience  of 
Canadian  asbestos,  he  referred  to  the  crude  material, 
not  to  the  manufactured  article.  He  had  tried,  as  far  as 
possible,  to  keep  his  company’s  and  personal  interests 
in  the  background  in  preparing  the  paper,  and 
to  simply  treat  asbestos  as  an  industry,  without 
reference  to  those  who  had  been  connected  with  it. 
A strong  claim  had  been  put  forward  on  behalf  of  a 
certain  gentleman  as  having  been  the  first  to  spin 
asbestos,  but  he  was  in  a position  to  prove  that  he 
did  it  much  earlier.  With  regard  to  the  mixture  of 
asbestos  with  cotton,  he  remembered  when  the  com- 
pany first  began  to  work  Canadian  fibre,  he  bought 
a small  parcel  of  carded  fibre  ; but  one  morning  the 
foreman  came  in  with  a piece  of  rag  in  his  hand  and 
asked  him  if  that  was  to  be  called  asbestos.  He 
then  discovered  that  their  friends  on  the  other  side  of 
the  water  had  been  getting  cotton  or  woollen  rags 
and  carding  them  down  into  fibre  along  with  asbestos. 
It  was  needless  to  say  that  from  that  time  he  bought 
no  more  carded  American  fibre ; they  procured  the 
raw  rock  and  carded  it  themselves.  He  was  much 
pleased  with  the  remarks  of  Mr.  Warington 
Smyth,  and  hoped  he  would  go  and  visit  the 
asbestos  mines  he  had  described.  He  had  been 
in  the  Tyrol  in  search  of  asbestos  but  had  to  abandon 
the  search,  as  he  could  find  nothing  to  suit  him  in  that 
direction.  The  use  of  the  cloth  in  connection  with 
safety  lamps  was  new  to  him,  but  they  had  for  some 
time  been  supplying  rings  of  millboard  called  lamp 
washers,  which  were  probably  used  for  this  purpose. 


There  was  yet  another  application  of  asbestos  which 
had  not  been  referred  to.  A considerable  quantity 
of  fibre  had  been  supplied  to  the  Royal  gun  factories, 
and  though  he  did  not  know  much  about  it,  he 
fancied  it  must  be  for  forming  an  elastic  disc — a sort 
of  cushion  between  two  discs — for  effectively  closing 
the  breech  of  large  guns,  to  prevent  the  passage 
of  any  gas.  Asbestos  was  a new  industry,  and 
would  really  afford  material  sufficient  for  a series 
of  papers. 

The  Chairman  said  this  subject  was  one  of  such 
great  interest  that  they  were  much  indebted  to  INIr. 
Boyd  for  the  very  comprehensive  way  in  which  he 
treated  it;  and  no  doubt  the  information  he  had 
brought  forward  would  be  novel  to  many.  If  time 
permitted,  he  could  mention  several  other  applica- 
tions which  Mr.  Boyd  even  perhaps  was  scarcely 
aware  of.  He  was  quite  correct  in  supposing  that  the 
asbestos  supplied  to  the  Royal  Gun  Factory  was  used 
in  connection  with  breech-loading  guns.  Amongst 
the  various  contrivances  which  had  been  devised  for 
effectively  closing  the  breech  of  a large  gun,  almost 
the  only  one  which  could  be  called  an  approach  to 
a perfect  arrangement  was  one  devised  by  a French 
artillery  officer,  M.  Dubange,  which  consisted  of  a 
kind  of  pad  of  asbestos  fibre,  attached  to  the  breech- 
closing arrangement.  It  was,  from  its  mineral 
nature,  nearly  indestructible,  and,  therefore,  lasted 
without  material  deterioration  for  a great  length  of 
time,  although  subjected  to  the  enormous  pressures 
which  were  now  developed  in  the  bores  of  heavy 
guns.  There  were  also  other  military  applications 
of  very  great  interest,  though  comparatively  small 
in  themselves.  For  instance,  in  connection  with  the 
manufacture  of  time  fuzes,  washers  of  this  material 
were  used.  They  used  to  employ  washers  of  leather 
and  india-rubber,  but  it  was  found  that  these  either 
became  hard  in  time,  or  acted  on  the  metal  surfaces 
with  which  they  came  in  contact,  cementing  them 
together  instead  of  keeping  them  mobile,  and  it  was 
not  until  the  introduction  of  asbestos  washers,  that 
difficulties  in  connection  with  the  proper  action 
of  these  ingenious  contrivances  for  the  explosion 
of  shells  in  a given  time  after  their  discharge 
were  removed.  Again,  in  connection  with  the 
Whitehead  torpedoes  and  similar  other  receptacles 
within  which  charges  of  wet  gun  cotton  were 
enclosed,  asbestos  was  useful  in  getting  over  a very 
great  difficulty.  They  were  obliged  to  solder  the 
vessels  containing  damp  gun  cotton,  in  order  to  keep 
them  perfectly  air-tight,  and  thus  prevent  the  water 
from  escaping ; and  in  order  to  do  this  with  anything 
approaching  safety,  the  space  between  the  gun  cotton 
and  the  metal  surfaces  which  had  to  be  soldered  was 
fiUed  with  damp  felt  wads  or  discs.  This  answered 
the  purpose,  but  after  they  had  been  stored  for 
some  time,  the  effect  of  the  moisture  on  the  felt  was 
to  cause  it  to  undergo  a kind  of  decay  or  fermenta- 
tion resulting  in  the  formation  of  gas  to  such  an 
extent  that  the  vessels  were  distended  and  threatened 
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to  burst,  and  sometimes  actually  did  burst  with  con- 
siderable violence.  Asbestos  millboard  was  then  sub- 
stituted for  the  felt,  and  this  got  over  the  difficulty  ; 
there  was  no  longer  gas  evolved,  the  operation  of 
soldering  could  be  performed  with  the  same  safety, 
and  the  material  remained  perfectly  unaltered.  Mr. 
Warington  Smyth  had  referred  to  one  most  im- 
portant illustration  of  the  recent  use  of  asbestos  in 
connection  with  safety  lamps.  Indestructible  wicks 
were  also  used  in  some  forms  of  safety  lamps, 
and  several  other  important  applications  of  this 
remarkable  material  on  a small  scale  might  be 
mentioned.  He  thought  the  whole  world  were 
indebted  to  those  gentlemen  who  had  devoted 
their  energies  to  the  conversion  of  asbestos  fibre, 
long  or  short,  elastic  or  brittle,  into  the  various  forms 
which  were  so  useful.  Great  credit  was  due  to  Mr. 
Boyd,  and  also  to  Mr.  Bell ; and  probably  the  gentle- 
man who  had  the  most  difficulties  to  contend  with, 
enlisted  their  sympathies  most  strongly ; if  he  had 
been  able  to  convert  very  short  and  brittle  fibre 
into  cloth  and  other  useful  materials,  he  had  done 
great  things,  although  he  might  not  have  produced 
quite  so  perfect  a cloth  as  was  formed  from  the 
long  fibre.  He  concluded  by  proposing  a vote  of 
thanks  to  Mr.  Boyd  for  his  interesting  paper. 

The  motion  was  carried  unanimously,  and  the 
meeting  adjourned. 


FOREIGN  COLONIAL  SECTION 

Tuesday,  April  13,  1886;  Hyde  Clarke 
in  the  chair. 

The  Chairman,  in  introducing  Mr.  Simmonds, 
said  it  was  impossible  to  open  the  proceedings  of 
that  Section  without  referring  to  the  great  loss  sus- 
tained in  the  death  of  Mr.  \V.  E.  Forster.  He 
would  not  deal  with  his  public  qualities  in  general, 
which  had  already  been  fully  dealt  with  elsewhere, 
but  he  was  kno\vTi  to  all  English  colonists  as  the 
advocate  of  a united  Empire.  The  Society,  and  that 
Section  particularly,  had  been  under  great  obligations 
to  him  ; he  took  great  interest  in  the  work  of  that 
section,  and  Dr.  Mann,  the  secretary  of  the  section, 
who  was  unfortunately  absent  that  evening  from  a 
severe  cold,  was  in  constant  correspondence  with  him, 
and  last  year  it  was  Mr.  Forster  who  arranged  with 
them  for  the  paper  on  “Federation.”  He  had  hoped 
to  have  taken  the  chair  on  that  occasion,  but  the 
seeds  of  his  fatal  illness  had  already  affected  him, 
and  induced  him  to  lessen  his  public  duties.  In  the 
present  session  it  was  hoped  that  with  restored  health 
he  would  have  been  able  to  preside,  but  unfortunately 
this  had  not  been  possible.  It  would  have  been 
more  pleasing  to  himself  if  someone  of  greater  im- 
portance had  taken  the  chair  on  this  occasion,  but 


most  of  their  Colonial  friends  were  that  evening 
enjoying  the  hospitality  of  the  Lord  Mayor.  Mr. 
Simmonds  would  therefore  be  spared  their  criticisms, 
but  on  the  other  hand  he  would  lose  the  tribute 
which  they  would  no  doubt  have  paid  to  the  value  of 
the  paper  he  was  about  to  read.  He  had  known  Mr. 
Simmonds  for  very  many  years,  having  worked  with 
him  more  than  forty  years  ago  in  the  school  of 
Robert  Montgomery  Martin,  to  whom  more  than 
anyone  else  probably  they  owed  the  idea  of  a 
united  Colonial  Empire.  In  that  work  of  his, 
“The  History  of  the  Colonies,”  to  which  Mr. 
Simmonds  was  a contributor,  he  for  the  first  time 
brought  before  the  public  in  an  effective  manner 
the  whole  range  of  our  Colonies,  and  though  it  had 
been  to  a great  extent  superseded  by  the  very  great 
progress  of  the  Colonies,  some  of  their  friends  still 
acknowledged  that  they  owed  to  Mr.  Martin  in  great 
degree  the  idea  of  considering  the  Colonies  as  a 
whole,  which  idea  had  resulted  in  the  acceptance  of 
what  he  believed  was  now  a settled  doctrine,  that  of 
federation. 

The  paper  read  was  — 

PROGRESS  OF  THE  BRITISH  POSSES- 
SIONS IN  THE  LAST  QUARTER  OF  A 

CENTURY. 

By  P.  L.  Simmonds. 

The  interval  between  the  Exhibition  of  1862 
and  the  present  Colonial  Exhibition,  forming 
a period  of  nearly  tw^enty-five  years,  appeared 
to  me  a favourable  opportunity  for  taking  a 
survey  of  the  progress  which  India  and  our 
Colonial  possessions  have  made  in  that  period 
in  material  wealth  and  industrial  advance- 
ment, and  my  ofidcial  connection  with  both  these 
Exhibitions,  and  half  a century’s]acquaintance 
and  advocacy  of  Colonial  interests,  have  given 
me  some  advantages  in  judging. 

I have  been  somewhat  superseded  by  my 
friend  Dr.  Mann,  in  his  paper  on  the  Colonies 
read  before  the  Society  in  February,  but  he 
confined  himself  mainly  to  the  present  position 
of  our  various  possessions.  Our  figures  differ 
somewhat,  which  probably  arises  from  their 
being  taken  from  different  sources.  I have  com- 
piled mine,  wherever  possible,  from  the  official 
Colonial  returns,  which  vary  frequently  from 
the  digests  made  for  the  Government  statistical 
abstracts  in  this  country. 

The  elements  of  this  inquiry  are  so  numerous, 
and  the  field  of  investigation  so  vast,  from  the 
number  of  Colonies  to  be  dealt  with,  that  it  is 
impossible  to  do  full  justice  to  the  subject  in 
the  limited  time  at  my  disposal,  and  the  mass 
of  figures  to  be  dealt  with  is,  moreover,  so 
extensive  that  I must  content  myself  with 
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placing  on  record  for  reference  the  voluminous 
official  statistics,  merely  summarising  the 
results  in  groups  of  Colonies,  and  dwelling 
chiefly  upon  the  more  important  and  striking 
points  of  progress  in  population,  revenue, 
public  works,  principal  productions,  external 
commerce,  &c. 

In  the  period  under  review,  many  things  have 
contributed  largely  to  help  on  the  progress 
of  the  Colonies;  among  these  may  be  named, 
the  completion  of  the  Suez  Canal,  the  great  im- 
provements made  in  steam  communication,  the 
extension  of  submarine  cables,  land  telegraphs, 
and  railways,  the  flow  of  emigration,  and  the 
continuance  of  gold  discoveries  in  our  Austra- 
lasian colonies. 

The  children  of  the  parent  State,  who  liayd 
-gone  out  from  tiine  to  time  to  establish  them-! 
selves  in  different  parts  of  the  world,  having 
most  of  them  arrived  at  mature  age,  now 
^ present  themselves  to  the  mother  country  with 
striking  evidences  of  the  progress  which,  by 
energy,  perseverance,  and  industry,  they  have 
accomplished.  ? ■ 

At  previous  Exhibition's,  h'etb  and  elsewhere, 
the  Colonies  have  only"  pldyed  a subordinate' 
part  in  competition  with  th6  older  European 
•-'States  ,"  butmowgresponding  to  the  call  of  the 
Royal  President  both  of  this  Society  and  of  the. 
Colonial-  Exhibition,  they  fill  an'  exhibition: 
entirely  by  themselves,  and  show" the  abundance 
of  the  natural  riches  and  manufactures  of  the 
several  Colonies  Britain  has  founded,  or 
acquired,  in  the  east  and  the  west,^ the  north 
and  the  south,  where  the  British  flag  -waves, 
proudly  with  all  its  surroundings  of  law,, 
loyalty,  and  freedom.  b ' ■ 

' If  we  turn  first  to  the  feature  of  Emigration, 
we  find  from  the  official  returns  that  about 
5,000,000  souls  have  left-. our  shores  in  the 
twenty-five  years,  of  whom  629,036  have  gone 
to  British  North  America,  815,651  to  Australa- 
sia, 322,480  to  the  Cape,  India,  and  a few  foreign 
States,  in  all  1,767,167;  this  is  not  one  half, 
however,  of  the  number  who  left  for  the  United 
States,  the  emigrants  to  the  American  republic 
having  amounted  in  that  period  to  4,200,044, 
many  of  these,  however,  were  foreigners. 

The  poet  Wordsworth,  in  his  ‘^‘  Excursion,” 
well  remarks  : — 

“ The  wide  waters  open  to  the  power,  i 
The  will,  the  interest,  and  appointed  needs 
Of  Britain,  do  invite  her  to  cast  otf 
Her  swarms,  and  in  succession  send  them  forth. 

Bound  to  establish  new  communities 
On  every  shore  whose  aspect  favours  hope, 

Or  bold  adventure,  promising  to  skill  !: 

And  perseverance  their  deservedTewafd.”  ^ 


However  numerous  the  emigrants  may  be  to 
our  northern  and  southern  colonies,  there  is 
room  enough  for  all,  there  is  employment 
enough  for  all,  and  there  is,  moreover,  liberal 
remuneration  for  labour,  and  certain  com- 
petency in  store  for  honest  industry  and  steady 
application. 

“ Freemen  of  England,  nourish  in  your  mind 

Love  for  your  land  ; though  poor  she  be  and  cold. 
Impute  it  not  to  her  that  she  is  old. 

For  in  her  youth  she  was  both  warm  and  kind. 

True,  it  fits  not  that  you  should  be  confined 
Within  a grudging  Island’s  narrow  hold. 

That  bred,  but  cannot  feed  you.  O be  bold  ; 

Blue  heaven  has  many  an  excellent  fair  wind  ; 

Steer,  then,  in  multitudes  to  other  land. 

Work  ye  the  field,  the  river,  and  the  mine. 

Smooth  the  high  hill,  and  fell  the  long-armed  pine. 

Till  all  God’s  earth  be  honourably  manned.” 

In  1861,  we  possessed  2,133  steam  vessels, 
01506,308  tons;  in  1883,  6,241  = 3,725,229  tons. 
It  will  thus  be  seen  that  we  have  trebled  the 
number,  whilst  the  tonnage  has  increased 
sevenfold. 

In  1861,  our  imports  from  India  and  the 
Colonies  were  to  the  value  of 

In  1884,  we  received  from  India  and  the 
Colonies  produce  and  specie  to  the  value  of  over 
;^92,5oo,ooo,  distributed  as  follows  : — 


India  and  the  Eastern  Colonies 
Australasian  ,, 

African  . ,, 

North  American  ,, 

West  Indian  ,, 

European  ,, 


£ 

43,190.555 

27,059,538 

5,372,000 

9,311,981 

4,483,537 

3,120,319 

92,537,930 


The  tonnage  entered  and  cleared  with 
cargoes  fro  in  British  posses,.sions  in  1885  was 

9,739,456.  , 

If  we  look  at  what  has  been  done  in  ocean 
and  \3-nd.  Telegraphs,  we  shall  be  surprised  at 
the  wonderful  progress  that  has  been  made 
in  the  means  of  rapid  communication  with 
our  distant  Possessions,  all  of  which  are 
brought  now  within  an  hour  or  two  of  trans- 
mission and  reply.  Ocean  telegraphs  have 
been  laid  across  the  Atlantic  to  our  North 
American  colonies,  in  the  Mediterranean 
from  Gibraltar  to  Malta  and  Cyprus,  from 
Aden  to  India,  across  the  Bay  of  Bengal  to 
Singapore  and  Hong  Kong  and  Borneo,  to 
North  Australia,  across  Bass’s  Straits  to  Tas- 
mania, and  we  can  now  communicate  hourly 
even  with  New  Zealand. 

The  land  wires  are  even  more  important. 
India,  which  in  1861  had  only  about  1,000 
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miles  of  wire,  has  now  upwards  of  23,000  miles 
of  telegraph,  and  the  Eastern  colonies  about 
1,500  miles  more.  Australasia  has  more  than 
33,000  miles,  Canada  i;,ooo,  and  South  Africa 
about  8,000,  besides  small  extents  in  the  West 
Indian  colonies. 

If  we  pass  on  to  Railways,  which  have  done 
so  much  to  open  up  unsettled  districts,  and  to 
afford  cheap  communication  with  the  sea- 
board, we  find  even  more  startling  progress 
has  been  made  in  the  quarter  of  a century ; and 
this  has  been  money  well  laid  out,  both  in 
giving  employment  to  labour  and  manufac- 
turers, and  in  the  result  of  the  remunerative 
traflSc  obtained. 

In  1861,  India  had  little  over  1,000  miles  of 
railway,  Victoria  250,  South  Australia  56,  New 
South  Wales  73. 

In  i860,  the  first  lines  of  railway  were  com- 
menced in  Mauritius.  A line  of  74J  miles, 
between  Kandy  and  Colombo,  Ceylon,  was 
opened  in  1867.  What  do  we  find  in  operation 
now,  independent  of  the  many  miles  of  lines  in 
course  of  construction  ? The  official  returns  for 
1884  show  that  India  had  over  12,000  miles  of 
railwa}',  and  Ceylon  and  Mauritius  270  ; the 
Australasian  colonies  7,500,  the  Dominion  of 
Canada  9,600,  South  Africa  1,750,  and  the 
West  Indian  colonies  130. 

The  Gold  produced  in  the  Australasian 
colonies  since  the  first  discovery  in  1851  to 
1884  has  been  as  follows,  as  near  as  can  be 
determined  : — 


Coloaies. 


Ounces. 


Victoria  to  1 885 
N.S.  Wales  . 
Queensland 
South  Australia 
Tasmania 
New  Zealand  . . 


54,500,000 

9.995.825 

4,529,280 

89,720 

289,151 

10,552,279’ 


Total 


79.457,624 


Value. 

£ 

218,000,000 

37.142,631 

18,117,120 

343.950 

1,115 

42,327.9071- 


315.932,723 


The  quantity  from  Queensland  is  all  since 
1867,  the  Tasmanian  production  dates  from 
1866,  that  of  New  Zealand  from  1862,  of  South 
Australia  from  the  Northern  Territory  1881. 
Of  this  quantity  there  was  received  at  the 
Sydney  Mint,  for  coinage,  from  its  opening 
in  May,  1857,  to  the  end  of  1884,  14,108,558 
ounces,  valued  at  ;^53,657,836,  of  which  there 
w-as  minted  into  coin  ^50,974,000,  and  into 
bullion  £2,612,^0^.  This  go’d  was  produced 
in  the  colonies  in  the  following  proportions  : — 


• To  1884.  t To  1885. 


Ounces.  Value. 

£ 

New  South  Wales  6,808,290  , . 26,044,614 

Queensland 3,662,025  ..  13,050,499 

New  Zealand  2,024,322  ..  7,988,898 

Victoria 1,437,954  ..  5,905,726 

Tasmania 6,115  ..  23,625 

South  Australia  . . 22,885  . . 82,800 

Total....  13,961,591  53,096,162 


There  was  received  at  the  Melbourne  branch 
Mint  from  its  opening  in  June,  1872,  to  the 
end  of  1884,  7,386,639  ounces  of  gold,  value 
;^i8,62i,752,  of  which  ^^26,338, 100  was  issued 
in  coin,  and  the  rest  in  bullion.  Of  this  total 
amount  of  gold,  5,000,000  ounces  were  raised 
in  Victoria  and  1,000,000  ounces  in  New  South 
Wales. 

The  gold  produced  in  New  South  Wales 
from  1851  to  1884  was  9,538,691  ounces,  value 
;^35,36i,55o,  of  which  £26,o/\^,6ia  was  coined 
at  the  Mint,  and  ;^9,3^  6,936  exported 
without  passing  through  the  Mint.  Besides 
this,  large  quantities  are  said  to  have  passed 
out  of  the  colony  in  private  hands.  Of  the 
total  gold  raised  in  this  colony,  over ;^29, 000, 000 
in  value  has  been  obtained  in  the  quarter  of  a 
century  under  notice. 

From  the  Dominion  of  Canada  in  the  last 
thirteen  years  there  has  been  exported  gold- 
bearing  quartz,  gold-dust,  and  nuggets  to  the 
value  of  ;^3, 000,000  sterling.  Last  year 
21,000  ounces  of  gold  were  obtained  in  Nova 
Scotia  alone. 

The  official  Board  of  Trade  returns  give 
the  approximate  estimate  of  the  value  of  the 
gold  shipped  from  the  Australasian  colonies 
as  follows : — 


Gold. 

Gold  Bullion  and 
Specie. 

£ 

£ 

1855...- 

11,067,667 

1856.... 

12,245,377 

1857.... 

11,329.537 

1858.... 

11,419,852 

1859.... 

11,640,788 

i860 

10,186,183 

1861 

10,916,015 

..  11,871,870 

1862 

10,455,126 

..  12,213,964 

..  12,676,361 

1863.... 

11,468,833 

1864 

9,025,032 

..  12,452,473 

1865.... 

9.533.640 

12,226,136 

1866.... 

9,616,442 

..  13,355,136 

1867.... 

8,783,489 

..  11.933,832 

1868.... 

9.351,191 

..  13,708,7^7 

1869 

10,382,955 

13,214,612 

0 

00 

8,237,367 

..  11,365.326 
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Gold. 

Gold  Bullion  and 
^Specie. 

£ 

t— 1 

00 

7,605,898 

..  12,742,333 

1872.... 

7»597>02i 

10,720,589 

1873.... 

9,369,130 

12,061,054 

1874.... 

7,662,925 

•.  10,433,717 

1875.... 

6,949,516 

9,988,025 

1876.... 

5,793,374 

8,214,615 

1877.... 

7,295,868 

. . 9,944,005 

1878.... 

5,567,084 

..  8,371,133 

1879.... 

2,403,212 

5,865,526 

1880 

4,170,749 

7,235,612 

1881.... 

6,461,388 

9,128,567 

1882 

5,087,625 

• . 7,743,569 

1883.... 

5,180,741 

7,652,700 

1884. ... 

3,000,000* 

• . 5,063,556 

250,105,425 

250,183,428 

Coal. — It  is  a fortunate  circumstance  that, 
with  few  exceptions,  wherever  British  colonies 
have  been  founded,  there  has  also  been  found  a 
local  supply  of  coal. 

In  North  America,  commencing  with  Nova 
Scotia,  Newfoundland,  and  in  various  parts  of 
the  Dominion  of  Canada,  coal  has  been  found. 
In  Southern  Africa  it  is  metwith  in  the  Cape  and 
Natal.  Many  of  our  southern  colonies  have 
valuable  coalfields,  as  in  New  South  Wales, 
Queensland,  Tasmania,  and  New  Zealand. 
Then  we  have  a coal  field  in  Labuan.  Coal  is 
the  most  abundant  of  the  minerals  in  New  South 
Wales.  For  hundreds  of  miles  the  coast  dis- 
tricts may  be  said  to  be  one  vast  coal  field. 
The  principal  collieries  worked  are,  however, 
in  Newcastle.  The  quantity  raised  in  the  New 
South  Wales  collieries,  from  i860  to  1884,  ex- 
ceeded 29,250,000  tons,  of  which  18,000,000 
tons  were  exported.  The  output,  which  in 
i860  was  only  368,000  tons,  had  risen  in  1884 
to  nearly  2,750,000  tons. 

The  coal  mines  of  Nova  Scotia,  which, 
twenty-five  years  ago,  barely  supplied  500,000 
tons  of  coal,  have  now  doubled  their  produce, 
the  quantity  raised  last  year  being  1,000,254 
tons. 

Coal  seams  are  exposed  in  more  than  a 
dozen  different  places  on  the  east  coast  of 
Vancouver,  and  about  ,40,000  tons  a year  are 
regularly  raised.  The  existence  of  a fine 
quality  of  coal  on  the  seaboard  is  of  the 
greatest  importance  now  that  the  Canadian 
Pacific  Railway  has  converted  British  Columbia 
into  one  of  the  world’s  highways. 

In  Bengal  there  are  eighty  collieries,  but 
only  three  or  four  out  of  the  numerous  coal- 

*  Estimated. 


fields  known  are  actually  worked.  The  total 
output  last  year  was  1,316,000  tons.  The 
Assam  coal-fields,  which  have  just  been  pro- 
spected, are  also  considered  very  promising  ; 
they  cover  a plateau  with  an  area  of  thirty 
square  miles.  The  first  colliery  in  India  was 
only  commenced  about  1869. 

Entering  now  upon  a detailed  description 
of  Colonial  progress,  little  need  be  said  of 
our  European  possessions,  except  to  mention 
that  we  have  given  up  the  Ionian  Islands 
and  acquired  Cyprus.  Gibraltar  and  Malta 
are  mere  entre;p6ts  for  passing  commerce, 
but  their  relative  importance  has  grown  with 
the  traffic  through  the  Suez  Canal.  The  same 
remark  applies  to  Aden,  a dependency  of  the 
Indian  Empire. 

The  comparative  progress  in  our  European 
possessions  (excluding  the  Channel  Islands 
and  the  Isle  of  Man)  has  been  as  follows  : — 


European  Possessions. 


Population 

Revenue 

Tonnage 

Imports 

Exports 


1861. 

395,384 

••••  ;^i75,83I 

...•  3,844,337 

..  ^4,183,850 
• • ;^3,278,243 


1884. 

363,140 
. . ;^266,0/3 
. . 18,256,226 

••  ;^i3,343,789 
. . ^12,908,492 


If  we  turn  to  the  group  of  India  and  the 
Eastern  colonies,  we  find  that  on  the  Con- 
tinent the  kingdom  of  Burmah  has  now  been 
added  to  our  territory,  and  besides  Sarawak,, 
which  may  be  considered  British,  we  have  a 
new  possession  in  North  Borneo. 

India. — Steady  and  rapid  progress  has 
been  made  in  British  India,  both  in  old  and 
new  industries. 

There  are  3,420  tea  plantations  in  India,, 
which  shipped  68^  million  pounds  of  tea  last 
year,  besides  what  was  locally  consumed. 
There  are  45,000  coffee  plantations,  which 
produced  30,742,954  lbs.  of  coffee,  and  there 
are  now  2,269  acres  of  Government  planta- 
tions under  culture  with  chinchona. 

The  export  of  jute,  which  is  so  essential  to 
the  prosperity  of  Dundee,  has  increased  from 
ij  million  cwts.  to  8^  million  cwts. 

In  Bengal  there  are  twenty- one  jute  mills 
working,  with  6,139  looms,  employing  47,868 
hands. 

Cotton  spinning  centres  round  Bombay  and 
jute  mills  round  Calcutta.  There  are  seventy- 
four  cotton-mills  working  by  steam,  wfith 
16,251  looms,  1,895,284  spindles,  and  employ- 
ing daily  61,386  hands.  These  mills  consume 
about  168,000,000  lbs.  of  cotton.  Besides  the 
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large  home  consumption  of  cotton  fabrics, 
these  are  shipped  to  foreign  countries  to  the 
value  of  nearly  £;^, 000, 000  sterling. 

In  the  ten  years  ending  1873,  the  foreign 
trade  of  India  increased  but  i per  cent.  ; in 
the  next  ten  years,  concurrently  with  the 
development  of  traffic  through  the  Suez  Canal, 
it  has  advanced  61  per  cent.  The  excess  of 
exports  of  merchandise  over  imports  in  1884, 
which  is  a signal  feature  of  Indian  trade,  was 
the  largest  that  has  yet  been  reached,  the 
excess  being  ;^35, 33 1.906. 

The  progress  made  in  the  external  com- 
merce of  British  India  is  best  shown  by  a 
comparison  of  the  exports  of  the  principal 
articles  of  produce  in  1861  and  1884. 


1861. 

1884. 

Coffee  

cwts.  192,015 

....  328,317 

Cotton 

„ 3.527-670 

....  5,066,057 

Indigo  .... 

,,  79,021 

....  154-629 

Rice  

,,  15,808,000 

•...  3-051-532 

Wheat  .... 

none 

....15,854,292* 

Opium  .... 

chests  65,369 

86,578 

Seeds  .... 

cwts.  2,497,577 

18,267,129 

Silk  raw  . . 

lbs.  1,101,844 

531-205 

Tea  .... 

,,  2,220,886 

....64,162,055 

Wool 

,,  17,762,415 

....  18,928,173 

Hides  &:  skins  cwts. 

....  778,994 

Jute 

„ 1,232,279 

....  8,368,686 

Comparative  Summary  of 
Possessions. 

THE  Eastern 

i86r. 

1884. 

Population 

..  145,905,272 

..  203,840,366 

Revenue 

...  ;^44,424,630 

..  ^74,630,192 

Tonnage 

7,232,420 

• • 24,873,975 

Imports 

•••  .^48,452,177 

..  ;^94,692,892 

Exports 

•••  .^45-343-562 

13-547-325 

Railways,  miles  1,028 

12,004 

Telegraphs, 

,,  11,030 

23,207 

In  Ceylon  the  planters. 

finding  coffee. 

cinnamon,  and  other  old  products  less  profit- 
able than  formerly,  have  entered  upon  new 
industries,  such  as  tea,  chinchona,  &c.  The 
coffee  export  has  fallen  from  550,317  cwts.  in 
1861,  valued  at  -^1,662,874,  299,396  cwts.  in 

1884,  valued  at  106,020. 

Mauritius  has  kept  steady  in  its  sugar  pro- 
duction, and  strangely  enough  the  value  has 
been  maintained,  as  it  produces  a superior 
quality  of  crystalised,  which  found  its  market, 
until  lately,  chiefly  in  Australia. 

The  exports  were  : — 

* 21,000,000  cwts,  of  wheat  were  shipped  in  the  previous 
year. 


Cwts.  Value. 

1861  ..  2,233,468  .. 

1884  ..  2,503,165  ..  ;^3.572,683 

Reviewing  next  the  position  of  the  Austral- 
asian Colonies,  we  find  that  there  the  greatest 
advance  of  all  has  been  made  in  prosperity. 
We  have  added  to  our  possessions  in  the 
Pacific,  the  Fiji  Islands  and  part  of  New 
Guinea. 

A few  figures  will  indicate  the  enormous 
advance  in  the  pastoral  wealth  of  the  Austral- 
asian colonies.  Their  mineral  wealth  I have 
already  briefly  alluded  to.  There  are  so  many 
prosperous  colonies  in  that  quarter,  that  I 
cannot  do  anything  like  fair  justice  to  their 
individual  progress. 

The  TVbo/exports  from  India  andthe  Colonies 
were,  in  1861  and  1884,  as  follows  : — 


i86r.  1884. 

lbs.  lbs. 

India  21,385,429  ..  25,540,253 

Australasia  ....  73,294,839  ..  444,255,099 

Natal 647,679  ..  17,330,981 

Cape  Colony 24,873,269  ..  37,270,615 

Canada  1,554,588  ..  1,539,421 


121,555.904  ••  525.936,370 

Australasian  Wool  Shipments. 

Colonies.  i86i.  1884. 

New  South  Wales  . . 12,745,891  ..  173,986,303 

Victoria  23,923,195..  119,542,407 

Queensland 6,994,033  . . 35-525.977 

South  Australia 14,575,101..  16,816,068 

Tasmania  2,294,269  . . 8,215,101 

New  Zealand 7,855,920..  81,139,028 

Total  68,388,409  . . 435,224,884 

The  advance  in  the  pastoral  interests  is  best 
shown  by  the  increase  of  cattle  and  sheep  : — 

Number  of  Cattle  and  Sheep  in  the 
Australasian  Colonies  in  1861. 

Colonies.  . Cattle.  Sheep. 

Victoria  628,092  . . 6,239,258 

New  South  Wales  ... . 2,271,923  ..  5,615,054 

Queensland 560,196..  4,093,381 

South  Australia 265,434..  3,638,356 

Tasmania  113,000  1,600,000 

New  Zealand 193.285  ..  2,761,583 

Total....  4,031,930  ..  23,947,632 


Other  Cotom'es  in  1861. 


Cape  Colony . . 
Falkland  Isles 


. . 10,000,000 
28,526..  11,500 


6oo 
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~ - Numbers-  IN 

Australasia, 

DO 

00 

C(ildAies. 

Sbeep. 

Victoria  

...  1,287,947  .. 

10,637,412 

New  South  Wales  . 

...  1436,329  .. 

30479,871 

Queensland 

9408,911 

South  Australia  . . . 

...  389,726.. 

6,696,406 

Western  Australia . 

71,102  . . 

1,547,061 

Tasmania  . 

...  128,834.. 

1,720,027 

New  Zealand 

. . . 698,637  . . 

14,056,266 

Total. . 8,178,737  . . 

74.345.954 

Fiji  

5424  • . 

5473 

Total. 

. . . 8,184,061  . . 

74451427 

Other 

Colonies  y 1884. 

Cattle. 

Sbeep. 

Cape  Colony  .... 

..1,500,000  .. 

12,000,000 

Falkland  Isles 

..  16,450  .. 

410,100 

Ceylon  

. . 963,896  . . 

53.757 

Mauritius  

15,000  . . 

30,000 

Natal 

575.698  .. 

560,632 

Dominion  of  Canada  3,514,989  . . 

3,048,678 

Jamaica  

84,206  . . 

20,000 

India  and  the  Colonies  also  possess  a large 
number  of  horses,  goats,  and  other  stock  which 
I have  not  thought  it  necessary  to  enumerate. 
The  numbers  of  sheep  would  have  been  much 
larger  but  for  the  enormous  loss  of  about 
6,500,000  by  drought  in  New  South  Wales  and 
Queensland.  As  it  is,  the  number  of  sheep 
in  Australasia  now  about  equal  those  in  the 
River  Plate  States.  Canada  and  India  also 
largely  swell  the  wool  production  for  the 
supply  of  Europe. 

The  following  figures  mark  the  progress  in 
New  South  Wales  : — Under  crop,  297,575 
acres  in  1861,  and  852,017  acres  in  1884.  Coal 
raised  in  1861,  342,067  tons  ; in  1884,  2,749,109 
tons. 

The  great  factories  and  works,  which  num- 
bered only  788  in  1861,  were  22,008  in  1884. 

The  tallow  rendered  down  in  i860  was 
60,638  cwt.  In  1848  and  1849  the  quantity 
shipped  was  371,981  cwt.  ; in  1880,  252,826 
cwt. ; and  in  1884,  131,041  cwt. 

The  boundaries  of  South  Australia  have 
been  largely  extended  by  the  addition  of  the 
Northern  territory,  so  that  the  colony  now 
extends  across  the  Continent  to  the  Indian 
Ocean,  and  the  gold  discoveries  there  will 
hasten  on  the  progress  of  settlement  and 
pastoral  operations.  The  wheat  production 
in  1884  was  14,621,755  bushels ; the  land  under 
culture  53,443411  acres. 

The  mineral  produce  of  copper,  lead,  &c.. 


exported,  averaged  in  the  five  years  ending 
1867,  £6^$  750  per  annum.  In  1861,  the  value 
of  mineral  produce  shipped  was  ^452,172  ; in 
1884,  it  was  ^536,059. 

The  wool  shipped  from  South  Australia  in 
1861  was  but  27,257  bales  ; in  1884  it  was 
118,357  bales,  valued  at  ;,^2,6i8,626. 

There  are  about  1,300  camels  in  the  colony, 
109  were  first  introduced  in  1866  ; they  were 
employed  in  conveying  material  for  the  con- 
struction of  the  Adelaide  and  London  tele- 
graph line  in  1872.  During  the  drought  in 
1881,  a large  number  of  these  were  the  means 
of  saving  the  lives  of  the  starving  population 
in  the  Albert  gold  fields  of  New  South  Wales. 

Queensland. — This  colony  has  made  rapid 
strides ; its  population  has  increased  from 
34,367,  when  it  was  separated  from  New  South 
Wales,  to  310,000  last  year.  Its  revenue 
has  risen  from  a quarter  of  a million  to 
2f  millions  ; its  exports  exceed  ;^4,ooo,ooo  in 
value,  audits  imports  ;^6, 000, 000.  The  area  of 
land  alienated  is  7,100,000  acres.  It  produced, 
besides  wine,  in  1884,  133,768  galls,  of  rum, 
and  1,006  galls,  of  brandy.  The  minerals 
raised  in  the  year  were — 


Tons.  Value. 

Copper  1,653  ••  30,872 

Tin  15,347  ••  134,867 

Galena 4,303  ..  36,097 

Coal 129,980  ..  54,160 


The  gigantic  strides  made  by  the  Colony  of 
Vl  CTORIA  are  best  shown  by  the  following 
figures.  Melbourne,  as  a shipping  port  is, 
after  Sydney,  the  great  depot  for  British  goods 
for  transmisssion  to  the  other  colonies  and  for 
shipments  to  Europe  : — 


1861.  1884. 

Population 220,076  ..  961,276 

Revenue ;^2, 952,101  ..  ^5,934,687 

Acres  under  culture  439,895  ..  2,215,923 

,,  wheat.  196,922  ..  1,104.392 

Cattle.... 628,092  ..  1,297,546 

Sheep 6,239.258  ..  10,739,021 

Tonnage,  in  and  out  1,090,002  ..  12,964,33 

Imports  ;^i3,532,452  . . £i(),2oi,62>z 

Exports  .......  .;,6^i3, 828, 606  ..  6,050,465 

Wool (lbs.)  23,923,195  ..  109,615,884 

Tallow (lbs.)  4,208,960  ..  14,960,960 

Flourmills 104  ..  140 


Manufactories,  &c.  4^9  • • 2,637 

Tasmania  and  Western  Australia  call 
for  little  special  notice.  The  first-named  is 
not  very  progressive,  but  the  latter  is  waking 
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up  to  energ}^  in  railway  enlargement,  and  in 
the  utilisation  of  its  vast  forests  of  magnificent 
woods,  of  which  noble  specimens  are  shown  in 
the  Western  Australian  Court  of  the  Colonial 
Exhibition,  and  sheep  runs  will  soon  be  more 
extensively  occupied  there. 

The  official  announcement,  published  to-day, 
of  the  bringing  in  of  4,000  ounces  of  gold  dis- 
covered in  Western  Australia,  will  do  much 
now  to  draw  the  population  thither. 

The  progress  made  by  the  colony  of  New 
ZeaL-\^'D  is  perhaps  one  of  the  most  remark- 
able on  record.  I can  remember  the  time 
when  the  ships  with  the  first  colonists,  sent 
out  under  the  auspices  of  the  New  Zealand 
Company,  slipped  out  in  the  night  from  the 
River  Thames,  in  spite  of  the  embargo  put  on 
them  by  the  Government.  This  is  within  half 
a century,  and  now  we  find  a population  of 
576,284,  exclusive  of  the  natives.  The  num- 
ber, in  1861,  stood  at  79,711,  and  this  increase 
dates  from  Sir  George  Grey’s  Government. 
In  the  fifteen  }'ears  ending  1884,  the  number 
of  immigrants  to  New  Zealand  has  reached 
265,850.  The  colony  possesses  1,643  factories 
and  works  of  different  kinds,  employing  16,600 
hands.  These  comprise  106  printing  estab- 
lishments, 40  flax  mills,  100  breweries,  13 1 
grain  mills,  223  saw  mills,  119  fellmongeries, 
tanneries,  and  wool  - washing  establish- 
ments, 127  brick  and  tile  works,  84  quarries, 
and  80  aerated  water  and  cordial  manu- 
facturers. 

Coal  mining  was  only  commenced  in  1867, 
but  will,  ere  long,  become  one  of  the  great 
industries  of  the  colony  ; between  1867  and 
1884,  3,000,000  tons  were  raised,  and  the 
Collingwood  Coal  Mining  Company  is  now 
raising  30,000  tons  yearly ; out  of  300,000 
tons  annually  produced  5,000  to  6,000  tons 
are  shipped.  The  colony  will  soon  produce 
enough  coal  for  all  its  local  wants,  some 

600.000  to  700,000  tons,  as  already  half  that 
quantity  is  produced.  There  are  51  collieries 
working. 

If  we  look  at  the  present  exports,  they  con- 
sist of  81,000,000  lbs.  of  wool ; 151,000  cwt.  of 
tallow;  nearly  10,000,000  rabbit  skins; 

300.000  cwt.  of  preserved  and  frozen  meats ; 

6.000  to  7,000  tons  of  coal.  Timber  to  the 
value  of  7^152,000  ; and  kauri  gum  to  the  value 
of  ^^342, 000.  The  shipments  since  1861  of 
this  latter  resin,  so  useful  for  varnish,  have 
amounted  to  100,440  tons;  value  ^3,695,563, 
and  it  is  worth  at  present  ^^53  los.  a ton. 

Instead  of  boiling  down  sheep  for  their 
tallow,  se-eral  of  the  Australasian  colonies 


have  tried  to  supply  Europe  with  meat,  fresh 
and  preserved. 

In  1880,  no  less  than  41,600  sheep  were 
boiled  down  in  New  Zealand,  and  there  were 
forty  establishments  devoted  to  this  business 
and  meat  preserving.  In  the  last  ten  years 
New  Zealand  shipped  preserved  meat  to  the 
value  of  ;^5oo,ooo.  Commencing  with  ship- 
ment of  frozen  carcases  of  sheep  in  1882, 
to  the  value  of  £20,000,  the  shipments,  in 
1884,  from  this  colony  reached  a value  of 
;^345,ooo  ; and  in  the  first  nine  months  of  last 
year  232,095  cwt.  were  sent  to  England,  of 
the  value  of  ^297,036.  Nearly  10,000,000 
bushels  of  wheat  were  raised  in  1884,  and 
the  value  of  the  flour  and  grain  exported  was 
^^818,687. 

Gold  was  not  practically  worked  in  Ne?/ 
Zealand  until  early  in  1862,  when  the  mines 
at  Coromandel  first  attracted  attention,  but 
by  December  the  population  of  Otago  had 
increased  from  12,000  to  30,000,  and  the  escorts 
had  brought  in  by  the  end  of  the  year  187,696 
ounces  of  gold ; this  district  still  forms  the 
chief  centre  of  true  lode  mining  operations. 
The  yield  from  those  mines  was,  up  to  1880, 
over  ;^4,5oo,ooo  sterling,  but  this  is  small 
as  compared  with  the  quantity  of  alluvial  gold 
obtained  in  the  South  Island,  subsequent  to 
1861,  at  which  date  the  gold-fields  of  Otago 
became  prominently  known.  In  1864,  the 
gold  fields  near  Hokitaka  proved  a great 
attraction  to  the  mining  population.  The 
total  quantity  of  gold  exported  from  New 
Zealand,  up  to  1884,  was  10,552,279  ozs., 
valued  at  £^i,2,‘j<^,2()2,  and  the  shipments  last 
year  were  to  the  value  of  ;^948, 615,  bringing 
up  the  total  to  ^42,327,907. 

The  Australasian  colonies  had  under  culture 
with  wheat,  in  1884,  3,658,996  acres.  They 
raised  45J  million  bushels  of  wheat,  15  million 
bushels  of  oats,  6^  millions  of  maize,  2^  of 
barley.  They  had  7I  million  acres  in  all  under 
tillage.  The  shipping  inwards  and  outwards 
at  their  ports  reached  ii|  million  tons.  Their 
exports  of  home  produce  exceeded  54I  million 
pounds,  and  their  imports  were  to  the  value  of 
64  millions,  the  great  bulk  obtained  from 
England.  The  average  taxation  in  those 
colonies  is  about  £2  15s.  per  head. 

Wine  is  a colonial  product  which  is  making 
fair  progress.  There  are  four  Australian 
colonies  which  have  given  prominent  atten- 
tion to  vineyards — New  South  Wales,  South 
Australia,  Queensland,  and  Victoria.  In 
Western  Australia -'very  little  wine  is  pro- 
duced. 
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1861. 

Acreage. 

r Oallpn?  of  wine. 

Victoria  

47.568 

New  South  Wales  1,583 

90.791 

South  Australia , 

, . 3,180 

..  122,087 

Queensland  . . 

40 

Total.. 

. . 6,141 

260,446 

1884. 

Victoria  ....... 

..  763.823 

New  South  Wales  4,584 

..  441,612 

South  Australia 

• . 4.590 

• V 473.585 

Queensland  . . 

1,286 

• • 95.358 

Western  Australia  687 

..  81,753 

Total. . 

. . 20,242 

1,856,128 

The  Cape  Colony  had  18,177  acres  under 
vineyards  in  1875,  and  4,485,665  gallons  were 
produced,  but  I have  no  later  return. 

Cyprus  is  a wine-producing  country.  New 
Zealand  and  Tasmania  produce  a little  wine, 
but  not  to  any  extent  worth  mention. 

In  1885,  we  received  46,796  gallons  of  wine 
from  the  Cape  and  63,295  gallons  from  Aus- 
tralia. The  Australians  are  pushing  the  sale 
of  their  wines  in  India  and  other  quarters, 
but  the  high  duties  are  against  their  intro- 
duction into  this  country. 

Coming  next  to  the  African  Colonies,  Natal 
has  been  well  described  by  Dr.  Mann,  in  his 
paper  already  alluded  to. 

The  following  figures  give  a comparative 
summary  of  the  position  of  the  African 
Colonies  at  the  two  periods  under  notice.  I 
have  included  the  Falklands  with  them  as 
they  can  scarcely  be  placed  in  any  other 
group 


African  Colonies. 


Population 

Revenue 

Tonnage 

Imports 

Exports 


1861. 

....  627,135 

• . • • .^955,833 

..  . . 1,069,526 
..  ;^3»6o3,67o 
. . ^2,613,091 


1884. 

..  2,481,897 

. . ;^8,449,263 

..  3,562,660 

. . ;^8,8oi,287 
. . ;^7,o23,267 


If  we  compare  the  progress  the  Cape 
Colony  has  made,  we  find  that  British 
Kaffraria  was  absorbed  in  1861,  Basutoland 
in  1868,  Griqualand  East  in  1875,  Griqualand 
West  in  1876,  and  the  Transvaal  in  1877. 
In  1861,  the  colony  had  only  50  miles  of  rail- 
way, and  781  miles  of  telegraph  wire;  in  1884 
it  had  1,545  miles  of  railway,  4,209  miles  of 
telegraph  with  8,663  miles”of  wire. 

In  1861  the  shipments  of  Cape  wool  were 
24,823,284  lbs.,  and  in  1884,  37,270,615  lbs. 


Wine  and  brandy  were  shipped  in  1884  to  the 
value  of  1 8,000.  The  shipping  entered  and 
cleared  was  5,322,177  tons.  The  exports  were 
to  the  value  of  ;^4, 138,385,  inclusive  of 
diamonds;  the  imports,  ;^5,249,ooo. 

The  wool  shipments  from  the  Cape  Colony 
have  risen  from  24,873,269  lbs.  in  1861,  to 
37,270,615  lbs.  in  1884. 

In  the  Cape  Colony,  if  the  progress  in  sheep 
farming  has  not  been  so  rapid  as  in  the 
Australasian  colonies  with  their  wider  extent  of 
territory  and  larger  influx  of  immigrants,  it 
has  not  remained  stationary,  and  two  new 
industries  have  been  developed  which  have 
added  largely  to  their  prosperity,  these  are 
ostrich  farming  and  the  discovery  of  the 
diamond  fields.  The  export  of  ostrich  feathers 
in  1861  was  only  3,425  lbs.,  valued  at  ;^784  ; in 
1884,  owing  to  the  attention  given  to  domestic 
rearing  of  the  ostrich,  the  shipments  reached 
233,411  lbs.,  valued  at  £^,329,355-  As  I read 
a paper  before  the  Society  in  1876,  on 
‘‘Ostrich  Farming,”  it  is  not  necessary  here 
to  dwell  upon  this  industry.  Copper  mining 
and  coal  mining  have  been  much  developed, 
in  1861,  only  2,197  copper  ore  were 

shipped,  now  the  annual  production  exceeds 

21.000  tons.  Coal  is  raised  to  the  amount  of 

9.000  tons  annually,  and  is  likely  to  progress. 

The  Diamond  discoveries  of  this  colony  are 

the  most  remarkable  feature.  Commencing 
with  a shipment  of  the  value  of  ;^500  in  1868, 
the  exports  reached  a declared  value  of 
;^2, 807,329  in  1884.  The  shipments  through 
the  banks  of  Kimberley  alone  in  1884  being 
1,972,134  carats,  and  the  total  exports 
2,263,734  carats.  The  estimated  value  of  the 
diamonds  sent  away  between  1868  and  1884 
is  ;^3I,672,576,  but  many  were  taken  also  by 
private  hands.  The  diamonds  obtained  from 
alluvial  diggings  in  1884  were  of  the  approxi- 
mate value  of  ;^5 1,480,  besides  the  operations 
of  the  following  mines  and  diggings  : — 


Carats. 

Kimberley 642,437 

Old  De  Bow’s  497,596 

De  Tort’s  Pan 498,550 

Buitfontein  566,200 


2,204,783 

Our  West  Indian  Colonies  have,  perhaps, 
made  less  progress  than  any  other  group  of 
colonies. 

The  serious  depression  in  the  sugar  market 
has  placed  this  chief  article  of  West  Indian 
culture  at  a great  disadvantage  in  those  islands 
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which  are  mainly  dependent  upon  this  pro- 
duct. Their  only  means  of  safety  is  to  look 
around  and  enter  upon  other  cultures,  not  in 
order  to  supplant  the  sugar  industry,  but  to 
supplement  their  resources. 

The  most  favourable  feature  in  the  exports 
of  Jamaica  of  late  years  is  the  fruit  industry. 
The  value  of  the  oranges,  bananas,  pine- 
apples, and  cocoanuts  exported  in  1884  was 
;^273,534.  The  fruit  industry  is  fast  assuming 
important  proportions,  and  it  now  stands  above 
rum  and  next  to  sugar.  The  Bahamas  also 
devote  themselves  chiefly  to  pine-apple  culture. 

I need  not  speak  separately  of  the  other 
West  Indian  Colonies,  as  they  are  particular- 
ised in  the  tabular  returns  appended  to  this 
paper : — 


Summary  of  West  Indian  Group. 


Population 
Revenue 
Tonnage 
Imports  , . 
Exports  . . 


1861. 

1,107,322 

l775>35^ 

B529.750 

;^5,6i8,46i 

;^6,o65,964 


1884. 

1,528,258 
;^2, 020,906 
6,316,794 
;^9»ii5o52 

£9^330,73 


If  we  take  the  article  of  Sugar,  we  find,  by 
comparison,  the  exports  have  been  as  follows 
from  our  Possessions  : — 


India 


Fiji 

Natal 

Honduras 

British  Guiana.  . 
W.  I.  Islands  . . 

Total. . . . 


1861. 

1884. 

cwts. 

cwts. 

845,871  .. 

1,630,520 

',233.468  .. 

2,473,549 

^’t.  in  1871). . 

297,474 

174,580 

15,289  .. 

235,713 

47,844 

,302,246  . . 

2,367,986 

,600,000  . . 

4,090,320 

,996,874 

11,317,986 

\\  e imported  10,399,405  cwt.  of  sugar  in 
1861,  and  i9>3^3>746  cwt.  last  year. 

After  the  repeal  of  the  duty  on  sugar,  the 
Continent  commenced  to  flood  our  markets 
with  beet  - root  sugar,  largely  fostered  by 
Government  bounty.  In  1875,  5,325,436  cwt. 
were  imported,  and  last  year  we  received 
IB0I3>749  cwt.  from  the  Continent. 

As  I read  elaborate  papers  before  the  Society 
last  year  on  our  “Timber  Supplies”  and  on 
“ Teak  Imports  and  Production  in  the  last 
25  years,”  it  is  not  necessary  to  go  again 
into  detail  on  the  subject  of  the  woods 
of  the  Colonies,  but  the  enormous  logs  and 
planks,  and  beautiful  specimens  of  woods 
and  furniture  now  shown  at  the  Exhibi- 
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tion  in  the  Canadian,  Western  Australian, 
New  Zealand,  Queensland  and  other  Austra- 
lian Courts,  will  demonstrate  how  much  they 
can  supply  that  is  useful  in  this  branch  of 
trade. 

Our  dependence  on  India  and  the  Colonies 
for  food  and  other  articles  is  shown  by  a glance 
at  the  statistics  of  our  imports  for  last  year. 

We  imported  from  Ceylon  and  other  British 
possessions  481,422  cwt.  of  coffee,  much 
more  than  sufficient  for  our  home  consumption 
of  300,000  cwt.;  of  tea,  68,635,100  lbs.,  more 
than  one-third  of  what  we  consume  ; of  sugar, 
about  4,000,000  cwt.,  only  a sixth  part,  how- 
ever, of  the  quantity  we  import ; of  wheat, 
19,000,000  cwt.  from  India,  Australia,  and 
Canada  ; of  flour,  280,479  ^^t.  from  Canada  ; 
of  rice,  nearly  5,000,000  cwt.  from  India ; 
281,720  cwt.  of  cured  fish  came  from  British 
North  America  ; Canada  sent  us  68,546  head  of 
cattle  and  39,725  sheep;  and  from  Australasia 
we  got  336,495  cwt.  of  fresh  mutton,  and 
198,279  cwt.  of  preserved  meat;  the  Dominion 
of  Canada  also  sent  us  606,000  cwt.  of  cheese. 
For  many  important  raw  materials  for  manu- 
factures we  are  also  largely  dependent  on 
colonial  supplies,  especially  for  hides  and 
skins,  tallow,  palm,  and  cocoa-nut  oil,  cotton, 
jute,  and  other  fibres. 

It  would  seem,  however,  as  if  the  over  pro- 
duction of  many  important  staples  of  commerce, 
such  as  wool,  cotton,  sugar,  coffee,  &c.,  is 
calculated  to  reduce  the  prices  so  low  as  to 
leave  a very  small  margin  of  profit  for  the 
growers,  when  the  cost  of  production,  freight, 
and  interest  of  capital  are  taken  into  consider- 
ation. Hence  it  is  wise  in  many  instances  to 
direct  attention  to  new  industries,  until  supply 
falls  to  a level  with  demand. 

If,  lastly,  we  glance  at  our  North  American 
group  of  Colonies,  we  find  their  progress  re- 
sulting as  follows  : — 


1861.  1884. 

Population 3,340,798  ..  4,620,314 

Revenue £ 2,846,420  ..  7,108,884 

Tonnage 5,743,646  ..  9,452,712 

Imports  £i3M7>7^^  ••  25,883,097 

Exports  ;^ii, 028,046  ..  20,238,931 

Railways  (miles)  1,900  ..  9>575 

The  Dominion  of  CANADA  was  formed  on  the 
I St  of  July,  1867,  of  the  provinces  of  Ontario, 
Quebec,  New  Brunswick,  and  Nova  Scotia, 
and  the  North-West  Territory  were  included 
in  the  Dominion  in  July  1871,  and  Prince 
Edward’s  Island  in  July,  1873.  Newfoundland 


6o4 


JOURNAL  OF  THE  SOCJETY  OF  ARTS. 


\April  1 6,  1886. 


alone  is  now  separate.  I have  classed  Bermuda 
among  the  North  American  group  of  colonies. 

If  "we  compare  the  maps  of  settled  Canada 
and  settled  Australia  now  with  what  they  wer^ 
twenty-five  years  ago,  we  shall  find  territories 
equal  in  area  to  many  European  kingdoms  * 
won  from  the  wilderness,  and  settled  with 
people,  flocks  and  herds,  and  prosperous 
agriculture.  We  can  mark  at  each  successive 
Exhibition  unmistakeable  proofs  of  the  rapid 
progress  which  nearly  all  our  Colonies  are 
making  in  the  social  scale  and  in  material 
wealth  and  prosperity. 

There  are  many  special  features  which  I 
have  not  been  able  to  touch  upon  in  this 
survey,  such  as  the  value  of  their  flsheries, 
the  shipping  owned  in  the  Colonies,  the 
textile  fibres  to  be  developed,  as  the  aloe  fibre 


in  Mauritius,  the  Rhea  fibre  in  India  and  the 
Colonies,  the  New  Zealand  flax  plant  and 
others;  the  tanning  barks  and  extracts,  some 
of  which  have  already  become  important 
staples — for  instance,  the  hemlock  extract  of 
Canada,  the  mimosa  bark  of  Australia,  the 
myrabolans  of  India,  the  gambier  of  Singapore, 
&c.  Their  universities,  schools,  public  libraries, 
museums,  and  other  kindred  institutions,  I have 
not  been  able  to  allude  to,  but  I think  I have 
advanced  facts  and  figures  enough  to  show  the 
immense  importance  of  our  Possessions  and 
Colonies  to  the  mother  country.  Their  loyalty 
and  desire  to  aid  us  have  been  shown  in  many 
important  ways  ; and  we  shall  do  well  to  receive 
their  representatives  cordially  this  year,  so  as 
to  bind  closer  the  bond  of  union  which  links 
the  mother  country  to  the  colonies. 


European  Settlements,  1861. 


Possessions. 

Population. 

Revenue. 

Tonnage. 

Imports. 

Exports. 

Gibraltar 

clOCi 

15,462 

- 

31,597 

1,932,697 

£ 

£ 

Malta  

Ionian  Islands  ......... 

,136,339 

2"?  6 e 17 

^^44,234 

798,878 
1, 1 12,762 

2,947,193 

T2'26  6c7 

2,377,022 

Heligoland 

1,500 

0 5,000 

901,221 

Total. . . . . 

• 

389,818 

175,831 

3.844,337 

* -4,183,850 

3,278,243 

The  Ionian  Isles  were  given  up  to  Greece  in  May,  1862. 


European  Settlements,  1884. 


Possessions.  ,,  ? 

Population. 

SO  Revenue. 

Tonnage. 

Imports. 

Exports. 

Gibraltar . } . 

18,381 

^ 45.504 

9,219,909 

£ . 

£ 

Malta  

Cyprus 

Heligoland 

156,675 

186,304 

2,000 

212,569 

8,000 

9,036,317 

13.343,789 

385,000 

12,908,492 

319,000 

Total 

363,360 

266,073 

18,256,226 

13,728,789 

13,227,492 

.ft  Cyprus  was'  acquired  in  1878. 


East  Indian  Possessions,  i86i7 


' ^ ^ 

. 

Population. 

Revenue. 

Tonnage, 

Imports. 

Exports. 

c ■ ■ ■ ^ 

!'  ; . . 0 

£ 

£ 

British  India  

143,271,210 

42,903,234 

3,104,595 

* 34,170,793 

. 34,090,154 

Straits  Settlements ; . . . 

- s,  282,831 

151,016 

1,369,0941 

7,917,210 

6,579,726 

Ceylon  

1,919,487 

751,997 

837,221 

3,663,750 

'=■  2,706,207 

Mauritius 

s 310,050 

4^82,789 

600,415 

2,647,-289 

- 1,952,781 

Labuan 

10,712  . 

- . 53,146 

• ' 14,604 

Hong  Kong  

119,321 

127,241 

1,310,383  ., 

3,587,000 

1,052,00a 

Total 

145,905,272 

44,42^,630 

7,232,420  . 

-^”52^Q39^I28- 

_.^6,395,562- 

The  Straits  Settlements  were  transferred  from  the  Indian  Gbvernment  to  the  Colonial  Office  in  1867. 
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j .'.b'JiUlV  1 •‘i'-U  , -j  7:.  ; V 

-1’  - qu-;‘T  - . ;iv f -rl ; ; 

East  Indian  Possessions,  1884I  r.  - 

'JI:- 


‘ Possessions. 

Population. 

Revenue. 

Tonnage. 

Imports.- 

■ Exports. 

British  India 

Straits  Settlements 

Ceylon  

Mauritius  

Labuan  

Hong  Kong  

North  Borneo  

204,000,000 

540,000 

2,763,000 

370,666 

6,298 

160,402 

71,727,421 

629,921 

1,162,722 

860,958 

4,780 

244.390 

7>25o,6o3 

6,343.718 

3.510.566 

759.412 

47,918 

6,961,758 

£ ■ 1 

68,156,654 

18,676,766 
r 4,811,451 
2,963,152 
84,869 

,v> 

£ 

89,098,427 
17,260,13s 
3,161,262 
...3.94b  757 
85.741 

b-  w 

Total 

207,840,366 

74,630,192 

24.873.975^, 

94,692,892 

[ 1 13.547.325 

^ 0 I - I V- 

J Uii  J.‘i 


. laP  Pi^ ■•■ 


. inr-  . 


. .A.  ,f7w;..,'uM  .T 

Australasian  Group,  1861. 


r 

n‘i 

Colonies. 

Population. 

Revenue. 

Tonnage. 

Imports. 

E.xports. 

New  South  Wales 

358,278 

£ 

1,448^10 

745.696 

,6,391,555 

£ 

. .5,594,859 

Victoria 

541,800 

34.367 

130,627 

15,601 

2,952,101 

. 1,090,002 

. 13.532,452 

13,828,606 

fin  oonci'^n/n 

v^UCdioicLIivJ.* 

South  Australia 

230.239 

575.575 

67,261 

I OQ 

208,895 

115.^56 

22G  ^08 

967.951 

1,976,018 

I47.913 

954.517 

2,4931811  ; 

709,599 

2 0"^2  ^ 1 1 

Western  Australia  

95.789 

00^  A-&Z 

Tasmania 

New  Zealand 

90,2  1 1 
162,364 

782,021 

403.336 

Total  

1,333.338 

6,379.540 

^2,902,697 

26,464,217 

, 24,, 536, 854- 

^ Idi  j Irj.T 


Australasian  ^Group,  1884. 


Colonies. 

Population. 

I'-'. 

Revenue. 

-7-1 — j—t-h 

Tonnage. 

Imports.-  ■ 

— - Exports.- — 

ii<  n'  . 

— __  ,£ — 

New  South  Wales  

921,268 

11,722,334 

“"  4,660,958  ' 

22,826,985 

Victoria 

961,276 

5.934»687 

- 3,i6i>587- 

19,201,633 

'’'t6>'5  0,465 

Queensland  

309,913 

2.673.554 

■ 3,614,264. 

..6^381,^761 

'^^4^^73.864 

South  Australia  

312,781 

3,318,929- 

^ 1.834,532. 

• 5.749G53- 

. 6,623.^704 

Western  Australia  

c 31,700 

290,3  ip 

' 442,886 

52i-,i67.- 

. - 8^05,693^ 

Tasmania 

- 130,541 

549,2627 

614,198. 

. . .1,656,118 

"L475.85?" 

New  Zealand 

. ' 608,304 

3,707,4881 

if  1,063,430. 

. . . 7/663,888 

. 7,091,667 

Fiji 

132,700 

; , 9T.;523 

.37,8527 

434,ooo~ 

’345.344 

w§Si-?6ji20  . 

^ — 

Total  

^ 3.408,483^ 

28, 288, "096  - 

-r.ul. 

54.^9^8,^090 

-6o6 


JQJJRNAL^  OF.THE  SOCIETY  OF  ARTS. 


[April  i6,  1886. 


African  Colonies,  1861. 


Colonies. 

Population. 

Revenue. 

Tonnage. 

Imports. 

Exports. 

Nat;il  

152,704 

£ „ 

114,087 

36,857 

£ 

402,689 

£ 

119,207 

Cape  Colony : 

267,096 

748,832 

628,508 

2,605,305 

1,972,700 

St.  Helena. 

6,860 

21,408 

155.984 

127,850 

9,337 

Gold  Coast 

151,346 

9,335 

41,754 

162,970 

145,819 

Lagos*  

Sierra  Leone 

41,624 

36,461 

96,120 

168,070 

213,204 

Gambia 

6,939 

16,162 

68,283 

109,581 

136,838 

Falkland  Islands 

566 

9,548 

42,020 

27,205 

15,986 

Total  

627,135 

956,833 

1,069,526 

3,603,670 

2,613,091 

* Only  commenced  in  1868. 


African  Colonies,  1884. 


Colonies. 

Population. 

Revenue. 

Tonnage. 

Imports. 

Exports. 

Natal 

424,495 

610,937 

422,785 

1,67^,850 

£ ^ 
957,918 

Cape  Colony 

1,249,824 

7,533,591 

1,565,649 

5,270,697 

4,224,455 

St.  Helena 

5,059 

9,971 

125,571 

63,786 

23,406 

Gold  Coast  

651,000 

125,956 

500,547 

527,339 

467,228 

Lagos 

75,270 

57,932 

383,571 

538,221 

672,414 

Sierra  Leone 

60,546 

76,210 

382,325 

455,424 

377,055 

Gambia  

14,150 

24,959 

150,791 

212,122 

199,483 

Falkland  Isles  

1,553 

9,687 

31,421 

67,848 

101,338 

Total 

2,481,897 

8,449,263 

3,562,660 

8,801,287 

7,o22,,297 

West  Indian  Group,  1861. 


Colonies. 

Population. 

Revenue. 

Tonnage. 

Imports.  1 

Exports. 

Bahamas  

35,487 

40,156 

80,882 

274,584 

£ 

195,584 

Turk’s  Island  

4,372 

8,749 

86,132 

26,568 

25,031 

Jamaica 

441,255 

275,027 

197,376 

1,089,482 

1,214,614 

Virgin  Islands 

6,051 

2,730 

9,255 

9,830 

20,848 

St.  Kitts 

24,440 

20,283 

51,885 

136,938 

158,225 

Nevis 

9,822 

6,378 

11,980 

33,184 

40,319 

Antigua 

36,412 

37,874 

64,261 

208,678 

237,123 

Montserrat  

7,645 

4,266 

16,119 

24,719 

21,048 

Dominica  

25,065 

12,527 

19,768 

55,755 

100,379 

St.  Lucia  

26,705 

14,227 

24,783 

110,063 

96,321 

St.  Vincent  

31,755 

20,851 

37,398 

125,906 

183,676 

Barbados  

152,727 

98,049 

262,035 

923,875 

1,075,375 

Grenada 

31,900 

16,728 

41,935 

114,252 

112,464 

Tobago  

15,410 

8,266 

12,372 

56,442 

63,170 

Trinidad  

84,438 

171,729 

196,981 

856,727 

645,362 

British  Guiana 

148,026 

301,761 

344,417 

1,399,713 

1,583,649 

British  Honduras 

25.635 

35,757 

60,140 

231,744 

292,576 

Total 

1,107,145 

775,358 

1,516,819 

5,669,460 

6,065,764 

A^nl  i6,  1886.] 
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West  Indian  Group,  1884. 


Colonies. 

Population. 

Revenue. 

Tonnage. 

Imports. 

Exports. 

Bahamas  

43»52i 

£ 

40,475 

222,122 

£ 

181,494 

£ 

122,351 

Turk’s  Island  

4.732 

10,474 

256,362 

26,623 

34.035 

Jamaica 

580,804 

579.720 

969.549 

1,568,639 

1,483,982 

Virgin  Islands 

5>28; 

1.859 

10,381 

7.239 

3.488 

St.  Kitts 

Nevis  

29^137 

11,864 

} 43.209 

397,012 

213,583 

205,497 

Antigua 

34.964 

45.296 

381,266 

169,501 

177,808 

Montserrat  

10,818 

5.934 

75.564 

25.598 

32,678 

Dominica  

28,840 

18,013 

263,087 

60,536 

47,288 

St.  Lucia  

40,681 

46,118 

422,001 

146,460 

145.865 

St.  Vincent  

43.039 

34.068 

160,384 

122,626 

114,907 

Barbados  

171,860 

145.297 

807,104 

1,156,230 

1,318,879 

Grenada 

45.495 

50,216 

258,508 

153.421 

213,118 

Tobago  

19.075 

11.371 

107,570 

32,746 

41.619 

Trinidad 

166,628 

476,058 

1,048,959 

3.083,870 

2,769,727 

British  Guiana 

264,061 

460,932 

695.238 

1,999,448 

2,322,032 

British  Honduras 

27.452 

51,866 

241,687 

227,538 

317.449 

Total 

1,528,258 

2,020,906 

6,316,794 

9.185,552 

9.350,730 

North  American  Colonies,  1861. 

In  arriving  at  the  comparative  figures  of  1861,  for  what  is  now  the  Dominion  of  Canada, 
we  must  summarise  the  returns  of  the  separate  provinces  or  colonies  of  which  it  is  now  com- 
posed. These  are  as  follows  : — 


Colonies. 

Population. 

Revenue. 

Tonnage  entered 
and  cleared. 

Imports. 

Exports. 

Canada  

2,506,755 

£ 

2,322,524 

2,136,795 

£ 

8,969,756 

£ 

7.627,957 

New  Brunswick  

252,047 

145.594 

1,471.410 

1,238,133 

947.091 

Nova  Scotia  

332,264 

146,050 

1,392,345 

1,522,645 

1,154,867 

Prince  Edward  Island 

80,857 

28,006 

166,738 

209,936 

163,114 

British  Columbia 

11,816 

58,396 

31.842 

282,880 

12,686 

Vancouver’s  Island 

23.000. 

36,221 

172,365 

416,611 

— 

3,206,739 

to 

5.371,495 

12,639.961 

9.905.715 

Newfoundland 

122,638 

128,469 

352,987 

1,152,857 

1,092,551 

Bermudas  

1 1,781 

00 

91,529 

164,503 

29,780 

Total 

3.341,158 

2,882,641 

5,816,011 

13,957.321 

11,028,046 

1884. 


North  American  Colonies. 

Canada. 

Newfoundland. 

Bermuda. 

Totals. 

Population 

4,408,094 

;^6,836,i66 

8,484.301 

;^23,9I7,200 

;^i8,782,i56 

197.332 

^^243,949 

726,724 

^^1,682,457 

i^i.368,153 

14,888 

;^1!8,769 

241,687 

;^283,440 

;^88,622 

4,620,314 
^7,108,884 
9.452,712 
;^25, 883,097 
;^20,238,93i 

Revenue 

Tonnagfe 

Imports  

Exports  
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Railways. 


Eastern  : — 

1861. 

1884. 

India 

1,028  .. 

12,004 

Ceylon 

. . 

177 

Mauritius 

• • 

92 

12,273 

A ustralaszan : — 

New  South  Wales . . 

73  .• 

00 

o^ 

VO 

Victoria  

250  .. 

1,624 

South  Australia , . . . 

56  .. 

L059 

Western  Australia 

— , . 

II8 

Queensland 

. 21 

1,207 

Tasmania  

— . . 

215 

New  Zealand 

. 40  .. 

L570 

Total 

,,.n  '■ 

7,691 

Other  Colonies : — 

Dominion  of  Canada  1,900  .. 

9-579 

Cape  Colony  

. 5C* 

L545 

Natal 

. 

116 

Jamaica.. . 

. 

25 

Trinidad  ... 

51 

Barbados 

. . . 

26 

British  Guiana  , . . 

• • • > 

26 

Lines  of  Telegraph  Open.  - 


jMiles. 

In  1861. 

In  1885. 

Miles 
of  wire. 

Eastern  Settlements — 
India  

1,000  .... 

23G4J  .. 

or 

68,669 

Ceylon  

. • . • 

1,^51 

jMauritius  

. . . . 

70 

Straits  Settlements 

— 

120 

A ustralasian  Colon  ies  - 
New  South  Wales 

24,612 
9,755  . . 

18,661 

South  Australia  . . 

914 

5,292  .. 

7,833 

Victoria 

2,586  .... 

4,020 

8,055 

Queensland  . , . , , 

169  .... 

6,979  .. 

11,299 

Western  Australia. . 

1,885  .. 

1,897 

Tasmania  

L417  .. 

1,716 

New  Zealand 

40  

4,264  .. 

10,474 

Other  Colonies — 

Cape  of  Good  Hope 

33>6i2 
4,209  .. 

8,663 

Canada  

4,064  

17,000  ., 

Jamaica 

. . ., 

26  .. 

British  Guiana  .... 

.... 

30  .. 

DISCUSSION. 

Mr.  Liggins  wished  it  were  possible  for  the 
founders  of  the  Society  to  hear  of  the  magnificent 
progress  which  the  Colonies  had  made  in  the  last 
twenty- five  years,  or  as  he  should  prefer  to  put  it  in  the 
case  of  Australian  colonies,  the  last  forty  years.  The 
figures  were  very  instructive  and  worthy  of  careful 
study  ; the  figures  giving  the  products  of  every  kind 
were  simply  prodigious,  and  those  showing  the  ad- 
vance in  steam  and  other  tonnage  were  on  an  equally 
gigantic  scale,  showing  that  the  industry  of  those 
who  had  left  the  mother  country  had  been  developed 
in  a legitimate  manner.  But  there  were  other 
features  which  had  to  be  seriously  considered.  How 
was  it  that  while  those  who  had  gone  abroad  were 
so  flourishing,  all  at  home  were  suflering  from  bad 
trade.?  The  reason  was  over-production  all  over  the 
world.  It  must  not  be  supposed  that  all  these 
products  and  this  raw  material  came  to  this 
country ; he  was  sorry  to  say  that  the  exports 
from  all  the  Colonies  to  foreign  countries  were 
largely  increasing,  and  comparatively  there  must 
be  a falling  off  in  those  sent  to  England.  The 
prosperity  of  the  Colonies,  therefore,  might  not  be  an 
unmitigated  blessing.  It  was  recently  stated  in  the 
Times  that  eleven  of  the  largest  steamship  com- 
panies, one  of  them  the  oldest  in  the  world,  paid  no, 
dividend  last  year.  He  knew  men  who  had  formerly 
been  prosperous  as  farmers,  who  could  now  hardly 
make  both  ends  meet;  one  of  them  paid  ^1,000 
a year  rent,  and  had  been  for  four  or  five  years 
keeping  his  wool  stored,  because  the  imports  from 
the  Colonies  had  so  knocked  down  the  price,  that  it 
did  not  pay  to  send  it  to  market.  He  also  knew 
people  of  the  highest  respectability  and  honour, 
who  were  formerly  wealthy  Liverpool  merchants, 
who  failed  some  years  ago  in  consequence  of, 
the  over-production  of  coffee  in  Ceylon.  The, 
tea  interest  had  also  been  turned  topsyturvy  in 
consequence  of  the  large  cultivation  of  it  in  India  j 
it  was  now  comparatively  prosperous,  but  for  many 
years  the  capital  invested  in. tea-growing  in  India  was 
simply  lost  to  England.  The  same  remark  applied 
to  sheep  farming  in  Australia ; millions  had  been  sunk 
there  because  the  prices  at  which  the  wool  and  mutton 
could  be  sold  were  not  remunerative.  He  knew  all  the 
British  West  India  colonies,  which  had  been  enriching 
this  country  for  200  years  ; and,  when  he  was  a boy, 
the  very  name  of  West  Indian  merchant  almost  in- 
dicated a millionaire ; but  of  late  the  development  of 
the  West  Indies  had  been  at  the  expense  of  English 
capital;  all  his  capital  liad  been  sunk  there,  in. 
those  fertile  fields,  the  most  charming  on  the  face, 
of  the  earth.  Demerara  was  enormously  fertile,, 
and  its  extent  was  almost  unlimited;  and  he 
had  seen  canes  growing  there  30  and  35  feet  high, 
and  as  many  as  40  from  one  root.  These, 
colonies  must  devote  themselves  to  sugar  growing, - 
for  it  was  only  in  certain  places  that  anything  else 
could  be  grown  with  advantage,  and  he  doubted  if  it 
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were  possible  to  compete  with  other  countries  in  the 
production  of  pine  apples  and  fruits.  Pines  would 
only  grow  under  certain  circumstances,  and  bananas 
would  only  grow  where  there  was  plenty  of  water. 
He  had  just  had  letters  from  Florida,  stating  that  the 
orange  growers  there  were  serious  losers,  though  they 
had  access  to  the  markets  of  New  York,  Philadelphia, 
and  Baltimore.  With  regard  to  sugar,  however,  it 
was  impossible  to  grow  it  in  the  West  Indies  at  a 
profit,  in  consequence  of  the  bounties  given  by  foreign 
Governments.  Not  a month  ago  a large  Russian  ship 
came  to  London  with  r,6oo  tons  of  beetroot  sugar,  on 
which  the  Russian  Government  had  paid  a bounty  of 
a ton,  and  how  could  anyone  compete  with  that. 
England  was  in  this  way  losing  the  West  Indies,  for 
last  year  nearly  the  whole  produce  went  to  the 
United  States,  where  a rather  better  price  was 
obtained.  The  shipping  was  American,  and  England 
thus  lost  the  whole  benefit  of  the  trade  ; in  fact,  for 
all  useful  purposes,  she  had  already  lost  one  of  the 
brightest  gems  in  the  British  Crown. 

Mr.  Trelawney  Saunders  said  he  could  not 
withhold  his  meed  of  praise  to  Mr.  Simmonds,  who 
had  added  one  more  proof  of  the  importance  of  our 
Colonies  to  every  interest  in  this  country.  He  had 
heard  with  much  regret  the  account  given  by  Mr. 
Liggins  of  his  experience  of  investment  in  the  West 
Indian  colonies ; but  still  there  could  be  no  doubt 
that  the  record  which  had  been  placed  before  them 
was,  on  the  whole,  one  of  unparalleled  success.  It 
might  be  regretted  that  individuals  should  have 
suffered,  while  there  had  been  so  much  general 
success,  and  the  story  just  told  of  the  West 
Indies  was  a very  serious  one.  All  this  pointed 
in  one  direction,  viz.,  that  these  important  interests 
ought  to  be  more  directly  represented  in  the 
Legislature.  It  was  because  the  whole  of  the 
Colonial  interests  were  practically  unrepresented, 
that  such  conditions  existed.  He  had  been  striving 
for  many  years  to  get  the  Society  and  the  Colonial 
Institut,  to  take  up  the  consideration  of  some  prac- 
tical measures  for  bringing  about  the  representation  of 
all  Colonial  interests  in  the  Imperial  Parliament.  He 
did  not  suppose  a solution  of  the  question  would  be 
arrived  at  once,  or  that  the  first  scheme  would  be  the 
one  ultimately  adopted,  but  he  maintained  that  the 
figures  now  brought  forward  were  sufficient  proof 
of  the  importance  of  the  subject,  and  of  the  necessity 
for  its  recognition.  Unfortunately,  eveiy^one  was 
afraid  to  touch  it,  though  within  the  last  few  days 
he  had  seen  some  signs  of  an  awakening  to  its  im- 
portance, inasmuch  as  the  London  Chamber  of 
Commerce  had  offered  a prize  of  ;^50  for  the  best 
essay  on  a practical  method  of  ananging  for  Colonial 
representation  in  the  Imperial  Parliament.  Some 
were  disposed  to  underestimate  the  importance  of 
the  Colonies  to  the  mother  country,  to  say  that  the 
Colonies  would  go  on  as  well  by  themselves,  and  that 
England  would  do  as  well  without  them,  but  he 
could  offer  a most  cogent  fact  in  disproof  of  any 


609 


such  idea.  The  Australian  colonies  represented  a 
population  only  one  twentieth  that  of  the  United 
States,  where  was  a people  of  the  same  origin 
the  same  habits,  and  consuming  the  same 
kind  of  articles,  and  yet  our  trade  with  those 
Colonies  was  much  greater  than  with  the  United 
States,  having  twenty  times  the  population.  The 
only  explanation  was  that  in  the  one  case  the  trade 
was  carried  on  under  the  same  flag  and  the  same 
general  influences ; in  the  other  it  was  carried  on 
under  another  flag  and  under  adverse  influences. 
Every  portion  of  the  United  States  was  represented 
in  Congress  and  in  the  Senate,  whilst  at  the  same 
time  each  division  had  its  own  Parliament  for  local 
purposes.  There  were  nine  Parliamentary  divisions 
of  the  English  monarchy.  The  greater  part  of  our 
colonies,  including  all  the  West  Indian,  were  under 
some  sort  of  Crown  government,  and,  where  there 
were  Legislatures,  a large  proportion  of  the  legislators 
were  nominated  by  the  Crown.  Nine  of  the  Colonies 
had,  by  their  own  energy,  raised  themselves  to  the 
position  of  having  a Parliamentary  system,  with 
responsible  ministers  for  the  administration  of  local 
affairs;  but  it  would  scarcely  be  believed  that  these 
important  comrnunities  had  as  yet  no  voice  whatever 
in  external  affairs,  in  deciding  on  peace  or  war,  which 
might  bring  destruction  on  their  shores ; in  postal 
arrangements,  or  in  anything  which  affected  their 
external  communication,  except  such  as  the  Colonial- 
office  might  deign  to  allow  them.  They  could 
not  stand  still,  and  if  they  were  to  go  on  advancing, 
the  political  institutions  must  keep  pace  with  the 
material  progress.  Statesmen  were  too  much  en- 
gaged in  party  contests  instead  of  statesmanship, 
and  he  regretted  to  see  that  there  was  too  little  dis- 
position on  the  part  of  the  country  to  take  up  this 
question,  and  force  on  their  representatives  a proper 
consideration  of  them. 

Mr.  Coleman  said  he  could  not  give  very  much 
information  about’  the  Falkland  Islahds,  which  he 
represented.  It  was -a  small  ■ Crown  Colony  with  a 
restricted  population,  and  not  much  commerce.  It 
was  entirely  a pastoral  country,  and  was  doing  fairly 
well,  except  that  the  value  of  their  produce  had 
fallen  a good  deal  lately.  Wool  was  the  main 
article  of  export  ;,they  could  not  grow  any  cereals, 
and  had  no  roads,  but  there  were  abundance  of  ports 
to  which  the  sheep  could  be  driven,  and  from  thence 
the  wool  and  skins  could  be  conveyed  to  the  main 
port  and  shipped  to  England.  At  the  present  time 
the  colony  was  self-supporting;  they  had  no  minerals, 
and  consequently  had  to  depend  on  England  for 
fuel;  and  they  were  looking  forward  to  the  Admiralty 
carrying  out  their  intention  of  fortifying  the  place, 
and  making  it  a coaling  station  for  the  navy.  For 
some  years  past  they  had  only  been  able  to  melt 
down  tl]eir  surplus  sheep,  the-  climate  not  being  so 
suitable  for  the  manufacture  of  preserved  meat  as 
Australia  and  New  Zealand;  but  he  was  happy  to 
say  that  some  mutton  was  now  being  refrigerated , 
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and  in  the  course  of  next  month  a shipment  would 
arrive,  which  was  reported  to  be  as  fine  as  was  ever 
sent  to  this  country.  The  population  was  small, 
but  healthy,  consisting  mainly  of  Scotch  ; and  there 
were  no  aborigines.  The  climate  was  somewhat 
similar  to  that  of  Scotland,  and  the  Scotch  liked  it ; 
for  though  they  often  came  back  after  making  a 
little  money,  they  generally  went  out  again.  Both 
human  beings  and  animals  throve  well  there,  and,  in 
fact,  one  of  his  shepherds  wrote  to  him  saying  that  it 
was  a paradise  for  sheep  and  shepherds. 

Mr.  Richmond  Henty  said  his  family  were  the  first 
to  settle  in  Victoria,  and  the  first  to  introduce  cattle, 
sheep,  and  horses  of  the  best  breeds,  capital,  labour, 
seeds,  and  farming  instruments.  He  claimed  to  be 
the  first  white  native  of  the  colony  of  Victoria. 
His  family  landed  in  Victoria  with  something  like 
forty-five  persons,  all  told,  in  a little  vessel  from 
Tasmania,  which  was  really  the  parent  of  most  of 
the  Australian  colonies,  and  now  the  population  was 
over  900,000,  though  he  was  not  yet  fifty  years  old. 
That  showed  the  marvellous  progress  of  the  colony, 
which  had  offered  a field  to  vast  numbers  of  emigrants 
from  Great  Britain,  and  afforded  a home  and  pros- 
perity to  all  who  had  been  steady  and  determined 
to  push  their  way.  Thousands,  and  hundreds  of 
thousands,  were  now  settled  there  in  prosperous 
circumstances.  Highlanders  came  there  with  little, 
and  now  they  were  prosperous  sheep  farmers  and 
agriculturists.  Irish  also,  from  all  parts,  he  had 
found  a hard-working,  steady,  and  industrious  set. 
He  had  found,  without  exception,  that  emigrants 
who  put  their  hands  to  the  plough,  and  went  to  work, 
were  prosperous  and  happy.  There  was  no  poverty, 
and  no  poorhouse,  and  the  country  still  offered  abund- 
ant room  for  all  the  surplus  population  of  the  old 
country.  There  had  been  an  immense  deal  of  distress 
in  England  during  the  last  winter,  which  he  was  told 
was  one  of  the  severest  for  twenty  years,  and  he  should 
much  like  to  see  some  comprehensive  system  of 
emigration  adopted  to  the  Australian  colonies,  which 
afforded  unlimited  scope  for  the  settlement  of  the 
superabundant  English  population.  It  appeared  to  him 
that,  instead  of  money  being  given  away  indiscrimin- 
ately in  charity,  if  it  were  all  directed  to  one  great 
common  object,  in  assisting  emigration,  much  more 
good  would  be  effected.  By  so  doing  they  would  be 
increasing  the  population  of  New  Britain,  people 
living  under  the  English  flag  and  English  law,  and 
who  were  as  loyal  to  the  Crown  and  constitution  as 
Englishmen  themselves,  if  not  more  so.  The  sub- 
ject of  federation  had  beeti  earnestly  preached  in  the 
Colonies,  and  it  was  ably  assisted  in  England.  He 
had  been  very  sorry  to  see  that  they  had  lost  one  of 
the  ablest  promoters  of  that  object  in  the  death  of 
Mr.  Forster.  Not  long  before  he  left  Australia  a 
great  meeting  was  held  in  the  Melbourne  Town-hall, 
called  by  the  Mayor,  which  was  to  be  presided  over 
by  a native-born  Australasian,  and  all  the  speakers 
were  also  to  be  natives.  He  had  just  got  up  from  a 


sick  bed,  but  when  the  chairman  of  the  Native 
Australasian  Association  saw  him,  he  compelled  him 
to  go  on  the  platform,  and  he  had  to  propose  the  last 
resolution.  Various  resolutions  were  carried  without 
a dissentient  voice,  and  the  one  entrusted  to  him  was 
that  the  whole  of  these  resolutions  should  be  com- 
bined in  one,  and  sent  to  the  Colonial  Secretary  for 
presentation  to  the  Queen.  He  was  just  able  to 
do  that,  and  he  never  heard  in  all  his  life  such 
cheering  as  he  did  that  night  from  that  large  gather- 
ing of  people  when  those  motions  were  placed  before 
them  with  the  idea  of  carrying  out  the  federation  of 
the  Colonies.  The  idea  was  not  only  federation,  but 
also  to  encourage  Colonial  reciprocity  with  regard  to 
tariffs,  and  then  to  extend  that  so  as  to  create,  if 
possible,  a tariff  system  between  those  Colonies  and 
the  old  country,  and  ultimately  to  have  some  repre- 
sentation of  the  leading  politicians  of  the  Colonies 
assisting  in  the  Imperial  Parliament.  That  idea 
would  apply  to  every  colony  under  the  British  flag. 
If  it  were  done,  the  interests  of  the  Colonies  would 
be  brought  before  Parliament  in  such  a way  that 
attention  would  be  drawn  to  the  great  object 
in  view,  which  was  to  have  the  whole  of  the 
Australasian  Colonies  absolutely  united  with  the 
Britain  from  which  they  sprang.  The  Colonies  were 
but  branches  of  the  mother  stem  which  were  grow- 
ing up  to  be  her  support,  if  a time  of  need  ever  arose 
in  contending  with  the  competition  and  jealousy 
which  existed  on  the  great  continent  of  Europe. 

Mr.  H.  Moncriekf  Paul,  as  an  old  Australian 
colonist,  regretted  that  more  colonists  were  not 
present  to  hear  this  interesting  paper.  It  contained 
voluminous  statistics  about  wool  and  other  products, 
and  it  was  necessary  to  remember  that  wool  was, 
after  all,  one  of  the  great  backbones  of  the  Australian 
colonies.  One  gentleman  had  said  that  farmers  here 
could  not  sell  their  wool,  because  of  the  competition 
of  the  Colonial  product ; but  if  it  were  so,  it  was  only 
because  the  colonial  product  was  superior  to  that 
grown  here.  Colonial  wool  had  made  vast  progress 
both  in  England,  in  America,  and  on  the  Conti- 
nent, and  it  would  always  continue  to  be  an  article 
of  increased  consumption.  When  they  saw  how 
the  Australian  sheep  had  increased,  there  need  be 
no  fear  but  that  their  fleeces  would  be  freely  used 
by  the  nations  of  Europe  and  America.  They 
had  not  yet  touched  the  Eastern  nations,  but 
efforts  were  being  made  in  that  direction,  and  the  day 
would  come  when  they  also  would  develop  a demand 
for  woollen  materials.  Mr.  Simmonds  had  spoken  of 
the  River  Plate,  and  the  sheep  there  in  comparison 
with  those  of  Australia,  but  he  would  find  that  the 
aggregate  in  South  America  was  about  90,000,000 
against  about  75,000,000  in  the  Australian  colonies. 
Still  the  latter  were  not  afraid  of  the  competition  of 
the  River  Plate  wool,  for,  though  they  had  passed 
through  a series  of  droughts  in  certain  parts,  which 
had  deteriorated  some  of  the  wool,  that  would  soon 
be  got  over.  There  were  two  other  points  to  be 
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kept  in  mind,  the  development  of  railways  and  tele- 
graphs. In  this  country  one  saw  first  a turnpike 
road,  and  then  a railway,  and  lastly  a telegraph, 
but  in  Australia  it  was  just  the  reverse ; very  often 
you  saw  a line  of  telegraph  where  there  was  no  road, 
merely  a bush  track,  the  railways  followed  after- 
wards, and  sometimes  in  certain  parts  a road  was 
made.  !Many  a poor  wanderer  in  the  bush  had  found 
his  way  to  a town  by  following  the  telegraph 
line.  Mr.  Simmonds  had  spoken  of  the  wheat 
which  came  from  India ; formerly  it  could  not  be 
brought  here  at  any  price  below  42s.  a quarter, 
but  now  it  could  be  delivered  here  los.  a quarter 
cheaper,  and  one  must  not  suppose  that  the  ryot  was 
a loser  by  the  difference ; he  really  got  quite  as 
much  as  he  used  to  do  when  it  was  sold  at  42s., 
because  the  transit  facilities  had  been  so  much 
increased  by  railways  in  India,  and  by  cheap  steam 
communication,  and  the  sweeping  away  of  inter- 
mediary charges,  that  the  grower  got  quite  as 
much  as  he  did  before,  whilst  the  consumer  in 
England  was  benefited  by  the  lower  price.  The 
same  thing  applied  to  Australia ; by  cheap  transit 
facilities  they  were  able  to  send  to  this  country  pro- 
ducts which  could  not  be  exported  before.  Sugar 
had  been  imported  from  Queensland  simply  from 
this  reason  ; Mauritius  had  formerly  sent  her  sugar 
to  Australia,  but  it  was  now  coming  to  the  mother 
country,  because  the  Australian  colonies  were  able 
to  draw  their  supplies  from  Queensland  and  Fiji. 
The  great  thing  wanted  in  the  colonies  was  in- 
creased population.  In  i86r  it  was  1,300,000, 
and  it  was  now  something  like  3,300,000,  but  as 
iMr.  Henty  had  said  what  those  colonies  wanted 
was  population  of  the  real  kind.  This  was  a ques- 
tion which  would  have  to  come  up  for  consideration, 
for  there  was  many  difficulties  arising  in  England  ; 
the  Irish  difficulty  and  the  Crofter  difficulty  ; but 
emigration  would  be  a panacea  for  both.  In  the 
Australian  Colonies  people  would  find  a home  and 
means  of  providing  for  their  families,  and  the  over- 
crowded crofts  of  Scotland  and  farms  of  Ireland 
would  be  relieved. 

The  Chairman  said  one  of  the  best  illustrations 
of  the  progress  of  the  Colonies,  was  the  presence  of 
^Ir.  Henty,  the  first  native  citizen  of  Victoria,  and 
the  eloquent  part  he  had  taken  in  the  discussion. 
This  subject  was  very  vast,  and  Mr.  Simmonds 
might  well  have  extended  it,  even  if  he  had  confined 
his  attention  to  the  new  products  which  had  been 
brought  forward  during  the  last  twenty-five  years. 
Another  remarkable  circumstance  was  the  change 
which  had  taken  place  in  the  geographical  relations 
of  this  country  with  the  Colonies.  The  Suez  Canal 
had  created  an  immense  change  in  the  mode  of 
communication,  but  now  there  was  the  Canadian 
Pacific  Railway,  and  the  new  route  which  was  referred 
to  at  the  last  meeting  of  the  Section,  the  Hudson’s  Bay 
route ; so  that  instead  of  being  confined  to  the  intercourse 
by  the  Atlantic  or  by  the  Red  Sea,  we  should  find  a 
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new  route,  and  doubtless  a new  development  of  trade 
in  connection  with  it.  Something  also  might  have 
been  said  about  the  spread  of  the  English  language 
the  establishment  of  the  great  English  community^ 
not  only  in  speech  but  in  institutions  and  literature, 
which  had  risen  in  Australia  almost  in  the  time  of 
Mr.  Henty  himself.  Now,  the  improved  well-being 
of  the  people  of  India — the  remarkable  political 
advancement  referred  to  by  Mr.  Saunders  and  other 
speakers— was  not  to  be  forgotten.  There  seemed  a 
desire  on  the  part  of  some  persons  to  discourage- 
emigration,  because  they  said  there  was  no  field 
for  untrained  labour  ; but  he  had  been  much 
struck  with  the  figures  showing  the  large  amount 
derived  from  gold-mining  and  the  diamond  fields,, 
and  the  greater  part  of  this  was  derived  from 
unskilled  labour.  With  regard  to  over-production, 
there  was  no  doubt  over-production  in  one  sense,  but 
there  was  something  besides  that,  which  at  the 
present  moment  was  affecting  the  whole  relations  of 
society — it  was  production  under  cheaper  industrial 
conditions.  What  Mr.  Moncrieff  Paul  had  said  with 
regard  to  India  and  Australia  had  a much  wider  appli- 
cation. If  cheap  transit  were  established  into  the 
interior  of  Australia  or  India,  the  articles  were  pro- 
duced under  cheaper  industi'ial  conditions.  Medals 
had  been  given  in  the  room  to  Sir  Henry  Bessemer 
and  Sir  William  Siemens,  and  they  all  looked 
with  pride  on  their  achievments,  but  what  were  the 
results  .?  He  could  remember  when  steel  was  ten 
times  the  price  it  was  now,  and  what  was  the  con- 
sequence } When  an  important  material  like  that 
was  reduced  in  price,  it  enabled  the  successors  and 
imitators  of  those  inventors  to  run  cheap  railways 
into  every  part  of  the  world,  which,  under  the  best 
conditions  of  soil  and  climate,  were  able  to  produce 
wheat,  maize,  sugar,  and  coffee.  It  was  not  simply 
a question  of  over-production,  because  instead 
of  wool  being  brought  down  by  waggon  from  the 
interior  of  Australia  by  a long  and  painful  journey, 
it  was  carried  cheaply  by  railway,  and  when  it  got  to 
the  coast  there  was  a steel  steamer  ready  to  bring  it 
to  market  at  the  cheapest  possible  rate.  Those  were 
the  conditions  which  caused  the  great  industrial  re- 
volution and  the  depression  under  which  we  actually 
suffered  amidst  the  vast  progress  which  Mr. 
Simmonds  had  delineated.  In  conclusion,  he  pro- 
posed a cordial  vote  of  thanks  to  Mr.  Simmonds  for 
his  paper.  In  former  days,  he  established  a colonial 
organ  which  was  of  invaluable  service,  and  they  all 
knew  from  the  Journal  of  the  Society  what  he  had 
done  with  regard  to  raw  materials,  waste  products, 
trade  museums,  of  which  he  formed  the  first 
collection,  and  industrial  and  technological  science 
generally.  He  had  been  one  of  the  first  to  lecture 
in  London  on  the  subject,  and  he  only  wished  the 
efforts  he  had  so  disinterestedly  made,  had  been 
more  adequately  appreciated. 

The  vote  of  thanks  was  carried  unanimously,  and, 
having  been  acknowledged  by  Mr.  Simmonds,  the 
meeting  adjourned. 
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NINETEENTH  ORDINARY 
MEETING. 

Wednesday,  April  14, 1886  ; Sir  Frederick 
Abel,  C.B.,  D.C.L.,  F.R.S.,  Chairman  of  the 
Council,  in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society  : — 

Bidwell,  Miss,  ii,  Hyde-park-place,  W. 

Curwen,  J.  Spencer,  Forest-gate,  Essex. 

Hebson,  Douglas,  Tower-chambers,  Liverpool. 
Hookey,  James,  General  Post-office,  E.C. 

Mount,  George,  5,  Belsize-park- gardens,  N.W. 
Salmon,  James,  21,  Finsbury-pavement,  E.C. 
Thompson,  Charles,  St.  Niman’s-house,  Leighton- 
crescent,  Brecknock-road,  N.W. 

Watson-Will,  William,  Ossory-villa,  Ossory-road, 
S.E. 

Wightman,  Charles,  15,  Fenchurch-street,  E.C. 
Williams,  Thomas  Henry,  Bank-house,  Garston,  near 
Liverpool. 

The  following  candidates  were  balloted  for 
and  duly  elected  members  of  the  Society  : — 

Bazley,  Sir  Thomas,  Bart.,  Hatherop  Castle,  Fairford, 
Gloucestershire. 

Christopher,  Robert  George,  35,  Chauntler-road, 
Custom-house,  Victoria  Docks,  E. 

Harland,  Robert  Henry,  37,  Lombard-street,  E.C. 
Henderson,  John,  junr.,  Meadowside  Works,  Partick, 
Glasgow. 

Ince,  H.  Osborne,  Eltham-lodge,  i93,Kilburn-rd.,W. 
Legg,  William  A.,  Liverpool  Waterworks,  Llan- 
wddyn,  Llanfyllin. 

Lewis,  Henry  Frederick  William,  Lyndham-house, 
Hampton-road,  Redland,  Bristol. 

Wildy,  Augustus  G.,  13,  Furnivars-inn,  Holbom, 

E.C. 

The  paper  read  was — 

THE  TREATMENT  OF  SEWAGE.* 

By  Dr.  C.  Meymott  Tidy. 

When,  some  six  months  ago,  your  Council 
did  me  the  honour  to  ask  me  to  read  a paper 
before  your  Society  on  the  subject  of  the 
Treatment  of  Sewage,”  I accepted  with  con- 
siderable misgivings,  knowing  that  to  do  the 
subject  in  any  way  justice  would  necessitate 
an  amount  of  work  which  I was  not  quite  sure 
that  I had  time  for  at  my  disposal.  However, 
I accepted  the  duty,  and  I at  once  set 
to  work  to  think  out  the  whole  matter. 
I had  a vast  amount  of  facts  to  go  over, 

• The  paper  as  printed  is  a report,  taken  down  at  the  time, 
of  what  Dr.  Tidy  said.  It  is  hoped  that  the  full  text  will  be 
printed  in  the  Jourttal  later  on. 


and  the  result  has  been  that  I have  pre- 
pared a paper  which  it  is  impossible  to  read 
for  two  reasons — first,  its  length,  for  I think  it 
would  take  almost  a week  to  read,  and, 
secondly,  that  it  is  not  in  proper  form,  which 
is  a very  important  matter  in  connection 
with  this  subject.  I only  mention  this  in 
order  to  assure  the  Society  that  I have  not 
neglected  the  subject  which  I have  been 
asked  to  bring  forward.  Perhaps  I have 
done  a little  too  much,  so  far  as  that  is 
concerned,  in  its  preparation ; and  I shall 
have  to  ask  you  to  forgive  me  if,  instead 
of  reading  the  paper,  I give  an  outline  of 
the  conclusions  at  which  I have  arrived,  and 
of  certain  facts  bearing  on  those  conclusions, 
and,  at  the  same  time,  if  I avoid,  as  far  as 
possible,  anything  like  details.  These  will  all 
be  printed  in  due  course,  and  then  the  details 
upon  which  I have  based  my  conclusions  will 
be  before  the  Society. 

I should  like  to  mention^  one  or  two  other 
preliminary  points.  First  of  all,  I have  tried 
to  consider  this  subject  unfettered,  as  far  as 
possible,  by  previous  conclusions.  I remember 
that  famous  saying  of  one  we  know  very  well. 
Professor  Clitford,  that  consistency  was  the 
bugbear  of  weak  minds.  I have  not  tried  to 
be  consistent.  I have  attempted,  at  any  rate, 
to  approach  the  subject  from  the  position  of 
judge,  if  possible,  and  not  from  the  position 
of  advocate.  I come  before  you  with- 
out any  patent ; I am  an  advocate  of  no 
system.  I have  been  retained  by  a good  many 
people  on  both  sides  in  my  time,  and  I 
have  had  an  opportunity  of  knowing  what  is 
going  on  behind  the  scenes,  and,  as  I say,  I 
come  here  to-night  without  being  an  advocate 
of  anybody,  or  anything,  without  any  patent 
to  support,  and  without,  as  far  as  I know, 
having  written  anything  upon  the  subject 
which  can  be  criticised.  So  that  I think 
I am  in  a perfectly  independent  position  in 
this  matter.  Another  matter  which  I should 
like  to  mention  is  my  obligation  to  many 
friends  in  preparing  the  paper,  and  I mention 
that  so  that  it  may  not  be  supposed  I am 
taking  upon  myself  credit  for  work  which 
belongs  to  others.  First  of  all,  I must  mention 
my  friend.  Professor  Dewar,  whose  origi- 
nality we  all  know.  Then  there  are  others, 
earnest,  ardent  precipitationists,  like  Mr. 
Hawksley.  I cannot  mention  all  their  names 
at  every  turn,  and  therefore  I must,  once  for 
all,  admit  the  obligations  which  I owe  to  them 
before  I start. 

Now,  I have  endeavoured  to  come  to  some- 
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thing-  like  a conclusion  as  to  the  proportions  of 
solids  and  liquids  in  sewage  which  are  con- 
tributed daily  by  a town  population  of  a given 
number.  And  I have  endeavoured  to  do  this 
as  far  as  possible  by  calculations.  Those 
calculations  have  been  made  to  a great 
extent  at  the  London  Hospital,  where  we 
have  something  like  900  people,  and  where 
we  have,  therefore,  a ver}'-  good  opportu- 
nity of  judging,  I am  not  going  through 
the  actual  numbers  to-night,  but  I may| 
say  that  if  you  take  a town  population  of 
10,000  people,  you  will  not  be  very  far  wrong 
in  saying  that  the  urine  of  that  10,000  of  town 
population  will  be  something  like  10,300 
gallons,  of  which  from  740  to  750  lbs.  is 
organic  matter,  and  of  that  organic  matter  it 
may  be  taken  that  about  220  lbs.  is  nitrogen. 
Then,  as  regards  the  fecal  matter,  it  may  be 
taken  that  the  dry  fecal  matter  from  the 
10,000  town  population  will  be  about  430  lbs. 
There  will  be  that  quantity  of  dry  fecal  matter 
passed  per  day  by  that  number,  and  of 
that  quantity  about  360 lbs.  is  organic  matter; 
of  that  360  lbs.  something  like  23^  lbs.  is 
nitrogen.  So  far  as  I can  make  out,  that  is 
as  nearly  as  possible  the  state  of  facts. 

Now,  then,  of  the  constituents  of  this  organic 
matter,  the  phosphoric  acid  and  potash  have 
a certain  manorial  value.  This  annual  value 
of  the  excreta  has  been  calculated  by  a great 
many  different  people.  I do  not  know  myself 
very  much  about  the  agricultural  aspect  of  the 
subject,  and  I have  therefore  looked  up  all 
the  estimates  of  agricultural  writers  bearing 
upon  it.  It  is  very  difficult  to  make  anything 
of  them,  for  they  vary  from  6s.  6d.  to  ;^i  as 
the  annual  value  of  the  excreta  of  each  ‘ 
adult.  I think  you  may  take  it  that  be- 
tween 8s.  and  9s.  . is  more  nearly  the 
actual  result  than  any  other  that  I can 
arrive  at.  Then  we  have  got  all  sorts  of  cal- 
culations about  the  ammonia.  We  are  told  that  - 
urine,  on  the  average,  contains  io'3  per  cent. 
My  own  experiments  lead  me  to  think  that 
that  is  rather  a low  estimate  of  the  actual 
quantity — decidedly  low  I think — when  you  take 
into  consideration  the  fact  that  a large  number 
of  the  population  of  towns  are,  generally,  not 
in  very  good  health,  and  that  the  amount  of 
ammonia  excreted  during  disease  is  not  at  all  the 
same,  but  very  often  double  what  it  is  during 
health  ; however,  that  does  not  make  very  much 
difference.  Then  the  value  of  the  ammonia 
alone  is  something  between  6s.  8d.,  and  7s.  6d. 
per  year  for  each  adult.  All  I want  to  make  clear 
is  for  this  is  the  point  I wish  to  arrive  at  in  con- 


nection with  this  question — that  the  chief  sub- 
ject of  manurial  value  is  urine.  It  is  veiy^ 
curious  to  see  all  the  estimates  that  have  been 
made  of  the  relative  valuations  of  this  excreta. 
We  have,  for  instance,  the  statement  that  a 
pound  of  human  excrement  is  equal  in  manurial 
value  to  13  lbs.  of  horse  dung,  or  6 lbs.  of  cow 
dung.  A very  famous  chemist  has  said  that 
the  excretal  value  of  one  adult  is  equal  in 
manurial  value  to  the  droppings  from  one 
sheep,  and  so  on.  I can  only  mention  these 
facts  to  you  as  an  introduction  to  my  story. 

Well,  the  first  calculations  with  regard  to 
the  value  and  quantities  of  this  excreta  were 
made  from  the  cesspool  system  and  the  midden 
system.  The  middens  were  not  looked  upon 
as  sources  of  profit,  but  simply  as  means  to 
prevent  nuisance.  Cesspools  had  many  dis- 
advantages ; there  were  noxious  emanations 
from  them,  polluted  wells,  and  all  sorts  of  things. 
The  middens  have  their  advantages,  and  they 
also  have  undoubtedly  their  difficulties.  One 
of  the  difficulties  in  connection  with  them  was 
that  of  educating  the  people  to  use  them 
properly;  a difficulty  which,  in  my  opinion, 
applies  just  as  much  to  water-closets  as  to 
middens.  Another  difficulty  was  to  get  the  local 
authorities  to  attend  to  them  properly,  I mean 
with  regard  to  the  perfection  of  the  scavenging 
arrangements ; and  I am  bound  to  say  that, 
in  my  experience,  the  difficulty  is  not  one 
iota  less  in  getting  the  local  authorities 
to  treat  our  sewage  properly.  The  middens 
have  two  advantages  ; the  first  is  the  diver- 
sion of  excremental  matters  from  the  rivers, 
and  the  second,  that  disinfectants  can  be 
used  in  middens  during  periods  of  epidemics. 
Those  are  very  great  advantages  which  we 
have  to  consider  in  connection  with  this  sub- 
ject. 

Now,  there  are  two  matters  which  I have  to 
mention  with  regard  to  a circumstance  which 
was  pointed  out  by  Dr.  Frankland,  which  is  that 
sewage  from  midden  towns  is  just  as  foul, 
just  as  impure,  and  just  as  polluting,  as  the 
sewage  from  water-closet  towns.  And  Dr. 
Frankland,  in  one  of  the  reports  of  the  Rivers 
Pollution  Commissioners  (for,  of  course, 
although  it  was  the  report  of  the  Commis- 
sioners, it  was  really  his  report),  has  given 
figures  to  show  that  the  sewage  from  these 
midden  towns  is  as  bad  as  that  from  water- 
closet  towns.  I emphatically  join  issue  with 
him  there  on  the  facts.  My  own  experience  is 
that  he  is  absolutely  wrong  somewhere.  I do 
not  know  exactly  where,  but  I am  perfectly 
clear  that  he  is  wrong,  and  that  midden 
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town  sewage  is  not  so  bad  as  water-closet 
town  sewage.  And  it  is  a very  curious  fact 
also,  that  it  is  very  clear  from  Dr.  Frankland’s 
own  results  that  his  results  show  he  is  wrong 
somewhere,  because  he  has  taken  this  sewage 
of  which  he  has  given  the  composition 
from  a large  number  of  midden  towns ; 
and  after  giving  the  details  showing  that  the 
sewage  of  midden  towns  is  the  same,  or  rather 
worse,  than  the  sewage  of  water-closet  towns, 
he  says  that  the  facts  also  show  that  an 
average  of  25,561  tons  of  solid  matter  is 
annually  kept  out  of  the  midden  towns’  sewage 
which  has  been  examined.  Well,  I cannot 
make  out  exactly  how,  having  come  to  the 
conclusion  by  elaborate  calculations  that  out 
of  the  midden  towns  sewage  which  he  has 
examined  there  is  kept  out  25,561  tons  of  solid 
ewage  matter,  he  can  say  that  the  sewage 
is  as  bad  in  the  one  case  as  in  the  others. 
That  is  one  of  many  difficulties  which  I 
have  found  at  starting.  My  own  calculations 
show  that  Dr.  Frankland  is  correct  in  the 
quantity  of  solid  matter  which  is  kept  out  of 
the  sewers,  and  by  that  quantity  of  course  is 
the  sewage  of  the  midden  towns  improved. 
That  is  the  conclusion  at  which  I have  arrived 
on  that  point;  therefore,  I join  issue  with  him, 
and  it  is  very  important  that  I should  join 
issue  with  him  there,  because  it  is  a matter  on 
which  I shall  have  to  speak.  It  is  no  use 
saying  that  middens,  if  not  properly  looked 
after,  are  a nuisance  ; of  course,  anything 
that  is  badly  looked  after  is  a nuisance.  I 
only  say  that  it  is  important  that  we  should 
notice  those  facts. 

It  is  impossible  that  I should  go  here  into 
anything  like  a discussion  of  the  merits  of  the 
dry-earth  system.  As  regards  cost,  I will 
simply  say  this  ; that  two  men  and  one  horse 
can,  at  any  place  where  the  place  of  collection 
is  ordinarily  near  a town,  collect  three  pails  a 
week  per  head  at  the  cost  of  3s.  qd.  per  ton. 
That  seems  to  be  about  the  result. 

And  now  we  come  to  the  water-carriage 
system.  People  said,  “ Here  is  this  horrible 
stuff  to  be  got  rid  of ; what  can  there  be 
better  to  get  rid  of  it  than  water — wash  it 
away  as  fast  as  possible.”  That  was  the 
idea — thus  arose  the  water-carriage  system. 

And  what  is  the  value  of  the  sewage 
thus  produced  ? Sewage  liquid,  compound 
— very  compound;  complex — very  complex. 
We  may  say  broadly,  if  we  want  to  define 
sewage  (and  I have  defined  it  on  many 
occasions)  that  it  is  the  refuse  of  com- 
munities, their  habitations,  streets,  and  fac- 


tories. This  is  not  a very  accurate  definition, 
but  it  is  somewhere  about  it.  Now,  then, 
as  regards  the  quantity  of  sewage  and  the 
quality  of  sewage,  I think  there  are  two 
facts  to  be  borne  in  mind.  I have  the 
analyses  of  sewage  from  a great  many 
different  towns  which  have  come  before  me, 
but  there  are  two  facts  which  I want  to 
bring  before  you,  and  the  first  is,  that 
the  quantity  of  sewage  and  the  quality 
of  sewage  in  one  town  is  entirely  different 
from  the  quantity  and  quality  of  the  sewage 
in  another  town ; it  is  totally  different,  vary- 
ing with  different  conditions,  such  as  the 
trade  operations  that  are  being  carried  on 
there.  I want  to  show  that  there  is  a difference 
from  that  fact  alone.  That  is  a difficulty,  and 
when  we  hear  a man  saying  that  this  is  the 
system  of  treatment  or  that  is  the  system  of 
treatment,  we  must  remember  that  the  sewage 
of  different  towns  differs  altogether.  There  is 
something  else,  because,  secondly,  I say  that 
the  sewage  of  some  towns  varies  at  different 
times  of  the  day,  and  under  different  con- 
ditions of  weather.  It  is  no  good  your 
going  down  to  a town  at  a particular  time  and 
taking  a sample,  and  saying,  “ This  is  a 
sample  of  the  sewage  of  the  town.”  As  a 
matter  of  fact,  it  is  not  a sample  of  the 
sewage  of  the  town  ; it  is  only  a sample  of  the 
sewage  of  the  town  which  has  been  collected 
at  the  outfall  at  a particular  time,  and  nothing 
else ; and  I think  it  is  important,  therefore,  on 
this  question  of  the  treatment  of  sewage,  that 
we  should  distinctly  bear  that  fact  in  mind. 
As  I say,  the  sewage  of  one  town  is  not  at  all 
the  same  as  the  sewage  of  another,  and 
the  sewage  of  the  same  town  even  varies  at 
different  times. 

Now,  I am  not  going  to  discuss  here  any 
question  of  the  advantage  or  otherwise  of  the 
separate  system.  I do  not  want  to  enter  into 
it  to-night,  though  I have  discussed  it  fully  in 
the  paper  I have  prepared.  I have  no  doubt  of 
this,  that  for  the  purposes  of  irrigation  separa- 
tion is  an  advantage.  For  the  purpose  of 
precipitation,  dilution,  within  certain  limits,  is 
not  an  evil,  and  we  must  remember  that  the 
question  of  the  separate  system  must  bring 
before  us  the  question  of  what  you  are  going 
to  do  with  the  sewage — what  sort  of  system 
you  are  going  to  adopt  for  the  purpose  of 
getting  rid  of  it.  We  must  remember  this, 
a steady  uniformity  of  views  is,  no  doubt, 
a very  good  thing,  but  a steady  uniformity  of 
views  is  not  everything.  Steady  uniformity  is 
at  times  a perfect  nuisance  ; in  fact,  there  is 
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a great  evil  in  having  steady  uniformity  in 
everything,  and  especially  in  sewage  matters. 
You  lose  the  advantages  in  this  case  of  a good 
flushing ; and  I do  not  know  anything  that  is  a 
greater  loss  than  that.  It  is  very  easy  to  be 
very  clever  on  the  separate  system,  but  I ven- 
ture to  say  that  the  separate  system  would  mean 
an  intermittent  pollution  of  all  the  water-courses 
of  the  country.  There  cannot  be  a shadow 
of  a doubt  that  the  foulest  sewage  is  brought 
down  in  the  first  hour’s  rain  from  the  washings 
of  the  streets  and  such  like.  I am  afraid  that, 
in  these  days,  we  are  getting  to  be  too  much 
phrase  worshippers.  We  all  know  the  phrase 
about  the  “ Rainfall  to  the  river  and  the 
sewage  to  the  soil.”  It  is  very  pretty,  but  it 
is  not  correct.  It  is  all  very  well  throwing 
this  phrase  at  you,  using  it  as  an  argument, 
but  it  is  no  argument  at  all. 

Well,  I come  now  to  the  composition  of  the 
sewage.  I am  sorry  to  say  I cannot  give  it 
you  exactly.  You  cannot  tell  what  is  the  com- 
position of  sewage.  It  varies  in  a number  of 
different  wa)'s.  Suppose,  for  instance,  I take 
the  average  of  an  enormous  number  of  sewages, 
and  say  we  get  about  45  grains  in  solution  and 
about  44  grains  in  suspension,  I should  not  be 
very  far  out ; but  at  the  same  time  that  is  not  a 
very  satisfactory  statement  after  all,  because 
the  composition  of  sewage  differs  at  every  hour 
in  the  day.  There  are  weak  sewages  and 
strong  sewages,  average  sewages  and  non- 
average sewages.  We  have  all  sorts  of 
sewages.  The  term  “ composition  of  sew- 
age ” is,  therefore,  simply  nonsense.  We 
cannot  speak  of  average  compositions  unless 
you  take  samples  of  the  sewage  every 
half-hour,  and  then  mix  all  the  samples  to- 
gether, and  make  an  analysis  of  the  mixture 
of  the  half-hour  samples  during  the  twenty- 
four  hours.  That  gives  you  an  idea  of  it. 
But  the  idea  of  going  and  taking  a sample 
merely,  and  saying  that  is  a real  example  of 
the  sewage  of  a town,  is  nonsense.  Well 
then,  the  great  thing  of  course  to  be  done 
was  to  get  rid  of  the  sewage ; and,  the 
water-carriage  system  was  introduced  in  order 
to  wash  it  away  from  your  houses.  But,  then, 
the  next  point  was  how  to  get  it  away  from 
you,  how  to  get  rid  of  it  as  soon  as  possible  ; 
and  of  course  the  easiest  way  to  do  that  was 
thought  to  be  to  send  it  into  your  rivers.  All 
I can  say  is,  that  letting  it  go  into  your  rivers 
means,  for  the  most  part,  putting  off  the 
nuisance  from  yourselves  to  your  neigh- 
bours. Of  course  it  is  a very  easy  way 
of  doing  it,  but  the  great  evil  of  letting 


your  sewage  go  into  your  rivers  is  from 
the  suspended  matters  which  you  have  in 
your  sewage.  I do  not  think  the  other  part 
of  it  makes  much  difference.  The  matters  in 
solution  do  not  make  much  difference  if 
they  are  well  mixed,  because  they  soon  got 
oxydised.  Everyone  believes  that,  I think, 
except  one  or  two  individuals,  now-a-days,  and 
I will  say  no  more  upon  it.  Then  with  regard 
to  the  solid  matters,  we  generally  find  that  the 
solid  matter  flows  about  the  outfall;  but  some 
of  the  matters  in  solution  combine  with  the 
aluminous  constituents  from  alluvial  soil,  and 
so  forth,  and  became  insoluble,  and  then  we 
get  a curious  sort  of  suspended  matter. 
We  find,  for  instance,  the  manorial  matters 
going  down  first,  and  then,  as  the  mixture 
of  sewage  and  water  flows  on  all  the 
organic  matters,  of  varying  density,  go 
down.  Of  course  those  that  are  lightest  or 
most  flocculent  of  all  go  down  last,  and  very 
often  that  is  the  most  offensive  of  all  kinds  of 
organic  matter;  so  that  when  you  let  your 
sewage  matter  go  into  your  rivers,  you  do 
not,  perhaps,  get  much  nuisance  near  you, 
because,  of  course,  the  organic  matter 
has  gone  down  lower.  The  organic  matter 
sinks  to  the  bottom  of  the  water,  and  there 
undergoes  putrefactive  decomposition,  until 
after  a short  time  the  gases  developed  are 
sufficient  to  render  this  material  specific- 
ally lighter  than  the  water  ; then  it  comes 
up,  gives  off  its  gases,  becomes  heavier, 
goes  down  again  to  putrefy  once  more, 
with  other  matters  added  to  it,  then 
comes  up  again,  and  gives  off  other 
gases.  That  is  the  history  of  suspended 
matter  introduced  into  the  river  in  that  way. 

Well,  it  was  quite  clear  that  would  not  do. 
People  could  not  stand  that  sort  of  thing,  and 
so  they  set  to  work  to  see  what  they  could  do 
with  their  sewage  in  some  other  way.  Two 
things  could  be  done  with  it ; but  let  me  put 
one  first.  It  was  absolutely  necessary  that  one 
thing  should  be  done  with  it ; that  is  to  say, 
that  it  should  be  purified,  that  was  certain. 
And  the  second  thing  was  that,  inasmuch  as 
the  sewage  had  a certain  manurial  value,  it 
was  desirable  to  utilise  whatever  valuable 
constituents  were  present  in  it.  Those  were  the 
two  conditions  required.  First,  to  get  what  you 
could  out  of  it,  and  next,  to  make  it  as  pure 
as  possible.  But  there  was  something  else. 
Of  course  you  must  purify  it,  or  else  there 
would  be  litigation,  and  therefore  you  must  do 
that,  and  you  ought  also  to  do  your  best  to  get 
all  you  could  out  of  it ; but  whatever  you  did 
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with  it,  you  must  do  it  without  causing  a 
nuisance.  Those  were  the  conditions,  that 
you  must  purify  it,  and  that  you  must  get  what 
you  could  out  of  it ; but  you  must  do  both 
without  committing  a nuisance. 

Now  comes  the  question  of  the  value  of 
sewage.  It  is  wonderful  how  people  talk,  or 
rather  how  they  used  to  talk— they  do  not  talk 
quite  so  much  about  the  value  of  sewage  now. 
The  basis  of  the  calculation  is  simplicity  it- 
self. There  can  be  no  doubt  we  can  easily 
calculate  the  value  of  sewage.  Dr.  Corfield 
does  it  in  his  book  with  the  greatest  ease  in 
the  world ; you  get  your  population,  you  find 
the  quantity  of  the  excreta,  you  find  out  the 
■constituents  and  the  relation  of  one  to  the 
■other,  and  there  is  your  calculation.  Well,  it 
w'as  very  curious  that  a calculation  so  simple 
as  that  should  have  brought  forward  a heap  of 
authorities  who  differed  very  widely  as  to  what 
the  value  of  the  sewage  was.  I have  just 
been  looking  through  the  evidence  which  was 
given  before  the  Select  Committee  of  the  House 
of  Commons  in  1862,  and  there  the  authorities 
differed  between  halfpenny  and  gd.  a ton.  It 
was  very  curious,  seeing  the  simplicity  of  this 
little  calculation,  that  they  should  differ  so 
much  as  that.  They  said  there  was  nothing 
easier  than  to  calculate  the  value  of  your 
•sewage,  and  yet  they  differed  so  widely  as 
that — between  a halfpenny  and  gd.  The 
interest,  of  course,  of  this  whole  matter  is 
centered  in  the  value  of  the  sewage  of  London  ; 
and  I have  been  trying  to  get  together  the 
views  of  all  the  people  who  have  views  on  the 
subject,  for  the  purpose  of  seeing  what  I can 
make  of  it.  There  is  a class,  which  I will 
call  the  cautious  people,  who,  taking  the 
population  as  3,000,000,  estimated  the  value  at 
bs.  8d.  per  head,  and  they  calculated  the 
value  of  the  sewage  of  London  as  ;^i, 000,000 
a year.  Then  there  was  another  class  of  less 
cautious  people,  Mr.  Brady  and  Lord  Robert 
Montagu  I will  put  amongst  them,  who  thought 
that  to  take  6s.  8d.  \\as  nonsense,  and  they 
made  out  the  value  of  the  sewage  of  London 
as  ;2^2,890,ooo.  Then  there  was  a class 
of  very  heroic  people,  as  I will  call  them, 
ciumbering  amongst  them  eminent  chemists, 
and  they  calculated  the  value  of  the 
■•sewage  of  London  as  ;,^4,o8i,430.  Those 
are  the  different  opinions  which  have  been 
g-iven  about  the  value  of  the  sewage  of 
London.  When  you  asked  them  about  it,  they 
said,  “ Our  calculations  are  based  on  the 
teaching  of  science.”  I am  carefully  using 
their  own  words,  that  they  were  “based  on  the 


teachingqf  science.”  Well,  of  course,  if  this 
sewage  is  of  this  extraordinary  value,  we  must 
try  and  get  something  out  of  it  to  help  to  pay 
the  rates,  and  people  said — let  us  apply  it  to 
London.  That  naturally  resulted.  Enthusiasts 
fully  believed  in  its  value,  and  arithmeticians 
and  scientific  men  were  found  to  start  sewage 
farms.  I see  before  me  a very  distinguished 
man,  who  I think  was  one  of  the  earliest  of  those 
who  tried  the  plan,  but  a certain  unpleasant 
awakening  occurred  with  regard  to  all  this. 
Science  told  its  story,  and  through  the 
mouths  of  its  authorities,  some  of  whom 
I see  before  me,  told  that  story  well.  They 
told  us  how  the  land  acted, — how  it  was  a 
mechanical  filter,  and  a chemical  laboratory 
at  the  same  moment ; how  as  a mechanical 
filter  it  took  out  the  solid  matter ; how  as 
a chemical  laboratory  it  etfected  the  oxida- 
tion of  the  nitrogen  which  the  plants  took  up 
and  utilised,  and  brought  back  again  for  our 
use  as  food.  They  told  us  how  the  church- 
yard feeds  the  village  sheep ; how  the  sheep 
feed  the  villagers,  and  how  the  villagers  feed 
the  churchyard  herbage.  They  were  alwa3's 
telling  stories  of  this  kind.  Science  talked 
in  this  way,  but  then  the  farmers  had  some- 
thing to  say  about  it.  They  said,  “ All  that 
is  true,  no  doubt;  your  learned  societies  say 
so,  and,  therefore,  it  must  be  true.” 

Still,  the  farmers  had  their  own  views  on 
the  subject,  and  their  views  led  to  this  con- 
clusion, that  they  would  only  take  the  sewage  at 
such  times  as  they  liked,  and  in  such  quantities 
as  they  required.  What  is  the  result  ? Some 
great  and  learned  people  thought  the  farmer 
very  foolish,  very  ignorant,  and  very  obstinate. 
I do  not  thick  I am  putting  that  too  high. 
They  traced  the  obstinacy  of  the  farmer  to  his 
conservatism — I mean  his  blind  attachment  to 
old-fashioned  ways,  good  and  bad.  The 
facts  did  not  support  this  view,  still  they  stuck 
to  the  fact  that  the  folly  of  the  farmer  was  his 
conservatism.  Well,  the  farmer  does  not  quite 
follow  this  conservatism  in  everything ; he 
shows  his  appreciation  of  newly  invented 
manures  ; he  thoroughly  understands  the  value 
of  superphosphate.  He  is  not  conservative 
in  that.  He  is  not  conservative  in  adopting 
new  agricultural  implements  ; he  does  not  show 
any  blind  attachment  to  old  fashioned  ways 
there,  but  he  did  in  this  matter  of  sewage. 
Mr.  Chadwick  preached  with  the  authority 
of  a Board  of  Health  at  his  back.  I will 
quote  his  own  words,  so  that  there  shall  be  no 
mistake  about  it : — “ That  liquid  manure  was 
at  all  times  preferable  to  solid  manure,  and 
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suitable  for  all  crops,  and  all  soils  ; but  Mr. 
Chadwick’s  sermon  fell  upon  bad  ground.  Mr. 
Chadwick  piped,  and  tho  farmers  refused  to 
dance.  Seeing  that  this  part  of  the  sub- 
ject was  a failure,  gentlemen  farmers  set 
to  work.  They  set  to  work  for  the  purpose  of 
teaching  the  farmers,  but  after  a while  even  the 
gentlemen  farmers  gave  it  up.  They  learnt  a 
lesson  at  some  cost,  and  left  off  their  work, 
sadder,  wiser,  and  poorer  men.  Mr.  Chad- 
wick still  preached,  but  the  people  began  to 
suspect  one  of  two  things,  either  that  there  was 
some  obstacle  to  the  agricultural  use  of  sewage, 
or  that  its  theoretical  was  not  its  practical 
value.  Local  autliorides  too  found  this, 
that  if  they  had  to  apply  sewage  to  land 
in  order  to  purify  their  sewage  they  must 
secure  the  land,  they  could  not  trust  to  the 
farmers  taking  it.  AVhy  ? Xow  comes  the  part 
of  my  story  that  is  important.  Why  did  they 
require  land  ? First,  that  the  sewage  might  be 
taken  at  all  times,  day  and  night,  Sundays 
and  week-days,  all  the  year  round,  summer  and 
winter,  whether  the  soil  wants  it  or  not, 
whether  there  are  any  crops  or  not,  and  at  all 
stages  of  their  growth,  seed  time  and  harvest. 
The  farmers  did  not  see  the  force  of  that. 
Secondly,  they  found  out  that  it  was  neces- 
sary so  to  purify  the  sewage  as  to  produce 
an  effluent  which,  under  every  considera- 
tion, should  not  produce  a nuisance,  nor 
pollute  a watercourse.  The  farmer  looked 
after  his  crops ; the  local  authorities  lookedafter 
their  effluent,  and  the  two  things  did  not  agree. 
The  farmer  said,  “ I admit  a certain  manorial 
value;  I am  not  going  to  dispute  that  science 
teaches  it ; 1 should  not  care  to  discuss  the 
question  with  science  ; but  on  the  whole,  having 
given  the  subject  my  consideration,  1 prefer  to 
sacrifice  the  manorial  value  rather  than  be 
compelled  always  to  have  the  water.”  That 
was  the  conclusion  of  the  farmer. 

Besides, hesays,  “it  isno use yourpointing to 
other  countries,  and  telling  me  what  a wonderful 
thing  irrigation  is  in  India,  and  in  Continental 
places,  and  so  on,  that  will  not  do  ; tempera- 
ture is  against  us  here  ; wet  weather  is  against 
us  ; look  at  frost  ” (and  I shall  say  something 
about  that  before  long);  “allow your  ground  to 
remain  quiet  and  aerate  it,  which  was  neces- 
sary, and  the  ground  freezes  ; neglect  to 
aerate  it,  and  it  is  no  good.”  That  is 
the  first  great  difficulty.  It  is  no  good 
telling  me  about  the  increased  temperature  of 
sewage,  and  I shall  have  something  to  say 
about  that  before  long.  Frost,  rain,  and 
storm,  water-logged  land  — the  very  time 


when  you  have  the  most  sewage  to  deal 
with,  the  ground  is  in  the  worst  condition 
to  take  it.  Hot  weather  cracks  your  clay,  if 
you  have  clay,  and  down  goes  the  sewage 
without  being  purified  at  all. 

Dr.  Carpenter,  who  is  an  ardent  irriga- 
tionist,  has  pointed  out  the  difficulty  of 
management,  and  there  are  some  remark- 
able passages  in  Dr.  Carpenter’s  paper,  when 
he  was,  perhaps,  forgetting  himself  a little  on 
that  point.  Increased  cost — the  Local  Govern- 
ment Board  know  something  about  that  in 
their  report.  Then  we  come  to  this  curious 
fact,  that  you  cannot  get  one  single  point 
upon  which  these  ardent  authorities  are  agreed. 
I have  been  trying  to  see  if  we  can  get  a start- 
ing point  on  which  they  are  agreed.  They  do 
not  agree  upon  the  method  of  application — 
whether  it  shall  be  by  hose  and  jet  or  not.  “ The 
soil  best  suited  is  very  porous  soil,”  said  Pro- 
fessor Way  — and  he  knows  a good  deal 
about  it ; “a  heavy  soil”  says  Liebig — and  he 
knows  a good  deal  about  it  ; and  then  others 
go  between  the  two.  Then  some  say  that  the 
crop  most  suited  is  rye-grass,  and  I think  they 
are  right.  Others  hold  different  opinions. 

Now  comes  a crucial  question — How  much 
sewage  qua  agricultural  success,  can  properly 
and,  qua  sanitary  success,  safely,  be  applied 
to  a given  area  of  land  Now  I will  ask  you 
for  a few  minutes  to  regard  this  question  of  area 
before  1870  and  after  1870,  and,  1 was  almost 
going  to  add,  after  April  14th,  1886  ; but  I 
will  take  it,  if  you  please,  before  1870.  The 
agricultural  and  the  sanitary  aspects  of  the 
subject  were  not  in  accord.  To  realise  your 
agricultural  success  you  must  apply  a large 
quantity  of  sewage  to  your  land,  and  that  you 
know  they  did.  Realise  your  sanitary  success, 
and  then  the  rule  is  apply  a smaller  quantity, 
the  smaller  the  better.  So  you  have  for  agri- 
cultural success  to  get  as  much  as  possible  out 
of  sewage;  and  for  sanitary  success,  in  order  to 
purify  it  to  have  as  little  as  possible.  Can  you 
split  the  difference  ? The  authorities  diffeir 
between  2 and  800  as  to  per-centage.  Mr.  Mechi 
said  2,  but  he  altered  his  views  afterwards; 
Mr.  Hope  said  20  or  30;  Mr.  Way  and  Si? 
Robert  Rawlinson  100  consistently ; and  I 
think  I shall  not  be  unfair  if  I state  it  thus,, 
that  the  authorities  on  the  subject  all  say  (and 
recollect  I am  speaking  of  before  1870)  that 
100  is  the  minimum  to  pay,  and  then  a great 
many  other  persons  said  that  30  was  the 
maximum  to  escape  prosecution. 

Our  friend  Dr  Frankland  saw  that  difficulty. 
He  saw  what  I will  call  the  land  difficulty ; he 
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saw  this,  that  the  greater  the  quantity  of  sewage 
that  you  have  the  more  land  you  required, 
and  the  less  land  there  was  to  have.  For 
a very  large  town  there  was  very  little 
land  in  its  neighbourhood.  A small  town 
had  plenty  of  land,  but  there  was  very 
little  sewage.  Not  only  did  you  require  more 
land  where  you  had  more  sewage,  but  the 
higher  was  its  price.  Dr.  Frankland  grasped 
that  difficulty,  and  he  said  to  himself,  I have 
no  doubt  irrigation  is  doomed,  unless  I can 
find  out  some  method  of  concentrating  a large 
volume  of  sewage  on  a small  area  of  land. 
Well,  Dr.  Frankland  in  this,  as  he  has  done 
in  a good  many  other  difficulties,  saw  a way 
of  escape.  In  the  year  1870,  Dr.  Frankland 
set  to  work  to  make  a series  of  laboratory 
experiments.  He  took  a cube  foot  of 
earth,  and  calculated  the  amount  of 
sewage  that  that  cube  foot  of  earth  in  his 
laboratory  would  purify.  I am  very  particular 
about  this,  because  a certain  letter  in  the 
Times  of  to-day,  about  which  I shall  have 
something  to  say  hereafter,  necessitates  my 
drawing  attention  to  this.  I am  sorry  Dr. 
Frankland  is  not  present  to  hear  the  criticism 
which  I have  to  offer ; but  I know  he  is  some 
distance  off,  and  therefore  cannot  get  here. 
A cube  foot  he  makes  the  experiments  upon — 
and  wonderful  experiments  they  were.  These 
laboratory  experiments  gave  birth  to  a 
system  called  intermittent  downward  filtration. 
Just  let  us  see  the  conditions,  and  I will 
represent  things  as  fairly  as  I possibly  can. 
First,  he  says,  you  must  have  suitably  con- 
stituted soil.”  I am  using  his  own  words. 
It  is  difficult  exactly  to  say  what  he  means  by 
a suitably  constituted  soil,”  but  I suppose 
I shall  not  be  far  wrong  in  saying  that  he 
means  a soil  not  too  open,  so  that  anything 
may  pass,  and  not  too  close,  so  that  nothing 
will  pass.  Then  he  says  (and  let  us  be 
clear  about  this)  as  the  essential  part  of 
intermittent  downward  filtration  you  must 
have  deep  draining,  and  that  is  fixed  at 
b feet.  I am  using  his  own  words,  because 
his  calculations  are  made  upon  6 cubic  feet, 
so  as  to  allow  a considerable  distance  for 
percolation.  So  that,  if  one  foot  will  do  so 
much  work,  six  times  that  number  will  do  so 
much  more.  This  is  Dr.  Frankland’s  prin- 
ciple of  filtration  as  opposed  to  irrigation, 
but  it  is  intermittent.  Dr.  Frankland  says 
there  is  something  like  a lung  action — a 
constant  taking  in  and  giving  out ; he  says 
he  copies  Nature.  Dr.  Frankland  makes  his 
experiment  on  this  cube  foot  of  earth,  and 


inasmuch  as  this  cube  foot  would  do  so  much 
work,  he  calculates  what  six  cubic  feet  would 
do,  one  on  the  top  of  the  other,  and  he  calculates 
3,300  persons  to  the  acre.  He  says  I have 
got  a new  intermittent  downward  filtration, 
and  I can  put  a large  bulk  of  sewage  on  a 
small  plot  of  land.  Now,  let  me  illustrate 
this  with  a case.  I am  going  to  try  to  give 
you  an  account  of  what,  I suppose,  is  the 
intermittent  downward  filtration.  Suppose  I 
had  a population  of  9,900  on  three  acres  ; 
subdivide  each  acre,  as  he  says,  into  four 
parts  ; put  on  each  of  those  four  parts  your 
sewage  of  3,300  for  six  hours  ; take  it  off, 
put  it  on  another  part,  that  gives  18 
hours’  rest  to  each  part  of  your  acre.  That 
is  the  intermittent  system.  Of  course  there 
were  people  who  went  far  beyond  Dr.  Frank- 
land. We  had  a further  development  sug- 
gested. I fancy  it  was  suggested  that  of  those 
three  acres  the  one  should  be  used  one  year, 
and  that  the  sewage  of  the  9,900  people 
should  go  upon  that  for  that  time,  while  the 
others  rested.  That  might  very  fairly  and 
properly  be  called  intensified  intermittent 
irrigation.  I do  not  think  I am  using  a 
wrong  phrase.  Let  us  not  in  any  way  mis- 
understand Dr.  Frankland.  I am  not  saying 
a word  against  him,  because  as  a matter  of 
fact  no  one  knows  the  subject  better  than  Dr. 
Frankland.  But  of  this  intermittent  down- 
ward filtration.  Dr.  Frankland  said  that  it 
involved  the  sacrifice  of  agricultural  property. 
It  is  fair  that  we  should  be  distinct  about 
that ; he  always  said  it  involved  that  sacrifice. 
I refer  to  that  because  some  of  his  followers 
take  a different  view ; my  friend,  Mr.  Bailey 
Denton,  does;  I know  he  thinks  otherwise. 
He  thinks  that  intermittent  downward  filtra- 
tration  is  the  best  way  of  getting  a good  crop. 

Now,  I want  to  consider  a new  aspect  of 
this  case ; the  sewage  without  the  removal  of 
the  sludge  (because  this  is  the  principle  of  Dr. 
Frankland)  is  put  upon  the  ground.  But  two 
insuperable  difficulties  occur,  and  I am  now 
speaking  of  the  results  of  my  own  experience 
on  this  subject.  The  first  is  that,  as  the  result 
of  this  application  of  sewage  to  land,  you 
destroy  your  land  as  a filtering  agent ; that  it 
is  not,  at  the  end  of  a year  or  two,  what  it  was 
when  you  commenced  ; and,  secondly,  that  it 
is  almost  certain  that  you  have  a nuisance.  I 
am  going  to  take  these  two  points,  and  en- 
large upon  them.  First  of  all,  then,  I would 
note  that  Mr.  Bailey  Denton  (and  he  knows 
this  subject  exceedingly  well)  contends  that 
when  you  put  that  sewage  with  the  organic 
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matter  in  it  upon  the  land,  and  dig  it  in, 
as  he  says  you  ought  to  do — it  undergoes 
decomposition — renders  the  ground  lighter 
and  better  by  increasing  its  filtering  capacity. 
That  is  Mr.  Bailey  Denton’s  contention.  From 
that  statement  I absolutely  and  entirely  differ. 
Now,  just  let  us  consider  it.  The  sewage  is 
applied,  with  the  matters  in  suspension,  to  the 
ground.  For  18  hours  you  apply  none.  The 
fact  is  that  you  get  over  a certain  surface  of 
jmur  ground  a covering  which  is  practically 
impermeable,  and  which  is  not  removed  at  once 
when  the  sewage  is  again  applied  to  the  land. 
It  is  curious  what  it  is.  There  is  first  of  all  a 
considerable  quantity  of  albuminous  matter, 
but  it  is  something  else.  We  know  the 
immense  quantity  of  paper  that  goes  into 
the  sewage  ; now  all  this  disappears.  That  is  a 
remarkable  fact;  but  what  becomes  of  it— it 
gets  beaten  up  into  a kind  of  Japier  niache  in 
the  sewage  ; and  it  is  that  papier  mache  I 
think  which  clogs  the  ground  ; you  dig  it  in  ; 
it  simply  fills  up  the  pores  with  a glutinous 
and  papier  mache  cement,  and  you  may  put 
any  amount  of  sewage  on  you  like,  but  it  will 
not  go  through.  I know  that  to  be.  true,  for  I 
have  tested  the  subject  with  every  possible  care 
as  to  the  relative  power  of  earth  for  allowing 
sewage  to  go  through  after  its  application. 
It  clogs  the  land ; your  land  deteriorates. 
Now  comes  the  3,300  per  acre.  I suppose 
there  was  no  greater  authority  than  Mr.  Bailey 
Denton  on  intermittent  downward  filtration. 
When  he  had  to  treat  the  sewage  of  a popu- 
lation of  13,500  at  Kendal,  he  suggested  16 
acres  of  land  for  the  process  ; but  the  authori- 
ties did  not  see  this,  they  had  the  report  of  the 
committee  before  them,  and  they  said  3,300 
to  the  acre.  They  were  very  liberal  to  him, 
and  suggested  5A  acres,  but  it  did  not  answer. 
I must  say,  I do  not  like  to  enter  upon 
this  now,  but  the  letter  of  Dr.  Frankland 
in  to-day’s  Ti7nes  has  rather  astonished  me  ; 
he  has  come  down,  at  any  rate,  to  2,000  to  the 
acre;  but  I want  to  show  what  an  extra- 
ordinary result  we  have  got.  Dr.  Frankland’s 
results  were  based  on  this — a cube  foot  of 
earth  would  purify  a certain  quantity  of 
sewage,  and,  therefore,  six  cubic  feet,  one 
under  the  other,  should  purify  six  times  the 
quantity.  He  tells  us  here  that  this  con- 
clusion is  drawn  froin  the  Warrington  ex- 
periment, and  that,  inasmuch  as  it  proved 
that  the  purifying  action  only  takes  place  near 
the  surface  of  the  land,  it  is  only  necessary  to 
drain  the  soil  something  like  2 ft.  deep  instead 
of  6 ft. ; but  where  have  his  own  experiments 


gone  ? His  own  experiments  were  based  upon 
the  cube  foot  of  earth  ; the  power  it  possessed 
to  purify  a certain  quantity  of  water  multiplied 
by  a certain  number,  but  now  he  has  aban- 
doned it.  Dr.  Frankland’s  letter  has  rather 
put  me  out.  I do  not  know  where  we  are. 

I cannot  help  coming  to  the  hygienic  aspect 
of  the  subject,  because  it  has  a medical  aspect 
too.  First  of  all,  we  cannot  hide  from  ourselves 
the  nuisance  from  offensive  emanations  on  the 
ground  ; we  have  seen  it  over  and  over  again. 
The  evidence  is  abundant.  Can  it  be  other- 
wise ? Injurious  matter  on  to  the  ground,  the 
water  allowed  to  drain,  and  its  material  kept 
upon  the  surface,  evaporation  occurring;  evapo- 
ration means  the  carrying,  not  simply  of  water 
in  the  air,  but  a considerable  quantity  of  solid 
matter,  that  is  carried  off  during  the  time  of 
evaporation.  For  instance,  you  go  into  a room 
newly  painted,  and  you  get  lead  poisoning. 
How  ? It  is  not  due  to  the  volatilisation  of 
the  lead,  but  the  turpentine,  in  the  act  of 
evaporating,  carries  solid  lead  into  the  air. 
That  is  the  explanation  of  the  lead  poisoning  ; 
when  the  smell  has  gone  the  danger  has 
passed.  What  do  you  do  here  ? You  have  a 
thing  which  of  all  others  you  want  to  keep  out 
of  the  air,  and  you  spread  it  over  a large 
surface  of  ground.  I will  not  enter  into  another 
aspect  of  the  question,  which,  from  a medical 
point  of  view  is  immensely  important — I mean 
the  saturation  of  a district  with  moisture. 
This  would  not  be  the  place  to  enter  upon  it, 
but  I may  say  the  masterly  research  of  Dr. 
Buchanan  has  clearly  shown  the  danger  of 
that. 

Then  we  have  pollution  of  subsoil  water ; 
we  have  the  distribution  of  undefecated 
sewage,  containing  the  ova  of  entozoa  and 
other  things  which  I might  mention.  That  is 
irrigation.  I want  to  be  very  careful  about 
what  I am  saying.  I do  not  for  one  single 
moment  mean  to  say  that  there  are  not  cases 
where  irrigation  should  not  be  properly  used. 
When  I come  to  discuss,  as  I hope  I shall 
before  I have  done,  the  question  of  how  you 
are  to  treat  your  sewage,  I shall  emphatically 
say  you  cannot  treat  it  this  way  or  that,  but 
you  can  treat  it  in  various  ways  at  different 
places,  and  irrigation  may  be  one  of  them  ; 
I am  only  saying  that  irrigation  is  not  the 
way  to  meet  it  universally — it  cannot  be. 

Now  let  us  review  our  facts.  We  have 
dilute  sewage  to  deal  with  ; we  desire  to  be 
sanitarians,  to  purify  our  sewage,  so  that  it 
shall  not  pollute  our  watercourses,  and  in 
purifying  it  not  to  cause  a nuisance.  We 
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desire  to  be  economists,  viz.,  to  get  from  the 
sewage  all  that  is  valuable  in  it— in  a word,  to 
achieve  by  one  and  the  same  operation  a 
sanitary  success  and  a commercial  profit.  In 
sewage,  as  in  other  things,  you  cannot  combine 
the  incompatible.  To  achieve  your  commercial 
success,  you  must  abandon  sanitary  considera- 
tions, and  you  must,  as  at  Edinburgh,  flood  your 
land  with  10,000  tons  per  acre  per  annum, 
until  your  farm  is  a stinking  morass  and  your 
effluent  water  so  impure  that  you  must  take  it 
directly  into  the  sea  lest  it  foul  your  water- 
course. Achieve  your  sanitary  success, 
sprinkle  your  300  tons  on  your  acre  with  hose 
and  jet,  and  away  goes  agricultural  profit. 

Try  a compromise  between  the  extremes  of 
300  and  10.000,  and  the  chances  are  you  get 
the  difficulties  of  both  and  the  advantages  of 
neither.  I admit  possible  exceptions.  Do  not 
misunderstand  me.  I say  again  I admit 
possible  exceptions.  A small  population, 
cheap  land  removed  from  human  habitations, 
a porous  soil  admitting  free  percolation,  good 
gradients  not  requiring  steam  power,  proxi- 
mity to  the  sea,  so  that  extreme  purity  of 
effluent  is  not  demanded,  and  proximity  to 
a town,  so  that  a ready  sale  for  the  rank 
sewage  grass  for  dairy  purposes  could  be 
secured.  But  the  difficulties  are  enormous. 
I must  have  enough  land,  and  the  greater  the 
population  the  greater  the  quantity  of  land 
required,  and  the  larger  its  price.  I must  have 
proper  land,  sufficiently  porous,  but  not  too 
porous.  1 must  have  land  properly  levelled 
and  properly  drained.  If  the  level  of  my  drain 
be  above  the  sewer  out- fall,  I require  costly 
motive  power.  The  larger  the  quantity  of 
sewage,  as  in  wet  weather,  the  less  able  is  the 
already  overcrowded  land  to  deal  with  it. 
Frost  or  snow,  the  work  has  still  to  be  done.  At 
all  times  the  effluent  must  be  sufficiently  pure, 
lest  litigants  be  aroused.  At  all  times  the 
operation  must  be  conducted  without  offensive 
effluvia  from  an  over-sodden  state  of  soil,  and 
without  polluting  the  air  by  rendering  it 
abnormally  damp  or  affected  by  sewage 
effluvia.  Without  polluting  the  air  I say,  for 
that  means  typhoid.  The  subsoil  water  must 
be  so  diverted  that  neighbouring  wells  shall 
not  be  polluted.  Grant  all  these  difficulties 
overcome,  and  there  remains  in  the  produce 
of  my  farm  a grass  unfit  for  dairy  purposes, 
and  likely  to  be  a source  of  entozoic  infection 
to  men. 

Now  I come  to  precipitation.  Let  us  under- 
stand what  precipitation  is  The  addition  of 
certain  chemicals  whereby  the  deposit  of  the 


solids  in  suspension,  and  some  of  the  dissolved 
matters  is  effected,  together  with  the  deodo- 
risation  of  the  offensive  constituents.  I have 
taken  the  trouble  to  go  through,  so  far  as  I can 
make  out,  nearly  all  the  patents  which  have 
been  suggested  for  the  purpose  of  precipitation, 
and  dry  work  it  has  been.  I have  endeavoured 
to  find  out  where  they  have  been  used  ; and 
I have  got  information  from  the  different 
places  as  to  the  results.  I think  you  may 
say  this,  that  those  agents  principally 
employed  are  practically  lime,  salts  of  mag- 
nesium, salts  of  alumina,  salts  of  iron,  alone, 
or  mixed  up  one  with  the  other,  in  all  sorts  of 
proportions  ; whilst  in  addition  some  people 
put  a certain  amount  of  weighting  matter  to 
carry  the  precipitate  down,  and  others  an 
absorbent  matter  to  absorb  the  gases.  I want 
to  put  it  that  there  are,  to  my  mind,  five  condi- 
tions as  to  a proper  precipitant ; first,  that  con- 
sistent with  purity,  the  chemicals  used  should 
be  cheap.  Secondly,  that  the  precipitants 
should  act  as  deodorisers  and  disinfectants. 
Thirdly,  that  the  maximum  purity  should  be 
obtained  with  the  minimum  of  deposit,  that  is 
in  the  smallest  possible  quantity  of  chemicals. 
Fourthly,  that  the  precipitated  matters  should 
subside  rapidly.  Fifthly,  that  the  sludge 
should  part  with  its  water  rapidly.  I think  these 
are  the  five  conditions  of  success  so  far  as 
precipitants  are  concerned.  I have  here  some 
tanks  which  have  been  kindly  seat  to  me  by  the 
ABC  Company.  In  one  we  have  the  crude 
sewage  and  in  the  other  the  effluent,  and  I 
will  ask  Mr.  Page  to  add  some  of  the  ABC 
material  to  the  sewage  in  one  of  these  tanks, 
in  order  that  we  may  see  how  the  precipitating 
action  goes  on  ; but  I wish  it  to  be  understood 
that  I am  not  here  to  advocate  this  or  any 
system.  The  ABC  system,  I will  say  at  once, 
produces  in  my  own  experience,  and  in  that  of 
Professor  Dewar,  who  was  conjoined  with  me 
in  a research  on  the  subject,  a very  good 
effluent.  I am  not  going  to  say  any  more  than 
that.  Those  who  have  had  an  opportunity  of 
investigating  the  subject  will  admit  that  it 
does  produce  a very  good  effluent ; that  is  all  I 
say. 

Now,  I come  to  the  practical  question,  the 
question  asked,  I would  say,  all  over  the 
country,  and  the  question  asked  of  those  who 
have  to  advise  on  these  matters,  in  tones 
almost  of  painful  despair.  How  shall  we  deal 
with  our  sewage?  I want  to  say  this,  there 
is  no  one  single  answer  to  be  given  to  that 
question.  The  adviser  must,  if  he  wishes  to 
do  justice,  sink  his  hobby.  I do  not  care  whether 
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it  is  the  hobby  of  precipitation  or  the  hobby  of 
irrigation  — he  must  sink  his  hobby.  He 
must  be  prepared  to  find  conditions  under  which 
he  would  advise  irrigation,  and  conditions 
under  which  he  would  advise  precipitation. 
And  let  me  say  he  is  certain  to  find  (in  my  own 
•experience  they  are  to  be  found)  conditions 
that  are  favourable  to  one  hobby  at  one  place, 
but  are  absolutely  inconsistent  to  that  hobby 
at  another.  I want  to  say  this,  too,  that  it  is 
no  good  people  holding  up  success  at  one 
place  as  an  argument  that  that  process  will  be 
successful  everywhere.  It  is  no  good  to  have 
sewage  works  at  A,  and  to  take  people  from 
B,  C,  and  D down  to  those  works  at  A to  see 
how  successful  they  are.  That  will  not  do. 
We  have  to  consider  the  place,  and  we  must 
be  prepared  to  adopt  any  process  that  is  the 
best  fitted  for  that  place. 

Let  us  consider  one  or  two  general  points. 
I am  going  to  quote  the  words  of  my  friend 
Sir  Robert  Rawlinson,  “towns  must  be  pre- 
pared to  pay  to  be  clean.”  That  is  what  he 
said  once  in  this  place.  You  must  purify  your 
sewage  at  the  expense  of  the  rates. 

[Sir  Robert  Rawlinson  took  exception  to  the 
expression  ‘ ‘ purify. ” “ Clarify  ’ ’ was  the  proper 
word.] 

I do  not  argue  about  the  word ; towns,  at 
any  rate,  must  pay  to  be  clean.  Secondly, 
and  I think  Sir  Robert  Rawlinson  will 
agree  with  me  in  this  — I know  I am  on  tender 
ground  with  him — the  sewage  must  be  got 
rid  of — I am  sure  he  will  let  me  use  my  word, 
purified  — at  any  cost.  Minimise  the  cost 
he  would  say,  but  you  must  do  it  at  a cost ; 
and  there  must  be  an  annual  expenditure. 
Thirdly,  and  I think  we  shall  agree  here,  that 
the  sewage  requires  constant  attention  ; you 
cannot  be  attending  to  it  one  month  and 
leaving  it  the  next — you  must  be  always 
at  it. 

I would  say  this,  it  is  not  simply  applying 
to  the  Local  Government  Board,  and  having 
an  inspector  to  go  down  and  see  whether  he 
will  grant  borrowing  powers  for  certain  works. 
That  is  all  right  enough,  Local  Boards  do  not 
mind  doing  these  things  sometimes  ; but  Sir 
Robert  Rawlinson  will  tell  you,  I am  sure,  that 
there  is  something  else  wanted.  It  is  not  the 
borrowing  of  ten,  twenty,  or  forty  thousand 
pounds,  but  it  is  the  yearly  expenditure  to  keep 
up  those  works  that  is  necessary.  Fourthly,  to 
allow  your  sewage  to  go  into  a river  means 
passing  your  filth  on  to  your  neighbour.  The 
sewage  ought  to  be  treated,  in  my  opinion, 
^'here  it  is  produced.  Litigation  is,  in  my 


experience  — although  I may  have  derived 
advantages  from  it—  a more  expensive  luxury 
than  sewage  treatment,  and  on  the  whole  I 
think  it  breeds  far  more  ill-will.  Fifthly — 
I think  Sir  Robert  Rawlinson  will  go  with 
me  here — that  in  treating  our  sewage  we  do 
not  want  a drinking  water,  and  we  do  not 
want  a Peruvian  guano.  Now,  we  go  to  a 
town,  and  the  sewage  has  to  be  treated.  We 
ask  how  much  is  there  to  treat,  and  what  sort 
of  stuff  is  it  ? — that  is  to  say,  what  are  the 
manufactures,  and  so  forth.  Our  very  first 
thought  necessarily  is,  and  it  would  be  my 
thought  first — irrigation.  The  local  autho- 

rities must  get  land.  It  is  no  use  talking 
about  farmers ; you  must  get  land.  To  get 
land  is  a very  difficult  thing ; and  when  you 
get  land,  you  have  to  pay  a fancy  price  for  it 
generally,  especially  if  it  is  for  sewage.  And 
there  is  something  else  about  it ; that  all  the 
people  who  have  land  in  the  neighbourhood  of 
your  proposed  sewage  farm  suddenly  discover 
that  all  their  land  is  building  land.  Now  come 
certain  questions.  Is  it  practicable?  And  I think  I 
mayputitthus.  There  are  three  questions  we  ask 
ourselves,  supposing  we  think  about  irrigation. 
Is  it  practicable  to  obtain  sufficient  and  pro- 
perly situated  land  for  the  purpose  ; sufficient 
— I am  not  going  to  define  that  now ; pro- 
perly situated  as  regards  general  character, 
level,  and  so  forth.  Secondly,  is  this  properly 
situated  land  reasonably  near  to  the  town, 
so  that  the  cost  of  conducting  the  sewage 
shall  not  be  excessive ; reasonably  dis- 
tant, so  that  the  town  may  not  derive  injury 
from  a nuisance  likely  to  cause  disorders. 
And  then,  thirdly,  is  the  land  of  such  level 
that  the  sewage  can  readily  reach  it  ? 
There  is  a fourth  question.  Where  is  the 
effluent  to  be  discharged  ? — and  I beg  to  submit 
that  this  is  a very  important  question  in  any 
irrigation  scheme.  You  are  dependent  for 
effective  purification  on  effective  land  in  effec- 
tive order.  But  land  becomes  ineffective  from 
circumstances  over  which  you  have  no  control. 
First,  for  instance,  frost ; second,  in  times  of 
heavy  rain,  land  is  water-logged,  and  when 
there  is  most  sewage  to  be  treated!,  your  land 
is  least  able  to  treat  it.  If,  then,  the  outfall  be 
into  a river  where  considerable  purity  is  re- 
quired, and  not  only  purity,  but  unfailing  con- 
tinuity of  purity,  then  it  appears  to  me  that  an 
irrigation  scheme  must  be  regarded  as  an 
unsafe  scheme.  But  where  there  is  a discharge 
of  an  effluent,  or  the  discharge  of  a little 
doubtful  water  at  times,  or  a little  doubtful 
sewage,  that  is  a matter  of  secondary  import- 
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ance,  and  it  appears  to  me  your  irrigation 
scheme  may  pass. 

My  own  experience  of  all  kinds  of  schemes 
(and  I think  I have  seen  most)  has  led  me  to 
prefer  by  a very  long  way  indeed  a combina- 
tion of  a precipitation  and  an  irrigation 
scheme  ; and  I see  for  it  two  great  advantages. 
First,  its  efficient  working  is  independent  of 
weather ; second,  if  you  have  sufficiently  large 
works,  any  emergency  of  quantity  can  be  met. 
I am  bound  to  say  this,  looking  over  the  papers 
of  people  who  have  written  on  this  subject  of 
precipitation — and  precipitation  has  its  greatest 
and  heaviest  enemies  in  its  advocates — one 
is  perfectly  astounded  at  the  extravagant  ad- 
vantages which  have  been  claimed  for  precipi- 
tation. The  sludge  has  been  advertised, 
and  is  advertised,  as  of  enormous  manurial 
value.  Patents  by  the  hundred  have  been 
taken  out.  Precipitation  advocates  have 
invariably  been  the  advocates  of  a system, 
and  no  wonder  the  public  began  to 
doubt  everybody  and  everything.  They  have 
taken  the  claims  advanced  by  the  precipita- 
tionists,  and  they  have  weighed  them  in  the 
balance  of  facts,  and  they  have  found  them 
wanting.  I think  you  will  believe,  after  that 
statement,  that  I am  not  here  as  the  advocate 
of  a system.  I said  the  ABC  turned  out 
a good  effluent,  and  so  it  does.  My  own 
experience  leads  me  to  speak  very  highly 
indeed  of  the  use  of  lime,  and  sulphate 
of  alumina.  Put  in  your  lime  first. 
Your  lime  does  three  things— it  produces 
carbonate  of  lime,  acts  as  a weighty 
material ; some  of  the  lime  is  combined  with 
some  of  the  organic  matter  in  solution,  some- 
thing like  a quarter  or  a fifth  of  it,  into  an 
indescribable  chemical  compound.  The  rest 
goes  to  make  the  water  alkaline.  Then  add 
the  sulphate  of  alumina ; the  alumina  sets 
free  the  ammonia,  which  combines  with  the 
sulphur;  it  acts  as  a mordant,  and  down  it  goes. 
That  is  not  a patent.  Now,  I am  bound  to  say 
this — I have  never  yet  seen  an  effiuent  from  a 
precipitation  process  that  has  not  a slight 
smell  about  it ; but  it  is  not  the  smell  of  sewage, 
it  is  the  smell  of  effiuent,  sici  generis.  Now, 
let  that  effluent,  after  precipitation,  flow  over 
a small  area  of  land,  and  you  give  your  effluent 
the  final  finishing  touches  towards  purification. 
Just  think  of  it  from  three  points  of  view.  You 
cannot  cause anuisance  in  that  act  because  you 
get  no  suspended  matter,  and  you  get  nothing 
on  the  surface  that  will  decompose  and  give 
off  offensive  matters.  You  cannot  clog  your 
ground,  because  the  materials  that  were  in 


solution  are  precipitated.  Thirdly — I attach 
no  importance  to  this,  because  I do  not  think 
anything  of  it ; there  is  a certain  manurial 
value.  The  quantity  that  it  takes  varies  with  the 
land — about  5,000  to  10,000  per  acre  will  do 
Such  sewage  works  are  no  nuisance.  Your 
process  is  carried  out  in  wells,  your  tanks  are 
little  more  than  ordinary  pure  water  tanks, 
with  no  more  smell ; and  your  sewage,  when  it 
gets  on  the  land,  has  no  smell  either. 

This  subject  of  precipitation  has  occupied 
me  a very  great  deal,  and  I venture  to  put 
forward  five  points  to  which  I wish  to  draw 
your  attention.  First,  if  you  want  to  treat 
sewage  properly  by  a precipitation  process, 
you  must  treat  it  fresh.  I am  not  going  to 
define  what  “fresh”  means,  but  I mean  before 
active  putrefaction  sets  in  ; it  may  be  twenty- 
four  hours  or  it  may  be  forty-eight  hours  ; it 
varies  with  the  time  of  year,  or  with  the  chemicals 
that  are  allowed  to  go  in  from  various  manu- 
factories. Of  course  one  change  has  probably 
occurred,  and  that  is  the  breaking  up  of  the 
urea.  I do  not  know  anything  more  wonderful 
than  the  absolute  disappearance  of  urea ; by  the 
time  the  sewage  reaches  the  works  an  enormous 
quantity  must  be  broken  up.  Then  there  are 
all  these  different  decompositions,  and  you 
must  deal  with  it  before  the  first  active  change 
occurs.  As  a matter  of  fact,  fresh  sewage 
has  very  little  smell  at  all.  Then,  secondly, 
I think  it  advisable,  as  a rule,  before  you  mix 
your  chemicals  with  it,  in  order  to  minimise 
your  chemicals,  that  you  should  strain  your 
sewage  in  some  way  or  other.  You  cannot 
strain  it  entirely,  but  Mr.  Baldwin  Latham’s 
apparatus  seems  to  work  exceedingly  well.  I 
have  seen  it  working,  and  some  method  of  that 
kind  should  be  adopted.  Then,  thirdly,  you 
should  add  sufficient  chemicals  to  effectually 
complete  purification.  It  is  a great  mistake  to 
starve  your  chemicals.  I know  as  a fact  that 
local  authorities  will  spend  money  on  works, 
but  when  it  comes  to  actual  working  year  by 
year,  and  day  by  day,  then  it  is  they  fall  through. 
My  friend.  Sir  Robert  Rawlinson,  knows  that 
is  the  test ; it  is  not  the  borrowing  of  J/^0,000, 
it  is  spending  ;^8oo  or  Jgoo  a year  in  doing 
the  work  after  they  have  got  the  works. 

I do  not  like  to  enter  on  this  subject  of 
sufficient  chemicals,  especially  in  view  of  a 
report  1 have  here.  I have  very  strong  views 
about  it ; but  will  not  enter  upon  them  now.  I 
will  only  say  this,  that  I am  astonished  that, 
when  I proposed  in  a certain  scheme  five  grains 
of  lime  and  five  grains  of  aluminum,  one  of 
the  gentlemen  who  signed  this  report  showed 
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to  a certain  inspector  how  absolutely  useless 
it  was  to  add  that  quantity  of  chemicals  to 
sewage,  and  said  it  would  lead  to  no  result  at 
all.  I say  nothing  about  that  for  the  present, 
though  I may  have  something  to  say  on  another 
occasion  and  in  another  place.  I want  simply 
to  say,  with  respect  to  these  chemicals,  that 
my  strong  conviction  is  that  the  quantity  ought 
to  be  calculated  on  the  population  and  not  on 
the  sewage.  I have  always  felt  that  most 
strongly.  Then  fourthly,  it  is  very  important 
that  there  should  be  efficient  stirring  after 
the  addition  of  the  chemicals.  You  may 
add  your  chemicals,  and  it  will  produce 
no  effect ; give  it  a good  stirring  up ; we 
chemists  know  the  value  of  a stirring  rod. 
Then,  fifth,  it  is  essential  that  you  should  have 
sufficient  tank  accommodation.  I have  worked 
that  out  as  far  as  I possibly  can — sufficient 
tank  accommodation — for  two  reasons  : ist, 
that  the  precipitate  should  subside  perfectly, 
that  is  important  for  the  flocculent  matter  to 
go  down  ; and  secondly,  that  the  sludge  may 
be  frequently  removed.  It  is  important 
that  the  sludge  should  be  frequently  re- 
moved from  the  tanks  for  two  reasons.  First, 
if  you  allow  the  old  sludge  to  remain 
in  the  tanks,  it  is  perfectly  certain  that  it 
will  contaminate  your  fresh  sewage  after  it 
is  treated,  when  it  comes  in ; and  you  must 
have  it  sufficiently  large,  or  the  sludge  at  the 
bottom  will  undergo  decomposition,  and 
render  the  sewage  impure  after  you  have 
treated  it ; and,  secondly,  that  when  removed 
you  may  not  get  any  smell— that  is  to  say, 
that  it  may  be  done  sufficiently  frequently. 
Another  thing  which  is  very  important  is  this, 
that  when  the  sludge  is  taken  out  of  the  tank, 
the  tank  itself  must  be  washed.  It  is  those 
bits  that  get  left  in  which  cause  so  much 
nuisance.  There  is  nothing  like  cleanliness 
in  the  treatment  of  sewage. 

In  these  circumstances,  the  question  arises. 
Have  you  produced  such  an  effluent  as  will 
not  pollute  your  water  - courses  or  prove 
dangerous  if  discharged  into  a river  used  for 
drinking.  I say  that  by  combining  precipita- 
tion, which  will  produce  a good  effluent  with 
land  treatment,  or  prepared  filters,  or  some- 
thing of  that  kind,  you  may  produce  the 
best  effluent  that  is  known.  The  late 
Royal  Commission— Lord  Bramwell’s  Com- 
mission—in  a very  able  report,  dealt  with 
that,  and  stated  that  as  their  conclusion.  I 
am  not  saying  whether  I agree  with  the  report 
so  far  as  London  sewage  is  concerned,  but 
as  to  that  being  the  best  method  of  dealing 


with  sewage  as  an  abstract  question,  I do 
agree  with  it. 

Then,  secondly,  comes  the  question,  is  not 
the  sludge  an  inevitable  cause  of  nuisance  ? 
It  was  formerly.  I am  not  certain  that  the 
materials  in  suspension  were  not  a greater 
nuisance  when  taken  out  of  the  sewage  than 
when  left  in  it,  I sometimes  used  to  think  they 
were.  I will  not  discuss  now  the  quantity  of 
sludge,  but  I would  say  as  a general  principle, 
consistently  with  efficiency,  produce  as  little 
sludge  as  possible  ; first,  because  if  it  has  any 
value,  you  secure  its  maximum  value,  and, 
secondly,  if  it  has  no  value  you  have  the  less 
to  get  rid  of. 

Now,  I will  say  a few  words  on  the  disposal 
of  sludge  ; and  it  is  almost  my  last  point.  A 
great  change  has  been  wrought  lately  by  the 
introduction  of  Mr.  Johnson’s  press.  It  has 
almost  revolutionised  the  question  of  precipita- 
tion; to  my  mind  it  has  quite  done  so.  This 
sludge  was  always  our  bugbear  — we  never 
knew  what  to  do  with  it.  The  principle  of  Mr. 
Johnson’s  press  is  this.  You  have  a series  of 
compartments  in  which  there  are  canvas 
bags ; the  sewage  is  compressed  into  these 
compartment  by  means  of  air  pressure,  about 
120  lbs.  to  the  square  inch,  and  then  the 
material  is  thoroughly  pressed  in  these  presses, 
the  liquid  is  pressed  out,  and  the  solid  part  re- 
mains in  the  compartments  as  a solid  cake,  of 
which  I have  a large  specimen  here.  It  is 
perfectly  compact,  very  easy  to  handle,  and 
has  not  very  much  smell.  I do  not  say  it  has 
none,  but  not  very  much.  The  water  is  re- 
duced from  go  per  cent,  to  about  50  per  cent., 
and  I should  like  to  draw  attention  to  the  fact 
that  the  liquid  which  is  expressed  from  this 
sludge — and  they  generally  put  in  a certain 
amount  of  lime,  which  renders  it  more  easy  of 
pressure — is  of  a very  foul  nature.  This  was 
a matter  investigated  by  Professor  Dewar ; we 
worked  at  it  some  time  in  common,  and  we 
found  it  was  very  unadvisable  ever  to  return 
the  liquid  from  the  sludge  press  into  the 
ordinary  sewer,  which  was  formerly  the 
plan.  It  cannot  be  re-treated  in  the  ordinary 
way  ; it  requires  a different  kind  of  treatment, 
by  chloride  of  lime,  and  some  other  things 
which  I will  not  refer  to  now.  It  must  not  go 
back  into  the  sewer,  but  must  be  treated  by 
itself.  I am  quite  clear  on  that  point,  and  it 
can  easily  be  done.  It  renders  the  sewage 
into  which  it  is  returned  somewhat  difficult  to 
treat,  besides  being  itself  not  treated.  I have 
considered  in  some  detail  the  value  of  this 
sludge,  and  the  cost  of  dressing  it,  and  I may 
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say  the  dressing-  costs  from  2s.  to  2s.  6d.  per 
ton.  That,  I believe,  is  a wonderfully  practical 
method  of  doing  it.  I have  walked  about  in 
the  middle  of  thousands  of  tons  of  this  stuff, 
and  really  smelt  it  very  little.  My  own  opinion 
is  that  Johnson  has  done  a very  great  deal  to 
•change  the  precipitation  works  from  being  a 
great  nuisance  into  being  comparatively  no 
nuisance  at  all. 

It  would  not  be  fair  in  this  room  to  pass  over 
tj-eneral  Scott’s  process,  which  was  very  in- 
genious. His  process  was  to  take  the  sludge, 
which  was  precipitated  with  lime  in  this  case, 
drain  it,  and  then  dry  it  by  heat,  and  burn  it 
in  kilns,  grind  the  clinkers,  and  use  it  as  a 
hydraulic  cement.  And  I believe  General 
Scott  said  that  the  cement  thus  prepared  was 
worth  something  like  35s.  a ton.  I cannot 
help  thinking  that  may  be  all  very  true  up  to  a 
certain  point,  but  at  the  same  time  it  is  very 
evident  that  the  sewage  varies  in  different 
towns  enormously,  and  that  it  would  be  diffi- 
cult to  get  a cement  of  a constant  character ; 
and  it  is  a very  important  thing,  so  far  as  I 
understand  engineering  work,  that  cement 
should  be  of  a very  constant  character. 

Then,  thirdly,  there  is  the  destructor,  and,  to 
my  mind,  the  destructor  has  reached  its 
highest  state  of  perfection  at  Ealing,  from  the 
great  thought  that  Mr.  Jones,  the  surveyor  of 
Ealing,  has  given  to  it.  His  sludge  there  is 
mixed  with  house  refuse  and  burnt.  Mr. 
Jones’s  view  is  that  every  town  produces  suffi- 
cient house  refuse  to  burn  the  sludge.  One 
has  to  notice  the  differences  of  destructors. 
I have  seen  a good  many  myself,  and 
I should  say  the  differences  are  mainly  two  ; 
first,  a certain  escape  of  offensive  vapours  from 
the  shaft,  and  I think  those  offensive  vapours 
are  mainly  due  to  partial  burning — the  destruc- 
tive distillation,  as  a matter  of  fact,  of  the 
materials,  instead  of  their  complete  destruc- 
tion ; secondly,  the  escape  of  fine  sand  and 
such  like  from  the  shaft  at  certain  stages  of 
the  operation.  I have  seen  those  two  nuisances 
very  well  marked,  and  I had  occasion  to 
advise  on  them  on  more  than  one  occasion.  I 
cannot  help  thinking  myself  that  in  Jones’s 
destructor,  where  he  places  a muffle  furnace 
or  ‘‘fume  destroyer,”  as  he  calls  it,  between 
the  furnace  and  the  main  shaft,  he  has,  in  a 
great  measure,  met  those  two  difficulties.  I 
think,  myself,  that  Jones’s  destructor  is  a very 
creditable  thing. 

I feel  rather  a difficulty  in  saying  a word 
on  the  subject  of  standards,  and  yet  I do  not 
know  that  one  can  altogether  omit  it.  I can 


only  say  that  Professor  Dewar  and  myself 
found  out  the  absurdity  of  comparing  a sample 
of  raw  sewage  with  a sample  of  effluent. 
People  go  to  a sewage  works,  and  take  a 
sample  of  sewage  and  a sample  of  effluent 
and  compare  them,  which  is  of  course  mani- 
festly nonsense.  You  can  only  compare  them 
by  taking  say,  half-hourly  samples  of  effluent 
and  half-hourly  samples  of  sewage,  mixing 
them  all  together  and  comparing  the  average. 
You  cannot  compare  a sample  of  sewage  with 
a sample  of  effluent,  for  this  reason.  Say  they 
are  both  taken  at  twelve  o’clock.  The  twelve 
o’clock  sewage,  say,  is  strong  sewage,  but  the 
twelve  o’clock  effluent  probably  is  the  effluent 
of  the  six  o’clock  sewage,  when  it  is  at  the 
weakest ; so  that  you  are  comparing  the 
effluent  of  a very  weak  sewage  with  very  strong 
sewage,  or  it  may  be  the  opposite.  You 
cannot  compare  one  sample  with  one  sample 
taken  at  the  same  time,  or  compare  them  in 
any  way  except  by  taking  averages.  Of 
course,  it  is  very  important  in  taking  samples 
by  which  you  are  to  come  to  any  conclusion 
that  you  should  know  the  weather,  the 
average  flow,  and  so  forth.  Now  one  word 
on  what  may  be  called  a practical  standard. 
We  always  hear  about  standards,  and  they  are 
not  very  satisfactory.  We  had  the  Rivers 
Puriflcation  Bill,  which  I am  very  glad  to  say 
the  House  of  Commons  in  its  wisdom  turned  out. 
That  was  a very  great  point,  because  it  was  a 
very  bad  Bill,  altogether  bad  both  in  principle 
and  in  theory.  We  want  a Bill,  however,  to 
keep  sewage  out  of  rivers,  and  we  ought  to  have 
it.  We  must  leave  the  manufacturers  alone 
for  the  present.  It  is  quite  hard  enough 
in  our  days  for  people  to  get  a living, 
and  we  must  not  be  interfering  too  much 
with  trade.  I do  not  mean  to  say  that  will 
not  come,  I think  it  will ; but  we  cannot  do 
everything  at  once.  But  I will  tell  you  what 
we  can  do.  We  know  sufficient  about  sewage 
now ; the  Local  Government  Board  has  taught 
us  a good  deal,  doubtless.  At  any  rate,  we  do 
know  enough  about  it  to  know  that  we  can 
purify  it,  or  clarify  it,  up  to  a certain  point. 
And  I think  we  ought  to  keep  our  sewage  out 
of  our  rivers,  and  it  is  the  duty  of  the  local 
authority  to  do  it.  But  we  cannot  be  having 
elaborate  chemical  tests.  Let  us  have  some 
common  sense  standard.  Something  of  this 
sort  I may  throw  out  as  a suggestion.  First, 
that  your  effluent  shall  be  clear  and 
colourless  when  seen  in  a white  pint 
cylindrical  bottle.  Secondly,  that  it  should 
not  be  alkaline  to  test  paper— you  can  get  that, 
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and  an  alkaline  effluent  is  not  a good  effluent. 
Thirdly,  that  on  the  addition  of  a grain  of  sul- 
phate of  alumina,  or  say,  one  grain  of  alum, 
dissolved  in  lOO  grains  of  water,  added  to  the 
pint  bottle,  it  shall  not  produce  appreciable 
turbidity  after  standing  thirty  minutes — you 
can  get  that.  Fourthly,  that  if  you  take  that 
white  cylindrical  bottle  half  filled  with  sewage, 
and  shake  it  up,  it  shall  not  leave  foam  or 
much  froth  after  standing  ten  minutes.  These 
are  practical  tests. 

I do  hope  the  day  is  not  so  far  off  when  we 
shall  have  some  means  by  which  we  can 
persuade  local  authorities  to  purify  and  deal 
with  their  sewage.  But  I say  again  that  if  we 
are  to  do  it,  we  must  not  act  as  the  creators  of 
a hobby,  we  must  be  prepared  to  sink  the 
hobby ; we  must  not  go  as  violent  irrigationists, 
because  it  is  clear  that  that  will  not  do  ; we 
must  not  go  as  violent  precipitationists,  it  is 
clear  that  will  not  do.  We  must  be  prepared 
to  consider  what  is  the  best  method  to  treat 
the  sewage  of  the  place  for  which  we  are  called 
upon  to  advise. 

I cannot  help  feeling  strongly  on  one  other 
subject.  I know  we  cannot  alter  it ; we  have 
this  water-carried  sewage  to  deal  with ; but 
one  cannot  help  asking  the  question,  if  one 
were  called  upon  to  advise  for  another  London, 
or  in  another  planet,  should  we  advise  the 
water-carriage  system  ? I have  thought  this 
subject  over  very  earnestly  lately.  The 
advocates  of  the  water-closet  system  urge 
that  water,  as  a vehicle  to  carry  the 
refuse,  commends  itself  to  us  on  the 
ground  of  cleanliness  and  cheapness.  They 
would  compare,  and  do  compare,  the  natural 
power  of  gravitation,  such  as  is  made  use 
of  in  the  water-closets,  with  an  organisa- 
tion of  men  and  carts,  such  as  is  required, 
for  instance,  by  the  midden  system.  I 
•confess  the  advantages  at  first  sight  are 
^11  on  one  side,  but  I must  say  there 
are  some  facts  which  point  in  the  opposite 
direction.  Diluting  with  water  is  the  very 
best  known  method  of  rendering  whatever  is 
valuable  in  sewage  practically  worthless,  and 
sometimes  an  ungovernable  nuisance.  The 
excreta  of  animals  are  no  doubt  intended 
for  the  food  of  plants,  and,  again,  for  us 
through  their  interv’ention.  Of  course,  do 
what  w'e  like,  do  what  we  please,  nature 
will  assert  herself  and  assert  her  plans, 
although  it  is  certain  we  do  our  very  best  to 
embarrass  nature  by  meddlesomeness,  but  the 
nutritive  food  of  the  plant  we  drown  with  water, 
and  then  our  ingenuity  fails  to  deal  with  the 
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filthy  mixture.  We  cannot  utilise  it  unless  we 
abandon  all  sanitary  precautions.  It  pollutes 
our  air;  it  may  render  our  ground  a simple 
stinking  morass,  and  defile  our  watercourses. 
Let  me  put  it  to  you  ; here  in  London  30  gallons 
of  water  per  head  is  brought  from  pure  sources, 
let  me  say,  at  great  cost,  with  vast  engineer- 
ing skill,  filtered,  and  perhaps  refiltered  with 
extraordinary  care,  stored  with  scrupulous 
anxiety,  analysed  by  one  chemist  after  another, 
and  what  for?  About  one-ninetieth  part  of 
the  water  is  used  for  drinking  purposes,  and  a 
large  quantity  is  destined  to  be  the  mere 
diluent  of  our  sewage,  to  perplex  us  by  its  use- 
lessness, and  to  steal  our  health  with  the  per- 
petual nuisance  it  creates. 


The  Chairman  said,  although  Dr.  Tidy,  in  his 
spirited  and  thorough  treatment  of  this  subject,  had 
said  much  to  which  everyone  who  heard  him  must 
agree,  there  were,  no  doubt,  other  points  on  which 
many  would  desire  to  answer  him.  He  therefore 
anticipated  much  benefit  from  the  discussion  which 
would  follow,  and  of  which  due  notice  would  be 
given.  The  present  time  was  peculiarly  appropriate 
for  dealing  with  the  subject,  as  it  was  now  awakening 
that  attention  on  the  part  of  the  public  which  it  ought 
to  have  received  long  ago.  He  would  now  simply 
move  a vote  of  thanks  to  Dr.  Tidy  for  his  admirable 
address. 

The  resolution  was  carried  unanimously,  and  the 
proceedings  terminated. 


Miscellaneous. 

♦ 

COLONIAL  AND  INDIAN  EXHIBITION. 

Last  week,  on  the  expiration  of  his  Agent-General- 
ship for  Victoria,  Mr.  Murray  Smith,  C.M.G.,  sailed 
for  Australia.  Pending  the  arrival  of  the  Honourable 
Graham  Berry,  who  will  succeed  him  both  as  Agent- 
General  and  as  Executive  Commissioner  for  the 
Exhibition,  Mr.  Joseph  Bosisto  is  Acting  Executive 
Commissioner  for  Victoria. 

Reception  Committee. 

On  Monday,  April  12th,  a meeting  of  the  recep- 
tion committee  was  held  at  the  Society  of  Arts.  There 
were  present  the  Duke  of  Abercorn,  C.B.,  in  the 
chair;  the  Lord  Mayor;  Major-Gen.  Sir  Henry 
Rawlinson,  K.C.B.  ; Sir  John  Coode ; General  Sir 
Selby  Smyth,  K.C.M.G. ; Sir  Daniel  Cooper, 
K.C.M.G. ; Major-General  Sir  Peter  Lumsden. 
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G. C.B.  ; Sir  Charles  Tupper,  G.C.M.G.  ; Lieut., 
General  Sir  Harry  Lumsden,  K.C.S.I. ; Lieut.-Gen. 
Sir  Samuel  Browne,  K.C.B.,  K.C.S.I.,  V.C.  ; 
Lieut.-Gen.  Sir  Henry  Daly,  K.C.B. ; the  Duke  of 
Manchester,  K.P.;  Sir  George  Bird  wood;  Colonel  Sir 
Owen  Tudor  Burne,  K.C.S.I. ; Lieut. -General  Sir 
Charles  Browmlow,  K.C.B.  ; Major-Gen.  Sir  Richard 
Pollock,  K.C.S.I.;  Sir  Charles  Hutton- Gregory, 
K.C.M.G. ; Mr.  Arthur  Hodgson,  C.M.G.,  general 
secretary  to  the  committee;  Lieut. -General  Henry 
Burne,  C.B.,  and  Mr.  H.  Trueman  Wood,  secretaries. 
Mr.  Edward  CunlifFe-Owen,  assistant  secretary  to  the 
Royal  Commission,  also  attended.  The  committee 
considered  a report  from  the  sub-committee  as  to 
the  arrangements  which  could  be  made  for  excur- 
sions for  Colonial  and  Indian  visitors.  Mr.  Somers 
Vine,  the  official  agent  of  the  Exhibition,  attended, 
and  reported  to  the  committee  the  arrange- 
ments which  had  been  made  with  the  railway 
companies  with  the  view  of  affording  extended 
facilities  for  railway  travelling  to  all  Colonial 
and  Indian  visitors  coming  to  the  Exhibition.  The 
Chairman  reported  that,  in  accordance  with  the 
wishes  of  the  committee,  and  with  the  approval  of 

H. R.H.  the  Prince  of  Wales,  he  had  communicated 
with  the  mayors  of  some  of  the  chief  provincial 
cities,  asking  if  they  would  arrange  for  visits  of 
parties  of  distinguished  visitors.  It  was  resolved 
that  a subscription  list  should  be  opened  ; and  the 
hope  was  expressed  that  those  who  have  enjoyed  the 
benefit  of  Colonial  hospitality  will  avail  themselves  of 
this  opportunity  of  contributing  to  the  entertainment 
of  those  who  come  to  England  from  the  Colonies 
and  from  India,  for  the  purpose  of  visiting  the 
Exhibition. 

Conferences  and  Lectures. 

The  first  meeting  of  the  Conference  Committee, 
appointed  by  H.R.H.  the  Prince  of  Wales,  was  held 
on  Tuesday,  the  13th  April,  at  the  Society  of  Arts. 
There  were  present  the  Duke  of  Manchester,  K.P., 
Chairman;  Sir  Frederick  Abel,  C.B.,D.C.L.,  F.R.S., 
Vice-Chairman  ; the  Hon.  Sir  C.  Tupper,  G.C.M.G., 
C.B. ; Sir  Saul  Samuel,  K.C.M.G.  ; Joseph  Bosisto, 
Esq.,  J.P.  ; Sir  A.  Blyth,  K.C.M.G. ; the  Hon. 

J.  F.  Garrick,  C.M.G.,  Q.C. ; Sir  F.  Dillon  Bell, 

K. C.M.G. ; the  Hon.  James  E.  Mason,  M.L.C.  ; 
Sir  C.  Mills,  K C.M.G.  ; Lieut. -Col.  Edmund 
Palmer ; A.  N.  Birch,  Esq.,  C.M.G.  ; J.  A. 
Despeissis,  Esq. ; Sir  Rutherford  Alcock,  K.C.B.  ; 
G. H. Hawtayne, Esq. ; A.  J.  Adderley, Esq. , C.M.G. ; 
Sir  James  Marshall;  Sir  V.  Houlton,  G.C.M.G. ; 
Hamilton  Lang,  Esq.  ; H.  Trueman  Wood,  Esq., 
M.A.,  Secretary.  Mr.  Edward  Cunliffe-Ovven, 
Assistant  Secretary  to  the  Royal  Commission,  also 
attended.  The  Committee  considered  the  question 
of  holding  conferences  and  lectures  at  the  Exhibition, 
and  appointed  a small  sub-committee  to  prepare  a 
scheme.  The  Committee  hope  to  arrange  for  a 
series  of  lectures  or  papers  on  the  different  classes  of 
products  illustrated  in  the  hixhibition,  and  they  hope  , 


to  be  able  to  secure  the  assistance  of  qualified  experts 
to  deal  with  such  subjects  as  food  resources,  timber 
supply,  agricultural  resources,  and  textile  fibres.  It 
is  also  proposed  to  arrange  for  the  reading  of  papers 
on  the  resources  of  the  Colonies  individually. 

Cevlon. 

The  Executive  Commissioner  for  Ceylon  is  iMr. 
Arthur  N.  Birch,  C.M.G.  ; and  Mr.  W.  E.  David- 
son, the  Honorary  Secretary,  is  busily  engaged  super- 
intending the  installation  of  the  exhibits.  The 
General  Committee  at  Colombo  is  presided  over  by 
the  Hon.  Sir  Arthur  Hamilton  Gordon,  G.C.M.G., 
and  includes  amongst  its  members  the  Government 
Agents  for  the  various  provinces  of  the  island,  the 
Director  of  the  Botanical  Gardens,  and  the  Chairmen 
of  the  Chamber  of  Commerce,  the  Planters’  Associa- 
tion and  the  Agricultural  Association.  Sub-Com- 
mittees also  represent  the  different  provinces. 

Of  the  exhibits  from  the  “ Spicy  Island,”  the  most 
important  will  undoubtedly  be  the  representation  of 
the  planting  industry,  to  which  Ceylon  owes  much 
of  its  past  prosperity  and  to  which  it  will,  it  is  hoped, 
be  much  indebted  in  the  future.  The  collection  of  the 
exhibits  has  been  placed  in  the  hands  of  the  Planters’ 
Association  of  Ceylon ; and  tea  and  coffee  will  here 
be  more  adequately  represented  than  at  any  previous 
exhibition. 

A handsome  building,  designed  by  Mr.  J.  G. 
Sniither,  to  be  known  as  the  Ceylon  tea  house,  has 
been  erected  in  the  gardens  between  the  court  and 
“ Old  London.”  It  will  be  devoted  to  the  sale,  ex- 
clusively, of  these  Ceylon  products. 

The  entrance  to  the  court  will  be  through  a 
Kandyan  porch  in  carved  woods,  flanked  on  either 
side  by  a dwarf  wall,  pierced  and  ornamented  in  the 
fashion  of  the  ancient  decoration  of  Kandy.  The 
porch  and  wall  are  faithful  representations  of  portions 
of  the  Daladd  Mdligd-wa,  the  Buddhist  Temple  of 
the  Sacred  Tooth.  On  either  side  of  the  porch,  the 
first  exhibits  to  catch  the  eye  will  be,  appropriately 
enough,  trophies  of  the  chase,  for  Ceylon  is  perhaps 
the  most  accessible  country^  for  sportsmen  in  search 
of  big  game.  On  the  right  hand,  charging  out  of 
a jungle  with  unlifted  trunk,  will  be  a notorious 
rogue  elephant,  shot  expressly  for  exhibition  here. 
On  the  left  will  be  represented  the  leopard,  elk  and 
varieties  of  deer,  grouped  with  the  gaudy  birds  of  the 
tropics. 

The  decorations  of  the  court  have  been  faithfully 
copied,  both  in  colour  and  design,  from  the  Buddhistic 
art  of  Ceylon.  Facing  the  entrance  wiU  be  a colossal 
gilt  figure  of  Buddha,  sitting  in  the  attitude  of  contem- 
plation, the  representation  being  especially  appropriate 
as  coming  from  a country  where  the  doctrines  and 
the  learning  of  Buddhism  have  been  maintained  in 
their  highest  purity ; and  a special  case  will  be 
devoted  to  a series  of  Buddhistic  figures  and  orna- 
ments. Below  this  figure  stands  a gateway,  elabo- 
rately caiwed  in  ornamental  wood,  an  exact  repro- 
duction of  the  principal  gateway  at  Ydpahu,  an 
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ancient  capital  of  Ceylon,  whose  ruins,  though  not 
so  majestic  as  those  of  some  others  of  the  buried 
cities  of  the  interior,  are  the  most  picturesque  of  any. 

On  the  left  of  this  gateway  will  be  ranged  a 
collection  of  the  timbers  of  Ceylon.  Some  two 
hundred  “hand  specimens,”  so  cut  as  to  show  the 
grain  in  every’  section,  will  be  backed  by  specimen 
planks  of  ornamental  and  cabinet  woods,  such  as 
calamander  (or  Coromandel),  ebony,  tamarind,  and 
satinwood.  On  the  other  side  will  be  seen  the  same 
native  woods  when  carved  by  native  carpenters  into 
cabinets  and  articles  of  furniture.  This  group  will 
be  reheved  by  a collection  of  elephant  tusks  mounted 
on  stands  of  ebony  and  calamander. 

Precious  stones,  especially  those  for  which  Ceylon 
is  famous — the  catseye,  sapphire,  ruby  and  pearl— 
^\’ill  be  represented  by  a collection  which  will 
include  some  of  the  finest  gems  in  existence.  On 
stands,  adjacent  to  the  central  jewel  cases,  will  be 
arranged  specimens  of  the  filagree  gold  work  of 
Jaffna,  and  of  the  repousse  silver  work  of  the  Kandyan 
districts,  as  well  as  characteristic  sets  of  Sinhalese 
and  Tamil  jewellery,  and  a special  collection  pre- 
pared by  the  Kandyan  Art  Association.  There  will 
also  be  shown,  in  the  front  half  of  the  court,  an 
exhibit  of  lace — the  making  of  which  is  an  important 
industry  in  the  maritime  provinces — as  well  as 
tortoiseshell  work  and  ornamental  work  in  porcupine 
quill,  carving  in  ivory,  ebony  and  cocoanut  (the 
atter  a speciality  of  Ceylon)  and  a collection  of  the 
quaint  Kandyan  pottery  and  of  the  painted  masks 
used  in  Sinhalese  drama.  Basket  and  lacquer  work 
will  appear  in  this  section  ; and  a number  of  paintings 
and  photographs  on  the  walls  will  -supplement  and 
illustrate  the  table  exhibits.  Models  of  fishing 
canoes  and  boats  of  the  pearl  fisheries,  &c.,  will 
aid  to  illustrate  the  industries  and  peculiarities  of  the 
people. 

The  second  half  of  the  court  (which  is  divided  by 
a cross  thoroughfare)  will  be  mainly  devoted  to 
exhibits  of  the  economic  sections.  Plumbago,  the 
only  mineral  of  Ceylon  which  is  at  present  remunera- 
tively worked,  will  be  adequately  shown  in  com- 
mercial samples,  and  by  photographs  of  the  industry 
and  its  uses.  Cinnamon  and  the  products  of  the 
cocoanut  palm,  the  main  stay  of  low  country 
cultivation,  will  be  represented  by  complete  col- 
lectiona.  A model  distillery  and  casks,  contain- 
ing the  various  qualities  of  the  spirit,  will  show  the 
arrack  industry  as  befits  its  importance,  considering 
the  revenue  derived  by  the  Government  from  the 
arrack  farms  in  Ceylon,  and  the  large  export  of  arrack 
to  Southern  India. 

Mention  must  also  be  made  of  the  unique  collec- 
tion from  the  Maidive  Islands  acquired  from  Mr. 
Rosset,  a German  traveller  who  has  made  the 
group  his  special  study. 

Several  fine  examples  of  ferns,  sent  over  from 
Ceylon  some  months  ago,  have  been  housed  during 
the  winter  by  the  Royal  Horticultural  Society  at 
Chiswick. 


Six  Sinhalese,  two  of  them  expert  cabinet-makers 
and  carpenters,  have  arrived,  and  will  be  employed 
in  the  court  during  the  Exhibition. 


TELEPHONES  IN  EUROPE, 

The  Bulletin  International  publishes  the  following 
statistics  respecting  the  number  of  networks  of  tele- 
phones and  of  subscribers  in  Europe  on  the  31st 


December,  1885  : — 

No.  of 

No.  of 

Networks. 

Subscribers, 

Great  Britain 

89  .... 

.. 

Germany  

, 91 

..  14,733 

Italy  

. 16  . . . . 

France 

. 20  . . . . 

..  7,175 

Sweden  

. 15  .... 

..  5,705 

Russia  

20  .... 

Switzerland  

, 36  .... 

Belgium 

7 .... 

Austria  

. II  

Holland 

. 8 .... 

Denmark  

. 2 . , . . 

Spain 

3 

5Q4- 

Portugal 

. 2 

550 

320 

72,457 

No  telephones  have 

as  yet  been 

established 

Turkey,  Servia,  Bulgaria,  Roumania,  Greece,  Monte- 
negro, or  Grand  Duchy  of  Luxemburg. 

In  Asia  and  Africa  several  networks  of  telephones 
have  been  established,  viz.,  at  Rangoon,  Singapore, 
Columbo,  Madras,  Calcutta,  Bombay,  Maulmain, 
as  well  as  in  the  Mauritius. 

In  Egypt,  telephonic  services  have  been  estab- 
lished at  Both  Alexandria  and  Cairo,  and  number 
431  subscribers.  In  the  United  States  the  telephone 
is  in  general  use,  and  the  fifteen  principal  cities  alone 
contain  30,000  subscribers.  At  Buenos  Ayres  there 
are  1,544  subscribers,  and  389  at  Monte  Video. 


Correspond  ence. 


STATUE  OF  COLUMBUS  AT  THE 
COLONIAL  AND  INDIAN  EXHIBITION. 

You  announce  that  in  the  West  Indian  Section 
there  will  be  a statue  of  Columbus  by  an  Italian 
sculptor.  Will  there  be  in  the  North  American 
Section  a statue  of  his  predecessor,  Cabot,  or  for  the 
Pacific  side,  of  Drake  1 Will  there  be  in  the 
Australian  Section  a statue  of  Captain  Cook  } 

The  English  sculptor  who  would  send  a model  of 
one  of  these  would  most  likely  get  a commission 
from  a colony,  and  another  for  the  Embankment  here. 

Hyde  Clarke. 

32,  St.  George’s-square,  S.W., 
loth  April,  1886. 
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General  Notes. 

^ 

Technical  Instruction.— The  Societe  Philo- 
vnathique,  of  Bordeaux,  have  organised  an  Inter- 
national Congress  on  technical  instruction,  which  will 
be  opened  on  the  20th  September  next  at  Bordeaux. 

Exhibition  at  Salzburg. — An  exhibition  of 
works  of  art  will  be  opened  at  Salzburg  on  the  ist 
June  next.  All  works  of  art  must  be  sent  in  by  the 
artists  themselves,  and  not  by  dealers. 

Musical  Pitch. — At  the  last  meeting  of  the 
Council  of  the  Tonic  Sol-fa  College,  Mr.  A.  J.  Ellis, 
F.R.S.,  explained  the  condition  of  the  uniform  pitch 
movement,  and  it  was  resolved,  with  only  two  dis- 
sentients, that  the  French  pitch  be  adopted  as  a 
standard  in  the  examinations  of  the  College.  The 
Tonic  Sol-fa  Agency,  8,  Warwick-lane,  from  whence 
tonic  sol-fa  teachers  mainly  procure  their  tuning  forks 
and  pitch  pipes,  now  supplies  instruments  tuned  to 
the  French  pitch.  Mr.  A.  J.  Ellis  has  tuned  a stan- 
dard fork,  which  is  kept  at  the  agency  for  reference. 

Machine  for  Sheep-shearing. — A machine 
for  shearing  sheep  is  said  to  be  in  successful  operation 
in  Victoria.  It  is  made  of  brass,  in  the  shape  of  a 
small  trowel.  The  motion  is  actuated  by  a small 
turbine  wheel,  about  three  inches  in  diameter,  geared 
into  another  wheel,  on  which  is  fixed  a cutter.  In 
front  is  a comb,  serving  as  a guard  against  cutting 
the  skin.  The  steam  is  conveyed  from  the  boiler  by 
an  india-rubber  tube,  which  is  double,  having  one 
inside  the  other.  The  inner  one  is  the  injection,  and 
the  space  between  the  two  the  ejection.  The  machine 
is  used  in  the  same  fashion  as  the  shears,  but  cuts,  it 
is  stated,  much  quicker  and  far  cleaner,  without  the 
least  danger  of  injuring  the  fleece  or  sheep. 


MEETINGS  OF  THE  SOCIE2Y. 

Cantor  Lectures. 

The  Fifth  Course  will  be  on  “The  Arts  of 
Tapestry  Making  and  Embroidery.”  By 
Alan  S.  Cole. 

Lecture  III.  — April  19. — Embroidery  — Two 
Classes:  Embroidery  on  one  side  of  a material; 
on  both  sides  — indications  of  wide-spread  use 
of  Embroidery,  and  same  form  of  stitches — 
Long  practice  of  the  Art  by  Mohammedans, 
Chinese  and  Japanese  — Influence  of  Christian 
Ecclesiastical  Establishments  in  developing  Em- 
broidery, and  Designs  for  it,  in  Europe — Importance 
of  considering  Embroideries  in  respect  of  their 
workmanship  and  design — Analysis  of  Stitches — 


Simplicity  of  classification — The  numerous  names 
given  to  works  of  technical  similarity — Specimens  of 
Embroideries  of  different  times  in  respect  of  Articles 
of  Use  and  Costumes — Resume. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  April  19. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  ]\Ir. 
Alan  S.  Cole,  “ The  Arts  of  Tapestry-making  and 
Embroidery.”  (Lecture  III.) 

Actuaries,  The  Quadrangle,  King’s  College,  W.C., 
7 p.m. 

Inventors’  Institute,  27,  Chancery-lane,  W.C.,  8 p.m. 
Mr.  J.  T.  Roe,  “Automatic  Railway  Carriage 
Couplings.” 

Medical,  ii,  Chandos-street,  W.,  8^  p.m. 

Asiatic,  22,  Albemarle- street,  AV.,  4 p.m. 

Victoria  Institute,  7,  Adelphi-terrace,  AV.C.,  8 
p.m.  I.  Professor  Post,  “ Syrian  Meteorology.” 
2.  Lecture  by  Mr.  Boscawen. 

Tuesday,  April  20. ..Civil  Engineers,  25,  Great  George- 
street,  S.W.,  8 p.m.  Mr.  Henry  Ward,  “Brick- 
making.” 

Statistical,  School  of  Mines,  Jermyn-street,  S.AAL, 
7I  p.m.  Professor  Leone  Levi,  “The  Progress  of 
Joint  Stock  Companies  with  Limited  and  Un- 
limited Liability  in  the  United  Kingdom  during 
the  Fifteen  Years,  1869 — 1884.” 

Pathological,  53,  Berners -street,  Oxford-street,  W., 
85  p.m. 

Zoological,  II,  Hanover-square,  W.,  82  p.m.  i.  Mr. 
J.  Bland  Sutton,  “ Specimens  of  Diseases  from 
Animals  in  the  Society’s  Gardens.”  2.  Dr.  O. 
Finsch,  “ A new  Species  of  Wild  Hog  from  New 
Guinea.”  3.  Mr.  A.  Smith- Woodward,  “ Ihe 
Relations  of  the  Mandibular  and  Hyoid  Arches  in 
a Cretaceous  Shark  {Hybodus  dubi  isiensis).” 

AVednesday,  April  21. ..Meteorological,  25,  Great  George- 
street,  S.W.,  9 p.m.  i.  A’'en.  Archdeacon  AA’ynne, 
“ The  Climate  of  Killarney.”  2.  Lieut  -Colonel 
C.  K.  Brooke,  “ Note  on  the  Probability  of 
Weather  Sequence.”  3.  Capt.  Maurice  T.  AIoss, 
“ Account  of  the  Cyclone  of  June  3rd,  1885,  in  the 
Arabian  Sea.”  4.  Mr.  Rupert  T.  Smith,  “Results 
of  Solar  Radiation  Observations  in  the  Neighbour- 
hood of  Birmingham,  1875-1884.”  5.  Mr.  A.  AY. 
Sinclair,  “ Results  of  Aleteorological  Observations 
made  at  Kwala  Lumpor,  Malay  States,  1884.” 

Geological,  Burlington-house,  W.,  8 p.m.  t.  Mr. 
A.  B.  Wynne,  “A  Certain  Fossiliferou^  Pebble- 
band  in  the  ‘ Olive  Group  ’ of  the  Eastern  Salt- 
range,  Punjab.”  2.  Mr.  F.  L.  Cornet,  “The 
Upper  Stages  of  the  Chalk  in  the  neighbourhood 
of  Mons,  and  on  the  Phosphatic  beds  associated 
with  them.” 

Royal  Society  of  Literature,  4,  St.  Martin’s -place, 
W.C.,  8 p.m. 

Archaeological  Association,  32,  Sackville-street,  W., 
8 p.m.  I.  Mr.  W.  de  Gray  Birch,  “ Notes  on  Two 
Sculptured  Slabs  in  Chichester  Cathedral.”  2. 
Mr.  J.  T.  Irvine,  “ The  Saxon  Tower  of  Barnack 
Church.” 

Civil  and  Mechanical  Engineers,  7,  Westminster- 
chambers,  S.W.,  7 p.m.  Mr.  C.  T.  Walrond 
*'  Some  Details  of  Drainage  and  AA''ater  Supply.” 
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NOTICES. 

♦ 

CANTOR  LECTURES. 

The  third  and  last  of  the  lectures  upon  the 

Arts  of  Tapestry-making  and  Embroidery,” 
was  delivered  by  Mr.  Alan  Cole  on  Monday 
evening,  19th  inst.  The  special  subject  was 
embroidery.  Embroidery  is  an  ornamental 
enrichment  worked  with  a needle  and  threads 
on  to  a material.  It  divides  itself  into  two 
classes,  one  in  which  the  enrichment  is  done 
on  one  side  only  of  a material,  the  other  in 
which  it  is  done  equally  well  on  both  sides. 
The  needle  was  known  to  early  man,  and  its 
evolution  through  successive  stages  of  bone, 
wood,  bronze,  and  steel  may  be  traced.  The 
work  of  the  child  in  a civilised  community 
corresponds  with  that  of  the  individual  adult 
belon»,ing  to  a more  primitive  people.  The 
same  condition  applies  to  pattern ; and  an 
instance  of  this  was  given  in  an  English  school- 
girl’s sampler  of  the  17th  century,  and  adult 
peasant  work  done  in  remote  Norwegian 
villages.  Old  Latin  titles  of  different  sorts 
of  embroidery  had  been  used  latterly  as  a 
basis  of  classification  of  stitches.  There 
were  the  ” opus  anglicum,”  the  ” opus 
pulvinarium,”  the  ‘‘opus  plumarium,”  the 
“ opus  pectineum,”  and  the  ‘‘opus  consutum.” 
These  terms,  however,  were  practically  of 
little  use  for  indicating  technical  character- 
istics. The  lecturer  showed  diagrams  of 
some  dozen  stitches,  and  remarked  that  not 
more  than  four  distinctive  stitches  were  in- 
volved in  embroidery  generally.  A series  of 
diagrams,  photographs  from  good  specimens, 
illustrated  classes  of  work,  such  as  drawn 
thread  and  cut  work,  patch  and  applique  work, 
rai  .sed  and  padded  work,  and  quilting.  Refer- 
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ence  was  made  to  the  unique  example  of  patch 
work  described  by  Mr.  Villiers  Stuart,  and 
found  to  have  been  made  for  an  Egj'ptian 
queen  950  B.c.  Indian  embroiderers  at  work 
with  gold  thread  were  displayed,  and  the 
technical  similarity  between  their  work  and 
European  ecclesiastical  orphreys,  funeral  palls 
and  altar  frontals,  was  described.  Specimens 
of  modern  work,  notably  a panel  of  cut  linen 
made  in  Ireland  this  year  for  the  Queen,  were 
shown,  chiefly  with  the  view  of  demonstrating 
a survival  in  the  use  of  stitches  centuries  old. 

A vote  of  thanks  to  the  lecturer  for  his 
interesting  course  of  lectures  was  carried 
unanimously  on  the  motion  of  the  Chairman. 

The  lectures  will  be  printed  in  the  Journal 
during  the  summer  recess. 


INDIAN  TEMPLE. 

With  the  present  number  of  the  Jot/rnal  is 
issued  as  a supplement,  a print  taken  from  one 
of  the  series  of  drawings  of  old  buildings  in 
India  which  were  exhibited  at  the  reading  of 
Mr.  Gibbs’s  paper  on  the  ” History  of  Archae- 
ology in  India  ” (see  ante  p.  555). 


Proceedings  of  the  Society. 


CANTOR  LECTURES. 

SCIENCE  TEACHING. 

By  Prof.  Frederick  Guthrie,  F.R.S. 

Lecture  I. — Delivered  February  15,  1886. 
SCIENCE  AS  AN  ELEMENT  IN  EDUCATION. 

Introduction. 

Allow  me  very  shortly  to  explain  my  position 
here  this  evening.  I have  had  the  great  good 
luck  to  have  been,  for  the  last  30  years,  teaching 
chemistry  and  physics.  As  an  examiner  for 
the  Science  and  Art  Department,  it  has  been 
my  duty  to  examine  or  look  over  the  examina- 
tion of  above  100,000  candidates  in  physics. 
I have  had  the  privilege  of  knowing  face  to 
face  most  of  the  best  teachers  of  science  at 
home  and  abroad.  And,  lastly,  it  has  fallen  to 
my  lot  to  have  somewhat  altered,  and  I hope 
bettered,  the  ways  followed  in  teaching 
practical  physics. 

Therefore,  the  great  difficulty  I feel  in  speak- 
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ing-  about  this  matter  does  not  come  from 
want  of  opportunity  or  experience,  but  from 
a feeling  that  the  task  is  one  of  overwhelming 
vastness  and  the  outcome  one  of  mighty  weight. 
This  difficulty  has  had,  however,  to  be  over- 
come, for  I feel  that  the  public  has,  by  this 
time,  a right  to  ask  an  account,  however  short, 
of  my  work  and  of  my  thoughts.  And  so  I 
give  such  account  here,  in  the  simple  hope  that 
thereby  others  may  think  and  work  in  the  same 
way.  I know  of  no  better  plan  for  reaching 
those  whom  I wish  to  reach  than  through  this 
Society,  which  has  always  been  well  to  the  fore 
in  matters  of  education. 

Generalities. 

At  the  outset  of  our  inquiry  into  science 
teaching,  we  are,  of  course,  met  by  the  old 
question  as  to  the  purpose  of  education. 
There  are  those  who  regard  education  as  an 
intellectual  arming  and  equipment  for  the 
battle  of  life.  Others  look  upon  it  rather  as  an 
end  than  as  a means.  The  first  would  supply 
to  the  individual  only  those  weapons  which  he 
is  likely  to  require  in  making  his  way  in  the 
world.  The  second  advise  a wider,  and  there- 
fore more  dilute,  education  (the  time  given  to 
education  being  the  same),  and  would  relegate 
the  acquirement  of  specialities  to  the  exigen- 
cies of  the  career. 

I suppose  that  to  this  audience  it  need 
scarcely  be  insisted  on,  or  indeed  to  any 
educated  audience  now-a-days,  that  both  of 
these  views  are  fallacious  on  account  of  their 
partiality.  The  most  favourable  product  of 
the  first  is  the  successful'’  specialist,  who  is 
for  the  most  part  a burthen  to  himself.  The 
second  gives  us  the  shallow  “ prig,”  who  is  for 
the  most  part  a burthen  to  his  fellow-creatures. 

A good  citizen— and  by  citizen  I mean  of 
course  a citizen  of  the  world — must  be  a man  of 
large  sympathies.  Though  colour-blind,  he 
must  have  common  feeling  with  painters,  and, 
if  tone-deaf,  the  works  of  musical  composers 
must  not  be  without  interest  to  him.  And 
through  all  it  must  not  be  forgotten  that  dis- 
tinction is  a noun  of  limited  number.  The 
time  may  come  when  they  who  know  as  much 
mathematics  as  Newton  shall  be  counted  by 
scores.  The  time  has  come  when  they  who 
know  as  much  geometry  as  “ Euclid  ” are  to 
be  counted  by  thousands  ; and  they  who  know 
as  much  chemistry  as  Dalton,  by  tens  of 
thousands.  But  we  are  as  badly  in  want  of 
Newtons,  Euclids,  and  Daltons  as  ever. 

Here  as  elsewhere,  it  appears  that  an 
apparently  insuperable  difficulty  is  half  sur- 


mounted when  fairly  confronted.  It  is,  with- 
out doubt,  the  conviction  of  those  whose 
opinions  of  to-day  will  count  as  truisms  to- 
morrow, that,  up  to  a certain  stage,  and  as 
far  as  the  presenting  of  opportunities  is  con- 
cerned, the  education  of  one  should  be  the 
education  of  all. 

Liberal  variations  should  be  recognised  in 
accordance  with  the  tastes,  and  especially  with 
the  distastes,  of  the  individual : yet,  there 
is  a certain  nucleus  of  somewhat  indefinite 
boundary  which  should  be  offered  habitually 
to  each.  When  I say  “ somewhat  indefinite,” 
do  not,  I pray,  imagine  that  I want  to  shirk  a 
difficulty ; on  the  contrary,  my  purpose  is  to 
accentuate  and  try  to  deal  with  it. 

It  is  perhaps  in  matters  of  taste  which,  in 
their  developments,  become  Fine  Arts,  that 
the  greatest  eagerness  to  learn,  and  the 
greatest  antipathy  against  learning,  are  mani- 
fested by  the  individual.  And  it  is  therefore 
that  I should  relegate  such  matters  to  the 
later  stages  of  a general  education. 

When,  accordingly,  I shall  have  to  advocate 
the  introduction  of  drawing  into  the  very 
earliest  stages  of  education,  it  will  be  under- 
stood that  I am  not  considering  it  then  and 
there  as  a fine  art,  but  as  a mere  record  of  the 
perception  of  things.  It  is  in  regard  to  sub- 
jects which  involve  taste  that  the  course 
should  be  least  rigid.  If  the  arithmetical 
course,  for  instance,  were  less  rigid,  the 
parent  might,  indeed,  be  spared  the  ignominy 
of  having  to  confess  to  his  child  that  he  (the 
parent)  does  not  know  how  many  penny- 
weights there  are  in  a kilogram.  Think  how 
we  parents  have  to  shuffle,  and  how  we 
scarcely  recover  our  dignity  after  we  have, 
more  or  less  clandestinely,  referred  to  books. 
This  is  bad.  But,  to  my  mind,  it  is  far  worse 
to  have  to  listen  to  some  poor  little  mortal 
trying  to  acquire  some  one  or  two  set  pieces 
on  the  piano,  for  hours  daily,  and  for  months 
yearly.  And  the  excess  of  pain  in  the  second 
case  over  that  in  the  first  is  due  not  to  the 
fact  that  our  own  physical  agony  is  greater 
than  our  moral  ignominy,  but  that  in  the 
second  we  see  a long  vista  of  hopeless  effort 
before  the  little  victim. 

Most  undoubtedly  educationalists  will  have 
to  distinguish  far  more  clearly  than  heretofore 
between  general  or  abstract  knowledge  on  the 
one  hand  and  special  or  arbitrary  information 
on  the  other.  There  are  certain  sciences  which 
are  sometimes  called  exact  sciences,  but  which 
I should  prefer  to  call  universal,  or  general 
sciences.  These  are  mathematics,  mechanics, 
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chemistry,  physics.  The  less  general  or  more 
particularising  sciences  are  such  as  mineralogy, 
geology,  biology;  while  among  the  highly 
special,  that  is,  occasional  sciences,  are  such  as 
geography,  geology,  astronomy.  The  so-called 
laws,  which  I should  prefer  to  call  generalisa- 
tions or  rules  of  mathematics,  chemistry,  and 
physics  hold  good,  as  far  as  we  know,  through- 
out the  universe.  On  the  other  hand,  the  dis- 
tribution in  space  of  the  masses  of  matter 
which  we  call  stars  and  planets  is  trivial.  The 
local  geographical  phenomena  are  in  a sense 
“ accidental.”  The  course  of  the  Thames  is 
“arbitrary,”  and  so  on.  In  the  cosmos  of 
things  we  may  be  sure  that  it  is  of  infinitely 
greater  moment  that  chloride  sodium  is  soluble 
in  water  than  that  there  is  a “ silver  streak  ” 
betw'een  England  and  France,  or  that  Mount 
Everest  is  a few  yards  higher  or  lower  than 
Dwalagri.  Of  course  I wish  to  speak  with 
every  reverence  of  the  Channel  and  the 
“ heavenly  bodies  ” and  of  mountain  chains. 
But  the  fact  is  that  they  have  to  be  relegated 
to  the  occasional  ward  of  our  great  workhouse 
— the  universe. 

Science  in  Professions  and  other 
Occupations. 

It  is  the  legitimate  boast  of  this  country  that 
the  highest  ofiices  of  the  State,  excepting  of 
course  those  pertaining  to  the  Throne,  are  open 
to  the  child  of  the  lowest  birth  or  the  deepest 
poverty.  It  is  as  certainly  one  of  the  greatest 
scandals  of  the  country  that  such  offices  are 
open  to  and  have  often  been  held  by  persons  of 
the  very  lowest  culture  and  ability.  As  long 
as  this  is  so,  as  long  as  a man  may  aspire  to 
become,  and  actually  become,  a judge,  a bishop, 
an  ambassador,  a colonial  governor,  and  yet 
be  and  remain  on  the  whole  an  ignorant 
fellow,  so  long  will  the  educational  establish- 
ments, whether  schools  or  colleges,  in  which 
such  persons  have  received  their  so-called 
educations,  remain  much  as  they  have  been. 
In  speaking  of  State  appointments,  of  course  I 
do  not  allude  to  what  may  be  called  ministerial 
appointments.  Our  system  of  governing  by 
“Parties”  throws  open  such  offices  to  the 
very  lowest  type  of  political  partizan,  the 
most  emasculate  of  henchmen.  The  subject 
is  not  a pleasant  one.  But  it  is  no  use  shutting 
our  eyes  to  the  fact  that,  according  to  the 
present  system,  the  highest  interests  of  a 
large  part  of  the  education  of  our  country 
may  and  does  lie  in  the  hands  of  very  ignorant 
people. 

Nor  is  the  evil  of  which  I have  spoken  con- 


fined to  State  appointments,  which,  though  of 
great  influence,  are  few  in  number.  There  are 
hundreds  of  men  who  are  far  more  clearly  and 
illustriously  viewed  in  the  world’s  focus  than 
State  officials  or  Government  servants.  But 
think  of  them  ! Is  it  not  rare  to  find  an  artist, 
either  literary,  pictorial,  musical,  or  other, 
whose  conversation  does  not  bore  you  on 
account  of  its  narrowness  ? Unquestionably 
this  is  so,  and  unquestionably  the  best  in  each 
profession  are  the  first  to  admit  it.  Even  in  a 
profession  such  as  that  of  medicine,  where 
we  have  a right  to  expect  to  find  at  all 
events  scientific  culture,  we  find  rarely  anything 
of  the  kind.  Owing  to  the  fact  that  the  medical 
profession  has  had  for  centuries  our  healths  in 
its  hand,  the  ignorant  naturally  have  recourse 
to  the  doctor  in  matters  of  health  ; nay,  are  in 
a manner  compelled  to  do  so.  Accordingly, 
and  for  instance,  you  find  our  vestrymen  ap- 
pointing as  public  analysts  any  kind  of  broken 
down  medical  man,  who  does  not  know  one 
end  of  a test  tube  from  the  other,  although 
he  may  know  on  which  side  his  bread  is 
buttered. 

Even  the  surgeon,  whose  profession  is 
eminently  scientific,  is  too  often  shamefully 
ignorant  of  the  very  elements  of  chemistry, 
physics,  and  mechanics,  the  three  general 
sciences  which,  together  w'ith  the  trivial 
science  of  anatomy,  make  up  the  whole  of  the 
science  of  his  profession. 

On  the  Bench  the  want  of  scientific  culture 
is  painfully  conspicuous.  Speaking  under  cor- 
rection, I suppose  I may  go  so  far  as  to  say 
that,  theoretically,  law  is  founded  upon  justice  ; 
that  it  is,  at  all  events,  a more  or  less  crude 
effort  towards  that  rather  illusive  ideal.  As 
a matter  of  fact,  lawyers  will  tell  you,  with 
beaming  countenances,  that  English  law  is  an 
inchoate  hotch-potch  of  enactments  and  pre- 
cedents, obsolete,  imaginary,  supplementary, 
and  contradictory.  In  fact,  the  idea  of  right 
is  replaced  by  an  indefinite  number  of  rules  of 
an  arbitrary  character.  It  is  here  to  be  well 
noted  that  the  study  of  such  arbitrary  in- 
formation— I will  not  call  it  knowledge — 
has  and  must  have  a narrowing  influence  ; 
it  deadens  the  mind,  as  it  must  deaden  it,  to 
the  perception  of  principles.  Now,  the  laws 
of  nature  are  not  Parliamentary  enactments, 
and  a judge,  in  his  questions  to  witnesses, 
and  in  his  remarks  and  summings-up,  when 
scientific  matters  are  before  him,  often  appears 
at  great  and  painful  disadvantage  through 
his  efforts  to  codify  nature.  Frequently,  in- 
deed, his  remarks,  as  reported,  are  the  funniest 
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things  in  a daily  paper.  Of  course  the  efforts 
of  the  judge  are  greatly  aided  by  counsel,  who 
are  supposed  to  be  able  to  master  any  question 
in  any  science  in  twenty  minutes.  I am 
ashamed  to  say  how  justice  is  aided  by  the 
^"scientific  experts,”  generally  of  third  or 
fourth  rate  standing  in  their  professions — 
well,  this  is  also  an  unpleasant  subject.  As 
to  the  final  outcome  of  the  suit,  as  a Court 
generally  reverses  the  decision  of  the  one 
below,  a great  deal  depends  upon  whether 
there  is  an  odd  or  even  number  of  Courts  be- 
tween the  first  and  the  last.  But  I for  one  do 
not  want  either  to  ridicule  or  pity  that  which 
should  be  sober  and  majestic.  And  if  it  is  not 
possible  that  every  judge  should  have  scientific 
training,  it  would  be  surely  advisable  that  one 
or  two  should  have  it,  and  that  causes  involv- 
ing scientific  questions  should  be  brought  be- 
fore such  alone.  Perhaps  this  end  can  only 
be  reached  by  making  the  qualifications  for 
the  Bar  include  at  least  an  elementary  know- 
ledge of  one  or  two  sciences,  and  this  again, 
could,  perhaps,  be  only  effected  by  subdivision 
of  Courts,  and  special  methods  of  qualification. 
Of  course,  for  the  professional  advocate  who 
displays  ignorance,  one  need  not  have  the 
same  pity  as  one  has  for  the  judge  in  the  same 
predicament.  We  know  that  the  judge  in  this 
country  is  very  nearly  always  just  in  intention, 
and,  according  to  his  lights,  just  in  his  judg- 
ments. But  meanwhile  the  public  suffers. 
Gross  wrong  is  inflicted,  and  our  Courts  of  law, 
in  cases  in  which  scientific  questions  are  con- 
sidered, are  sometimes  Courts  of  ignorant  tom- 
foolery. 

Science  in  the  Services. 

Some  years  ago,  to  be  an  officer  in  the  army 
■or  navy  was,  in  most  branches  of  those  services, 
to  incur  the  suspicion  of  being  an  ignorant 
and,  so  far,  a vulgar  fellow.  It  was  the  ex- 
ception when  such  an  individual  could  be 
admitted  into  intellectual  or  refined  society 
without  discomfort.  Matters  have  now  so 
greatly  changed  that  in  some  branches  at  least 
of  the  services  men  of  the  very  highest  stamp 
are  rather  the  rule  than  the  exception.  Of 
course,  while  the  conditions  which  have 
effected  this  class  have  had  so  elevating  an 
effect  on  the  services,  they  have  had  for  a time, 
a bad  effect  in  other  directions.  Many  a rich 
and  idle  lout  who  would  formerly  have  been 
hidden  for  a large  part  of  his  time  in  the 
barracks,  finding  its  doors  shut  in  his  face, 
degenerates  prematurely  into  the  civil  fribble 
and  bore. 


The  civil  services  have  profited  no  less  than 
the  military  and  naval.  It  has  been  found 
already  advisable  that,  in  certain  Government 
departments,  the  e7nJloyes  should  know  some- 
thing of  the  matters  with  which  the  depart- 
ments concern  themselves,  besides  having  a 
certain  general  culture  other  than  that  of  the 
Latin  grammar.  I see  no  reason  why  an 
educational  sifting  and  sorting  should  not  be 
demanded  by  the  State  in  the  case  of  all  pro- 
fessions having  State  support.  By  support,  I 
do  not  mean  merely  those  who  receive  State 
pay,  but  those  who,  like  the  legal,  medical, 
and  ecclesiastical,  have  State  rights  and 
privileges. 

Science  in  the  Universities. 

As  it  is  from  the  L'’niversities  that  the  so- 
called  liberal  professions  are  to  a great  extent 
recruited,  I am  bound  to  speak  a word  or  two 
as  to  the  position  of  science  in  them. 

Of  the  teaching  of  science  at  the  Universities 
of  Oxford  and  Cambridge  I need  say  but  little. 
The  weighty  list  of  names  illustrious  in  mathe- 
matics and  astronomy  which  the  latter  of  these 
can  show,  might  be  considered  sufficient  to 
redeem  it  from  the  reproach  of  neglect  of 
scientific  culture.  But  in  such  an  estimation 
we  are  justly  to  consider  the  boundlessness 
of  the  opportunities,  the  vastness  of  the  means, 
and  stringency  of  the  duties.  Regarded  under 
this  light,  and  in  spite  of  many  notable  ex- 
amples to  the  contrary  both  in  the  past  and  in 
the  present,  it  does  not  admit  of  a shadow  of 
doubt  but  that  on  the  whole  these  opportuni- 
ties have  been  greatly  wasted,  these  means 
wrongfully  applied,  and  these  duties  wantonly 
neglected. 

These  Universities  were  primarily  intended 
for  the  teaching  of  those  branches  of  know- 
ledge which  have  since  developed  into  science. 
I imagine  that  education  as  understood  for 
instance  by  the  Greek  was  mainly  athletic, 
scientific,  aesthetic,  literary,  and  political; 
literature  in  its  widest,  politics  in  its  narrowest 
sense.  Their  philosophers  looked  around,  as 
all  philosophers  are  bound  to  do,  as  most  have 
done  excepting  Kant  and  Comte,  whose  philo- 
sophy, based  upon  insufficient  scientific  know- 
ledge, crumbles  to  pieces  when  touched.  The 
Greek  philosopher  got  much  of  his  honey  from 
abroad ; but  the  comb  he  built  for  it  was 
geometric,  universal. 

It  was  for  the  purpose  of  understanding 
such  scientific  writers  as  Aristotle,  Euclid, 
Archimedes,  that  the  “ schools  ” were 
founded  and  supported.  Then  we  have 
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Plato,  who  seems  to  me  to  be  for  ever  hang- 
ing- on  to  the  hem  of  the  garment  of  the 
Great  Master.  Much  of  this  of  course  came 
through  the  Latin  language.  But  shortly 
the  means  became  the  end.  The  language 
was  found  to  contain  a literature.  Then  a 
curious  but  not  unnatural  event  happened. 
The  means  of  acquiring  knowledge  in  a foreign 
language  degenerated — I will  use  no  other 
word — into  the  study  of  that  language,  re- 
deemed by  tbe  simultaneous  acquirement  of 
its  marv’ellous  literary  treasures.  Hence 
arose  the  dreadful  school  of  dogmatic  gram- 
marians and  pseudophilologists.  Their  day  is 
passing,  because  grammar  and  philology  are 
becoming  sciences  as  exact  at  least  as  geology 
or  biology. 

It  is,  I think,  hopefully  to  be  expected  that 
we  shall  soon  lose  sight  of  those  dreadful 
creatures  who  used  to  wobble  their  heads  over 
what  they  in  their  ignorance  conceived  to 
be  a false  quantity  ; often  mistaking  accent 
for  quantity,  partly  through  want  of  scientific 
training,  partly  through  ignorance  of  the 
knowledge  acquired  by  other  nations.  Such 
creatures  were,  perhaps,  the  natural  out- 
growth of  the  state  of  transition  between 
Aristotle  and  Darwin,  between  Archimedes 
and  Joule. 

The  really  frightful  outcome  of  all  this  was 
that,  for  a time,  information  took  the  place  of 
knowledge  ; and  the  culture  of  the  University 
was  little  beyond  that  of  the  cabman,  the 
postman,  or  at  best  that  of  the  librarian. 

Perhaps  the  very  greatest  revelations  made 
to  man  in  the  historical  past  took  place  in  the 
last  quarter  of  the  last  century  and  in  the  first 
half  of  the  present.  It  was  then  that  chemistry 
led  us  to  understand  the  composition  of  matter. 
It  w^as  then  that  physics  developed  the  co- 
ordination of  the  known  forces  and  showed  the 
existence  of  a new  one.  It  has  been  during 
this  time  that  biology  has  been  changed  from 
the  chaos  of  natural  history  into  a hopeful 
cosmic  science. 

In  the  matter  of  chemistry,  the  record  of  what 
we  owe  to  these  Universities  is  shamefully 
short.  While  the  intellectual  world  was  ring- 
ing with  the  discoveries  of  Priestley,  Black,  and 
Lavoisier,  the  Universities  were  concerned  with 
the  insignificant  squabbles  of  philologists. 
And  the  stunting  effect  of  one-sided  culture 
was  never  more  strikingly  exhibited  than  by 
the  fact  that  because  so-called  scholarship 
was  the  only  branch  of  culture  held  in  esteem ; 
so,  and  as  a natural  consequence,  English 
scholarship  fell,  on  the  whole,  far  behind  th^t 
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of  several  other  nations.  While  Faraday  and 
Dumas,  Liebig  and  Darwin  were  at  work, 
what  was,  say,  Oxford  doing  ? Future  gene- 
rations will  scarcely  credit  it.  The  leading 
lights  in  that  University  had  nothing  better  to 
do,  apparently,  than  to  issue  and  discuss 
tracts  on  the  difference  between  “ tweedle- 
dum and  tweedle-dee.” 

It  is  idle  to  contend  that  the  genius  of  our 
nation  is  unsympathetic  in  scientific  matters, 
for  we  can  show  a muster-roll  of  chemists  and 
physicists  which  will  compare  favourably  in 
quality,  if  not  in  number,  with  that  of  any 
other  nation.  The  two  Universities,  which 
should  be  the  pioneers  of  intellectual  advance,, 
proved  themselves  to  be  very  laggards.  These 
“ eyes  of  England”  were  become  so  imperfect 
of  vision  that  men  began  to  fear  they  suffered 
from  the  defective  power  due  to  old  age,  and 
that  nothing  would  be  ever  clear  to  them  but 
the  distant  past.  In  those  days,  although 
there  were  great  chemists  and  physicists  in 
this  country,  there  were  no  schools  of  those" 
sciences.  They  who,  like  myself,  some  thirty 
years  ago,  had  a passionate  yearning  towards 
and  a determination  to  study  them,  had  to  go 
to  Germany  or  France. 

And  even  now,  in  spite  of  many  vigorous 
efforts  and  encouraging  successes,  in  spite  of 
the  notable  men  who  have  filled,  and  are  filling,, 
the  posts  of  teachers,  the  Universities  under 
consideration  cannot  be  considered  as  centres 
of  science.  The  very  best  men  connected  with 
the  Universities  are  the  first  to  admit  this. 
For  such  centres,  those  who  wish  to  become 
masters  of  the  craft  have  had  to  look  abroad^ 
or  to  the  metropolis,  or  to  our  provinces. 

As  to  our  own  two  metropolitan  colleges,., 
speaking  of  them  collectively,  they  have 
been  of  very  great  value.  They  have  often 
elected  their  teachers  according  to  their 
qualifications  : perhaps  they  have  been  rather 
more  scrupulous  in  this  respect  than  the  average- 
of  educational  institutes. 

They  have  been  attached  to  day-schools  on 
the  one  hand,  and,  as  far  as  science  is  con- 
cerned, to  hospitals  and  medical  schools  on  the 
other,  and  it  is  this  which  has  given  them 
strength.  For  high  education  for  its  own  sake 
has  scarcely  yet  taken  root  in  London. 

In  regard  to  the  provinces,  the  prospect  has 
been  rapidly  brightening.  In  Birmingham, 
Bradford,  Bristol,  Leeds,  Liverpool,  Man- 
chester, Newcastle,  and  Wales  most  excellent 
colleges  where  science  is  taught,  aye,  and 
learnt,  are  in  beneficent  activity.  It  was  high 
tirne,  These  centres  of  industry  demanded 
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the  knowledge.  Such  knowledge  was  not  to 
be  got  at  the  older  Universities.  It  could  be 
obtained  only  in  Scotland,  in  Dublin,  and  in 
the  two  chief  London  colleges  ; elsewhere 
only  abroad.  Even  in  a great  place  like  Man- 
chester, w'here  the  undertaking  was  favoured 
by  a munificent  endowment,  the  progress  at 
first  made  was  very  slow.  I remember  when 
some  years  after  Owens  College  was  started, 
say  about  the  years  1857  I the 

honour  of  serving  as  assistant  to  the  then 
Professor  of  Chemistry.  During  those  two 
years  the  subject  of  physics  was  not  taught  at 
all.  Now  there  are  three  or  four  professors 
and  a number  of  assistants. 

Again,  there  are  the  Queen’s  Colleges  in 
Ireland,  the  Naval  College  in  Greenwich,  and 
the  Engineering  College  at  Cooper’s  Hill. 

As  to  the  Scotch  Universities.  Again,  I do 
not  speak  without  experience.  I served  for 
two  years  as  assistant  in  the  chemical 
laboratory  of  the  University  of  Edinburgh. 
In  those  days  (say,  i860  and  1861)  the  main 
stay  of  the  chemical  laboratory  was  the  medical 
faculty.  As  to  a physical  laboratory,  it  did 
not  then  exist,  or  had  only  begun  to  exist. 
This,  if  I remember  right,  was  the  University 
of  Hope,  of  Black,  of  Forbes.  The  Universi- 
ties of  Dublin  and  Glasgow,  however,  dis- 
tinguished as  they  may  have  been  in  their 
teachers,  have  still  to  make  a historical  repu- 
tation as  science  schools. 

It  would  perhaps  be  premature  to  speak  of 
the  success  and  usefulness  of  that  courageous 
undertaking,  the  Central  Institute  of  the  City 
and  Guilds  of  London.  One  thing  about  it  is 
certain  and  pretty  obvious.  Unless  such  an 
enterprise  purposes  to  become  a manufac- 
turing concern,  and  so  compete  in  the  market 
with  companies  and  private  firms,  it  will  have 
to  restrict  its  usefulness  to  the  teaching  of 
pure  science,  abstract  and  applied,  and  elect- 
ing the  kind  of  science  which  is  of  most  use  in 
a few  special  arts.  It  cannot  teach  handi- 
crafts, though  it  may  do  immense  good  to 
the  learners  of  handicrafts.  Final  technical 
training  can  only  be  got  in  the  workshop,  where 
marketable  wares  are  made. 

Within  a stone’s  throw  of  this  Institution 
there  are  the  Government  Science  Schools, 
wuth  which  I am  connected.  I suppose  that 
the  two  institutions  will  be  teaching  pretty 
much  the  same  things  in  large  parts  of  such 
subjects,  as  mechanics,  chemistry,  mathe- 
matics, and  physics.  The  municipal  school 
has  specialities  of  which  we  do  not  treat ; and 
v/e  again  have  specialities,  such  as  geology. 


metallurgy,  and  biology.  As  a Government 
servant,  I must  say  no  more  than  this,  in  my 
opinion  there  has  been  somewhere  a certain 
waste  of  energy.  Certainly,  in  as  far  as  success 
in  the  Central  Institution  can  be  guaranteed 
by  the  ability  and  zeal  of  the  teaching  staff, 
such  success  is  assured.  While  then  at  pre- 
sent I can  only  wish  success  to  this  Central 
Institution,  it  gives  me  real  pleasure  to  recog- 
nise and  applaud  the  success  of  the  Finsbury 
College  and  several  of  the  special  chairs  en- 
dowed elsewhere  from  the  same  fund. 

Science  in  the  Colonies. 

In  a recent  work  of  fiction,  one  of  my  most 
esteemed  literary  friends  complains  with  gentle 
pathos  that  the  “ professor  of  physics  considers 
his  science  to  be  the  one  noble  occupation,  all 
in  capitals.”  It  so  happens  that  this  gentle- 
man and  I were  colleagues  as  teachers  in  a 
college  in  one  of  the  colonies,  which,  for  the 
sake  of  dissimulation,  I may  call  Palmyra. 
The  industry  was  entirely  based  on  the  sugar 
growth  and  manufacture ; our  pupils  were  of 
very  varied  and  mixed  European,  African,  and 
Asiatic  races.  We  teachers  were  “expected 
to  make  ourselves  generally  useful.”  Thus, 
while  I was  supposed  to  teach  chemistry, 
physics,  and  the  “ natural  sciences,”  my  more 
gifted  friend  taught,  amongst  other  things, 
Latin,  Greek,  mathematics,  and  English 
literature.  Now,  while  I do  not  admit  that 
I am  open  to  the  charge  of  considering  physics 
as  the  one  noble  occupation,  I have  no  doubt 
I have  used — as  is  my  occasional  habit — 
language  of  some  strength.  For  it  struck  me 
forcibly  at  the  time  (and  the  conviction  has 
remained  with  me  ever  since),  that  as  the 
material  soil  of  the  place  was  unsuited  to  the 
oak,  the  olive,  and  the  vine,  so  was  the  attempt 
to  plant  an  academic  grove  of  thought  a waste 
of  energy.  To  teach  a poor  little  negro  child 
the  history  of  Rome,  to  make  the  Chinese  lad 
translate  Sophocles,  might  be  a ^our  de  force 
on  the  part  of  the  teacher,  but  could  do  no 
good  to  the  child.  And  here  a very  solemn 
consideration -arises  in  the  mind  of  the  educa- 
tionalist. 

In  colonies,  such  as  Canada,  Australia, 
and  New  Zealand,  which  may,  for  practical 
purposes,  be  considered  as  settlements  on  un- 
occupied regions,  the  inhabitants  have  the 
educational  traditions  of  the  mother  countries, 
and  are  sure  to  evolve  the  modifications  suit- 
able to  their  especial  wants.  But  in  Africa, 
and  especially  in  India,  where  the  natives  do 
not  at  present  belong  to  the  governing  race, 
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and  yet  form  the  most  important  element  of 
population,  the  education  should  be  of  a totally 
different  kind.  Of  course  I do  not  touch  here 
on  religious  matters.  In  matters  of  literature 
and  the  fine  arts  it  must  be  borne  in  mind  that 
we  shall  waste  the  less  time  and  energy  the 
less  we  try  to  thrust  our  Western  developments 
of  these  down  the  throats  of  the  Brahmin,  the 
Buddhist,  or  the  Mahomedan. 

Does  the  same  apply  to  science  ? Assuredly 
not.  The  Oriental  accepts  our  science  eagerly 
and  gratefully,  because  it  is  not  more  ours 
than  it  is  American,  German,  Russian,  or  his 
own.  To  our  customs,  our  sports,  our  literature 
he  must  always  remain  a stranger,  because  at 
heart  indifferent  to  them.  In  our  telegraphs, 
railways,  works  of  irrigation,  and  the  sciences 
which  lead  to  them,  he  takes  a far  keener 
interest ; for  such  sciences,  being  universal, 
are  in  truth  as  much  Oriental  and  his  as 
Western  and  ours.  Truth  alone  is  cosmo- 
politan, and  in  science  only  does  truth  reside. 

My  own  experience  in  this  respect  is  con- 
firmed by  that  of  all  the  best  teachers  of 
science  in  the  Indian  colleges.  They  all 
declare  that  the  slow  progress  which  educa- 
tion makes  in  that  part  of  our  dominion  is  not 
due  to  the  apathy  of  the  native  races,  but  to 
the  infatuation  of  those  who  will  not  or  cannot 
see  that  there  is  anything  worth  learning  be- 
yond the  pitiful  horizon  which  has  circum- 
scribed their  own  education. 

Even  the  consensus  of  opinion  of  science 
teachers  has,  however,  only  a certain  weight. 
Take,  then,  the  articulate  requirements  of  an 
independent,  intelligent,  and  utterly  alien 
nation— the  Japanese.  Japan  shows  us  as- 
suredly a most  wonderful  instance  of  develop- 
ment. While  the  Western  nations  and  America 
are  indulging,  after  a temporary  fashion,  in 
the  matter  of  Japanese  art,  Japan  takes  our 
science  at  once  and  as  a whole,  for  it  finds 
in  science  the  one  universal  language— the 
language  of  nature  herself.  I am  profoundly 
conscious  of  the  services  rendered  to  Japan  by 
those  Europeans  who  had  the  supreme  happi- 
ness of  being  among  the  first  to  confer  a great 
benefit  on  a great  people.  But  the  intellectual 
soil,  the  moral  climate,  had  to  be  there,  that 
such  labours  might  bear  such  abundant  fruit. 

I hope  I may  mention  a circumstance  in  this 
relationship  without  vanity.  I cannot  do  so 
without  pride,  for  it  was  with  the  greatest 
pride  that  I lately  received  a letter  from  the 
Director  of  Education  of  Tokio,  after  his  visit 
to  this  country,  asking  for  details  about  the 
system  of  instruction  in  elementary  practical 


physics  as  pursued  in  the  Government  Science 
Schools  at  Kensington,  with  the  view  to  its 
adoption  both  in  the  normal  and  elementary 
schools  of  Japan. 

It  comes  then  to  this.  We  English  may  con- 
sider ourselves  as  forming  about  the  average 
of  the  European  races.  The  Japanese,  on  the 
other  hand,  have  had  for  many  centuries  little 
or  no  intellectual  intercourse  with  the  outer 
world,  excepting  with  China.  Yet  at  once 
Japan  accepts  our  science.  It  is  as  when 
some  crystal,  which  has  grown  slowly  in  the 
darkest  bosom  of  the  earth  and  is  then 
suddenly  brought  to  light,  reflects,  refracts, 
absorbs,  and  polarizes  as  faithfully  as  the 
oldest  specimen  in  a physical  cabinet.  In  a 
couple  of  hundred  years  floods  of  scientific 
truth  will  be  poured  upon  the  Western  world 
from  China  and  Japan,  unless  those  countries 
fall  victims  to  some  so-called  higher  civilisa- 
tion, in  the  same  sense  as  did  Peru  and 
Mexico. 

Science  in  Public  Schools. 

In  regard  to  the  teaching  of  science  in  the 
most  widely  known  of  our  English  public 
schools,  we  must  regard  it  as  being  for  the 
most  part  abortive.  This  has,  without  doubt, 
been  brought  about  chiefly  by  the  narrowness 
of  culture  of  the  head-masters  and  their  sub- 
ordinates. 

The  profession  of  a teacher  properly  under- 
stood is  certainly  second  to  none  other  in 
dignity.  So  long,  however,  as  it  is  looked  on 
in  such  schools  as  a mere  “ stepping-stone 
to  higher  things,”  so  long  will  teachers 
shuffle  through  their  duties,  whatever  they 
may  be,  in  a perfunctory  way.  They  are 
generally  obliged  to  look  for  their  main 
remuneration  to  boarders,  and  to  hold  rela- 
tions with  the  boys  and  their  parents  which 
certainly,  and  to  say  the  least,  do  not  tend  to 
independence,  and  are  frequently  scarcely 
consistent  with  self-respect.  In  such  a school 
the  unhappy  science  teacher  is  the  worst  off. 
If  he  be  also  a teacher  of  classics,  who  under- 
takes to  teach  science  by  reason  of  some 
smattering  of  it  which  he  may  have  picked  up 
in  a desultory  manner,  his  task  is  distasteful 
to  him,  and  we  may  be  sure  he  is  not  slow  to 
contaminate  his  scholars  with  such  distaste. 
He  detests  his  duties  partly  because  his 
ignorance  is  a disagreeable  revelation  to  him- 
self, but  mainly  because  he  feels  that  quick- 
witted lads  soon  discover  his  incompetence. 
I am  well  acquainted  with  the  product  of  such 
teaching.  If  I should  ask  one  of  his  pupils 


63b 


JOURNAL  OF  THE  SOCIETY  OF  ARTS, 


\APul  23,  i836. 


to  describe  a Leyden  jar,  the  chances  are  that 
I shall  be  treated  with  a short  history  of  John 
of  Leyden,  with  an  excursus  relating  to  a 
celebrated  American  philosopher, 

“ Qui  coelo  fulmen  eripuit 
Sceptrumque  tyrannis.” 

I shall  be  introduced  to  Thales  of  Miletos,  or 
informed  as  to  the  Greek  name  for  amber. 

If,  on  the  other  hand,  a highly  qualified 
scientific  man  is  employed  he  finds  himself 
out  of  sympathy,  almost  out  of  touch,  with  the 
rest  of  the  school.  The  absolute  necessities 
for  teaching  his  science  are  denied  to  him,  or 
grudgingly  dribbled  out.  His  colleagues  re- 
gard him  without  any  feeling  of  comradeship, 
and  so^again  the  boys  get  to  look  on  him  as  a 
sort  of  pariah,  and  on  his  occupation  with 
contempt.  For  to  put  the  thing  in  a nutshell, 

marks  ” in  science  do  not  “ count.”  Often, 
indeed,  attendance  in  the  science  lessons  is 
optional,  and  the  science  master  finds  himself 
in  friendly  rivalry  with  the  professional 
cricketer. 

It  has  lately  been  my  privilege  to  have  some 
correspondence  with  one  of  the  ablest  and 
most  successful  of  head-masters.  This  gentle- 
man is  too  modest  too  see  that  his  success  is 
greatly  due  to  the  fact  that  while  his  scholar- 
ship would  put  him  on  a level  with  his  fellows, 
his  scientific  attainments  and  sympathies  put 
him  a head  and  shoulders  above  most  of  them. 
Yet  even  he  informs  me  that  it  is  a common 
observation  that  the  boys  who  come  to  his 
school  to  join  the  science  classes,  however  apt 
in  science  they  may  prove  to  be,  are  often  dull 
and  “bores,”  and  are  out  of  sympathy  with 
those  whose  studies  are  literary. 

What  a cruel  farce  this  is  ! Is  it  not  clear 
that  a boy  of  the  highest  ability  will  grow  in- 
tellectually stunted,  and  perhaps  morally 
warped,  if  the  only  mental  food  offered  is  dis- 
tasteful to  him  ? It  is  as  though  a child  had 
been  pining  for  at  least  a little  meat  and  had 
been  fed  on  boiled  rice.  Such  a boy  might 
well  be  rickety.  And  are  we  asked  to  con- 
clude from  his  physical  state  that  all  boys  who 
crave  for  meat  are  stunted  or  deformed  ? Are 
we  to  infer  that  the  craving  is  the  cause  of  the 
physical  defect  ? This  is  little  short  of  mon- 
strous. It  is  not  the  yearning  but  the  neglect 
of  it  which  is  the  root  of  the  evil. 

Of  course  some  lads  are  of  such  strong 
fibre  that  not  much  permanent  injury  is  done 
to  them.  Others  partially  recover  in  the 
holidays  ; while  others  again  instinctively  save 
themselves  by  the  simple  carpentry  of  the 


jack-knife  and  the  glue-pot,  or  the  wilder  de- 
lights of  the  catapult,  the  bird’s  nest,  the  white 
mouse,  the  squirrel,  or  the  squib.  Some- 
times, indeed,  the  self-invented  recreations 
of  a boy  are  pitiful.  They  are  tacit  entreaties 
for  mental  food  other  than  that  which  he  is 
receiving.  These  recreations  which  should 
serve  as  a guide  to  teachers  in  modifying  the 
instruction,  are  often  looked  on  askance  as 
being  “ ungentlemanly,”  “bad  form,”  or 
what  not.  The  culprit  is  regarded  in  the  same 
light  as  would  be  our  rice-fed  boy  who  had 
been  found  gnawing,  to  satisfy  a natural 
and  wholesome  longing,  some  well  boiled 
soup  bone  which  he  had  begged  from  the 
cook. 

It  is  true  that  not  one  child  in  a thousand  is 
capable  of  becoming  a scientific  man.  That 
is  no  reason  whatever  why  the  opportunity  of 
learning  the  elements  of  science  should  not 
be  offered  to  all.  Such  opportunities  are 
to  be  given  not  so  much  for  the  sake  of  the 
thousandth  child,  nor  even  for  the  sake  of  the 
good  to  the  community  which  will  accrue  from 
his  career,  as  for  the  sake  of  the  nine  hundred 
and  ninety-nine  children  who  will  have  at 
least  the  chance  of  obtaining  some  scientific 
culture,  and  so  be  in  sympathy  with  those 
upon  whose  shoulders  rests  the  task  of  ad- 
vancing civilisation.  Though  a boy  may  no*t 
be  “intended”  for  an  occupation  in  which 
science  is  required,  and  though  he  show  little 
or  no  aptitude  for  it,  it  is,  nevertheless,  as 
unjust  to  hide  science  from  him  as  it  would 
be  to  hide  a knowledge  of  history  or  literature 
from  those  who  are  not  “ intended  ” to  become 
historians  or  authors. 

When,  therefore,  I hear  that  it  is  proposed 
to  open  a “ modern  side  ” in  one  of  our  public 
schools,  it  sounds  to  me  like  a proposal  to 
open  a little  way  the  door  of  the  Black  Hole 
of  Calcutta. 

Observe  the  vicious  circle.  With  ignorances 
and  prejudices  such  as  those  I have  men- 
tioned, the  scholars  from  such  schools  go 
up  to  the  Universities,  and  give  to  them  in 
the  main  their  own  uncultured  tone.  As 
it  is  from  the  Universities  that  public  school- 
masters are  for  the  most  part  drawn,  the 
bar  to  improvement  seems  strong  indeed. 
One  obvious  way  to  break  this  vicious  circle 
lies,  it  is  true,  at  hand.  I cannot  consider  it 
conveniently  here,  and  I am  loath  to  touch 
upon  it.  But  this  much  must  be  said ; 
it  cannot  be  for  the  welfare  of  any  religious 
body  that  its  highest  offices  should  be  filled  as 
often  as  they  are  from  a class — the  class  of 
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head-masters — which  persistently  and  almost 
professionally  sets  its  face  against  natural 
knowledge.  For  it  is  thus  a premium  is 
placed  on  one-sided  and  therefore  imperfect 
culture  at  the  very  fountain-head  of  education. 
Still  more  rarely  can  it  be  for  the  advantage 
of  a public  school  to  be  under  the  guidance  of 
a member  of  a class  which  has,  speaking 
generally,  consistently  shown  both  fear  and 
dislike  of  nature  and  her  interpreters.  What- 
ever hope  there  may  be  in  the  future  for  relief 
in  this  matter,  it  is  probable  that  such  relief 
will  rather  be  effected  from  the  outside  than 
from  the  inside. 

Science  in  Board  Schools. 

As  to  this  influence  from  the  outside — 
where  shall  we  look  for  it  ? Clearly  in  the 
aspirations,  ambitions,  and  discontents  of  the 
better  classes.  The  better  classes  are  the 
more  intelligent  classes,  and  these  are,  with- 
out any  doubt  whatever,  formed  from  the 
ranks  of  the  artisan  or  handicraftsman — 
whether  of  our  cities  or  our  fields  — and  espe- 
cially from  the  ranks  of  those  who  have  been 
artisans  or  handicraftsmen,  but  whose  ability 
has  advanced  them,  say,  from  the  labourer  to 
the  farmer,  from  the  carpenter  to  the  builder, 
from  the  nail  maker  to  the  engineer,  from  the 
apprentice  on  a barge  to  the  captain  of  a 
“liner.”  It  is  here,  or  hereabouts,  that  the 
very  marrow  of  our  nation  lies.  The  aspira- 
tions of  these  classes  are  opposed  directly  and 
indirectly  by  the  more  ignorant  classes  both 
above  and  below  them.  The  dangerous  classes 
are  the  idle  classes  of  all  ranks.  He  would 
do  a far  greater  service  to  the  commonwealth 
who  should  give  useful  employment  to  the 
idle  rich  than  he  who  should  sweep  away  a 
thousand  slums. 

The  Board  school  is  the  legitimate  place  for 
the  education  of  the  child  of  the  artisan.  He 
must  and  will  have  science  for  his  male 
child.  Let  us  see  what  he  gets. 

In  the  infant  schools  are  taught  reading, 
writing,  arithmetic,  and  object  lessons,  all 
compulsory.  In  these  schools  the  children 
are  so  young  that  the  schools  themselves  are 
chiefly  creches,  and  we  may,  with  some  fair- 
ness, say  that  “ whatever’s  best  administered  is 
best.”  In  the  infant  schools,  the  chief  change 
I would  suggest  is  the  introduction  into  them 
of  drawing.  Indeed,  drawing  should  perhaps 
be  the  main  feature  of  these  schools.  It 
should  be  the  medium  for  the  instruction  in 
writing.  I have  found  that  a child  which 


cannot  draw  or  copy  a straight  line  will 
draw  a straight  tail  to  a cow.  And  although 
the  beginning  and  end  of  its  “ O’s  ” are  in- 
variably wide  apart,  or  else  tied  together  in  a 
sort  of  true  lover’s  knot  or  double  pig’s  tail, 
the  child  will  put  in  the  cow’s  eye  as  a very 
good  circle.  Arithmetic  I would  banish  from 
the  infant  schools  altogether. 

In  the  Board  schools  proper  I find  seven 
standards  which  correspond  roughly  with 
the  seven  years’  attendance  of  the  average 
children. 

In  all  of  these,  reading  (including  some 
history),  writing,  arithmetic  (and  needlework 
for  girls)  are  compulsory ; while  drawing, 
elementary  science,  geography,  and  history, 
may  or  may  not  be  taught  specially.  In 
standards  5,  6,  7,  however,  the  following  addi- 
tional subjects  may  be  taught,  algebra,  Euclid, 
mechanics,  Latin,  French,  animal  physiology, 
chemistry,  physics,  agriculture  (domestic 
economy  for  girls).  In  standards  i — 4 the 
Government  examinations,  both  in  the  com- 
pulsory and  optional  subjects,  are  based  upon 
the  general  proficiency  of  classes  ; while  in 
standards  5,  6,  7,  the  children  taking  the 
optional  subjects  are  examined  individually 
with  view  to  the  teacher’s  payment. 

This  is  an  excellent  list  of  subjects,  and  as  it 
is  notorious  that  the  members  of  the  School 
Boards  are,  for  the  most  part,  men  and 
women  of  enlightenment,  and  zealous  in  their 
work,  and  that  the  managers  and  teachers 
are  chosen  with  care,  and  are  often  of  con- 
spicuous ability,  it  might  seem  that  under 
fairly  favourable  local  circumstances,  an  ex- 
cellent elementary  education  is  provided  by 
the  State  for  the  poorest  child. 

This  is  not  so.  Here  is  a great  blot.  A 
blot  which  I am  going  to  remove.  The  evil 
consists  in  the  narrow  range  of  the  compulsory 
subjects.  A child  may  pass  some  years  in 
the  infant  school  and  then  pass  through  all 
the  seven  standards  of  the  school  proper,  and 
yet  know  nothing  beyond  reading,  writing, 
and  figuring,  except  the  little  knowledge  he 
may  have  got  from  the  object  lessons  of  the 
infant  school  and  the  history  contained  in  his 
reading  lessons.  Think  what  this  means  ! 
He  may  know  that  William  of  Normandy 
stumbled  on  landing  in  England  ; he  has  pro- 
bably never  seen  a triangle.  He  may  know 
how  many  furlongs  there  are  in  a mile ; he  is 
generally  under  the  impression  that  his  in- 
drawn breath  goes  into  his  stomach,  which  is 
somewhere  below  his  waist,  and  so  on.  In 
reading,  writing,  and  arithmetic  you  have 
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given  him  the  keys  of  knowledge,  but  you  have 
not  let  him  even  peep  into  its  treasures. 

For  the  subjects  called  optional  are  not  so 
in  the  sense  that  the  classes  are  there,  and 
that  it  is  at  the  option  of  the  parent  whether 
his  child  shall  attend  them.  Not  a bit.  They 
are  there,  or  they  are  not  there,  at  the  option 
of  the  school  manager,  of  the  school  teacher 
— at  the  suggestion  of  the  Board  Inspector,  or 
Board  School  Committee,  or  School  Board. 

This  is  exactly  as  it  should  not  be.  For, 
as  a consequence,  there  are  well-attended 
schools  in  which  geometry  is  not  taught  at 
all,  in  which  chemistry  is  never  heard  of, 
and  mechanics  a thing  unknown.  I am  not 
exaggerating.  Taking  the  year  1883-1884,  we 
find  that,  in  standards  5,  6,  7,  over  325,000 
children  presented  themselves  for  examination 
in  the  so-called  ‘‘specific”  subjects,  that  is, 
subjects  which  may  or  may  not  be  taught 
in  a given  school,  the  examination  being  by 
Government  and  individual,  the  payment  being 
by  result.  We  find  this  startling  discrepancy  : 

25.000  were  examined  in  algebra,  and  2,000  in 
Euclid.  It  is  certainly  not  within  my  personal 
experience  that,  out  of  every  thirteen  children, 
twelve  would  prefer  to  learn  algebra  to  every 
one  who  preferred  geometry.  I believe  the 
tastes  of  children  are  rather  the  other  way. 
Certainly  the  bulk  of  judicious  parents  would 
not  so  sacrifice  their  children’s  education  as 
to  strike  such  a balance.  Reversing  Plato’s 
dictum,  I would  say,  let  no  one  leave  this  place 
ignorant  of  geometry.  There  can  be  no  doubt 
but  that,  if  these  figures  were  further  analysed, 
the  discrepancy  would  be  found  to  lie  not  so 
much  in  the  smallness  of  the  number  of  pupils 
in  the  classes  of  geometry  as  in  the  smallness 
of  the  number  of  such  classes.  In  other  words, 
the  subject  of  algebra  is  easier  to  teach  up  to 
the  passing  standard  than  that  of  geometry. 
Small  blame  to  the  teacher  who  prefers  to 
offer  the  first  rather  than  the  second. 

Deplorable  as  is  this  want  of  balance  as 
between  algebra  and  geometry,  such  inequality 
is  even  exceeded  in  another  case.  In  1884,  over 

22.000  were  examined  in  animal  physiology, 
while  only  1,200  presented  themselves  in  sound, 
light,  and  heat,  and  only  1,000  in  chemistry. 
This  is  not  only  a singular  but  what  may  be 
fairly  called  an  impossible  condition  of  things. 
What  manner  of  instruction  in  physiology  is 
that  which  ignores  physics  and  chemistry? 
Everyone  knows  that  animal  physiology  is 
little  else  than  the  biological  branch  of  these 
sciences ; and  the  more  special  science  of 
biology  should  only  (because  it  can  effectively 


only)  be  taught  to  those  who  have  a knowledge 
of  the  more  general  sciences.  The  discrepancy 
here  is  outrageous,  and  betrays  something 
radically  wrong  in  this  working  of  the  system. 
It  is  as  though  in  an  art  school,  which  was 
responsible  for  the  entire  art  education  of  its 
pupils,  twenty  should  year  after  year  be  ex- 
amined in  oil-colour  painting  for  every  one 
who  was  examined  in  drawing.  If  there  be 
indeed  a method  of  teaching  animal  physio- 
logy which  does  not  demand  a previous  know- 
ledge of  chemistry  and  physics,  the  sooner 
such  a method  is  got  rid  of  the  better. 

Much  the  same  may  be  said  with  regard  to 
the  numbers  examined  in  geography  (12,700). 
Physical  geography  (unhappily  called  physio- 
graphy) is  a science.  Sixteen  candidates  were 
examined  in  it  in  1884.  Can  it  be  that  in  the 
Board  schools,  as  in  most  other  schools,  merely 
descriptive  geography  is  meant,  such  as  the 
height  of  Popocatapetl,  or  the  chief  towns  on 
the  Yangtze  Kiang? 

It  is  certainly  impossible  to  separate  know- 
ledge from  information.  Information  is  arbi- 
trary knowledge.  Education  must,  I suppose, 
be  largely  leavened  with  the  former.  The 
sequence  of  the  letters  of  the  alphabet  is  a 
thing  not  to  be  despised,  any  more  than  the 
cabman’s  acquaintance  with  the  short  cuts 
between  Clapham  and  Islington.  Knowledge 
bears  to  information  a relationship  com- 
parable with  that  between  friendship  and 
acquaintance.  Knowledge  would  be  of  use 
to  us  if  we  were  transported  to  another  planet, 
capable  of  sustaining  life  ; information  would 
not.  Poor  cabby,  as  such,  would  be  at  first 
nowhere.  No  doubt  he  would  soon  rise  to  the 
occasion  if  his  fares  went  with  him,  through 
his  general  knowledge  of  human  nature,  thus 
most  places  would  be  “beyond  the  radius.” 
I often  judge  of  people  whom  I meet  for  the 
first  time — and,  as  the  events  prove,  not  un- 
fairly— by  considering  whether  they  would 
make  successful  savages.  And  I find  that  the 
man  who  has  most  knowledge  would  always 
be  in  advance  of  the  man  of  the  most  informa- 
tion. If  our  tribe  were  on  the  war-path  the 
latter  might  know  best  how  to  lead  us  to  a 
certain  river ; the  former  would  have  to  devise 
means  for  crossing  it.  There  might  have  to 
be  as  many  guides  as  rivers ; but  one,  the 
ancestor  of  our  engineer,  would  be  appealed 
to  for  the  means  of  crossing  them  all. 

Having  thus  found  fault  with  our  present 
system  of  School  Board  education,  I am  bound 
to  propose  the  alterations  which  I consider  to 
be  improvements.  For  brevity’s  sake  I have 
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put  side  by  side  in  a tabular  form  the  present 
scheme,  and  what  I consider  to  be  a better 
one. 

PRESENT. 

I N F A NT  SCHOOLS. 

All  Compulsory. 

Reading. 

Writing. 

Arithmetic. 

Object  Lessons. 


SCHOOLS  I TO  VII. 
Compulsory. 

Reading  (History). 

Writing. 

Arithmetic. 

(Needlework;  Girls). 

Optional. 

{Class  Subjects — Class  Examinations'), 
English. 

Drawing. 

Elementary  Science. 
Geography. 

Histor}'. 

(Needlework : Girls). 


V.,  VI.,  VII. 

{Specific  Subjects — Individual  Examination), 

Algebra. 

Euclid. 

Mechanics  (2  schemes). 

T.atin. 

f'rench. 

Anirnal  Physiology. 

Botany. 

Agriculture. 

Chemistry. 

Physics  (2  schemes). 

(Domestic  Economy : Girls). 


PROPOSED. 

INFANT  SCHOOLS. 

All  Co:\ipulsory. 
Drawing. 

Writing. 

Reading. 

Object  Lessons. 


SCHOOLS  I.  TO  VII. 

All  Compulsory. 

I.  Reading  (anything). 

Writing. 

Drawing. 

II.  Reading  (anything). 

Writing. 

Drawing. 

Arithmetic. 

(Needlework.) 

III.  Reading  (Biography,  Novels). 
Writing. 

Drawing. 

Arithmetic. 

Geometr}L 

(Needlework). 

IV.  Reading  (Natural  History,  Travels). 
Writing. 

Drawing. 

Arithmetic. 

Geometry. 

Singing. 

Geography. 

V.  Arithmetic. 

Object  Lessons. 

Geometr}L 

Chemistry. 

Mechanics,  &c. 

English. 

French. 

Singing. 

VI.  Object  Lessons. 

Geometry. 

Sound,  Light,  Heat. 

Chemistry. 

English. 

French. 

(Needlework.) 

VII.  Mechanism. 

Electricity. 

German. 

Biology. 

Algebra. 

French. 

(Domestic  Economy). 


EVENING  CLASSES. 
French. 

German. 

Italian. 

Latin. 

Agriculture. 

Mathematics. 

Laboratory  Chemistry. 

,,  Physics. 

,,  Biology. 
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Geology. 

English  Composition  and  Literature. 

Design. 

Shorthand. 

Drawing,  Modelling,  &c. 

The  number  of  subjects  taught  in  the  even- 
ing classes  should  be  great ; such  classes 
should  be  open  to  all ; in  them  special  fees 
should  be  charged  ; but  only  a few,  say  in 
London  10  or  12,  of  the  larger  schools  need  be 
used  for  such  evening  class  centres.  For  ad 
mittance  the  maximum  age  might  be  15,  fo^ 
attendance  18.  The  minimum  might  be  about 
13.  After  18,  the  classes  of  such  excellent 
institutions  as  the  Polytechnic  or  the  Birkbeck 
would  be  available,  or  the  evening  classes  of 
our  two  or  three  metropolitan  colleges. 

The  gist  of  my  suggestion  is  obviously  this  : 
Let  the  number  of  the  compulsory  subjects  be 
extended.  Let  the  parent  of  each  child  be 
assured  that  it  will  have  an  opportunity  of 
learning.  Not  only  of  gathering  information, 
but  of  acquiring  knowlege. 

To  this  proposal  two  objections  will  be  raised, 
(i)  That  the  subjects  are  too  numerous;  the 
child’s  brain  cannot  stand  so  much.  (2) 
The  ratepayers’  purse  cannot  stand  it.  He, 
the  ratepayer,  objects  to  paying  for  a high- 
class  education  for  other  people’s  children. 
To  the  first  of  these  my  answer  is  that  variety 
in  subjects  gives  relief  rather  than  burden  to 
the  child’s  mind.  As  a child  will  be  starved 
if  fed  exclusively  on  bread,  or  cheese,  or  meat, 
or  fruit,  or  milk,  yet  will  thrive  on  a mixed 
diet  of  these  ; so  will  it  thrive  intellectually  if 
its  intellectual  food  is  varied. 

With  regard  to  the  ratepayer,  I suppose  all 
in  this  room  are  ratepayers,  and  our  sympathies 
are  all  on  his  side.  But  expenditure  is  one 
thing,  extravagance  is  another.  It  is  certainly 
no  more  expensive  and  it  is  far  less  extravagant 
to  give  a varied  education  than  a monotonous 
one.  To  grudge  variety  is  as  though  one 
were  to  let  a child  go  into  the  hedge-rows  to 
gather  a handful  of  wild  flowers,  and  grumble 
because  besides  daisies  and  buttercups  and 
dandelions  it  had  gathered  a few  violets  and 
primroses. 

If  you  have  a school  of  600  children,  and 
limit  the  number  in  each  class  to  20,  it  is  clear 
that  if  the  classes  are  to  be  kept  at  work  you 
must  have  twenty  teachers.  It  can  make  no 
difference  in  the  expense  whether  these  teachers 
are  all  teaching  different  things  or  all  teaching 
the  same  thing. 

It  is  clear  to  me  that  as  long  as  the  Board 


schools  are  so  constituted  that  it  is  a matter 
of  chance  to  the  child  whether  it  has  an 
opportunity  of  learning  anything  beyond 
reading,  writing,  and  arithmetic,  and  a little 
history,  so  long  will  such  schools  fail  in  their 
purpose.  For  that  purpose  is  to  provide  a 
sound  general  basis  of  education,  such  as  will 
enable  the  lad,  by  attending  evening  classes 
or  by  self-culture,  to  attain  the  highest 
happiness  of  being  useful.  By  all  means  let 
us  stop  wasteful  expenditure  ; but  let  us  as 
ratepayers  not  forget  that  in  this  matter  there 
is  nothing  so  profligate  as  parsimony. 

If  Board  schools  provided  as  excellent  an 
education  as  could  be  got  anywhere  else — and 
this  could  be  done  with  but  little  additional 
expense — the  richer  ratepayer,  of  moderate 
means,  who  now  sends  his  children  to  private 
schools  in  London  or  the  country,  would  avail 
himself  of  the  educational  opportunities  of  the 
Board  schools,  and  save  more  in  school  fees 
than  he  disbursed  in  extra  rates. 

For  ^20,000,  the  Board  Schools  of  London 
could  be  equipped  with  the  means  of  teaching 
the  elements  of  the  more  universal  of  the 
sciences,  such  as  chemistry  and  physics. 

For  ^5,000  a year  such  instruction  could  be 
maintained  and  improved.  I believe  as  much 
as  ;^70,ooo  has  been  given  for  a picture  which 
can  have  a really  educational  effect  on  not 
more  than  a few  score  of  persons  yearly.  I 
believe  R^oo,ooo  is  a fair  price  for  a war-ship 
which  maybe  out  of  date  before  being  launched,, 
and  which  may  last  in  a state  of  efficiency  for 
twenty  years. 

It  is  not  for  me  to  criticise, ^even  by  way  of 
comparison,  the  sums  spent  on  our  armaments. 
It  comes,  however,  to  this,  that  if  the  resources 
of  the  country  are  exhausted  by  the  supply  of 
such  armaments,  so  that  its  social  and 
intellectual  states  are  unnourished,  the 
nation  will  become  like  a crab  out  of  season, 
all  shell  and  claws,  with  no  meat  worth 
defence. 

I submit  that  the  School  Board  curriculum 
should  be  altered  in  the  following  directions  : — 

(i.)  Drawing  (free-hand)  should  be  advanced 
to  an  earlier  stage,  and  be  far  more  prevalent 
in  all  stages.  Writing  should  be  regarded  as 
one  kind  of  drawing,  and  drawing  should  pre- 
cede writing. 

(2.)  Reading  lessons  might  well  be  from 
books  treating  of  natural  history  rather  than 
of  national  history,  which  is  for  the  most  part, 
and  in  spite  of  the  efforts  of  a few  enlightened 
men,  an  account  of  “ events  which  never  took 
place,  and  about  which  nobody  ought  to  care 
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whether  they  did  or  not ; written  by  mendacious 
owls  for  the  benefit  of  prejudiced  bats.” 

(3.)  The  teaching  of  geometry  (not  Euclid) 
should  be  encouraged  and  made  an  early 
subject. 

(4.)  The  teaching  of  chemistry  and  physics, 
but  especially  of  the  former,  should  be  far 
more  emphasised. 

(5.)  The  teaching  of  object  lessons  in 
Standards  V.  and  VI.  These  object  lessons 
are  quite  of  a different  kind  from  those  in  the 
infant  schools.  In  the  infant  schools  I would 
give  information  about  all  sorts  of  things.  It 
does  not  much  matter  what  the  things  are  so 
that  they  are  common.  The  object  lessons  o^ 
Standards  V.  and  VI.  I would  make  strictly 
systematic,  in  a fashion  which  I think  is  to 
some  extent  new,  and  after  a method  the  de- 
scription of  which  will  form  the  bulk  of  my  next 
lecture. 

(6.)  The  main  feature  of  my  suggestions 
lies,  however,  in  this  ; that  a very  much  greater 
number  of  subjects  should  be  made  compulsor}’, 
and  that,  therefore,  all  such  subjects  should 
be  taught  in  all  Board  schools,  and  in  all 
schools  recognised  as  giving  equivalent  edu- 
cation. It  is,  indeed,  with  the  voluntary 
schools,  or  private  enterprise  schools,  that  the 
main  difficulty  will  be  found  in  effecting  this 
inevitable  change.  All  our  children  ought  to 
be  so  far  watched  over  by  the  State,  that  just 
as  bodily  starvation  is,  according  to  our  Poor- 
laws,  theoretically  illegal,  so  should  be 
educational  starvation.  The  head  master  of 
of  the  most  fashionable  public  school  has  no 
more  right  to  feed  his  boys  m.ainly  on  Latin 
verses  than  had  Mr.  Squeers  to  rely  on  his 
neighbours’  turnip  fields. 

All  arbitrary  information  excepting  that 
which  lies  at  the  root  of  things,  such  as  the 
alphabet,  should  be  deferred,  in  order  to  give 
place  to  the  knowledge  which  is  at  the  root  of 
€ver5’thing ; in  other  words,  the  reasoning 
faculty  should  be  more  cultivated,  and  that  of 
memory  less.  We  should  then  see,  not  only 
the  bookbinder’s  apprentice  become  the  lead- 
ing  light  in  science,  not  only  the  miner  become 
the  greatest  engineer,  but  we  should  find  the 
lowest  hind  become  the  most  honoured  agri- 
culturist, the  largest  land  administrator.  The 
occupation,  indeed,  of  a farm  labourer  is  one 
requiring  perhaps  more  knowledge  and  in- 
telligence than  any  other  handicraft  whatever. 
But  the  knowledge  he  requires  has  to  be 
gathered  through  experience  only  while  his 
body  is  overwrought  with  labour.  To  him 
clemetary  science  would  be  a boon  indeed. 


That  science  will  have  to  be  given  to  him  in 
the  Board  schools  or  in  their  equivalents ; 
otherwise  such  schools  will  cease  to  exist. 

It  is  disastrous  folly  to  fight  against  the  in- 
evitable. Science  will  take,  and  is  taking,  its 
proper  place  in  our  system  of  education.  Men 
may  bury  themselves  in  the  darkest  crypts  of 
ignorance  ; they  may  raise  the  densest  smoke 
of  prejudice  or  spread  most  diligently  their 
little  umbrellas  of  effeminacy,  and  fancy  they 
have  shut  out  the  sun  from  the  whole  earth. 
The  contest,  if  contest  it  can  be  called,  which 
is  waged  against  science,  consists  of  hysterical 
vituperation  on  the  one  hand,  and  mainly  pity 
on  the  other.  Such  a contest  is  only  of  passing 
interest,  for  the  issue  admits  of  no  doubt.  On 
the  side  of  our  opponents  there  are,  it  is  true, 
the  prejudices  and  ignorances  of  the  half- 
cultured  ; but  on  the  other  there  is  the  whole 
universe.  They  who  oppose  the  introduction 
of  science  into  even  elementary  schools  do  so 
at  their  proper  peril  and  that  of  the  common- 
wealth. For  in  the  troublous  times  which  are 
near,  which  are  at  our  very  doors,  the  develop- 
ment of  scientific  knowledge  will  assuredly 
prove  the  sacred  ark  of  our  social  and  intellec- 
tual salvation  ; the  star  and  the  column  of  fire 
which  will  lead  us  out  of  the  wilderness  of  our 
perplexities  into  the  promised  land  of  peace 
and  prosperity. 


Miscellaneous. 

♦ 

COLONIAL  AND  INDIAN  EXHIBITION. 

Opening  Ceremony. 

The  ceremonial  to  be  observed  on  the  occasion  of 
the  opening  of  the  Exhibition  by  Her  Majesty  the 
Queen,  on  Tuesday,  the  4th  of  May,  will  be  based 
on  that  which  was  followed  at  the  opening  of  the 
Great  Exhibition  of  1851. 

Her  Majesty  will  enter  the  Exhibition  by  the 
principal  entrance.  Exhibition-road.  The  Royal 
procession  will  then  be  formed,  and  will  proceed 
halfway  down  the  Indian  Gallery,  and  turning  off  to  the 
right  by  the  elaborately  carved  Indian  pigeon-house 
(which  will  doubtless  prove  a useful  landmark  during 
the  Exhibition)  will  pass  between  Old  London  and 
the  Indian  Palace,  up  the  Central  Avenue,  between 
the  Australasian  Courts,  across  the  Canadian  Gallery 
into  the  gardens,  and  will  then  proceed  along  a broad 
covered  pathway  to  the  Conservatory,  and  thence 
into  the  Royal  Albert  Hall,  where  the  ceremony 
itself  will  take  place. 
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As  it  would  be  manifestly  impossible  for  the  Queen 
to  walk  through  all  the  courts  of  the  Exhibition,  it 
was  decided  that  Her  Majesty  should,  on  her  pro- 
gress through  the  buildings,  pass  between  her  sub- 
jects from  the  Colonies ; and  for  this  purpose  banks 
of  seats,  arranged  at  intervals  along  the  route,  have 
been  provided  for  Colonial  visitors.  In  addition  to 
these,  a large  number  of  chairs,  lining  the  pathway 
on  either  side,  will  be  placed  at  the  disposal  of  the 
public ; but  the  front  row  will  in  all  cases  be  reserved 
for  ladies. 

The  doors  will  be  open  at  9.30  and  will  be  closed 
punctually  at  ii.o  a.m.,  after  which  hour  there  will 
be  no  admission  until  4.0  p.m.  (when  the  general 
public  will  be  admitted,  in  the  usual  way,  on  payment 
of  one  shilling  each,  or  by  combined  railway  and 
other  tickets). 

Admission  to  the  building  to  witness  the  Royal 
procession  will  be  either  by  season  ticket,  purchased 
before  the  day,  or  on  payment  of  one  sovereign  at 
the  doors.  The  entrances  available  will  be  the 
India  Museum  and  School  of  Needlework  entrances 
in  Exhibition-road;  and  the  Upper  and  Lower 
entrances  in  Queen’s-gate.  The  principal  entrance 
win  be  used  only  by  those  taking  part  in  the  pro- 
cession. 

Admission  to  the  Royal  Albert  Hall  to  witness  the 
ceremony  will  be  by  special  ticket,  purchased  before 
the  day  of  opening,  to  be  obtained  only  at  the  box- 
ofi&ce.  Royal  Albert  Hall,  the  season  ticket  office, 
at  the  principal  entrance  of  the  Exhibition,  and  the 
City-office,  96,  London- wall,  E.C.,  where  the  prices 
and  all  information  can  be  obtained.  The  doors  of 
the  Hall  on  the  east  and  west  side  (the  Royal 
entrance  will  not  be  available)  will  be  open  at  10.30 
and  closed  at  11.30  a.m. 

Season  Tickets. 

At  the  last  two  Exhibitions,  the  price  of  the 
season  tickets  has  been  one  guinea.  This  year — 
taking  into  consideration  the  fact  that  a season 
ticket  holder  is  enabled  to  witness  the  Royal  pro- 
cession on  the  4th  May,  when  the  price  of  admission 
is  one  sovereign — it  has  been  decided  to  make  the 
price  two  sovereigns.  Double  season  tickets  have 
also  been  issued,  giving  admission  to  the  owner 
and  one  other  person,  who,  however,  will  not 
be  admitted  unless  accompanied  by  the  owner. 
The  owner  of  a double  season  ticket,  moreover, 
may  not  introduce  a second  person  whilst  another 
person  admitted  by  it  is  in  the  Exhibition.  Both 
double  and  single  season  tickets  are  available  for 
admission  to  the  Exhibition  every  week-day  from 
10  a.m.  to  10  p.m.,  except  on  two  Wednesdays  and 
two  Fridays  (which  will  be  duly  announced  in  the 
public  journals),  when  they  will  not  be  available 
after  6 p.m.  The  Royal  Commission  reserves  to 
itself  the  right  of  excluding  from  the  Royal  Albert 
Hall,  when  it  thinks  fit,  season  ticket  holders  and 
other  visitors  to  the  Exhibition. 


AFRICAN  COLONIES. 

As  the  Australasian  colonies  have  been  grouped 
together  in  the  central  courts  of  the  Exhibition,  so 
have  all  the  British  possessions  on  the  continent  of 
Africa  been  placed  in  the  Queen’s-gate  Annexe — one 
of  the  finest  Courts  in  the  Exhibition,  360  ft.  in 
length  and  100  ft.  wide — through  which  visitors  enter 
the  Exhibition  from  Queen’s-gate.  The  southern  half 
has  been  devoted  to  the  Cape  of  Good  Hope,  and  the 
northern  to  Natal  and  West  Africa.  [Mauritius  and 
St.  Helena  have  been  placed  in  the  East  Arcade. 

Cape  of  Good  Hope. 

The  Agent- General,  Sir  Charles  Mills,  K.C.M.G., 
who  is  supported  by  a committee  of  gentlemen  ex- 
perienced in  Cape  affairs,  has  hitherto  represented 
the  Colony  in  London.  He  organised  the  repre- 
sentation of  the  Cape,  and  is  Acting  Executive 
Commissioner,  pending  the  arrival  of  the  Execu- 
tive Commissioner,  the  Honourable  J.  G.  Sprigg,, 
M.L.A.  Mr.  Sydney  Cowper,  the  secretary, 
is  now  busily  engaged  in  the  arrangement  of  the 
court.  While  at  the  Cape  he  acted  as  secretary  tO' 
the  Central  Committee,  composed  of  twenty-five  ex- 
perienced members,  and  to  several  of  the  sub- 
committees into  which  it  was  divided — committees 
for  wines ; woods  and  vegetable  products ; cereals 
and  tobaccos  ; wool,  feathers,  and  animal  pro- 
ducts ; minerals,  with  a Kimberley  local  com- 
mittee ; zoology  ; ethnology ; botany  ; the  fine  arts ; 
furniture,  &c.  The  mere  mention  of  these  com- 
mittees will  show  what  a varied  collection  of  objects 
may  be  expected. 

As  a preliminary  step  to  the  formation  of  a col- 
lection to  represent  the  Cape  in  London,  a South 
African  Exhibition  was  held  last  Christmas  at  Port 
Elizabeth,  under  the  presidency  of  the  Governor, 
His  Excellency  Sir  Hercules  Robinson,  in  which 
Natal,  the  Orange  Free  State  and  the  Transvaal 
also  took  part.  Special  endeavours  were  made  that 
the  pastoral  and  agricultural  aspect  of  the  colony 
should  be  well  represented  in  London. 

There  will  be  skins  of  sheep  and  goats , and  other 
animals,  ox-hides,  wools,  and  Angora  hair ; horns  of 
various  beasts,  heads  of  elephants  and  other  big 
game,  and  of  horned  cattle ; sjambok  whips  made 
from  rhinoceros  hide ; leathers ; a Cape  cart  and  a 
model  of  a buck- waggon. 

There  will  be  a fine  collection  of  cereals — wheat, 
barley,  rye  ; and  tobacco  and  silks ; and  the  wines  will 
be  duly  brought  under  notice.  One  of  the  most  im- 
portant industries  of  the  Cape,  ostrich  farming,  wll 
be  represented  by  stuffed  ostriches,  and  by  a trophy 
of  ostrich  feathers  in  their  natural  state  as  well  as 
dressed  ; and  the  process  of  dressing  will  be  shown  in 
actual  operation.  But  the  diamond  exhibit  will  pro- 
bably prove  to  be  the  chief  feature  in  the  court. 
There  will  be  a large  model  of  one  of  the  famous 
Kimberley  mines,  showing  the  diggers  at  work ; the 
blue  ground  (which  has  been  procured  from  Kim- 
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berley  for  the  purpose)  will  be  washed  in  order  to 
find  the  diamonds  hidden  in  it,  so  that  visitors  may 
become  acquainted  with  the  actual  operation.  The 
stones  will  then  be  transferred  to  the  hands  of  the 
diamond  cutters  and  polishers,  who  will  perfect  the 
operation  before  the  public,  much  in  the  same  way  as 
the  manufacture  of  watches  was  last  year  shown  by 
the  Waltham  Watch  Factory.  There  will  also  be 
a valuable  collection  of  diamonds  It  may  be  here 
mentioned  that  the  value  of  diamonds  exported 
from  the  Cape  in  1884  was  nearly  ^^3, 000, 000, 
Amongst  the  minerals  will  be  shown  examples  of 
copper  from  Namaqualand,  of  coal  (the  mining  of 
which  is  of  recent  origin),  and  of  crocidolite,  which  is 
found  in  various  localities  in  Griquland  West,  and  is 
used  for  ornamental  purposes. 

The  woods  of  the  colony  will  be  well  represented 
articles  of  furniture  ^\dll  be  shown,  made  by  the 
natives  of  the  Grahamstown  and  Lovedale  Institu- 
tions, of  stink  wood,  iron  wood  and  yellow  wood;  and 
a handsome  pair  of  iron  gates,  wrought  at  Port  Eliza- 
beth, will  also  be  shown.  A collection  of  Bushmen 
antiquities,  with  arrow  and  spear  heads  of  great  age 
and  very  curious  pictures  on  stone,  will  prove  of 
interest. 

The  court  will  be  hung  with  a carefully-prepared 
map  of  the  colony,  thirty-five  feet  long,  and  with 
paintings  and  photographs  of  views  and  flowers; 
and,  opening  out  of  it,  will  be  a conservatory  con- 
taining rare  orchids  and  other  plants.  In  the  upper 
gardens  will  be  seen  Kafir  huts  inhabited  by  natives, 
who  will  also  carry  on  their  work  of  basket-weaving, 
&c.,  in  the  court. 

Natal. 

Natal  has  been  appropriately  placed  next  to  the 
Cape  of  Good  Hope.  His  Excellency  the  Governor, 
Sir  Henry  Bulwer,  G.C.M.G.,  is  President  of  the 
Commission  in  Pieterniaritzburg,  of  which  the  Chair- 
man is  the  Honourable  Lieutenant-Colonel  Sir 
Charles  Mitchell,  R.M.,  K.C.M.G.  The  commission 
numbers  amongst  its  members  the  Secretary  for 
Native  Affairs,  the  Colonial  Engineer,  the  Speaker 
of  the  Legislative  Council,  Sir  Theophilus  Shepstone, 
and  the  Mayors  of  Pietermaritzburg  and  Durban. 
District  Commissioners  were  also  appointed  to  look 
after  the  different  divisions  of  the  colony.  The 
Executive  Commissioner  in  London,  Sir  William 
Sargeaunt,  K.C.M.G.,  is  assisted  by  a committee  of 
gentlemen,  familiar  with  affairs  of  the  colony,  sug- 
gested by  the  Natal  Government.  The  chief  indus- 
trial products  of  the  colony  will  be  very  well  repre- 
sented. Fine  specimens  of  sugar,  coffee,  tea,  grain, 
wool,  potter}',  woods  and  tobacco  will  be  shown. 
The  special  use  of  some  of  the  native  woods,  as 
in  the  construction  of  the  various  parts  of  the  Cape 
waggon,  will  be  illustrated.  Attention  will  be 
drawn  to  the  marble  of  the  colony,  and  especially 
to  the  coal,  which  is  found  in  excellent  quality 
and  in  large  abundance  in  the  Newcastle  district. 
The  engineers  of  the  Natal  Government  railways  will 


exhibit  a boiler,  a steam  whistle,  an  axle-box,  and 
other  articles.  Arrangements  are  in  progress  for 
showing  some  of  the  most  interesting  of  the  vege- 
table products  in  a growing  state,  in  a carefully  con- 
structed conservatory. 

West  African  Colonies. 

The  West  African  Colonies — comprising  the  West 
Africa  Settlements  (Sierra  Leone  and  the  Gambia), 
the  Gold  Coast  and  Lagos— have  for  their  Executive 
Commissioner  Sir  James  Marshall,  assisted  by  an 
influential  committee,  under  the  chairmanship  of 
Lord  Aberdare,  and  with  Mr.  Kenric  B.  Murray 
(Secretary  of  the  London  Chamber  of  Commerce)  as 
Secretary.  In  Sierra  Leone  there  is  a committee  at 
Freetown,  and  various  district  committees.  For 
the  Gambia,  His  Excellency  C.  A.  Moloney,  C.M.G., 
Administrator,  presided  over  a Commission  at 
Bathurst,  previous  to  his  promotion  to  the  Governor- 
ship of  Lagos.  For  the  Gold  Coast  are  two  com- 
mittees, one  of  Englishmen  and  the  other  of  native 
chiefs  ; and  Lagos  also  has  its  local  committee. 

The  Gambia. — The  Gambia  Settlement  will  con- 
tribute large  and  varied  assortment  of  oils,  nuts, 
seeds,  roots,  medical  plants,  fibre,  rope,  indigo, 
rubber,  gums  and  bees-wax.  The  late  Governor, 
Captain  Moloney,  has  sent  an  excellent  collection 
of  butterflies,  birds,  and  shells.  There  will  be 
silver  rings  and  other  native  ornaments,  native 
pangs  or  cloths,  leather  shoes,  leggings,  purses,  &c. ; 
canoe  models,  sticks,  boxes,  stools,  sofas  and  chairs ; 
earthenware,  grass- work,  mats,  baskets,  hats,  bee- 
hives, and  a model  of  a native  hut,  with  farming 
implements,  swords,  and  musical  instruments.  The 
animal  life  will  be  represented  by  monkeys’  heads, 
a boar’s  head,  horns,  an  alligator,  deer  skins,  ivory, 
ostrich  feathers,  and  fish  in  spirits. 

Gold  Coast. — The  principal  exhibits  from  the  Gold 
Coast  will  comprise  gold  ornaments,  paid  by  the  King 
of  Ashanti,  in  1874,  as  a portion  of  the  indemnity 
demanded  after  the  war;  also  gold  beads,  orna- 
ments, combs,  chains,  nuggets,  aggrey  beads,  &c., 
exhibited  by  native  chiefs  and  inhabitants;  and 
a large  collection  of  jewellery  of  native  workman- 
ship, lent  by  private  contributors ; State  chairs  and 
stools  of  chiefs,  native  drums  and  other  musical 
instruments ; carved  calabashes  and  ornamented 
bowls,  native  cloths  made  of  cotton  and  silk  ; native 
baskets,  mats,  leather  work,  earthenware,  ivory  tusks 
(carved  and  plain),  monkey  and  leopard  skins,  stuffed 
birds  and  butterflies;  Fetish  charms,  masks,  and 
images ; canoe  paddles,  and  models  of  canoes ; 
agricultural  and  gold-digging  implements.  Palm 
oils  and  kernels ; rubber ; and  nuts  of  various  sorts — 
e.g.,  tiger,  kola,  ground  and  cocoa — will  be  displayed 
in  the  court. 

Lagos. — Lagos  will  contribute  a large  collection 
of  various  specimens  of  native  industry,  both  from 
its  own  neighbourhood  and  from  countries  adjacent 
to  the  River  Niger.  Mr.  Thompson,  who  has  lately 
travelled  in  the  Niger  countries,  has  sent  some  in- 
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teresting  objects  collected  by  him,  as  well  as  some 
photographs  of  the  places  he  visited.  The  collections 
comprise  a large  number  of  brass  bowls,  jugs,  pots, 
leather  cushions,  sandals,  bags  and  sword  sheaths  ; 
also  specimens  of  native  dresses,  cloths  and  mats. 
There  are  an  illuminated  Koran  and  other  books,  as 
well  as  native  furniture,  and  wooden  images,  masks 
and  other  rude  carvings  and  specimens  of  wood. 
An  interesting  collection  of  figures  and  other  objects 
connected  with  fetish  worship,  and  a curious  fetish 
table  with  two  rows  of  carved  figures  intended  to 
represent  the  various  kinds  of  inhabitants,  will  also 
be  shown  in  this  court. 

Mauritius. 

The  Executive  Commissioner,  Mr.  J.  A.  Despeissis, 
is  assisted  in  his  arrangement  of  the  Mauritius 
Court  by  Mr.  L.  G.  Adam  and  Mr.  H.  J.  Jourdain, 
the  Honorary  Commissioners.  The  Commission  at 
Port  Louis  is  presided  over  by  the  Honourable  John 
Fraser,  and  there  is  a Sub -Committee  in  Seychelles. 

The  principal  exhibits  in  the  court  will  be  building 
stones,  lime,  timber,  fibre,  cotton,  tobacco,  soaps, 
oils,  paper-pulp,  india-rubber,  rice,  wheat,  maize, 
flour,  arrowroot,  sugar,  vanilla,  coffee,  cocoa,  cloves, 
nutmegs,  and  chocolate.  There  will  be  collections 
of  medicinal  drugs  and  plants,  mineral  waters  and 
cinchonas.  The  ethnology  of  the  island  will  be 
represented  ; and  there  will  be  stuffed  specimens  of 
the  animals  and  birds,  supplemented  by  ostrich 
feathers,  ostrich  eggs,  tortoise  shells,  and  coral. 
The  court  will  be  decorated  with  oil  paintings, 
water-colour  drawings,  and  photographs  of  views  in 
the  colony  ; as  well  as  with  maps  and  plans. 

The  products  of  the  Seychelles  will  also  be  shown. 

St.  Helena. 

For  the  purposes  of  this  Exhibition,  Ascension  and 
Tristan  d’Acunha  have  been  associated  with  St. 
Helena.  Their  Executive  Commissioner  is  Lieu- 
tenant-Colonel Edmund  Palmer.  Although  these 
small  dependencies  of  Great  Britain  are  compara- 
tively unimportant  in  a productive  sense,  yet  their 
representation,  even  on  a small  scale,  conduces  to 
the  completeness  of  the  Exhibition  as  a record  of 
the  British  Empire. 

The  principal  exhibits  from  St.  Helena  will  com- 
prise a series  of  charts  and  plans  from  the  year  1643 
to  the  present  time;  books  and  newspapers  pub- 
lished on  the  island  ; views  and  photographs  ; draw- 
ings of  plants  and  other  objects ; ornaments  made 
from  Aloe  fibre ; fancy  articles  from  indigeneous 
woods ; specimens  of  the  island  products ; relics  of 
the  Emperor  Napoleon  ; and  specimens  of  lavas  and 
Tocks. 

Ascension  will  contribute  charts  and  views  of  the 
island,  lavas,  rocks  and  natural  products. 

Tristan  d’Acunha  will  be  represented  by  enlarged 
views  of  the  Tristan  group  from  the  Challenger  ex- 
pedition, and  sections  of  the  bed  of  the  South 
Atlantic  Ocean. 


Obituary. 


Sampson  Low.— On  Monday,  12th  inst.,  Mr. 
Sampson  Low,  founder  of  the  well-known  publishing 
house  of  Sampson  Low,  Marston,  Searle,  and 
Rivington,  of  Fleet-street,  died  at  his  house  in 
Mecklenburgh- square,  aged  eighty-nine.  Mr.  Low 
was  the  son  of  a printer  in  Soho,  of  the  same  name, 
W'hose  editions  of  the  classics  were  admired  for  their 
careful  printing  and  elegant  typography.  He  began 
life  as  a bookseller  and  librarian  in  Lamb’s  Conduit- 
street,  but  afterwards,  removing  to  Ludgate-hill,  he 
established  a publishing  business  which  steadily 
increased.  In  1837,  he  founded  the  Publishers' 
Circular.^  a fortnightly  trade  journal,  whose  printed 
list  of  new  books  have  from  time  to  time  furnished 
the  basis  of  the  Biitish  and  English  Catalogues.  Mr. 
Low  was  elected  a member  of  the  Society  of  Arts 
in  1862. 


General  Notes. 

^ 

Coal  in  Transylvania. — The  Montan  und 
metallindustrie  Zeitung  announces  the  discovery 
of  an  important  coal  field  in  Transylvania,  near 
Petrosseny.  Its  extent,  as  far  as  has  yet  been  ascer- 
tained, is  about  78  square  kilometres,  and  the  average 
thickness  of  the  coal  seam  is  10  metres  (33  feet). 
The  quality  appears  to  be  good  for  gas-making  and 
coke.  It  is  anticipated  that  when  coal  mining  is 
carried  on  in  this  district,  the  price  of  fuel  at 
Petrosseny  will  be  16  frs.  only  per  ton,  instead  of 
36  frs.  as  at  present. 

Reclamation  of  Land  in  Russia. — Large 
works  for  the  reclamation  of  land  have  been  carried 
out  for  some  years  011  a large  scale  in  Russia — viz., 
the  drainage  of  marshes  of  Pinsk,  on  the  frontier  of 
Russian  Poland,  a tract  of  country  larger  than 
Ireland.  This  undertaking  was  commenced  by  the 
Government  in  1870,  and  now  1,620,000  hectares 
(4,003,246  acres)  of  land  has  been  reclaimed  by  the 
construction  of  embankments  and  navigable  canals. 

Of  this  area,  240,000  hectares  (593,074  acres)  are 
excellent  meadow’’  lands;  365,000  hectares  (901,966 
acres)  of  woods,  which,  by  a rational  system  of  culti- 
vation, are  now  productive ; 202,000  hectares  (499, 1 79 
acres)  of  forests,  which  previously  were  inaccessible, 
but  are  now,  thanks  to  a system  of  navigable  canals, 
in  communication  with  large  towns;  finally  813,000 
hectares  (2,009,036  acres)  of  good  arable  land,  of  ' 
which  as  yet  only  50,000  hectares  (123,557  acres)  is  ) 
under  cultivation.  In  addition  to  a large  number  of  ! 
miles  of  canal,  and  drains,  and  embankments,  it  was  t 
necessary  to  construct  1 79  bridges,  and  to  sink  572  I 
wells,  varying  in  depth  from  6 to  25  metres. 
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NOTICES. 


JAPANESE  EXHIBITION. 

On  Tuesday  next,  May  4th,  there  will  be 
opened  in  the  Library  of  the  Society,  an 
Exhibition  of  an  extensive  series  of  works  of 
art  by  the  great  Japanese  masters,  ranging 
from  the  9th  century  to  the  present  date.  This 
exhibition  will  represent  the  whole  range  of 
Japanese  art  by  specimens  of  its  most  famous 
craftsmen  and  artists  ; the  objects  are  kindly 
lent  by  Mr.  Ernest  Hart  for  the  purpose  of 
illustrating  the  lectures  on  “The  Historic 
Arts  of  Japan,”  which  he  will  deliver  on 
May  4th,  nth,  and  i8th.  The  hanging 
pictures,  or  kakemonos,  include  specimens  of 
all  the  great  masters,  beginning  with  the  works 
of  Kanaoka,  the  great  Buddhist  painter  of 
the  9th  century,  and  including  brilliant  and 
authentic  examples  of  the  pictures  of  Kano 
Masanobu  and  Montonobu,  of  Sesshiu,  Doan, 
Ritzouo,  Moronobu,  Matahei,  Tanyu,  Okio, 
Korin,  Sosen,  Mitsunobu,  Hokusai,  Hoyen,  and 
otherof  the  old  masters  of  pictorial  art  in  Japan. 

Among  the  original  drawings  are  a series  of 
forty  by  Hokusai,  which  are  the  only  extant 
series  of  original  drawings  of  this  great 
master,  and  the  recent  discovery  of  which  has 
e.xcited  great  interest  in  the  art  world ; as  well 
as  specimens  of  the  early  block  printings 
and  hand-coloured  sketch  books  and  souri- 
monos  of  the  famous  Japanese  school  of 
chromo-xylographists. 

The  wood- carvings  include  reproductions  by 
Ritsouo,  in  the  17th  century,  of  the  famous 
temple  guardians  (Nio)  of  Nara  of  the  6th 
century,  and  other  characteristic  specimens  of 
the  Buddhist  sculpture  and  portrait  statuettes 
of  old  Japan. 

The  metal  work  will  be  illustrated  by  a com- 
plete suit  of  hammered  iron  armour  in  repousse 
by  Milochin,  of  the  nth  century,  with  helmets 
and  smaller  decorative  pieces  of  the  repousse 
hammered  iron  of  the  illustrious  masters. 

A collection  of  some  hundreds  of  sword 


guards  (itsubas),  including  examples  of  Metada, 
Nabouye,  Kinaiye,  Kinai,  Somin,  the  Gotos, 
and  nearly  all  the  other  famous  workers  in 
this  peculiarly  Japanese  department  of 
damascened  incrusted  iron  work,  and  of  the 
shibuichi,  shakudo,  and  mokube  alloys. 

The  collection  of  lacquer  work  includes 
examples  of  the  early  work  of  Kotetsu  and 
other  workers  of  the  15th  and  i6th  centurj”, 
and  a long  series  of  classified  specimens  of 
the  various  kinds  of  lac  described  by  Mr. 
Quin,  and  due  to  the  schools  of  Shicunsho 
Shiomi,  Koma,  Korin,  Kenzan,  the  Kajokavas, 
and  other  historic  artists  attached  to  the  court 
of  the  Taicuns. 

The  bronzes  range  from  an  early  date  down 
to  the  later  work  of  the  three  great  masters  of 
Japan,  Toun,  Seimin,  and  Yoi,  who  produced 
their  work  in  the  last  part  of  the  i8th  century. 
The  keramic  ware  illustrates  the  whole  range 
of  Japanese  pottery  from  the  15th  century, 
including  the  “cup  of  Taikosama”  from  the 
temple  of  Hotoji,  and  specimens  of  the  earliest 
blue  and  white  porcelain.  Portrait  statuettes 
and  other  specimens  of  the  finest  work  of 
Kakiyemon  and  Kenzan,  the  founders  of  the 
two  great  schools  of  Japanese  pottery  and 
porcelain,  whose  works  inspired  the  porcelain 
makers  of  Dresden,  Chantilly,  and  our  own 
Staffordshire  and  Worcestershire  fabric,  and  a 
range  of  specimens  characteristic  of  all  the 
different  schools  of  Japanese  keramic  art,  in- 
cluding samples  of  the  monochrome  and 
flambe  ware  of  the  real  old  Satsuma  ware,  as 
well  as  the  more  characteristic  old  ivory 
coloured  faience  of  the  private  factory  of  the 
Prince  of  Satsuma, 

The  collection  will  be  arranged  by  the  aid  of 
Mr.  T.  Hayashi,  of  Paris,  in  the  order  of 
historic  succession,  so  as  to  display  the 
characteristic  periods  in  each  department,  Mr. 
Hayashi  having  come  to  London  for  the  pur- 
pose. It  will  be  further  illustrated  by  chromo- 
lithographic  illustrations  of  many  of  the  pieces 
from  the  recent  works  of  Mr.  Audsley  and  Mr. 
Anderson. 


The  Exhibition  will  be  open  daily  from  May  4 
to  May  22.  Hours: — 10  till  4,  and  7.30  till 

9.30,  Saturdays  10  till  2. 

Members  can  admit  their  friends  by  the  use 
of  the  usual  meeting  tickets  supplied  at  the 
commencement  of  the  Session.  There  will  be 
no  restriction  on  the  number  of  tickets  which 
can  be  issued  by  each  member. 

The  syllabus  of  the  first  lecture  will  be  found 
in  the  usual  place  at  the  end  of  the  Journal. 
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CANTOR  LECTURES. 

By  Prof.  Frederick  Guthrie,  F.R.S. 
Lectitre  II. — Delivered  February  22,  1886. 

On  Stuffs  ano  Things. 

In  my  last  lecture,  I discussed  briefly  the 
positions  which  science  has  held,  is  holding, 
and  should  hold  in  general  education ; and  I 
pointed  out  what  I considered  to  be  the  dawn 
of  better  things.  While  expressing  my  con- 
viction that  we  should  have  to  look  to  the 
Board  schools  of  the  future  for  the  surest, 
perhaps  the  only,  means  of  raising  the  level 
of  culture  in  all  classes  of  the  community,  I 
showed  what  I maintained  to  be  the  chief 
defects  in  the  present  system  of  School  Board 
instruction,  and  I suggested  changes. 

To-night  I propose  becoming  more  specific 
in  my  suggestions.  I shall  consider  what  I 
conceive  to  be  the  proper  way  of  introducing 
the  child  to  a knowledge  of  the  material 
world,  and,  in  doing  this,  I shall  be  describing 
the  scope  of  what  I called  object  lessons  in 
Standards  V.  and  VI.  The  term  “object 
lesson”  might  have  been  a far  more  useful 
one  in  advancing  education,  if  those  who  intro- 
duced it  had  been  aware  of  the  true  mean- 
ing of  the  dispute  between  “Realists”  and 
“Nominalists.”  I suppose  the  existence  of 
that  dispute  itself  is  now  well  nigh  forgotten  ; 
happily  so.  Many  teachers,  and  more  parents, 
when  they  put  a piece  of  putty  into  a child’s 
hand  and  call  it  “soft,”  or  a piece  of  sugar 
into  its  mouth  and  call  it  “ sweet,”  fancy  that 
they  are  teaching  the  child  the  properties  of 
things.  Surely  they  are  teaching  rather  the 
meaning  of  words.  For,  as  I suppose  the 
most  dogmatic  of  cosmologists  will  concede, 
matter  and  its  properties  existed  before  even 
the  English  language ; so  the  plasticity  of 
clay  and  the  sweetness  of  sugar  existed  before 
the  English  names  for  them  were  used.  But 
to-night  I have  to  be  constructive. 

In  a little  book  which  I published  some  five 
years  ago,  called  “ The  First  Book  of  Know- 
ledge,” I drew  up  a systematic  course  of  object 
lessons  of  the  kind  which  I should  like  to  see 
generally  adopted,  because  I think  that,  how- 
ever defective  it  may  be  in  many  respects,  it  is 
perhaps  the  first  attempt  to  direct  this  kind  of 
education ; and  I insist  that,  on  this  account, 


it  or  its  method  will  hrsve  to  be  considered  by 
educationalists.  For,  after  all,  it  must  be  con- 
ceded that  matter,  and  the  properties  of  matter, 
play  a not  unimportant  part  in  the  universe  in 
which  we  happen — at  the  present  moment  at 
least— to  be  living.  And  so  my  task  to-night 
will  consist  mainly  in  considering  the  purpose 
and  use  of  such  a book. 

In  the  first  place,  it  should  not  be  a book  of 
reference  ; it  should  not  be  written  and  used 
on  the  principle  of  a directory  or  of  a dictionary, 
or  even  of  a manual  of  household  recipes,  which 
we  consult  to-day  to  find  out  how  to  make  egg 
sauce,  and  to-morrow,  how  to  remove  ink  stains 
from  the  fingers. 

It  must  be  progressive  in  order  to  be  educa- 
tional; it  must  deal  with  familiar  stuffs  and 
things  in  such  a fashion,  and  after  such  an 
order,  that  the  understanding  of  one  may  help 
in  the  understanding  of  those  afterwards  to  be 
considered. 

The  diffusion  of  the  appliances  of  life  and 
comfort  is  now  so  general,  that  the  objects 
familiar  to  the  child  of  one  social  rank  are 
almost  sure  to  be  familiar — by  sight  at  least — 
to  those  of  another.  There  is,  therefore,  no 
difficulty  in  obtaining  abundance  of  examples 
suitable  for  all. 

The  guiding  principle  should  of  course  be — 
in  such  a system  as  I am  about  to  sketch — that 
no  term  should  be  used  unless  it  is  either  at 
once  fully  explained,  or,  at  least,  without  refer- 
ence to  that  part  of  the  book  where  an  explana- 
tion as  complete  as  possible  is  given. 

Now  the  explanation  referred  to  must  often, 
in  its  turn,  involve  knowledge  not  yet  given. 
Again,  as  a matter  of  fact,  we  cannot  instil 
abstract  principles  into  a young  mind.  In 
education  at  least  the  apex  of  the  pyramid  is 
above  the  base.  The  effort  in  the  opposite 
direction  produces  that  inverted  and  unstable 
pyramid — the  prig. 

Here  my  conclusion  means  this — that  such 
a book  should  not  be  considered  to  have  been 
read  once  until  it  has  been  read  at  least  twice. 

Practical  teaching,  as  distinguished  from 
while  accompanying  exponential,  has  long  been 
recognised  as  the  backbone  of  instruction  in 
the  arts,  in  literature,  and  in  some  of  the 
sciences.  Thus,  if  you  take  a baby  and 
lecture  to  it  for  fifty  years  on  harmony,  melody, 
counterpoint,  or  double  bass,  you  will  never 
make  a musician  of  it  if  you  debar  it  from 
touching  a musical  instrument.  For  success 
in  pictorial  art  one  must  handle  the  brush. 
Even  the  linguist  has  to  “make”  verses, 
“ do  ” exercises,  “compose”  essays,  and  so 
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on.  Nay,  the  very  mathematical  student  must 
supplement  his  oral  instruction  by  the  working 
of  “ examples  ” and  “ deductions.”  Of  course 
I am  not  speaking  of  the  great  critical  autho- 
rities in  these  subjects  ; they,  for  the  most 
part,  know  nothing,  can  do  nothing,  and  are 
the  very  drones  in  our  intellectual  hive. 

It  is  remarkable  that  the  sciences  which 
most  required  practical  teaching  were  the  last 
to  receive  it.  As  a rule,  even  now,  a teacher 
stands  before  a blackboard  and  behind  a row 
of  bottles  and  chalks,  and  talks  and  mixes, 
and  calls  it  chemistry,  or  involves  himself  in  a 
tangle  of  wires  and  brass  and  ebonite  fittings, 
and  calls  it  electricity. 

In  the  better  class  of  institutions  the  pupil 
has  laboratory  or  practical  work  in  chemistry. 
And  I hope  the  time  is  no  longer  distant  when 
a similar  necessity  will  be  universally  felt  in 
regard  to  teaching  in  physics.  My  own  efforts 
in  this  latter  direction  will  form  the  subject  of 
my  third  lecture.  Such  necessity  is  equally 
urgent  in  the  teaching  of  such  elementary  and 
natural  knowledge  as  we  are  now  about  to 
consider. 

On  the  table  before  you  is  a series  of  familiar 
” stuffs  and  things.”  The  total  cost,  includ- 
ing the  packing-box  and  bottles,  may  be  three 
or  four  pounds.  This  collection  was  made  to 
illustrate  the  book  of  which  I have  spoken, 
and  it  has  been  on  exhibition  in  the  Educa- 
tional Collection  of  the  Department  of  Science 
and  Art  for  the  last  few  years.  The  collection 
contains,  I believe,  all  the  stuffs  and  things 
required  in  the  building  of  a house  and  used 
by  its  indweller.  I need  scarcely  call  the 
attention  of  this  audience  to  the  discriminatory 
use  here  made  of  the  terms  “stuffs”  and 
“things.”  Ice  is  a “stuff,”  an  icicle  is  a 
“thing.”  Things  are  made,  by  nature  or  by 
man,  of  stuffs.  I may  here  explain  that  in 
the  book  I have  mentioned  I have  striven  to 
use  the  very  simplest  language.  Thus  I would 
prefer  to  speak  of  the  “tip  of  a cat’s  ear” 
rather  than  of  the  “ extremity  of  the  feline 
aural  organ.”  This  is  a matter  of  taste,  but 
being  English,  and  addressing  the  English,  I 
prefer  the  English  language. 

It  is  possible  that  this  simplicity  of  language 
may  have  stood  in  the  way  of  the  more  general 
adoption  of  the  book  and  its  method  by 
teachers  who  look  upon  straightforwardness 
and  clearness  as  “ derogatory  to  the  dignity 
of  the  instruction  to  be  imparted.”  That  such 
a book  should  be  imperfect  is  a matter  of 
necessity.  Thus  one  critic  accuses  me,  justly 
I believe,  and  more  in  pity  than  in  anger,  of 


using  the  term  window-frame  instead  o 
window-sash.  Another  fumes  with  indignatioi 
because  where  I am  speaking  of  concrete  I d< 
not  describe  Portland  cement.  (I  wonde 
whether  he  knows  what  the  true  explanation  i 
of  the  solidification  of  that  body.)  A thirc 
says  that  the  style  is  childish,  and  only  fit  fo 
good  little  boys  and  girls.  The  adjectivt 
“ good  ” I felt  keenly,  and  my  only  balm  wa- 
found  in  the  reflexion  that  my  critic  was  pro 
bably  some  naughty  little  boy  or  girl  who  hac 
been  rashly  entrusted  for  the  time  with  tht 
office  inkpot. 

There  are  many  processes  used  in  the  manu- 
factures which  can  only  be  explained  by  dia- 
grams in  lieu  of  models.  These  I do  not  give, 
for  I intend  the  book  to  be  a very  cheap  one 
and  especially  to  be  in  the  hands  of  the  pupil 
as  well  as  in  those  of  the  teachers,  and  bi 
cause  several  sets  of  diagrams  of  some  men 
are  in  the  market ; but  chiefly  because  ^ 
well-informed  teacher  can  extemporise  sue! 
diagrams  on  the  board. 

Here  I would  accentuate  the  necessity  tha' 
the  teacher  should  know  his  subject.  Thi^ 
appears  to  be  a platitude.  But  there  are,  ano 
I suppose  will  be,  teachers  whose  genera 
attitude  may  be  described  as  men  with  a text 
book  in  one  hand  and  some  monitory  instru  • 
ment  in  the  other — hearers  of  lessons.  As  U 
such,  either  educate  them  or  get  rid  of  them 
The  teacher  must  know  not  only  the  subjec 
which  forms  the  nucleus  of  the  instruction 
but  much  around  and  about  it.  He  then  ha 
at  his  disposal  language  far  more  apt  to  th( 
wants  of  his  class  than  the  language  of  thi 
book,  which  must  be  based  on  averages. 

Now  let  us  build  the  house.  The  first  stuff 
is  concrete.  This  is  made  of  lime  and  pebble.- 
or  gravel.  To  make  lime,  again,  limestont 
or  chalk  is  required.  And  to  quicken  or  burn 
either  fuel  is  necessary.  I find  it  therefore 
convenient  to  describe  the  formation  of  coal, 
and  to  defer  the  description  of  the  formation 
of  wood  and  the  growth  of  plants,  and  also  ot 
the  process  of  combustion,  to  a later  chapter. 

After  coal,  the  description  of  the  formation 
of  coke,  ashes,  cinders,  and  breeze  follows  at 
once ; but  the  complete  description  of  the 
manufacture  of  coke  is  deferred  until  that  of 
gas  is  considered. 

The  pupil  is  now  prepared  to  understand  the 
action  of  fire  on  limestone — the  quenching  or 
slacking  of  quicklime,  and  the  formation  of 
concrete  and  mortar.  A description  of  the 
natural  formation  of  clay  is  followed  by  an 
account  of  the  manufacture  of  bricks,  tiles. 
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'drainpipes,  chimney-pots,  &c.  Slate  finds  its 
proper  place  hereabouts. 

Such  stuffs  as  marble,  granite,  sandstone, 
•and  plaster  (stucco)  may  be  now  described. 

The  chief  metals  used  in  house  construction 
or  in  house  furniture  are  iron,  lead,  zinc, 
copper,  tin,  and  mercury,  and  their  derivatives, 
such  as  brass,  zinc-plate,  tin-plate,  and  so  on. 
And,  perhaps,  the  only  stuffs  still  demanding 
consideration  are  glass,  glue,  whitewash, 
litharge,  and  putty. 

Now  all  these  stuffs  should  not  only  be  seen, 
they  should  be  handledby  the  pupils,  and  such 
processes  as  the  slaking  of  lime,  the  setting  of 
mortar  and  of  plaster,  the  baking  of  clay,  and 
the  reduction  of  some  of  the  metals  from  their 
ores,  should  be  shown,  as  can  easily  be  done  by 
means  of  the  materials  and  a few  pieces  of 
apparatus  before  you. 

ft  is  thus  seen  that  I adopt  the  plan,  which  I 
think  is  the  soundest  one,  of  not  attempting  to 
generalise  or  philosophise  until  the  child  has 
got  something  to  generalise  from.  But  such 
generalisation  must  not  be  delayed  too  long  ; 
for  it  is  of  incalculable  help  to  the  pupil  in  his 
further  studies. 

Accordingly,  I would  here  or  hereabouts 
introduce  him  to  that  truly  awful  revelation 
that  there  are  on  the  earth,  as  far  as  we  can 
search  ; in  the  earth,  as  far  as  we  can  dig  ; 
aye,  and  throughout  the  universe  as  far  as  we 
'Can  see,  but  a limited  number  of  prime  stuffs 
— the  elements.  To  my  mind  two  men  are  in 
no  sense  on  the  same  intellectual  level  whereof 
the  one  can  and  the  other  cannot  tell  you  of 
what  elements  familiar  things  consist.  The 
latter  may  be  intelligent,  possibly  he  is  well- 
meaning  ; intellectually  he  is  a savage.  Such 
savages  abound  in  all  strata  of  our  common- 
wealth. Such  savages  are  dangerous.  We 
must  not  kill  them  ; we  are  not  even  permitted 
to  teach  them.  Let  ut  at  least  catch  and 
-civilise  their  children,  both  for  their  own  sakes 
and  ours. 

When  I taught  chemistry,  a favourite  com- 
parison with  me — probably  a sufficiently  back- 
ward one  now — was  the  analogy  between  the 
elements  on  the  one  hand  and  the  letters  of 
the  alphabet  on  the  other.  The  latter,  by 
their  different  combinations,  are  able  to 
express  the  thirty  odd  thousand  words  of  our 
language.  And  as  any  one  in  half  an  hour 
can  construct  half  a hundred  words  which 
have  not  yet  been  used  in  our  language  ; so 
any  chemist  in  half  a year  can  construct  half 
a hundred  “new’’  bodies,  that  is,  stuffs 
hitherto  unknown.  And  here  I may  be  allowed 


to  protest  against  the  “ ignorant  impatience  ” 
of  long  names  evinced  by  the  layman  in 
science.  The  nomenclature  of  chemistry  is 
by  far  the  most  concise  and  expressive  of  all 
scientific  nomenclatures  ; and  its  symbolisation 
is-  comparatively  an  ideal  shorthand.  If  we 
hear  the  expression,  “ This  is  the  cow  with  the 
crumpled  horn,  that  tossed  the  dog,  &c.,” 
we  are  charmed  by  the  simplicity  of  the 
language.  There  is  far  greater  charm  in 
the  word  sulphophenylbenzamid ; it  is  far 
more  expressive,  and  when  we  see  and 
handle  the  thing,  and  test  it,  we  admit  that  it 
must  have  that  name  and  none  other.  Indeed 
a chemical  name  reminds  us  of  the  never- 
sufhciently  - to  - be  - praised  - on  - account-of - its- 
simplicity  language  of  the  Germans.  As  for 
symbolisation — the  well  known  representation 
by  three  lines  of  a soldier,  followed  by  a pig, 
entering  a public  house,  is  lavish  in  com- 
parison. For  the  cow  we  are  glad  to  accept 
the  gracious  interpretation  of  Caldecott. 

The  conception  of  the  elements  is  so  great 
that,  like  the  interior  of  some  vast  cathedral, 
its  immensity  requires  time  for  the  develop- 
ment of  its  impressiveness.  When  the  learner 
can,  for  instance,  with  his  mind’s  eye  see 
carbon  in  milk,  in  sugar,  in  tea,  in  chalk,  and 
in  cheese,  in  every  plant,  and  every  animal,  in 
his  own  breath,  in  the  air,  in  a bottle  of  soda 
water,  and  the  nucleus  of  a comet,  he  will 
have  enough  to  set  him  thinking  for  a time  ; 
aye,  for  a life-time. 

A German  poet,  in  describing  a supposed 
soliloquy  of  Solomon  in  his  old  age,  puts  these 
words  into  his  mouth  : — 

“ Thus  I learnt  how  all  things  round  us  out  of  very  few 
arise, 

By  the  forces  which  dwell  in  them  ; by  dead  matters’ 
sympathies  ; 

How  the  melody  of  Nature,  though  her  notes  are  very  few. 

By  dint  of  countless  combinations,  ever  rings  out  some- 
thing new.” 

The  conception  of  the  elements  leads  at  once 
to  air  and  that  type  of  chemical  uniting  called 
burning.  Much  time  spent  in  a careful  study 
of  fire,  flame,  and  water,  would  be  well  spent 
indeed.  Practically,  and  returning  to  our 
scheme,  I find  it  far  best  for  educational  pur- 
poses to  secure  such  generalisation  at  about 
this  point.  The  pupil  can  now  understand 
something  about  wood,  the  last  of  the  stuffs 
considered  in  the  building  of  a house. 

I do  not  mean  that  he  can  understand  either 
the  ultimate  cause  or  even  method  of  growth. 
I do  not  know  who  is  to  teach  him  these  things, 
for  though  there  are  hundreds  who  will  talk 
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glibly  of  protoplasm,  there  is  not  one  who  can 
show  it  to  the  pupil,  or  who  has  seen  it  him- 
self. It  is  the  very  bogey  of  biology,  and  in 
that  capacity  it  has  to  bear  the  shortcomings 
of  others.  Still  the  pupil  may  understand  that 
wood  consists  of  none  other  elements  than 
those  lying  about  its  roots  or  wafting  amongst 
its  leaves ; and  he  can  reconcile  with  his 
reason  the  fact  that  the  fibre,  resin,  oil,  gum, 
starch,  gluten,  and  so  on,  are  all  words  of  the 
same  alphabet  of  material  nature,  all  chords 
on  the  same  harp. 

Such  knowledge  brings  us  at  once  to  the 
heating  and  lighting  of  the  house,  and  so  to 
the  manufacture  of  charcoal,  the  formation  of 
peat,  and  the  making  of  coal  gas.  The  other 
products,  besides  gas,  of  the  distillation  of 
coal,  may  be  here  considered,  as  also  the 
origin  and  burning  of  tallow,  wax,  stearine, 
solid  and  liquid  paraffin,  and  petroleum,  as 
also  of  some  of  the  animal  and  vegetable 
oils. 

The  methods  of  obtaining  a light  leads  to 
the  interesting  and  instructive  subject  of 
matches,  and  the  stuffs  of  which  they  are 
made.  Perhaps  here  the  heat  produced  by 
friction  may  be  examined,  and  so  a foretaste 
obtained  of  the  great  doctrine  of  the  mutual 
relationship  of  the  forces,  the  indestructibility 
of  energy — a doctrine  not  second  in  import- 
ance to  that  of  the  elementary  constitution  of 
matter. 

Our  next  chapter  might  properly  include  the 
finishing  and  furnishing  of  the  house.  By 
finishing  I mean  such  processes  as  papering, 
painting,  glazing,  and  varnishing.  Furnish- 
ing would  embrace  the  origin  and  manufac- 
ture of  cotton-thread,  flax,  linen,  hemp, 
canvas,  cane,  wool,  carpets,  oil-cloth,  koker- 
nut  fibre,  mirrors,  German  silver,  silver  ; the 
processes  of  lacquering,  plating,  and  the 
manufacture  of  pottery,  porcelain,  and 
earthenware. 

The  next  division  would  concern  the  person, 
and  would  include  chapters  on  clothing,  food, 
washing,  writing  and  reading. 

In  clothing  would  have  to  be  described  the 
textile  fabrics,  skins,  tanning,  with  such  ad- 
juncts as  pins,  needles,  combs,  and  brushes. 

Concerning  food  I should  be  inclined  to 
confine  the  instruction  to  such  things  as  the 
five  B’s  of  food— bread,  butter,  beef,  beer, 
and  bacon— and  such  as  milk,  cheese,  eggs. 

The  description  of  the  manufacture  of  bread 
should  be  in  a manner  an  intellectual  epic 
poem.  The  growing  of  the  wheat,  its  thresh- 
ing, winnowing,  grinding,  bolting  ; the  nature 


and  effect  of  yeast ; the  effect  of  baking  ; the 
relationship  between  the  constituents  of  the 
wheat  and  the  body.  All  this,  I say,  consti- 
tutes an  epic  of  infinitely  greater  beauty,, 
strength,  and  significance  than  can  be  fur- 
nished by  the  sulks  of  Achilles,  the  wander- 
ings of  the  pious  .Tineas  (I  wish  he  had  beea 
drowned),  the  tortures  of  the  InfernOy  the 
ravings  of  Orlando,  the  childish  imagery  of 
Milton,  or  the  dreary  paraphrase  of  Klopstock. 

The  epic  of  bread  is,  and  must  be,  as  far 
above  the  epic  of  the  poet  as  is  the  mere 
external  beauty  of  a living  flower  above  that  of 
the  most  elaborate  and  gorgeous  design  on 
the  back  of  a playing  card.  And  I suppose 
the  study  of  the  construction  and  life  of  the 
flower  is  more  elevating  than  the  most  subtle 
game  of  whist  which  was  ever  played. 

In  the  matter  of  food,  again,  we  have  ta 
guard  carefully  against  the  dogmatism  of  the 
smatterers  who  talk  so  glibly  of  flesh-formers,, 
fat-formers,  bone-formers,  and  so  on,  as 
though  you  had  only  to  eat  fat  in  order  to 
become  fat,  bone  to  become  bony,  flesh  to 
become  muscular.  There  are  people  whom 
one  may,  without  offence,  call  the  “ prigs  ” of 
this  particular  branch  of  science,  who  fancy 
that  Liebig’s  extract  of  meat,  for  instance,  is 
concentrated  meat,  and  that  a few  grains  of  it 
is  of  the  same  nutritive  value  as  an  ounce  of 
meat.  This,  I need  scarcely  say,  was  not  the 
view  of  the  illustrious  author  of  the  extract. 
He  justly  looked  upon  it  as  a condiment  or 
stimulant.  There  are  those  who,  by  quoting 
chemical  formula,  would  fondly  persuade  us 
that  there  is  as  much  nourishment  in  an  egg 
as  in  a chop.  I need  scarcely  say  1 do  not 
believe  them,  for  I don’t  suppose  you  do. 
Such  people  compare  the  analysis  of  grain 
with  that  of  the  human  body,  and  tell  us  to  eat 
pumpernickel,  or  rye-bread,  or  brown-bread, 
or  whole-meal  bread,  or  white  bread,  accord- 
ing to  their  schools.  In  order  to  be  con- 
sistent they  should  recommend  cannibalism, 
and  preach  that — 

“The  proper  nourishment  of  man  is  man.” 

It  is  true  that  you  cannot  get  any  element 
out  of  the  food  which  is  not  in  it.  But  it  by 
no  means  follows  that  you  can  get  out  those 
that  are  there.  The  latter  depends  upon  the 
individual’s  digestive  powers  of  assimilation 
and  transformation. 

The  people  of  whom  I am  speaking  usually 
write  to  the  papers.  One  shows  how  the  con- 
dition of  the  working  man  may  be  made  one 
of  affluence  and  comfort  by  living  chiefly  or\ 
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dandelions,  nettles,  and  sorrel  (with  perhaps 
a pinch  of  pepper).  Another  shows  how  the 
weight  of  a pound  of  steak  may  be  doubled  by 
cutting  it  up  fine  and  stewing  it  with  sixteen 
ounces  of  water.  A third  demonstrates  how 
essential  to  the  human  frame  is  a certain 
amount  of  lime,  and  deplores  the  wastefulness 
of  throwing  away  the  shells  of  oysters,  lobsters, 
and  eggs.  Yet  another  of  a more  synthetic 
turn  of  mind  is  familiar  with  heat-producers 
and  flesh-formers  with  carbon,  nitrogen,  and 
phosphorus  compounds.  His  knowledge  of 
chemistry  enables  him  to  recommend  a cheap 
dish  consisting  of  charcoal,  saltpetre,  tallow, 
and  glue,  flavoured  with  singed  feathers  and 
stirred  up  with  a few  matches. 

I need  not  apologise  for  speaking  at  some 
length  on  this  subject.  Food  is  as  important 
to  the  human  being  as  fuel  is  to  the  steam- 
engine.  It  was  once  made  a subject  of  re- 
proach or  banter  against  our  nation  that  we  had 
a hundred  religions  and  only  one  sauce,  while 
the  nation  of  our  critic  had  only  one  religion 
andahundred  sauces.  I suppose  if  this  epigram 
were  fairly  analysed  it  might  be  found  to  be 
based  upon  the  fact  that  our  meats  had  a 
hundred  different  flavours,  and  our  hundred 
religions  only  one ; while  the  one  religion  of 
our  critic’s  countrymen  had  a hundred  different 
flavours  and  their  hundred  meats  a single  one. 
For  I need  not  remind  you  that  when  and 
where  the  cooking  has  become  most  elaborate 
the  feeding  is  at  its  worst,  for  instead  of  de- 
pending upon  the  exquisite  flavours  of  the 
simply  cooked  constituents  of  a meal,  a sort 
of  “Ur-wurst,”  or  universal  sausage,  contain- 
ing a thousand  flavours,  and  therefore  none, 
is  the  result.  As  good  wine  needs  no  bush, 
so  good  food  need  little  cookery  and  less 
sauce. 

In  the  next  place  should  be  considered 
materials  used  in  cleaning,  such  as  soap,  soda, 
hearthstone,  sponge,  vitriol,  emery. 

And  finally  the  materials  used  in  writing 
and  in  books.  The  manufacture  of  paper  and 
of  pens,  of  inks,  of  pencils,  of  type,  and  the 
rest. 

I cannot  but  think  that  some  such  system 
as  I have  laid  before  you  this  evening  will  be 
— will  have  to  be — introduced  into  elementary 
education,  into  the  education  of  our  School 
Boards.  Not  only  that  the  lads  on  leaving 
school  maybe  more  useful  citizens,  but  that  they 
may  have  that  knowledge  which  alone  gives 
happiness,  and  which  never  turns  to  bitterness, 
or  proves  to  be  vain,  the  knowledge  of  the 
ways  and  the  beauties  of  almighty  Nature. 


Miscellaneous. 


COLONIAL  AND  INDIAN  EXHIBITION. 

The  Eastern  Gallery  and  Avenue  are  occupied  by 
the  West  Indies,  British  Honduras,  the  Straits 
Settlements,  British  Guiana,  and  Hong  Kong; 
whilst  British  North  Borneo,  Mauritius,  St.  Helena, 
and  the  Falkland  Islands  find  a place  in  the  Eastern 
Arcade ; and  Malta  and  Cyprus  share  the  East 
Annexe.  Of  these,  the  West  Indies,  British 
Honduras,  and  Hong  Kong  have  already  been 
mentioned  [vide  ante  p.  550).  The  following  notes 
concerning  the  Straits  Settlements,  British  Guiana, 
British  North  Borneo,  Malta,  Cyprus,  and  the 
Falkland  Islands,  complete  the  preliminary  notices  of 
the  various  courts  of  the  Exhibition. 

Straits  Settlements. 

The  Executive  Commissioner  in  London  for  the 
Straits  Settlements,  with  which  are  incorporated 
the  Malay  States  under  British  protection,  is 
Mr.  F.  A.  Swettenham.  The  Assistant  Com- 
missioner, Mr.  N.  P.  Trevenen,  was  honorary 
secretary  to  the  Straits  Commission  at  the 
International  Fisheries  Exhibition.  The  Central 
Commission  at  Singapore,  presided  over  by  the 
Hon.  J.  F.  Dickson,  C.M.G.,  was  divided  into  sub- 
committees to  prepare  representations  of  the  various 
industries ; and  there  are  local  committees  in  Penang 
and  Malacca. 

Amongst  the  objects  of  interest  in  the  court  will 
be  the  models  of  a street  in  Singapore,  a state  house 
of  a Malay  rajah,  and  other  dwellings,  contributed  by 
Mr.  W.  A.  Pickering,  C.M.G. ; as  well  as  native  fish- 
ing boats,  and  a temple;  collections  of  native  weapons, 
including  Malay  blow-tubes,  spears  and  shields ; 
musical  instruments ; toys ; coins ; fish  and  fishing 
apparatus ; stuffed  animals  and  birds ; drugs  and  medi- 
cinal roots ; agricultural  implements ; rattan  and 
Malacca  canes  ; timbers  ; food  products,  and  tobacco  ; 
preserved  fruits ; sugar  and  rum  ; essential  oils  ; and 
varied  selections  of  articles  illustrative  of  the  life  of 
the  natives,  including  the  inhabitants  of  the  Cocos 
or  Keeling  Islands.  Water-colour  drawings  of 
scenery  and  plants  will  be  shown,  supplemented  by 
photographs. 

A house  from  Perak,  designed  by  Malays,  is 
now  being  erected  in  the  upper  gardens  by  Malay 
carpenters.  It  will  contain  neither  nail  nor  screw, 
nor  in  fact  any  metal  whatever.  The  walls  are  made 
of  split  Bertram  palm,  plaited  and  coloured,  and  the 
roof  will  be  thatched  with  atap,  the  leaves  of  the 
Nipah  palm. 

British  Guiana. 

Mr.  G.  H.  Hawtayne  and  Mr.  B.  H.  Jones  are 
Executive  Commissioners  in  London ; and  the  Com- 
mission at  Georgetown  is  composed  of  the  members 
of  the  Royal  Agricultural  and  Commercial  Society 
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of  Britisk  Guiana.  One  of  the  principal  exhibits  will 
be  a varied  collection  of  timbers,  some  of  which  are 
of  great  beauty,  with  their  names  and  details  of  the 
uses  to  which  they  are  most  suitable.  There  will 
also  be  a collection  of  fibres,  which  will,  the  Com- 
missioners trust,  prove  the  means  of  opening  up  a 
trade  ^vith  England;  medicinal  barks,  which  are 
found  to  be  very  efficacious  in  the  colony,  and  some 
of  which  are  incorporated  in  the  British  Pharma- 
copoeia ; gums,  including  specimens  of  hallata,  a 
gum  very  similar  in  property  and  for  some  purposes 
superior  to  india-rubber  ; oils,  tonka  beans,  isinglass, 
sugars  and  rums. 

There  wiU  also  be  models  illustrative  of  the  means 
of  growing  and  refining  sugar,  and  of  the  extensive 
scheme  of  drainage  which  the  low-lying  situation  of 
the  colony  renders  essential.  An  ethnological  col- 
lection has  been  formed  by  Mr.  im  Thurn,  the  author 
of  several  works  on  British  Guiana,  who  was  the 
first  to  scale  the  virgin  heights  of  Roraima.  Native 
canoes,  cotton  hammocks,  and  other  objects  will  also 
be  placed  in  the  court,  which  is  being  decorated, 
under  the  personal  supervision  of  Mr.  Hawtayne,  in 
peacock  blue  and  buff",  with  gold  stars  on  the  roof, 
and  a frieze  of  pine -apples  along  the  walls. 

In  the  upper  gardens,  by  the  north-west  basin, 
will  be  erected  a native  Indian  house  from  British 
Guiana,  in  which  a party  of  six  aborigines  will  be 
seen  working.  It  is  a simple  structure,  consisting  of 
a roof  of  plaited  palm  leaves  supported  on  six  pillars. 

Indian  canoes  will  also  be  seen  on  one  of  the  basins 
in  the  gardens. 

British  North  Borneo. 

The  Executive  Commissioners  in  London  are  Sir 
Rutherford  Alcock,  R.C.B.,  !Mr.  Alfred  Dent,  and 
Mr.  M".  Kidner,  F.R.I.B.A.  At  Sandakan  the 
local  commission  is  presided  over  by  the  Honourable 
"\V.  H.  Treacher,  the  Governor.  The  trade  of  British 
North  Borneo,  which  is  confined  to  Australia,  the 
Straits  Settlements,  and  China,  is  concerned  chiefly 
in  timber.  There  are  no  less  than  seventy-eight 
known  varieties  of  Borneo  forest  trees,  many  of 
which  measure  over  loo  feet  from  the  first  branch  to 
the  ground.  But  examples  only  will  be  exhibited  of 
woods  that  are  obtainable  in  quantities,  and  which 
are  suitable  for  trade  purposes.  There  will  be  sixteen 
specimens,  including  those  called  from  their  re- 
semblance to  those  well  known  woods,  Borneo 
walnut,  mahogany,  cedar  and  ironwood.  There  will 
also  be  shown  barks,  beeswax,  edible  birds’  nests, 
cocoanuts,  fish,  oysteis,  fruit,  gutta-percha,  india- 
rubber,  tobacco,  pearls,  sharks’  fins,  and  tortoises,  as 
well  as  a collection  of  native  weapons  and  curiosities. 
A special  feature  will  be  samples  of  gold  recently 
found  on  the  Segama  river,  in  the  neighbourhood  of 
which  more  extensive  prospects  will  be  made. 

Malta. 

The  Malte.se  Court  is  under  the  direction  of  Sir 
Victor  Houlton,  G.C.M.G.,  the  Executive  Commis- 
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sioner,  who  was  for  very  many  years  Chief  Secretary 
to  the  Maltese  Government.  The  principal  features 
will  be  examples  of  the  three  great  specialties  of  the 
“ Fior  del  Mondo,”  as  the  natives  love  to  call  their 
island  stoneware,  lace  and  jewellery — supplemented 
by  specimens  of  wrought  iron  work,  agricultural 
implements,  and  agriculture  products,  and  musical 
instruments.  There  will  be  numerous  specimens  of 
both  black  and  white  lace ; and  a fine  example  of 
the  white  silk  lace  of  the  island,  a tunic  in  which 
the  Prince  of  "Wales’s  feathers  have  been  deftly 
woven,  will  be  lent  by  Lady  Brassey.  In  jewellery 
there  will  be  many  filagree  silver  ornaments,  and  a 
solid  silver  birdcage,  worthy  of  special  note.  The 
stoneware  will  be  represented  by  jugs,  flower  vases, 
and  other  articles  made  of  the  soft  stone,  which  is 
readily  carved. 

Amongst  the  objects  recalling  the  past  history  of 
Malta  will  probably  be  some  of  the  most  interesting 
exhibits  in  the  court.  These  will  include  ten  suits  of 
armour  of  the  period  of  the  Knights  of  St.  John  of 
Jerusalem,  lent,  together  with  the  spears  and  halberds, 
by  the  Maltese  Government ; and  some  antique  neck- 
laces of  the  old  pearl  and  gold  work,  and  gioia. 
Amongst  other  valuable  contributions  lent  by  Sir 
Victor  and  Lady  Houlton,  will  be  a lay  figure,  with 
costume,  of  the  Grand  Master  Philip  L’Isle  Adam ; 
a beautiful  lamp  of  the  celebrated  Maestro  Lebrun ; 
a cup,  and  an  order-pendant  of  a Knight  of  St. 
John. 

In  front  of  the  court  has  been  placed  a gateway, 
thirty  feet  high,  of  Maltese  stone,  finely  carved  from 
a design  based  on  German  Renaissance  as  found 
in  Heidelberg.  Carved  by  Maltese  workmen,  under 
the  surveillance  of  the  Hon.  E.  Galizia,  Superintendent 
of  public  works  in  Malta  and  chairman  of  the 
Exhibition  Commission  at  Valetta,  it  was  sent  over 
in  numbered  pieces,  and  was  erected  in  about  a week 
without  damage  or  blemish  to  a single  block. 

Cyprus. 

A Committee  at  Nicosia,  under  the  direction  of 
His  Excellency,  Major-General  Sir  R.  Biddulph, 
K.C.M.G.,  organised  the  representation  of  the 
colony,  which  has  been  carried  out  in  London  by  the 
Executive  Commissioner,  Mr.  Hamilton  Lang,  and 
the  Assistant  Commissioners,  Mr.  George  Gordon 
Hake  and  Captain  Wisely,  R.E. 

Amongst  the  agricultural  implements  will  be  a 
large-sized  model  exhibiting  the  field  operations 
adopted  in  Cyprus  for  the  destruction  of  locusts, 
together  with  full-sized  specimens  of  the  apparatus ; 
a native  plough,  a bullock  cart  and  ox  goad,  and  a 
threshing  board.  There  will  also  be  examples  of 
silk,  cotton,  flax,  hemp,  and  wool;  wheat,  barley, 
oats,  and  honey  ; bricks,  tiles,  and  building  stones ; 
leather,  tin,  copper,  and  silver  ware.  The  modern, 
and  especially  the  ancient,  pottery  of  the  island  will 
be  well  represented.  Forest  products,  fruit  trees, 
and  sponges  will  be  shown,  as  well  as  specimens 
of  dresses  and  domestic  utensils,  and  a model  of  a 
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native  hut ; pictures,  photographs,  maps,  diagrams, 
and  statistical  information. 

The  two  chief  attractions  of  the  court  will 
be  the  stall  of  the  silk  weavers  and  the  wine 
bar.  At  the  latter  visitors  will  be  able  to 
become  acquainted  with  Mavro  (a  red  wine),  the 
Commanderia  (a  sort  of  sherry),  and  the  famous 
white  wine  of  Pera. 

It  is  worthy  of  note  that  the  flags  in  the  court  will 
bear  designs  taken  from  the  gold  coins  of  the  ancient 
Cypriote  kingdoms,  dating  from  about  800  to  500  B.c. 

Falkland  Islands. 

The  exhibits  from  the  Falkland  Islands,  of  which 
the  Secretary  to  the  Royal  Commission  is  Executive 
Commissioner,  relate  almost  entirely  to  agriculture, 
sheep  farming,  and  fishing.  There  will  be  sheep 
skins  with  very  long  wool,  and  samples  of  wool ; 
some  rams’  heads  with  long  curling  horns ; samples 
of  tallow,  and  specimens  of  the  tussac  grass,  the 
most  useful  of  the  flora  of  these  islands,  which 
are  quite  destitute  of  trees.  There  will  also  be  seal 
skins  and  penguins,  and  a model  of  a yacht,  supple- 
mented by  photographs  of  Stanley,  the  capital  and 
the  seat  of  the  Government  where  most  of  the 
Falkland  islanders  reside. 


A full  account  of  the  Opening  Ceremony  observed 
on  the  occasion  of  the  opening  of  the  Exhibition  on 
Tuesday,  May  4th,  will  be  given  in  the  next  number 
jof  the  Journal. 


REPORT  ON  ACCIDENTS  IN  MINES. 

The  final  report  of  her  Majesty’s  Commissioners 
appointed  to  inquire  into  accidents  in  mines  has 
now  been  issued  as  a Blue-book.  The  report,  which 
occupies  120  pages,  is  accompanied  by  minutes  of 
the  evidence  taken,  and  numerous  appendixes  and 
diagi'ams.  At  the  end  of  the  report  is  given  a 
summary  of  the  most  important  subjects  dealt  with 
in  the  report,  and  the  following  are  the  chief  con- 
clusions and  recommendations  arrived  at  by  the 
Commissioners  ; — 

I.  That  it  is  most  important  that  all  mines  should 
be  carefully  examined  by  means  of  indicators  capable 
of  detecting  as  small  a proportion  as  i per  cent,  of 
gas ; such  examination  to  be  made  before  the  com- 
mencement of  each  day-shift,  and,  in  case  of  an 
interval,  also  before  the  succeeding  shift.  2.  That 
in  all  dry  mines  where  the  air  may  be  laden  with  coal- 
dust,  and  where  fire-damp  is  either  known  to  be 
given  off  from  the  strata,  or  may  from  experience  be 
reasonably  suspected  to  exist,  the  Secretary  of  State 
may  require  safety-lamps  to  be  used,  unless  the 
owners  and  workmen  of  such  mines  prove,  to  the 
satisfaction  of  a court  of  arbitration  to  be  appointed 


by  the  respective  parties,  that  less  liability  to  acci- 
dents generally  will  be  involved  by  the  working  of 
the  mine  with  open  lights  than  by  the  use  of  safety- 
lamps.  It  should  be  a special  instruction  to  such 
court  that  the  circumstances  of  each  mine  be  taken 
into  consideration  with  reference  to  the  following 
points: — (a),  the  mode  of  working;  (h),  the  nature 
of  the  coal  seams  and  of  the  roofs  and  floors  of  the 
seams  and  of  the  adjacent  strata  ; (^),  the  proximity 
of  the  seams  to  each  other  ; {d),  the  emission  of  gas 
from  the  seam,  and  the  liability  to  blowers  or  out- 
bursts of  gas  from  the  coal,  roof,  or  floor ; [e),  the 
order  of  working  the  seams  of  coal.  For  the  system 
which  prevails  in  some  places  of  working  with  mixed 
lights — that  is,  with  open  lights  and  safety-lamps 
intermixed  in  the  same  set  of  workings— there  is  no 
justification,  and  this  practice  should  be  strictly  pro- 
hibited.  AVe  are  of  opinion  that,  in  mines  where 
safety-lamps  are  required,  the  position  of  lamp 
stations,  or  places  where  open  lights  are  allowed,  in 
reference  to  the  possibility  of  access  of  vitiated  air, 
should  receive  much  more  attention  than  at  present. 
It  is  desirable  that,  at  convenient  places  near  the 
working  faces,  reserves  of  lighted  and  locked  lamps 
be  kept  available  for  exchange  with  those  extinguished 
in  the  workings. 

It  has  long  been  known  that  if  the  atmosphere 
become  inflammable,  the  Davy  and  Clanny  lamps, 
and  in  a less  degree  the  Stephenson  lamp,  are  unsafe 
in  currents  having  velocities  much  below  those 
encountered  in  well- ventilated  mines.  Our  experi- 
ments fully  confirm  this.  The  ordinary  Davy  lamp 
becomes  unsafe  before  a velocity  of  400  feet  per 
minute  is  attained.  The  ordinary  Clanny  lamp  will 
almost  certainly  cause  an  explosion  in  a current 
having  a velocity  of  600  feet  per  minute.  A Stephen- 
son lamp  will  frequently  cause  an  explosion  in  a 
current  with  a velocity  of  800  feet  per  minute.  From 
the  information  supplied  to  us  by  your  Majesty’s 
Inspectors  of  Mines,  and  others,  currents  having 
velocities  of  more  than  400  feet  per  minute  are  now 
frequently  found  in  working  places.  The  currents 
sweeping  along  wall-faces  have  very  often  higher 
velocities  ; in  main  air  ways  current- velocities  ap- 
proaching 2,000  feet  per  minute  are  recorded,  and 
considerably  higher  velocities  are  encountered  at 
regulators  and  in  narrow  places,  or  when  large  falls 
occur.  It  is  thus  obvious  that,  in  the  present  im- 
proved ventilation  of  collieries,  ordinary  Davy  and 
Clanny  lamps  have  ceased  to  afford  protection  from 
explosion,  and  that  the  Stephenson  lamp,  though  more 
secure  than  the  former,  cannot  be  relied  upon.  We 
felt  it  our  duty  at  an  early  stage  of  our  investigation 
to  draw  the  attention  of  the  Secretary  of  State  to  the 
danger  attending  the  use  of  the  ordinary  Davy  and 
Clanny  lamps,  and  our  subsequent  experiments  have 
made  this  danger  still  more  conspicuous.  We  havie 
no  hesitation  in  stating  that  these  lamps  should  be 
prohibited,  unless  they  are  enclosed  in  cases  capable 
of  effectually  preventing  the  gauze  from  being  ex- 
posed to  the  full  force  of  the  current  of  air.  Many 
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lamps  now  exist  which  are  able  to  resist,  in  highly 
explosive  atmospheres,  current  velocities  up  to  and 
even  exceeding  3,000  feet  per  minute,  at  all  events 
for  several  minutes.  Ample  time  is  thus  obtained 
for  bringing  into  operation  a “shut  off  ” appliance 
for  the  extinction  of  flame  produced  both  by  the 
illuminant  and  by  ignited  gas  within  the  lamp.  We 
consider  that  all  safety-lamps  should  be  provided 
W’ith  such  an  appliance. 

Four  lamps  seem  to  us  deserving  of  special  atten- 
tion, as  combining  a high  degree  of  security  with 
fair  illuminating  power  and  simplicity  of  construction. 
They  are  Gray’s  lamp,  Marsaut’s  lamp,  the  bonneted 
Mueselcr  lamp,  and  Evan  Thomas’s  modification  of 
the  bonneted  Clanny  lamp,  described  as  No.  7 in  cur 
report.  In  our  experiments  the  last  lamp  has  given, 
upon  the  whole,  the  best  results.  It  will  be  seen, 
however,  from  our  experiments  that  many  other 
lamps  exist  which  are  simple  in  construction,  and 
almost,  if  not  quite,  as  safe  as  the  above.  They 
generally,  however,  yield  an  inferior  light  in  con- 
sequence of  the  flame  being  surrounded  by  gauze,  but 
from  this  method  of  construction  they  derive  the 
advantage  ot  not  being  entirely  dependent  on  glass 
for  their  security.  To  make  a particular  lamp  com- 
pulsory would  be  unwse,  as  calculated  to  throw 
difficulties  in  the  way  of  introducing  improvements 
which  will  no  doubt  arise  in  the  future,  but  we  think 
it  desirable  that  some  control  should  be  exercised  in 
reference  to  the  description  of  lamps  employed  in 
coal  mines,  and  that  only  those  lamps  should  be  used 
W’hich  are  authorised  from  time  to  time  by  the  Secre- 
tary of  State.  A lamp  may  be  of  the  safest  pattern, 
and  yet  small  defects  in  the  fitting  of  its  parts  may 
entirely  deprive  it  of  its  power  of  affording  protection. 
In  preparing  a large  number  of  lamps  for  use  in  a 
mine  it  may  happen,  even  with  the  greatest  care  on 
the  part  of  the  lamp-men,  that  a lamp  in  an  imperfect 
condition  may  be  allowed  to  pass.  The  detection 
of  these  imperfections  by  simple  inspection  is  in  many 
cases  almost  impossible,  and  we  are  convinced  that 
the  only  way  of  avoiding  the  introduction  into  a mine 
of  a dangerously  imperfect  lamp  is  to  test  every  lamp 
in  an  explosive  mixture  of  air  and  some  inflammable 
gas  before  it  is  allowed  to  descend  the  shaft.  Though 
we  have  good  reason  to  believe  that  the  practice  of 
surreptitiously  opening  safety-lamps  in  the  workings 
is  much  less  prevalent  than  formerly,  it  is  still  neces- 
sary that  such  lamps  should  be  locked.  We  have 
examined  many  appliances  for  this  purpose,  and  we 
consider  that  the  plan  of  fastening  the  oil  vessel  to 
the  other  part  of  the  lamp  by  a riveted  lead  plug, 
impressed  at  each  end  with  marks  or  letters  varied 
from  time  to  time,  is  the  simplest,  the  most  efficient, 
and  the  one  most  likely  to  lead  to  the  detection  of 
any  attempt  to  tamper  with  the  lock.  The  power 
and  uniformity  of  illumination  given  by  a lamp  can  be 
notably  improved  by  using  as  the  illuminant  vege- 
table or  animal  oil  mixed  with  about  one-half  of  the 
volume  of  a petroleum  oil  of  safe  flashing  point.  The 
use  of  petroleum  spirit  or  benzine  as  the  illuminant 


in  safety-lamps,  instead  of  vegetable  or  animal  oil, 
is  attended  with  some  advantage,  but  it  is  also  liable 
to  introduce  new  sources  of  danger.  Special  care  i& 
needed  in  the  filling  and  trimming  of  lamps,  and  in 
the  arrangement  of  lamp-rooms,  to  avoid  the  ignition 
of  the  highly  explosive  mixture  formed  by  air  with 
the  vapour  arising  from  this  spirit.  The  selling  of 
petroleum  spirit,  or  of  spirit  of  similar  character  as  to 
volatility,  under  designations  which  are  calculated  to 
mislead  in  regard  to  the  nature  of  the  illuminant,  is  a 
proceeding  fraught  with  danger,  unless  all  vessels 
containing  such  illuminants  bear  a prominent  label 
indicating  the  dangerous  nature  of  their  contents. 
Stringent  regulations  as  to  the  conditions  under 
which  illuminants  of  this  class  are  to  be  used  and 
stored  are  absolutely  necessary. 

The  advantages  in  point  of  convenience  and 
efficiency  which  attend  the  employment  of  electric 
glow-lamps  for  illuminating  the  pit’s  bottom  and 
roadways  immediately  adjacent  to  it,  have  already 
been  demonstrated  at  several  collieries,  where  this, 
utilisation  of  the  electric  light  has  been  combined 
with  illumination  at  the  surface  by  arc  lights.  In 
applying  electric  glow-lamps  to  underground  illumi- 
nation to  the  extent  indicated,  through  the  medium 
of  conducting  cables  leading  from  the  generators  to- 
the  pit  bottom,  it  is  essential  to  safety,  as  well  as  to 
the  permanent  efficiency  of  the  installation,  that 
the  cables  should  be  placed  in  positions  where 
they  are  thoroughly  protected  against  possible 
accidental  injury.  It  is  also  essential,  in  all  mines 
where  fire-damp  has  been  known  to  occur,  that 
the  glow-lamps  should  be  excluded  from  direct 
contact  with  the  air  of  the  mine  in  one  or  other  of 
the  ways  indicated  in  this  report.  Portable,  self- 
contained  electric  lamps  have  been  devised  which 
will  furnish  for  several  successive  hours  a light  con- 
siderably superior  to  that  of  the  best  safety-lamps, 
and  which  at  the  expiration  of  eight  hours  and  up- 
wards will  still  give  a light  fully  equal  to  that  of  a 
freshly  lighted  Davy  lamp.  These  lamps  are  per- 
fectly safe,  but  as  they  do  not  afford  any  indication 
of  the  condition  of  the  atmosphere  in  a mine,  their 
employment,  even  if  special  fire-damp  detectors  are 
used,  cannot  in  any  case  entirely  dispense  with  the. 
necessity  for  the  use  of  some  safety-lamps.  For 
exploring  purposes  after  accidents,  or  in  foul  places,, 
these  lamps  must  prove  very  valuable  even  in  the 
present  condition  of  their  development,  and  as 
auxiliary  lights  they  cannot  fail  to  prove  very  useful. 
The  great  progress  which  has  recently  been  made  in 
the  construction  of  portable  electric  lamps  affords 
promise  of  a speedy  utilisation  of  such  lamps  to  an 
important  extent  in  coal  mines.  While  we  think 
that  the  safety  hooks  at  present  available  may  have 
contributed  to  prevent  fatalities  from  over-winding, 
we  believe  that  the  best  appliance  for  the  purpose  is 
an  automatic  steam  brake  attached  to  the  winding- 
gear,  and  we  think  it  desirable  that  such  brake  should 
be  introduced  where  practicable. 

We  consider  that  measures  should  be  adopted  to 
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deal  more  systematically,  and  if  possible  more  ex- 
peditiously, with  casualties  resulting  from  the  various 
sources  of  accidents  dealt  with  in  this  report. 
Collieries  or  mines  should  be  required  to  provide  an 
ambulance  and  stretchers  for  the  purpose  of  convey- 
ing to  their  homes  sufferers  from  injuries  received 
while  in  the  discharge  of  their  duties.  Arrangements 
should  be  made  for  the  establishment  of  centres  in 
mining  districts,  where  additional  appliances  for 
succour  and  relief,  and  also  special  appliances  for 
exploring  purposes,  should  be  maintained  in  an 
efficient  condition,  so  as  to  be  ready  for  use  at  the 
shortest  notice.  It  is  most  desirable  that  facilities 
should  be  afforded  for  the  instruction  of  men  in  the 
use  of  special  auxiliary  appliances  for  exploring  pur- 
poses, and  in  simple  measures  connected  with  the 
provisional  treatment  of  injuries.  We  attach  great 
importance  to  the  systematic  inspection  of  each  mine 
by  the  workmen,  as  provided  for  in  the  General 
Rule  30  of  the  Coal  Mines  Regulation  Act,  1872, 
and  we  recommend  that  this  provision  should  be 
generally  and  regularly  acted  upon. 

Concluding  Observations. 

In  submitting  to  your  Majesty  the  results  of  our 
inquiries  and  experimenial  work,  and  the  conclusions 
to  which  they  had  led  us,  we  desire  to  express  our 
regret  at  the  unavoidable  delay  which  has  occurred  in 
the  presentation  of  our  report.  This  delay  has  been 
due  to  the  wide  range  of  important  and  very  exten- 
sive subjects  included  in  the  reference  to  us,  and  to 
the  great  difficulties  we  have  experienced  in  bringing 
to  a close  the  experimental  work  upon  which  we  have 
been  engaged,  almost  continuously,  since  we  first 
entered  upon  the  inquiry  intrusted  to  us.  These 
difficulties  have  arisen  in  part  out  of  the  constant 
succession  of  inventions  and  suggestions  submitted  to 
us  in  connection  with  the  questions  under  investiga- 
tion, many  of  which  demanded  careful  consideration 
and  necessitated  the  institution  of  fresh  experiments. 
They  have  also  been  in  part  due  to  the  circumstances 
that,  as  our  investigations  progressed,  the  results 
obtained  opened  up  new  fields  into  which  it  was 
necessary  to  extend  our  inquiries.  In  bringing  our 
labours  to  a termination,  we  feel  very  strongly  that 
many  of  the  subjects  with  which  we  have  dealt 
need  much  further  elucidation  by  perseverance  in 
experimental  research  of  the  kind  which  we  have 
pursued.  We  are  convinced  that  if  the  work 
which  we  are  relinquishing  were  continued,  the 
knowledge  of  the  conditions  to  be  fulfilled  for 
securing  safety  from  preventible  disasters,  and 
the  development  of  resources  and  appliances  calcu- 
lated to  promote  the  fulfilment  of  those  conditions, 
could  still  be  much  advanced.  It  is,  moreover,  certain 
that  new  subjects  for  inquiry  connected  with  the  safe 
working  of  coal  mines  must  continue  to  present 
themselves,  as  has  been  the  case  during  our  seven 
years’  experience.  These  considerations  have  im- 
pressed upon  us  the  need  for  the  official  establishment 
of  some  permanent  arrangement,  by  which  the  con-  | 


tinuous  pursuit  of  this  highly  important  class  of  work 
would  be  secured,  and  by  which,  also,  the  merits  of 
suggestions  and  inventions  presenting  themselves 
from  time  to  time  would  be  investigated  properly 
and  thoroughly,  and  dealt  with  authoritatively.  We 
consider,  moreover,  that  the  complete  investigation 
of  coal-mine  disasters  would  be  greatly  promoted  if 
the  arrangements  to  which  we  have  referred  were 
utilised  systematically,  in  connection  with  the  usual 
official  inquiries,  in  dealing  with  the  difficulties  which 
frequently  arise  in  elucidating  the  causes  of  these 
disasters. 


Correspondence. 


THE  PROPOSED  FISHERY  BOARD. 

I have  read  with  considerable  interest  Professor 
Huxley’s  memorandum  on  the  proposed  Fishery 
Board,  and  with  much  of  what  he  says  I agree.  It 
seems  to  me,  however,  that  attention  is  likely  to  be 
diverted  from  the  real  question  demanding  considera- 
tion, by  Professor  Huxley’s  attack  upon  certain  per- 
sons unknown,  who  appear  to  have  demanded  in 
some  newspaper  which  Professor  Huxley  has  seen, 
that  men  of  science  should  “manage  the  fisheries.” 
That  men  of  science  should  interfere  with  commercial 
speculation,  and  manage  the  fisheries  in  that  sense, 
is  a proposition  so  preposterous,  that  it  is  difficult  to 
understand  why  Professor  Huxley  should  have 
thought  it  worthy  of  notice. 

The  question  which  really  demands  consideration 
is  another  one  altogether,  and  is  simply  this  : — Is  it 
desirable  that  men  of  science  should  be  definitely 
and  permanently  employed  to  manage  the  inquiries 
which  are  necessary  in  order  that  a satisfactory 
basis  may  be  obtained  for  legislation  in  regard  to  a 
variety  of  fishery  questions  ? And  further,  is  it 
desirable  that  such  persons  should  be  employed  by 
the  State  in  order  to  ascertain  whether  certain  steps 
in  the  way  of  protection  and  cultivation  of  fishes  can 
be  usefully  carried  out  by  the  State  for  the  benefit 
of  the  community  1 Professor  Huxley  does  not, 
in  my  judgment,  attach  sufficient  importance  to  such 
inquiries  and  the  necessity  for  a permanent  organisa- 
tion of  officials  to  deal  with  them  when  he  says, 
“ Let  the  department  obtain  such  scientific  help  as 
is  needful  from  persons  of  recognised  competency, 
who  are  not  under  the  control  of  the  administrative 
department.”  This  proposal  seems  to  be  somewhat 
inconsistent  with  another  statement  in  the  mero.o- 
randum,  where  Professor  Huxley  says,  “I  should 
say  that  any  amount  of  money  bestowed  upon  the 
scientific  investigation  of  the  effect  of  some  modes  of 
fishing  might  be  well  spent.”  If  “ any  amount  of 
money”  is  to  be  spent,  and  so  large  a question  as 
“the  effect  of  some  modes  of  fishing”  is  to  be 


April  30  1886  ] 


JOURNAL  OL  THE  SOCIETY  01  ARTS. 


65s  ' 


investigated  scientifically,  then  it  would  seem  well 
that  the  department  should  have  a trained  and  per- 
manent staff  of  expert  naturalists  and  a scientific 
authority  to  direct  their  inquiries. 

The  fact  is  that  enough  time  and  money  has  been 
spent  by  the  State  upon  spasmodic  inquiries  into  the 
effects  of  trawling,  and  the  various  questions,  the 
rapid  investigation  of  which  has  from  time  to  time 
appeared  to  be  “needful.”  What  is  now  needed  is 
a more  systematic  and  determined  attempt  to  grapple 
with  some  of  the  more  important  questions,  the 
solution  of  which  is  likely  to  affect  the  interests  of 
the  fish  industry. 

I have  drawn  up  a brief  statement  on  the  subject 
of  the  relation  of  scientific  investigation  to  fishery 
interests,  which,  in  no  dogmatic  spirit,  but  with  a 
view  to  eliciting  criticism  and  suggestion,  I here  sub- 
mit to  the  reader:  — 

1.  The  necessity  for  an  administration  of  our 
marine  and  freshwater  fisheries,  based  upon  thorough 
or  scientific  knowledge  of  all  that  relates  to  them, 
has  become  obvious  of  late  years.  The  Trawling 
Commission  of  1884-85  has  reported  to  this  effect, 
in  so  far  as  the  subject  of  their  inquiries  is  concerned. 
Other  nations  have  adopted  such  a method  of  deal- 
ing with  their  fisheries,  with  good  results  and  the 
promise  of  better. 

2.  The  inquiries  and  operations  necessary  cannot 
be  conducted  as  the  result  of  private  commercial 
enterprise.  They  must  be  national  in  character. 

3.  Whilst  the  general  trade  returns  of  the  fishing 
industiy  on  the  one  hand,  and  the  practical  enforcing 
of  regulations  as  to  the  protection  of  fishing  grounds 
and  the  restriction  of  fishing  operations  within 
certain  seasons  and  localities,  are  matters  with  which 
an  ordinar)’  staff  of  officials  can  effectually  deal,  yet 
the  chief  purposes  of  the  operation  of  a satisfactory 
Fisheries  Department  are  of  such  a nature  that  only 
expert  naturalists  can  usefully  advise  upon  them  and 
cany'  them  out.  It  is,  therefore,  important  that 
the  organisation  of  a State  Fisheries  Department 
should  either  be  primarily  under  the  control  of  a 
scientific  authority,  who  should  direct  the  practical 
agencies  as  to  trade  returns  and  police,  or  that  there 
should  be  distinct  and  parallel  branches  of  the 
department — the  one  concerned  in  scientific  ques- 
tions, the  other  in  collecting  trade  returns  and  in 
directing  the  fisheries  police. 

4.  It  does  not  appear  that  there  is  any  ground  for 
supposing  that  individuals  of  scientific  training  arc 
ipso  facto  unfitted  for  administrative  duties,  and  there 
would  be  obvious  advantages  in  placing  the  opera- 
tions of  a Fisheries  Department  under  one  head. 
Indeed  it  may  be  maintained  that  an  education  in 
scientific  matters,  and  capacity  for  scientific  work,  is 
likely  to  produce  a more  practical  and  enterprising 
director  of  such  a department  than  could  elsewhere 
be  found.  It  has  not  been  found  desirable  to  place 
the  administration  of  the  important  botanical  institu- 
tion at  K.ew  in  the  hands  of  a non- scientific  director, 
and  there  is  no  obvious  reason  for  avoiding  the  em- 


ployment of  a scientific  staff  in  the  case  of  a Fisheries 
Department.  It  is  extremely  important,  from  the 
point  of  view  of  the  public  welfare,  that  the  State 
should  not  set  the  example  of  ignoring  the  value  of 
scientific  knowledge  and  training ; whilst  it  is  no  less 
important  to  avoid  the  waste  of  public  money  which 
must  result  from  employing  officials  who  are  not 
conversant  with  the  matters  with  which  they  have 
to  deal  in  place  of  trained  experts. 

Nature  of  the  Work  to  be  Done. 

1.  Generally  to  ascertain  what  restrictions  or  modi- 
fications in  the  proceedings  of  fishermen  are  desirable, 
so  as  to  ensure  the  largest  and  most  satisfactory  re- 
turns, prospectively  as  well  as  immediately,  from  the 
fishing- grounds  of  the  English  coast  and  from  English 
rivers  and  lakes. 

2.  Especially  to  ascertain  whether  existing  fishing- 
grounds  can  be  improved  by  the  artificial  breeding 
of  food-fishes  and  shell-fish,  and  to  determine  the 
methods  of  carrying  on  such  breeding,  and  to  put 
these  methods  into  practice. 

3.  To  find  new  fishing- grounds. 

4.  To  introduce  new  fish — either  actually  new  to 
the  locality  or  new  to  the  consumer. 

5.  To  introduce  (if  practicable)  methods  of  rearing 
and  fattening  marine  fish  in  stock-ponds. 

6.  To  look  after  the  cultivation  and  supply  of  bait. 

7.  To  introduce  new  baits,  new  methods  of  fishing, 
improved  nets,  improved  boats,  new  methods  of 
transport  and  of  curing. 

The  work  can  be  divided  into  two  sections.  A. 
Investigation  ; B.  Practical  Administration. 

A.  Investigation. — The  inquiries  w'hich  are  neces- 
sary in  order  to  effect  the  purposes  indicated  above 
are  as  follows  : — 

1.  A thorough  physical  and  biological  exploration 
of  the  British  coasts  within  a certain  distance  of  the 
shore-line,  especially  and  primarily  in  the  neighbour- 
hood of  fishing-grounds.  The  investigation  must 
include  a determination  of  temperature  and  currents 
at  various  depths,  the  nature  of  the  bottom,  the  com- 
position of  the  sea-water,  and  the  influence  of  rivers 
and  conformation  of  coast  upon  these  features.  At 
the  same  time,  the  entire  range  of  the  fauna  and 
flora  must  be  investigated  in  relation  to  small  areas, 
so  as  to  connect  the  vaiying  living  inhabitants  of 
different  areas  with  the  varying  physical  conditions 
of  those  areas,  and  with  the  varying  association  of 
the  living  inhabitants  inter  se.  Only  in  this  way  can 
the  relation  of  food-fishes  to  the  pliysical  conditions 
of  the  sea  and  to  their  living  associates  be  ascer- 
tained, and  data  furnished  for  ultimately  determining 
the  causes  of  the  local  distribution  of  different  kinds 
of  food-fishes,  and  of  the  periodic  migrations  of  some 
kinds  of  them. 

2.  A thoroughly  detailed  and  accurate  knowledge 
of  the  food,  habits,  and  movements  of  each  of  the 
important  kinds  of  food-fishes  (of  which  about  five- 
and-twenty,  together  with  six  shell-fish  important 
either  as  food  or  bait,  may  be  reckoned).  The  rela- 
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tion  of  each  of  these  kinds  of  fish  to  its  fishing- 
ground  must  be  separately  ascertained ; its  time  and 
mode  of  reproduction,  the  mode  of  fertilisation  of  its 
eggs,  the  growth  of  the  embryo,  the  food  and  habits 
of  the  fry,  the  enemies  of  the  young  and  of  the  adult, 
the  relation  of  both  young  and  adult  to  temperature, 
to  influx  of  fresh  water,  to  sewage  contamination,  to 
disturbing  agencies  such  as  trawling,  and  ordinary 
traffic. 

3.  An  inquiry  as  to  whether  over  a long  period  of 
years  there  has  been  an  increase  or  decrease  in  the 
abundance  of  each  kind  of  food- fish  on  the  chief 
fishing-grounds  as  a matter  of  fact,  together  with  an 
inquiry  as  to  the  actual  take  of  each  kind  of  fish 
in  successive  years,  and,  further,  an  inquiry  as  to  any 
accompanying  variation  in  {a)  the  number  of  fishing 
boats,  iji)  the  methods  of  fishing,  {c)  the  climatic 
conditions,  or  other  such  possibly  influential  conditions 
as  previous  inquiry  may  have  suggested. 

4.  An  inquiry  for  the  purpose  of  ascertaining, 
experimentally,  whether  the  decrease  in  the  yield  of 
fishing  grounds,  in  regard  to  each  several  species  of 
food-fish,  can  be  remedied— (a)  by  artificial  breeding 
of  the  fish ; (5)  by  protecting  the  young  ; (c)  by  in- 
creasing its  natural  food;  {d)  by  destruction  of  its 
enemies ; {e)  by  restrictive  legislation  as  to  time  or 
place  of  fishing,  and  as  to  size  of  fish  which  may  be 
taken,  and  character  of  fishing  apparatus  which  may 
be  used. 

5.  An  inquiry  to  ascertain  whether,  if  periodic, 
natural  causes  are  at  work  in  determining  the  fluctua- 
tions of  the  yield  of  fishing-grounds  their  effect  can 
be  foretold,  and  whether  this  effect  can  in  any  cases 
be  counteracted ; similarly  to  ascertain  in  the  case  of 
migratory  shoal-fish  whether  any  simple  and  trust- 
worthy means  can  be  brought  into  operation  for  the 
purpose  of  foretelling  the  places  and  times  of  their 
migrations,  so  as  to  enable  both  fishermen  and  fish 
dealers  to  be  ready  for  their  arrival. 

6.  An  inquiry  into  the  diseases  of  fish,  especially 
in  relation  to  salmon  and  other  fresh- water  fish. 

B.  Practical  Admmistration. — The  chief  heads 
under  which  this  presents  itself  as  distinct  from  the 
antecedent  search  for  reliable  data  are  : — 

1.  The  management  of  an  efficient  “intelligence 
department,”  giving  weekly  statistics  of  the  fishing 
industry,  the  appearance  and  disappearance  of  certain 
fish  at  particular  spots,  the  number  of  fishing-boats 
employed,  the  methods  of  fishing  employed,  the 
meteorological  conditions. 

2.  The  advising  and  enforcing  of  restrictions  by 
the  Legislature  as  to  time,  place,  and  method  of 
capture  of  fish. 

3.  The  artificial  breeding  and  rearing  of  fish  to 
stock  impoverished  fishing-grounds. 

4.  The  leasing  and  management  of  the  foreshore 
and  sea-bottom  in  particular  spots,  for  the  purposes 
of  oyster-culture  and  mussel- culture,  and  of  marsh- 
lands near  the  sea  for  the  formation  of  tanks  and 
fish-ponds. 

5.  The  opening  up  of  new  fishing- grounds  and  of 


new  fish  industries  (curing  and  treatment  of  fish  for 
commercial  purposes). 

6.  The  introduction  of  new  species  of  food-fish 
and  shell-fish. 

General  Organisation  and  Staff  necessary 

TO  CARRY  ON  THE  INQUIRIES,  AND  TO  PUT 

Results  attained  into  Practice. 

It  is  a matter  of  fundamental  importance  to  deter- 
mine, first  of  all,  whether  it  is  desirable  that  these 
matters  should  be  dealt  with  by  a permanent  staff  or, 
on  the  other  hand,  by  the  occasional  employment  of 
a scientific  man — not  habitually  occupied  in  these  in- 
quiries— to  attempt  the  solution  of  any  particular 
problem  which  an  unskilled  official  may  present  to 
him. 

Clearly  there  must  be  economy  in  employing 
permanently  certain  naturalists  who  will  familiarise 
themselves  with  this  special  class  of  questions  and 
become  experts  in  all  that  relates  to  fishery  problems. 

Further,  is  it  desirable  that  the  matters  which  are 
to  be  inquired  into  should  be  determined  by  an  official 
unskilled  in  natural  history  .?  Or,  on  the  other  hand, 
that  the  selection  of  inquiries  likely  to  lead  to  a 
satisfactory  result  shQjyild  be  made  by  a man  of  science, 
specially  conversant  with  the  nature  of  the  things  to 
be  dealt  with  1 

The  organisation  required  consists,  so  far  as  persons 
are  concerned,  of: — 

(i.)  A chief  scientific  authority. 

(2.)  A staff  of  working  naturalist-inspectors. 

(3.)  A staff  of  clerks. 

And,  so  far  as  material  is  concerned,  of:  — 

(4  ) A London  office,  with  collection  of  fishes, 
apparatus  used  in  fishing,  maps,  survey-records, 
statistical  returns,  and  library. 

(5.)  A surveying  ship,  under  the  orders  of  the 
department,  to  be  manned  and  maintained  by  the 
Admiralty. 

(6.)  A chief  laboratory  fitted  for  carrying  on  in- 
vestigations such  as  those  named  above,  and  also 
two  smaller  movable  laboratories,  together  with 
steam-yacht  fitted  for  dredging  and  sounding. 

(7.)  Hatching- stations  and  fish-ponds. 

With  regard  to  the  foregoing  headings,  it  is  a 
matter  for  consideration  whether  the  “ chief  scientific 
authority  ” should  be  an  individual  or  a committee  of 
five.  The  position  assigned  to  this  post  should  be 
equal  to  that  of  the  Director  of  the  Geological 
Survey,  or  the  Director  of  the  Royal  Gardens,  Kew ; 
or  if  the  “authority”  takes  the  form  of  a com- 
mittee, it  should  be  placed,  on  the  same  footing  as 
the  Meteorological  Council.  The  person  or  persons 
so  appointed  should  be  responsible  for  all  the  opera- 
tions of  the  department,  and  of  such  scientific 
training  and  capacity  as  to  be  likely  to  devise  the 
most  useful  lines  of  inquiry  and  administration. 

The  “naturalist-inspectors”  should  be  six  in 
number,  but  operations  might  be  commenced  with  a 
smaller  staff.  They  should  be  thoroughly  competent 
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observ’ers,  and  under  the  direction  of  the  chief 
scientific  authority  they  would  be  variously  employed, 
■either  on  the  surveying  ship,  at  the  chief  laboratory, 
■or  in  local  laboratories,  hatching  stations,  or  in  the 
London  office  and  museum. 

The  naturalists  thus  employed  would  become 
specialists  in  all  matters  relating  to  the  life-history 
of  fishes  and  their  food ; they  would  acquire  a skill 
and  knowledge  far  beyond  that  which  it  is  possible  to 
find  amongst  existing  naturalists,  who  occasionally 
are  requested  to  make  hurried  reports  on  such  matters 
as  salmon  disease,  or  the  supposed  injury  of  the 
kerring-fisheries  by  trawlers. 

One  of  the  naturalist-inspectors  should  be  a 
•chemist  and  physicist,  in  order  to  report  on  the 
composition  of  the  water  and  the  nature  of  the 
bottom  in  the  areas  investigated. 

“Clerks  ” would  be  required  in  the  London  office 
to  tabulate  statistics  and  carry  on  correspondence. 
These  gentlemen  need  not  necessarily  have  any 
scientific  knowledge.  It  would  probably  be  necessary 
to  have  a correspondent  or  agent  of  the  department 
in  every  large  fishing  centre.  Probably  the  coast- 
guard officials  might  be  taken  into  this  sei^-ice. 

With  regard  to  material  equipment,  it  appears  to 
be  necessary  that  a Scientific  Fisheries  Department 
should  have  at  its  London  office  a museum  of  fishing 
apparatus  for  reference  and  instruction,  and  also 
complete  collections  illustrative  of  the  fishes,  their 
food,  enemies,  and  other  surroundings.  In  the  same 
building  would  be  exhibited  maps  showing  the  dis- 
tribution and  migrations  of  food-fishes,  the  coast 
temperature  and  its  variations,  the  varying  character 
of  the  sea-bottom,  sea-water,  &c. 

The  surveying  ship  or  ships  M’ould  be  provided  by 
the  Admiralty. 

A central  laboratory  is  in  course  of  erection  upon 
Plymouth  Sound  by  the  Marine  Biological  Associa- 
tion. Her  Majesty’s  Government  has  promised  to 
contribute  ;^5,ooo  and  ^^500  a year  to  this  institution 
on  condition  that  its  resources  are  available  for  the 
purpose  here  indicated.  Certain  of  the  “ naturalist- 
inspectors  ” (probably  three  at  any  one  time)  would 
be  stationed  at  the  Plymouth  laboratory  in  order  to 
carry  on  special  studies  of  the  development  and  food 
of  particular  species  of  fish. 

The  smaller  moveable  laboratories,  steam-yacht, 
and  other  appliances  would  not  be  costly. 

Ray  Lankester,  LL.D.,  F.R.S. 


Obituary. 


Sir  William  Rose  Robinson,  K.C.S.I. — 
Sir  William  Robinson  died  on  Tuesday,  27  th  inst., 
at  his  residence  in  Norfolk-square,  Hyde-park.  He 
was]  the  third  son  of  the  late  Mr.  William  Rose 
Robinson,  of  Clemiston,  Mid  Lothian,  sometime 
Sheriff  of  Lanarkshire,  by  his  marriage  with  Mary, 


daughter  of  Mr.  James  Douglas,  of  Orchardton  and 
Almorness,  in  the  stewartry  of  Kirkcudbright,  and 
was  born  at  Raehill,  near  Glasgow,  in  1822,  being 
educated  at  Haileybury  College,  and  at  Bonn.  He 
entered  the  Madras  Civil  Service  in  1842,  and  was 
for  some  years  second  member  of  the  Board  of 
Revenue  of  Madras.  In  1873  he  took  his  seat  as  a 
member  of  the  Council  of  the  Government  of  Madras, 
and  he  served  as  Acting  Governor  of  Madras  for  a 
short  time  in  1875,011  the  death  of  Lord  Hobart. 
He  was  nominated  a Companion  of  the  Order  of  the 
Star  of  India,  in  1866,  and  advanced  to  the  dignity 
of  a Knight  Commander  of  that  Order  in  1876.  Sir 
William  Robinson  was  elected  a member  of  the 
Society  of  Arts  in  1879.  He  was  a member  of  the 
Indian  Section  Committee,  and  a constant  attendant 
and  occasional  chairman  of  the  meetings  of  that 
section,  in  the  discussions  of  which  he  frequently 
took  a part. 


MEETINGS  OF  THE  SOCIE2Y. 

Ordinary  Meetings. 

Wednesday  evenings,  at  Eight  o’clock  : — 

May  5. — Adjourned  Discussion  on  Dr.  Tidy’s 
paper,  on  “ The  Treatment  of  Sewage.”  Sir 
Frederick  Abel,  D.C.L.,  C.B.,  F.R.S. , will 
preside. 

Foreign  and  Colonial  Section. 

At  Eight  o’clock  : — 

Thursday,  ]\Iay  6.  — “The  Commerce  and 
Industries  of  New  South  Wales.”  By  Edward 
Combes,  C.M.G.,  President  of  the  Board  of  Technical 
Education  of  New  South  Wales.  Sir  Henry 
Barkly,  G.C.M.G.,  K.C.B.,  F.R  S.,  will  preside. 


Indian  Section. 

Friday  evenings,  at  Eight  o’clock  : — 

May  7. — “Indian  Manufactures  from  a Prac- 
tical Point  of  View.”  By  B,  H.  Baden 
Powell,  C.I.E.  Sir  Julius  Danvers,  K.C.S.I., 
will  preside. 

Cantor  Lectures. 

The  Sixth  Course  will  be  on  “Animal 
Mechanics.”  By  B.  W.  RICHARDSON,  M.A., 
M.D.,  F.R.S. 

Lecture  I. — May  3. — Animal  and  ordinary  Me- 
chanism considered  and  compared.  Design  and 
Material. 


Additional  Lectures. 

The  course  of  Elementary  Lectures  on 
“ Electricity”  will  be  continued  by  Professor 
George  Forbes,  on  Saturday  afternoons,  at 
Three  o’clock  : — 

Lecture  III. — May  i. — Magnetism. 

A course  of  three  lectures  on  “Japanese 
Art  Work”  will  be  delivered  by  Ernest 
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Hart,  on  Tuesday  evenings,  May  4,  ii,  18,  at 
Eight  o’clock  : — 

Lecture  I. — May  4. 

Metal  Work. — Japanese  Art,  individual — ^its 
origins,  hieratic  or  warlike — Early  Arms,  prehistoric 
— The  Iron  Period — Hammered  and  Repousse  Iron 
Armour  and  Weapons — List  of  Miochins,  their  dates 
and  marks — Works  of  the  Gotos,  their  style  and 
signatures — Sword-guards  and  appliques  (Itsuba  and 
Menouki,  and  Futikashira) — Celebrated  makers  and 
their  styles — Images  and  Mirrors — Altar  Vases — 
Bronze  Vases  and  other  domestic  decorations — 
Alloys  : methods  of  working  and  patine — Works  of 
the  early  masters,  and  of  the  bronzists  of  the  i8th 
century — The  Nio  of  Nara — Portrait  statuettes — 
The  history  of  Japapese  Enamels,  and  popular  errors 
concerning  them. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  May  3. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Dr. 
Richardson,  “ Animal  Mechanics.”  (Lecture  I.) 

Farmers’  Club,  Inns  of  Court  Hotel,  Holborn,  W.C., 
4 pm.  Mr.  S.  B.  L.  Druce,  “County  GoTOrn- 
ment.” 

Royal  Institution,  Albemarle-street,  W.,  5 p.m. 

“ General  Monthly  Meeting. 

Engineers,  Westminster  Town-hall,  S.  W.,  7^  p.m. 
Mr.  W.  A,  Martin,  “Induced  versus  Forced 
Draught  for  Marine  Boilers.” 

Chemical  Industry  (London  Section),  Burlington- 
house,  W.,  8 pm.  I.  Mr.  A.  G.  Salamon,  “ The 
Purification  of  Water.”  2.  Messrs.  Macnab  and 
Beckett,  “ The  Treatment  of  Water  for  Technical 
Purposes.” 

Surveyors,  12,  Great  George-street,  S.W.,  8 p.m. 
Professor  W.  Fream,  “ The  Geology  of  the  Surface 
in  its  Practical  Aspects.” 

Inventors’  Institute,  27,  Chancery-lane,  W.C.,  8 p.m. 
Continued  Discussion  of  the  Patent  Act,  1883. 

British  Architects,  9,  Conduit-street,  W.,  8 p.m. 
Annual  General  Meeting. 

Medical,  ii,  Chandos-street,  W.,  83  p.m. 

Victoria  Institute,  7,  Adelphi- tferrace,  W.C.,  8 pm. 

Tuesday,  May  4. .SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C-,  8 p.m.  (.Special  Lecture.)  Mr. 
Ernest  Hart,  “ Japanese  Art  AVork.”  (Lecture  I.) 

Royal  Institution,  Albemarle-street,  AY.,  3 p.m; 
Prof.  A.  Gamgee,  “ The  Function  of  Circulation.” 

Central  Chamber  of  Agriculture  (at  the  House  of 
THE  Society  of  Arts),  ii  a.m. 

Civil  Engineers,  25,  Great  George-street,  S.W., 
8 p.m.  I.  Mr.  Francis  Fox,  “The  Mersey  Rail- 
way.” 2.  Mr.  AVilliam  Edmund  Rich,  “The 
Hydraulic  Passenger  Lifts  at  the  Underground 
Stations  of  the  Mersey  Railway.” 

Pathological,  53,.  Berners-street,  Oxford-street,  AY., 
8.^  p.m. 

Biblical  Archaeology,  9,  Conduit-street,  AY.,  8 p.m. 

Zoological,  II,  Hanover-square,  W.,  8g  p.m.  i.  'ihe 
Secretary,  “ Addition  to  the  Menagerie  in  April.” 
2.  Mr.  AY.  F.  Kirby,  “ Remarks  on  four  rare 
Species  of  Sphingtdee.'”  3.  Mr.  Frank  E.  Beddard, 
“ Observations  on  the  Ovarian  Ovum  of  Pro- 
topterusP 

Antiquaries,  Burlington-house,  W.,  2 p m.  Annual 
Meeting. 

Wednesday,  May  5.. .SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Adjourned  Discussion  on 


Dr.  C.  Meymott  Tidy’s  paper,  “ The  Treatment  of 
Sewage.” 

Patent  Agents,  57,  Chancery-lane,  AY.C.,  ~]\  p.m. 
I.  Discussion  of  Mr.  A.  V.  Newton’s  paper, 

“ Suggestions  for  Amending  the  Form  of  Pro- 
cedure in  Patent  Suits.”  2.  Mr.  O.  Imray,  “ Sug- 
gestions as  to  the  ^Maintenance  of  Permanent 
Offices  and  a Library  for  the  Institute.” 

Entomological,  ii,  Chandos-street,  AA'".,  7 p.m.  Mr. 
T.  W.  Slater,  “ The  Origin  of  Colours  in  Insects.’^ 

Archaeological  Association,  32,  Sackville-street,  W., 
4.^  p.m.  Annual  General  Electing. 

Obstetrical,  53,  Berners-street,  8 p.m. 

Civil  and  Mechanical  Engineers,  7,  AYestminster- 
chambers,  S.AA’’.,  7 p.m.  Annual  General  Aleeting. 

Thursday,  May  6. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  AY.C.,  8 p.m.  (Foreign  and  Colonial 
Section.)  Mr.  Edward  Coombes,  “The  Com- 
merce and  Industries  of  New  South  Wales.” 

Royal,  Burlington-house,  AY.,  43  p.m. 

Linnean,  Burlington-house,  AY.,  8 p.m.  i.  Sir  J. 
Lubbock,  “ Seedlings.”  2.  Air.  G.  J.  Romanes, 
“ Physiological  Selection ; an  additional  suggestion 
on  the  origin  of  species.” 

Chemical,  Burlington-house,  AY.,  8 p.m. 

Society  for  the  Encouragement  of  Fine  Arts,  8 p.m. 
Conversazione,  at  the  Galleries  of  the  Royal  Insti- 
tute of  Painters  in  A\'’ater  Colours,  Piccadilly. 

South  London  Photographic,  i,  Adam  - street, 
Adelphi,  AY.C.,  8 p.m. 

Royal  Institution,  Albemarle-street,  W.,  8 p.m. 
Prof.  Dewar,  “ The  Alkaloid.”  (Lecture  I.) 

Alechanical  Engineers,  25,  Great  George-street, 
AA’'estminster,  S.AY.,  7^  p.m.  i.  Air.  J.  Alfred 
Griffiths,  “ The  Distribution  of  the  AA^heel  Load  in 
Cycles.”  2,  Air.  Thomas  AY.  AA’ailes,  “The  Raising 
of  the  AYrecked  Steamship,  Peer  of  the  RealniP 
3.  Air.  T.  B.  Lightfoot,  “ Refrigerating  and  Ice- 
making Alachinery  and  Appliances.”  4.  Air. 
Henry  Teague,  “ Notes  on  the  Pumping  Engines 
at  the  Lincoln  AYater  Works.” 

Archaeological  Institution,  16,  New  Burlington - 
street,  W.,  4 p.m. 

East  India  Association,  14,  Bedford-row,  W.C., 
8 p.m. 

Friday,  AIay  7 ...  SOCIETY  OF  ARTS,  John  - street, 
Adelphi,  AY.C.,  8 pm.  (Indian  Section.)  Air.  B. 
H.  Baden  Powell,  “ Indian  Alanufactures  from  a 
Practical  Point  of  View.” 

United ServiceInstitute,AA’hitehall-yard,  S.W.,  3 p.m. 

Royal  Institution,  Albemarle-street,  AV.,  8 p.m. 
Weekly  Aleeting,  9 p.m.  Air.  F.  Siemens,  “ Dis- 
sociation.” 

Alechanical  Engineers,  25,  Great  George  - street 
S.W.,  3 p m.  Annual  Aleeting.  Reading  of  Papers 
and  Discussion  continued. 

Geologists’  Association,  University  College,  W.C., 
8 p.m.  I.  Air.  J.  Posflethwaite  and  Air.  J.  G. 
Goodchild,  “ Some  Tribolites  from  the  Skiddaw 
Slates.”  2.  Prof.  G.  S.  Boulger,  “ The  Connec- 
tions in  time  of  changes  in  Fossil  Floras  with  those 
of  Faunas.” 

Philological,  University  College,  AY.C.,  8 p.m.  Air. 
A.  J.  Ellis,  “Report  on  Dialectical  AYork.” 
Saturday,  May  8. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  AY.C.,  3 p.m.  (Special  Lecture.)  Prof. 
George  Forbes,  “Electricity.”  (Lecture  IV.) 

Physical  Science  Schools,  South  Kensington,  S.W., 
3 p.m.  Mr.  Shelford  Bidwell,  “ A Alodified  Form 
of  Wheatstones  Rheostat.” 

Botanic,  Inner  Circle,  Regent’s -park,  N.W.,  3|p.m. 

Royal  Institution,  Albemarle-street,  W.,  8 p.m. 
Prof.  Ernest  Pauer,  “How  to  Form  a Judgment 
on  Alusical  Works.” 
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FRIEA  V,  MA  Y 7,  1886. 


All  communications  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelphi,  London,  W.C. 


NOTICES. 

♦ 

CANTOR  LECTURES. 

Dr.  B.  W.  Richardson,  F.R.S..  delivered 
the  first  lecture  of  his  course  on  “Animal 
Mechanics,”  on  Monday  evening,  3rd  inst  , 
in  which  he  compared  animal  and  ordinary 
mechanism,  showing  on  the  screen,  by  means 
of  the  lantern,  a series  of  figures  of  the 
mechanical  contrivances  of  the  body. 

The  lectures  will  be  printed  in  the  Journal 
during  the  summer  recess. 


ADDITIONAL  LECTURES. 

Professor  George  Forbes  resumed  his 
course  of  elementary  lectures  on  “ Electricity  ” 
on  Saturday  afternoon  last  (May  ist),  when 
his  subject  was  Magnetism.  The  fourth 
lecture  will  be  delivered  May  8th. 


Mr.  Ernest  Hart  delivered  the  first  lecture 
of  his  course  on  “ Japanese  Art  Work,”  on 
Tuesday  evening,  4th  inst.,  when  he  dealt 
with  metal  work,  and  drew  special  attention 
to  the  various  alloys  manufactured  by  the 
Japanese.  He  concluded  with  a history  of 
Japanese  enamels. 

The  lectures  will  be  printed  in  the  Journal 
during  the  summer  recess. 


JAPANESE  EXHIBITION. 

The  Exhibition  of  Works  of  Art  by  the 
gp-eat  Japanese  masters,  ranging  from  the  7th 
century  to  the  present  date,  lent  by  Mr.  Ernest 
Hart,  was  opened  on  Tuesday,  May  4th,  and 


will  remain  open  daily  until  the  22nd  inst. 
Hours:  10  till 4,  and  7.30 till 9.30p.m. ; Satur- 
days 10  till  2. 

Members  can  admit  their  friends  by  the  use 
of  the  usual  meeting  tickets  supplied  at  the 
commencement  of  the  Session.  There  will  be 
no  restriction  on  the  number  of  tickets  which 
can  be  issued  by  each  member. 

Masters  and  students  of  schools  of  art,  and 
the  heads  of  firms  of  technical  art  industries 
(metal-work,  carving,  pottery,  painting,  colour- 
printing, embroidery,  &c.),  will  receive  ad- 
mission for  parties  on  application  to  the 
Secretary  of  the  Society  of  Arts  ; and,  where 
possible,  Mr.  Hayashi  will  endeavour  to  meet 
such  parties,  and  to  afford  special  information 
on  any  particular  questions  of  technical  or  art 
interest. 

A classified  catalogue  of  the  collection  is 
nearly  ready,  and  will  be  issued  as  a supple- 
ment to  the  next  number  of  the  Journal. 


Proceedings  of  the  Society. 

♦ 

CANTOR  LECTURES. 

By  Prof.  Frederick  Guthrie,  F.R.S. 

Lecture  III. — Delivered  March  \st,  1886. 

Teaching  Physics. 

While  the  several  sciences  have  been  so 
growing  in  extent  that  each  has  put  off  suckers 
full  of  vitality,  bonds  of  interdependence  and 
relationships  of  common  dependence  have 
been  established  so  as  to  link  all  the  real 
sciences  together  into  a common  system. 

Men  now  living  may  almost  remember  the 
time  when  mathematics,  chemistry,  physics, 
and  mechanics  were  considered  as  indepen- 
dent sciences.  Not  assuredly  by  the  greatest 
masters,  but  by  the  general  educationalists. 
The  great  master  is  always  a poet  in  the  sense 
of  being  a metaphysician  and  a prophet. 

It  is  not  my  purpose  to  occupy  your  time  in 
an  attempt  to  correlate  the  forces  of  nature ; 
or  to  discuss  the  possibility  of  their  all  being 
modifications  of  one  and  the  same  force.  The 
branches  into  which  physics  is  still  divided  for 
educational  purposes  indicate  something  of 
the  history  of  that  collective  science,  inasmuch 
as  they  have  reference  to  our  own  material 
organs  of  perception.  Just  as  our  decimal 
notation  in  arithmetic  refers  to  our  ten  fingers 
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SO  does  the  fact  that  we  have  a separate  organ 
for  hearing  account  for  sound  being  considered 
for  so  long  a time  as  a separate  force,  and 
being  usually  treated  as  a separate  chapter 
of  physics,  although  all  admit  that  sound  is  in 
its  origin  a purely  mechanical  force  of  wave- 
motion. 

There  is  no  physical  science  without  exact- 
ness, and  there  is  no  exactness  without 
measurement.  Far  as  we  are  still  from  under- 
standing the  mystery  of  life,  it  is  not  to  be 
denied  that  the  greatest  advances  in  biology 
have  been  due  to  exactness  in  observation 
and  quantitative  comparison.  This  is  more 
markedly  the  case  with  the  trivial  sciences  of 
geology  and  astronomy.  Still  more  is  this  to 
be  insisted  on  in  the  study  of  the  forces  of 
inanimate  nature.  I have  always,  for  instance, 
tried  to  persuade  those  of  my  friends  who  are 
engaged  in  teaching  chemistry  that  they  would 
do  well  to  begin  at  once  with  quantitative 
methods  and  determinations  in  the  laboratory, 
synthetic  as  well  as  analytic. 

It  used  to  be  too  often  the  case  that  a student 
would  be  set  to  work  splashing  about  with  a 
lot  of  bottles  and  test-tubes,  one  eye  on  them 
and  one  on  a table  of  reactions.  It  would 
remind  one  of  the  finding  out  an  object  thought 
of  in  the  ‘‘game  of  twenty.”  I believe,  as  I 
have  always  believed,  that  the  making  quanti- 
tatively of  a few  preparations,  and  the  carrying 
out  of  a few  quantitative  analyses  give  more 
material  for  thought,  more  nourishment  to 
the  mind,  and  are  educationally  of  infinitely 
greater  avail  than  the  guessing  of  chemical 
conundrums.  I am  speaking  of  course  of 
laboratory  or  practical  work.  This  quantita- 
tive element  is  still  more  essential  in  physics. 
There  everything  should  be  quantitative  and 
exact.  But  there  are  different  degrees  of 
exactness.  No  one  would  exact  from  the 
average  student  of  chemistry  that  all  his 
analyses  should  be  of  the  same  degree  of 
refinement  as  though  he  were  determining  the 
atomic  weight  of  an  element.  Let  his  analyses 
be  sufficiently  exact  to  convince  him  of  the 
faithfulness  of  nature  and  the  trustworthiness 
of  the  statements  of  the  science. 

Now,  in  bringing  before  you  to-night  a 
short  account  of  the  system  of  teaching  prac- 
tical or  laboratory  physics  which  has  been 
adopted  at  the  Government  Science  Schools 
with  which  I am  connected,  I must  speak  a 
few  words  as  to  the  origin  of  that  system. 
When  I joined  the  service  some  seventeen 
years  ago  it  was  as  lecturer  on  experimental 
dhysics  at  the  Royal  School  of  Mines.  My 


duties,  like  those  of  my  predecessors  in  the 
office,  consisted  in  giving  about  forty  lectures 
in  physics.  This  was  supposed  to  be  sufficient 
physics  for  the  future  geologists,  miners,  and 
metallurgists.  Meanwhile,  the  encourage- 
ment given  by  the  Committee  of  Council  on 
Education  to  scientific  studies  caused  such 
studies  to  be  undertaken  in  a large  and  in- 
creasing number  of  schools  throughout  the 
country.  Put  to  the  test  of  examination,  it 
appeared  that  such  instruction  was  very 
defective,  chiefly  (speaking  of  physics)  in 
betraying  rather  an  acquaintance  with  books 
than  a knowledge  of  things.  Hence  it  was 
decided  to  introduce  practical  instruction  in 
the  teaching  of  physics  of  such  an  elementary, 
but  always  exact,  kind  as  would  give  more 
reality,  vitality,  and  interest  to  the  instruction, 
and  enable  the  teachers  of  science  in  elemen- 
tary schools,  in  their  turn,  to  make  the  in- 
struction which  they  gave  to  their  pupils  more 
real  and  impressive.  And  as  space  was  found 
for  this  purpose  at  the  Science  Schools,  it  was 
decided  that  such  practical  instruction  should 
be  given  to  the  School  of  Mines  students. 
Hence  arose  the  present  amalgamated  schools. 

It  will  be  seen  that  I advance  no  claim  what- 
ever to  the  initiative.  That  merit  belongs  to. 
those  who  have  had  the  direction  and  inspira- 
tion of  the  department  in  these  matters,  whom 
it  would  not  become  me  even  to  mention.. 
But  this  I may  claim  : the  scheme  has  had  from 
the  first  my  hearty  approval. 

The  problem  was  briefly  this.  Given  a class 
of  students  of  various  ages,  from  16  to  60,, 
and  of  various  degrees  of  general  knowledge 
and  ability.  Assume  that  they  are  all  anxious- 
to  learn,  and  that  none  of  them  have  worked 
systematically  before  in  a physical  laboratory,, 
and  let  the  instruction  be  limited  to  a few 
months — say  four. 

The  problem  is  to  give  them  a sound  but 
necessarily  elementary  training  in  the  science, 
so  that  all  shall  have  an  opportunity  of  acquir- 
ing such  a knowledge  of  physics  as  no  educated 
man  should  be  without,  and  no  scientific  man 
dare  to  be  without,  and  to  those  who  have  the 
ability,  the  opportunity,  and  the  desire,  a 
trustworthy  foundation  on  which  to  base  their 
further  studies.  The  scheme  must  be  elastic, 
so  that  the  same  method  may  be  as  applicable 
to  sixty  as  to  six. 

In  the  solution  of  this  problem  it  was  my 
great  privilege  to  have  the  advice  and  co- 
operation of  several  eminent  colleagues.  The 
first  difficulty  was  in  finding  suitable  apparatus 
Such  apparatus  as  is  used  for  lecture  demon- 
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stration  is  for  the  most  part  quite  unsuitable 
for  the  laboratory.  Again,  instruments  of 
precision,  as  supplied  by  the  best  makers,  are 
too  delicate  and  too  expensive  to  be  placed  in 
the  hands  of  an  elementary  student.  For  their 
use  there  would  be  required  as  many  skilled 
assistants  as  there  are  students  to  be  taught. 

On  the  other  hand,  the  apparatus  sold  in  the 
shops  for  use  in  elementary  instruction  is  for 
the  most  part  trash.  There  are  exceptions  here 
and  there  as  to  individual  pieces  of  apparatus, 
but,  as  a rule,  the  prevailing  sentiment  appears 
to  be  inspired  by  the  “ bag  of  tricks”  of  the 
conjurer.  The  educational  features  — the 
parts  involving  the  principles — are  deliberately 
disguised,  and  the  most  highly  finished  piece 
of  apparatus  is  supposed  to  be  that  which  is 
most  thickly  smeared  with  varnish. 

The  scheme  almost  necessarily  formed  itself 
into  the  following. — The  student  attends  a 
lecture  every  morning,  except  Saturday,  at 
10  o’clock.  These  lectures,  in  the  present 
case,  are  about  seventy  in  number.  At  ii 
o’clock  he  goes  into  the  laboratory,  provided 
with  a few  tools  ; there  he  finds  the  necessary 
material  for  making  apparatus  relating  to  the 
lecture.  He  has  also  printed  instructions 
directing  him  how  to  make  and  how  to  use  the 
apparatus  when  made.  He  finds  also  working 
models  of  such  apparatus  for  his  guidance. 
These  instructions  he  carries  out  under  the 
supervision  and  advice  of  a skilled  assistant. 

As  the  apparatus  so  made  is  frequently  and 
carefully  examined  and  credit  given  for  it,  and 
as  the  experimental  results  obtained  by  its  use 
are  noted  and  receive  credit,  and  as  the  final 
practical  examination  also  depends  entirely 
upon  the  trustworthiness  of  the  apparatus  so 
made,  the  student  soon  gets  to  be  exact  in 
his  manipulation,  and  exact  in  his  habits  of 
thought.  By  this  plan  the  progress  of  each 
student  in  the  laboratory  is  watched,  the  back- 
ward are  brought  on,  while  the  quicker  worker 
may  be  allowed  to  make  a few  pieces  of 
additional  apparatus  or  more  extended  experi- 
ments. But  with  such  of  course  he  is  not 
credited.  As  about  half  the  whole  credit 
obtainable’  is  to  be  got  from  the  written 
examination,  and  the  other  half  from  labora- 
tory work,  and  as  the  laboratory  examination 
may  thus  be  considered  chronic,  it  is  not  often 
that  a student  wholly  fails.  Rare,  indeed, 
that  one  fails  through  want  of  sufficient  ability. 

The  laboratory  work  lasts  (with  an  interval) 
from  II  to  3 or  4 o’clock.  As  a certain 
amount  of  mathematics  is  essential  even  in 
the  elementary  course,  each  student  on  two 


or  three  days  in  the  week  leaves  the  laboratory 
at  3 o’clock  for  his  mathematical  instruction. 
And  here  let  me  point  out  a peculiar  general 
feature  of  our  schools  which  is,  I think,  of 
singular  advantage.  While  the  student  is 
learning  chemistry,  he  is  learning  nothing  else, 
except  mathematics  and  freehand  drawing. 
While  he  is  learning  physics,  he  is  learning 
nothing  else  but  physics,  except  mathematics 
and  freehand  drawing,  and  so  on.  I believe 
that  in  all  higher  education  this  sy.stem  should 
be,  as  far  as  possible,  adopted.  Where  in- 
struction is  attempted  by  lectures  alone,  so 
that  a student  goes  from  the  Greek  lecture 
room  to  the  physical,  thence  to  the  Latin,  and 
so  to  the  mathematical,  his  mind  is  only  saved 
from  giving  way  by  spinning  round,  and  in  his 
hours  of  contemplation  he  asks  himself  the 
connection  between  an  aorist  and  an  air-pump, 
between  an  eclogue  and  a naperian  log. 

It  would  certainly  be  a fearful  wearisomeness 
if  a student  had  to  listen  to  and  understand 
four  or  five  lectures  on  physics  every  day,  even 
for  four  months.  But  laboratory  work  is  not  a 
mentally  arduous  strain.  The  hand  works, 
the  body  moves,  the  senses  are  alive.  And  it 
is  thus  that  the  practical  student  in  science 
shares  fully  the  pleasure  of  the  artist. 

In  making  the  apparatus,  the  object  of 
course  is  not  to  demand  from  the  student,  or 
to  give  to  him,  the  skill  of  the  artisan.  He 
receives  the  wood  and  metal,  for  instance,  cut 
in  pieces  of  the  right  size.  He  must  have  to 
acquire  a little  skill  in  bending  and  blowing 
glass,  and  in  the  use  of  the  soldering  iron. 
But  what  human  being  should  be  without  this  ? 

The  instruments  the  student  of  average  skill 
can  and  does  make  under  proper  instruction 
with  these  means  are  far  more  accurate  than 
those  he  is  at  all  likely  to  be  able  to  buy.  I 
do  not  say  that  his  divided  circles  will  be  as 
accurate  as  those  of  Troughton  and  Sims,  nor 
will  his  spectroscope  compare  with  one  of 
Hilger’s,  nor  his  resistance  coils  with  those  of 
Elliott,  nor  his  barometer  with  the  one  at 
Kew ; but  I do  say  that  his  barometer  is  a far 
more  exact  instrument  than  one  for  which  he 
would  have  to  give  several  pounds  ; that  his 
spectroscope  will  divide  the  sodium  line ; 
that  his  coils  are  true  to  the  thousandth  of 
their  nominal  value  ; that  he  can  determine 
the  wave-length  of  light  to  within  of  the 
truth,  the  specific  heat  of  a metal  to 
and  the  length  of  a sound  wave  to  3^0  of 
the  truth.  The  only  bought  instrument  of 
precision  which  the  student  uses  in  the  ele- 
mentary course  is  the  balance.  He  has  gene- 
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rally,  however,  acquired  some  skill  with  this, 
and  in  the  manipulation  of  glass  in  the  chemi- 
cal laboratory. 

The  cost  of  the  material  for  making  the 
apparatus  is  about  ;^2.  The  cost  of  an  equally 
efficient  set  as  bought  from  a philosophical 
instrument  maker  would  be  not  less  than  ;£iS> 
Taking  the  time  actually  occupied  in  making 
the  apparatus  as  two  weeks,  the  wages  of  a 
skilled  artisan  might  be  £6.  Taking  plant, 
supervision,  and  so  on,  into  account,  there  is 
accordingly  no  unreasonable  profit.  A perfect 
physical  instrument  is  priceless.  This  also  is 
not  our  business.  To  us,  I mean  to  the 
Government,  the  cost  is  small  (say  30s.).  To 
the  student  it  is  nothing.  He  finds  himself  at 
the  end  of  the  course  with  a set  of  apparatus 
made  by  himself,  and  fully  tested  by  himself; 
and  he  finds  himself  in  possession  of  verifica- 
tions of  many  of  the  great  generalisations  of 
physics,  which  generalisations,  having  been 
thus  acquired  by  the  simultaneous  working  of 
brain  and  hand,  he  is  slow  to  forget. 

I have  here  a set  of  apparatus  such  as  I 
Tiave  described,  and  such  as  the  students 
make  and  use. 

Let  me  briefly  sketch  the  course. 

1.  By  means  of  this  tube  which  has  to  be 
carefully  calibrated,  we  have  the  student 
furnishing  himself  with  the  means  of  verifying 
the  connection  between  the  tension  or  elas- 
ticity of  a gas,  its  volume  and  its  density. 

2.  This  syphon  barometer  has,  as  you  notice, 
a very  perfect  vacuum. 

3.  The  methods  of  determining  the  specific 
gravities  of  solids  and  liquids  I need  not 
describe. 

Sound. 

Starting  with  a tuning  fork  which  is  given  to 
him,  and  the  monochord  which  he  makes,  the 
student  is  able  to  verify  the  intervals  of  the 
gamut  as  dependent  on  length  of  string.  He 
then  examines  the  effects  of  variation  of 
diameter,  of  tension,  and  of  wcightof  the  string. 

Tuning  forks  are,  however,  seldom  exact. 
The  actual  pitch  of  the  fork  is  found  by  the 
method  of  sinuosities,  a smoked  glass  plate  is 
dropped  in  front  of  a style  on  the  fork,  and  so 
the  fork  writes  its  own  number.  Hence  by 
means  of  the  length  of  the  resonant  cavity  the 
velocity  of  sound  in  air  is  obtained  with  some 
accuracy,  and  by  the  method  of  longitudinal 
vibrations  the  velocity  in  wood,  glass,  and 
brass,  &c.,  follows.  The  rule  of  the  transverse 
vibrations  of  rods  is  examined.  The  produc- 
tion of  harmonies  on  strings,  rods,  and  in 


tubes  is  shown,  and  a number  of  experiments 
follow  concerning  the  velocity  of  sound  in 
different  gases  as  determined  by  dust  figures. 

Heat. 

Having  made  and  graduated  both  a direct 
alcohol  and  differential  air  thermometer,  the 
absolute  expansions  of  water  and  alcohol  are 
determined.  Very  accurate  results  may  easily 
be  got  as  to  the  latent  heats  of  water  and 
steam.  Then  the  student  having  made  his 
calorimeter,  determines  the  specific  heats  of 
iron,  copper,  zinc,  tin  and  lead.  The  specific 
heats  of  a few  liquids  are  determined  both  by 
direct  comparison  with  water  or  indirectly  with 
the  metals. 

Light. 

In  light  the  chief  work  consists  of  the  fol- 
lowing ; — The  making  and  use  of  the  dia- 
phanous and  shadow  photometers.  The 
making  of  an  instrument  for  examining  the 
rules  of  reflection  and  refraction,  and  the 
verification  of  these  rules.  The  determination 
of  refractive  indices  of  liquids  and  their  dis- 
persive powers.  The  images  from  curved 
mirrors,  the  measurement  of  focal  lengths,  and 
the  curvative  and  refractive  indices  of  lenses. 
A few  experiments  concerning  plane  polarised 
light,  are  followed  by  the  determination  of  the 
wave-length  by  a grating,  and  the  construction 
and  use  of  the  spectroscope. 

Electricity. 

The  principal  pieces  of  apparatus  con- 
structed in  this  branch  are  : — A gold  leaf 
electroscope  ; a differential  condenser ; a sand- 
dropping accumulator;  a Leyden  jar;  an 
electrophorus ; a dry  pile  ; a voltaic  cell ; a 
differential  galvanometer ; a resistance  bridge  ; 
a set  of  resistance  coils ; a tangent  galvano- 
meter; a potentiometer;  a thermo-element  ; a 
thermopile.  And  by  these  apparatus  typical 
experiments  and  measurements,  of  which  the 
following  are  a few,  are  made. — The  study  of 
magnetic  curves ; the  action  of  the  current  on 
the  needle ; the  relation  between  length,  weight, 
and  resistance  in  wires  ; the  effect  of  tempera- 
ture on  resistance  ; the  law  of  divided  circuits  ; 
specific  resistance ; electromotive  force  ; in- 
ternal resistance  of  cells,  and  so  on. 

Electricity,  especially  voltaic,  lends  itself 
perhaps  more  abundantly  to  exact  measure- 
ments in  the  elementary  laboratory  than  the 
other  branches,  and  it  is  on  this  account,  and 
because  it  is  the  last  subject  treated  of,  and  so 
claims  any  spare  time  at  the  end  of  the  term, 
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that  it  occupies  a rather  prominent  part.  I do  not 
hold  that  it  has  really  any  greater  educational 
value  than  the  other  branches,  and  certainly 
in  a general  educational  course  it  is  not  for 
me  to  give  it  prominence,  because  just  now  it 
has  a considerable  technical  development.  I 
trust  the  time  may  never  come  when  any 
branch  of  physics  will  be  considered  as  of 
comparatively  little  importance  in  genera  1 
education.  Excepting  as  to  the  subjects  of 
mining  and  metallurgy,  our  schools  are  without 
technical  training. 

Well,  when  I first  undertook  the  carrying 
out  of  the  scheme,  the  only  distrust  I had  was 
in  my  own  power  and  fitness.  I had  none 
whatever  in  the  feasibility  of  the  plan.  Many 
told  me  that  it  could  not  succeed,  many  that 
it  ought  not  to  succeed.  As  to  the  last 
position  I am  not  competent  to  judge.  But  to 
the  others,  as  my  answer  was  then,  “ I think 
it  will,”  so  it  is  now,  ” I think  it  has.”  And 
I say  this  without  hesitation.  For  as  the 
inception  was  not  mine,  so  have  I been 
steadfastly  supported  and  encouraged  by  my 
official  superiors,  so  have  I been  loyally  assisted 
by  the  various  members  of  my  staff ; and  in 
this  respect  I should  be  doing  less  than  the 
barest  justice  if  I neglected  to  acknowledge 
the  services  of  Mr.  Boys,  to  whom  I am 
indebted  for  a considerable  number  of  new 
experiments,  and  for  his  having  recast  the 
syllabus  of  instruction  into  its  present  form. 

The  Course  I.  which  I have  described,  having 
been  successfully  passed  through,  a student 
who  wishes  to  make  a special  study  in  physics 
and  take  his  associateship  in  that  branch  has 
to  spend  eight  months  in  the  laboratory,  and 
have  further  training  in  mathematics.  During 
the  first  four  months  he  exercises  himself  in 
certain  physical  measurements  of  the  most 
exact  character.  These  students  are,  under 
supervision,  allowed  to  use  instruments  of  the 
highest  precision.  No  hard  and  fast  course  is 
laid  down  for  them,  but  their  work  is  as  much 
consecutive  as  possible.  In  Course  III.,  which 
is  the  final,  some  subject  for  research  is  taken 
up,  and  though  the  result  may  be  of  a negative 
character  as  far  as  anticipation  is  concerned, 
it  is  a contribution  to  knowledge,  and  worth 
publishing. 

I can  thus  look  back  with  some  satis- 
faction to  the  success  so  far  achieved,  and  can 
look  forward  with  great  hope  for  the  future. 

I find  that  methods  similar  to  the  one  I have 
been  describing  are  growing  into  use  in  many 
places.  Not,  I am  well  aware,  nearly  so  much 
^nrough  direct  influence  from  our  schools  as 


through  the  principle — the  physical  principle — 
that  like  force  acting  on  like  bodies  will  pro- 
duce like  effects,  or  that  other  one  of  the 
political  economist,  that  like  wants  produce 
like  supplies. 

And  so,  in  taking  leave  of  you  and  thanking 
you  for  your  patience  in  listening  to  me,  I 
would  remind  you  that  starting  from  a review 
of  the  present  position  of  science  teaching 
throughout  the  land,  and  suggesting  various 
changes  in  the  Board  schools,  I described  a 
method  of  interesting  and  instructing  the  child 
in  the  scientific  aspect  of  nature.  To-day  I 
have  particularised  the  method  of  teaching 
one  branch  of  science.  I have  had  to  use 
strong  language  for  I feel  strongly,  and  I have 
been  addressing  strong  people.  Of  this,  at 
least,  you  and  all  men  may  be  well  assured 
that  I will  not  cease  to  proclaim,  as  long  as 
strength  is  given  to  me,  that  the  hope  of  science 
is  the  hope  of  the  world.  That  while  I yield 
to  none  in  my  love  of  imagination,  of  literature, 
and  of  all  the  fine  arts,  they  are  as  the  gracious 
flowers  of  the  mind-plant  whose  leaves  and  roots 
are  the  truths  of  science.  True  that  the  living 
plant  is  most  beautiful  when  it  is  in  blossom. 
He  who  plucks  off  the  flower,  while  marring 
the  beauty  of  the  plant,  destroys  the  fruit  for 
ever. 


TWENTIETH  ORDINARY  MEETING 

Wednesday,  May  5,  1886;  Sir  Frederick 
Abel,  C.B.,  D.C.L.,  F.R.S.,  Chairman  of  the 
Council,  in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society  : — 

Faren,  D.  S.  M.,  47,  Holborn-viaduct,  E.C. 

Gatty,  Charles  T.,  43,  Grosvenor-road,  S.W. 
Harrison,  Albert,  Thames  Sugar  Refinery,  Silver- 
town,  E. 

Hodgkinson,  W.  R.,  29,  Pembroke-square,  W. 
Morris,  James  Archibald,  16,  Adamson-road,  South 
Hampstead,  N.W. 

Newton,  Arthur  Henry,  Belsize  Court,  Hampstead, 

N.W. 

Newton,  John,  Park-green,  Macclesfield. 

Owen,  Richard  George,  40,  Warwick- road.  South 
Kensington,  S.W. 

Rathbone,  Frederick,  Rysel,  Rhydal-road,  Streat- 
ham,  S.W. 

Wimshurst,  James,  4.  The  Grove,  Clapham-common, 

S.W. 

The  following  candidates  were  balloted  for 
and  duly  elected  members  of  the  Society  : — 
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Donkin,  Edwin  Bryan,  Southwark  - park  - road, 
Bermondsey,  S.E. 

Douglas,  Charles  Stewart,  Manor-lodge,  Sutton, 
Surrey. 

Douglas,  William  Carstairs,  Manor-lodge,  Sutton, 
Surrey. 

Fletcher,  Alfred  E.,  57,  Gordon- square,  W.C. 
Leake,  Charles  Frederick,  Hale -house,  Staines, 
Middlesex. 

Lockwood,  Philip  Causton,  i,  Gloucester- place, 
Brighton. 

Manchester,  Duke  of,  K.P.,  Kimbolton,  St.  Neots, 
Hunts. 

Porter,  Edmund  Robinson,  16,  Daleham- gardens. 
South  Hampstead,  N.W. 

Quick,  Frederick  James,  New  University  Club,  S.W. 
Ripley,  Henry,  Owston,  Doncaster. 

Watt,  George,  M.B.,  Revenue  and  Agriculture 
Department,  Calcutta. 

Williams,  Oliver  John,  38,  York-road,  Lambeth, 
S.E.,  and  Harwich,  Essex. 

Wragge,  George  E.,47,Belvedere-rd.,  Lambeth,  S.E. 

The  discussion  on  Dr.  C.  Meymott  Tidy’s 
address  on  the  “Treatment  of  Sewage,” 
delivered  on  April  14,  took  place  as  follows  : — 

The  Chairman,  in  opening  the  discussion,  re- 
marked that  since  the  last  meeting,  when  Dr.  Tidy 
gave  such  an  interesting  address  on  the  subject  of 
the  treatment  of  sewage,  the  report  of  what  he  then 
said  had  appeared  in  the  Journal^  and  although  Dr. 
Tidy  had  not  had  time  to  correct  it,  and  there  might 
therefore  be  some  slight  errors  in  it,  on  the  whole 
he  believed  all  would  agree  that  it  was  a fairly 
accurate  statement  of  what  Dr.  Tidy  had  advanced. 
He  felt  that,  although  it  would  undoubtedly  have 
been  an  advantage  to  have  the  paper  in  full,  still 
there  was  sufficient  of  the  substance  of  it  in  print 
to  lead  to  an  interesting  discussion.  He  must  inform 
the  meeting  that  the  discussion  would  have  to  close 
that  evening,  as  there  was  no  other  available  evening 
to  continue  it  during  the  present  session. 

Lieut. -Col.  A.  S.  Jones,  V.C.,  said  he  had  listened 
last  month  to  Dr.  Tidy’s  extempore  address,  and  re- 
gretted to  find  it  reproduced  in  the  Journal  in  the 
same  flowing  language,  because  a condensed  digest  or 
summary  would  probably  have  been  more  useful. 
The  author  began  by  saying,  “I  come  here  to-night 
without  being  an  advocate  of  anybody  or  anything, 
and  without,  rs  far  as  I know,  having  written  any- 
thing on  the  subject  which  can  be  criticised;  ” and 
throughout  his  paper  one  was  reminded  of  the  ex- 
pression qui  s^excuse  s'accuse.  As  to  the  latter 
assertion,  he  (Col.  Jones)  desired  to  contrast  his  own 
position  with  that  of  Dr.  Tidy,  inasmuch  as  he  had 
been  writing  subject  to  criticism  for  the  last  18  years  ; 
and  his  publisher  having  asked  about  a year  ago 
to  be  allowed  to  bring  out  a third  edition  of  an  early 
pamphlet  at  his  own  risk,  he  wrote  a short  pre- 


face on  the  i8th  July,  1885,  in  which  he  said: — 
“Readers  will  observe  ihat  although  I put  the  ques- 
tion ‘ Will  a sewage  farm  pay  } ’ on  the  title  page 
I do  not  even  pretend  to  answer  it  dogmatically 
in  either  the  affirmative  or  the  negative ; they  may 
draw  their  own  conclusions  from  the  statements 
which  I endeavour  to  put  before  them  as  truthfully  as 
possible,  recollecting  that  circumstances  alter  cases.” 
Dr.  Tidy  seemed  at  last  to  have  come  to  the  conclu- 
sion that  it  was  futile  to  expect  to  obtain  any  fixed 
data  in  sewage  matters  from  chemical  analyses,  or  from 
the  weighing  of  human  excreta,  an  operation  which 
he  appears  to  have  repeated  for  his  own  satisfaction, 
although  he  pokes  fun  at  the  enthusiasts  who  have 
previously  founded  their  theories  of  the  value  of 
sewage  on  such  experiments.  For  his  own  part,  he 
thought  that  almost  the  only  services  which  the 
science  of  chemistry  had  ever  contributed  to  the 
cause  of  sewage  disposal  were  performed  long  ago, 
when  it  showed  that  sewage  sludge  had  a certain  low- 
fertilising  value  ; that  the  matter  held  in  solution  by 
sewage  is  five  or  six  times  as  valuable ; and  that  lime, 
alumina,  iron,  and  other  substances  assist  in  pro- 
ducing more  or  less  deposition  of  the  solids  in  sus- 
pension and  solution,  when  the  sewage,  was  allowed 
a period  of  rest,  or  slow  motion  in  tanks,  whereby  a 
more  or  less  clarified  effluent  could  be  obtained. 
The  chemist  in  his  laboratory  called  any  settlement  at 
the  bottom  of  his  test-tubes  a precipitate,  whether  he 
may  have  added  a re-agent  to  produce  it  or  not,  and 
the  popular  distinction  between  a simple  process 
of  deposition  by  temporary  stagnation  of  sewage  and. 
a precipitation  process  had  always  appeared  un- 
scientific aud  absurd,  although  he  and  others  had 
felt  bound  to  make  use  of  those  popular  terms  as  the 
readiest  means  of  communicating  their  ideas  on  the 
subject.  As  the  author  of  the  paper  now  under 
consideration  had  cleared  away  some  cobwebs  spun 
about  the  subject  by  laboratory  experiments  in  de- 
cimals of  a grain  per  gallon,  perhaps  he  might  be 
allowed  to  point  out  that  it  would  have  been  a more- 
scientific  course,  though  less  attractive  to  the  lay 
eye,  if  the  comparative  analyses  between  raw  sewage 
and  effluents,  on  which  inventors  have  so  often  relied, 
had  been  based  upon  the  supernatant  liquid,  after 
due  opportunity  had  been  given  for  the  solids  of 
sewage  to  reach  the  bottom  of  a tank,  by  the  means 
which  nature  has  provided  for  the  purpose  of  more 
or  less  clarifying  all  liquids  in  a state  of  rest.  He 
(Colonel  Jones)  -had  collected  so  much  of  the  paper 
as  it  concerned  him  to  deal  with  under  nine  heads, 
and  he  was  happy  to  find  himself  in  entire  accordance 
with  its  author  on  the  first  four  of  that  number, 
which  were  as  follows:  — !.  Variability  of  sewage 
in  composition  and  volume;  2.  Necessity  for 
constant  attention  and  cleanliness  with  the 
current  outlay  necessary  to  secure  these  essentials. 
3.  Suspended  matter  the  foulest  part  of  sewage ; 4. 
The  advantage  of  a double  treatment  by  precipitation 
(in  the  scientific  sense  of  the  word  above  pointed 
out),  and  irrigation  ; 5.  Two  insuperable  difficulties 
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supposed  to  attach  to  the  application  of  raw  sewage 
to  land ; 6.  Frost  and  heavy  rain  ; 7.  The  separate 
system ; 8.  Ratio  of  acres  to  population ; 9. 

Hygiene.  It  might  be  convenient  to  state  his  opinion, 
for  or  against  that  of  Dr.  Tidy,  on  the  above  points, 
by  grouping  1-4,  5 and  6,  and  7-9  as  follows: — 
1-4.  As  to  the  variability  of  sewage,  there  could  be 
no  doubt  that  it  was  very  great,  and  he  saw  no  reason, 
except  that  of  expense,  which  should  have  prevented 
the  author  taking  samples  every  five  minutes 
consecutively  for  a year,  instead  of  half  hourly 
for  an  odd  day  on  three  or  four  occasions,  if 
he  wished  to  get  any  trustworthy  average  even 
for  one  town.  The  necessity  of  constant  intelli- 
gent superintendence  day  and  night  lies  at  the 
root  of  sanitaiy^  success  in  sewage  treatment,  and  the 
author  had  done  well  in  calling  attention  to  the  care- 
lessness of  municipal  authorities  generally,  as  to  the 
proper  maintenance  of  a business,  for  the  establish- 
ment of  which,  under  pressure,  they  often  voted  large 
sums  as  capital,  with  less  reluctance  than  an  annual 
charge,  which  was  equally  necessary.  But  sewage 
was  a disagreeable  subject,  with  which  they  would 
fain  deal  once  for  all  and  be  done  with  it,  forgetting 
that  they  were  producing  it  hourly,  and  that  it  would 
not  keep.  Here  he  should  like  to  contribute  his 
testimony  to  the  faithfulness  and  intelligence  shown  by 
the  staff  of  the  Native  Guano  Company  at  Aylesbur)q 
for  he  too,  like  Dr.  Tidy,  had  been  a little  behind  the 
scenes,  having  held,  for  a considerable  period, 
the  appointment  of  engineer  for  that  company’s 
operations  wdth  regard  to  the  metropolitan  sewage. 
In  the  control  of  such  a staff,  with  the  experience 
gained  by  Mr.  Page  and  others,  he  considered  that 
the  company  held  its  best  asset,  and  the  shareholders 
deserved  great  credit  and  much  future  success  as  the 
due  reward  of  their  constancy  in  upholding  the  truth 
— that  there  was  a certain  value  even  in  sludge,  and 
that  it  ought,  in  some  way  or  other,  to  be  made  avail- 
able in  the  fertilisation  of  our  fields,  as  well  as  the 
liquid,  however  much  more  valuable  the  latter  might 
be.  Having  made  and  sold  a great  deal  of  artificial 
manure  compounded  from  the  same  basis,  he  could 
produce  testimonials  such  as  the  Native  Guano  Com- 
pany does  to  its  value  ; but,  having  said  this  in  favour 
of  the  company,  he  regretted  to  have  to  add  that  it 
made  two  serious  mistakes,  one  being  entirely  under 
its  control,  although  it  might  not  be  altogether  a 
free  agent  with  regard  to  the  other,  viz.,  that  the 
price  of  los.  per  ton  charged  to  the  farmer  is 
much  too  high;  and,  secondly,  that  the  Stock 
Exchange  afforded  opportunities  for  gambling  in 
“Natives.”  Everyone  knew  that  the  suspended 
matter  was  the  foulest  of  town  sewage  — the 
“ crux  ” of  the  question,  as  the  Royal  Commis- 
sion under  Lord  Bramwell  called  it.  Few  people 
now  could  be  found  to  differ  from  the  opinion 
that  unless  an  effluent  from  any  kind  of  precipitation 
works  could  be  directly  discharged  into  the  sea,  or  a 
very  large  estuary,  irrigation  over  land  ought  to  be 
called  in  to  supplement  the  clarification  of  sewage. 


The  author  had  reserved  his  opinion  upon  the  new 
deodorising  process  recently  adopted  by  the  Metro- 
politan Board  as  a substitute  for  the  land  purifica- 
tion as  recommended  by  the  Royal  Commission,  but 
he  should  like  to  make  two  remarks  on  the  subject, 
viz.,  I.  That  land  was  recommended  not  only  for  its 
©xydising  effect  on  the  effluent,  but  also  for  its 
mechanical  power  of  arresting  any  residue  of  sus- 
pended matter  which  might  escape  precipitation 
under  the  best  system  which  could  be  adopted,  and 
that  the  Board’s  approval  of  the  system  of 
“starving”  down  the  chemicals  to  3*7  grains 
lime  and  i grain  iron  per  gallon,  avowedly  with 
the  object  of  reducing  the  amount  of  trouble- 
some sludge  rather  than  that  of  the  saving  in  cost 
of  chemicals,  rendered  the  land  remedy  all  the 
more  necessary.  In  fact,  that  as  “separation  of 
the  solids,”  not  that  of  a part  of  the  solids,  was 
recommended,  the  effluent  from  such  a process  would 
be  inadmissible  into  the  estuary  even  at  Hole  Haven, 
for  the  balance  between  the  total  solids  in  suspension 
in  the  sewage  plus  lime  and  iron,  and  the  amount  of 
sludge  removed,  must  pass  away  with  the  effluent, 
however  “brilliant”  the  latter  might  appear  to  the 
eye,  and  there  could  be  no  mechanical  action  in  per- 
manganate of  soda  to  replace  that  of  the  land.  2. 
That  the  deodorisation  was  temporary  in  its  effect,  as 
anybody  might  ascertain  by  keeping  a bottle  of 
effluent  deodorised  by  permanganate  for  a few  days, 
and  as  the  sewage  is  not  supposed  to  reach  the  Nore 
for  some  six  weeks  after  discharge  at  Barking,  it 
would  seem  hardly  worth  the  expense  of  deodorising 
it  for  about  one-twentieth  part  of  that  period. 
Passing  on  to  the  points  on  which  he  differed  in 
opinion  with  Dr.  Tidy  (5  and  6),  he  says  that  in 
putting  sewage  upon  land  without  having  first 
removed  its  sludge,  “two  insuperable  difficulties 
occur,  and  I am  now  speaking  of  the  results  of  my 
own  experience  on  this  subject,”  which  is  rather  at 
variance  with  the  statement  made  at  an  earlier  period  of 
the  evening.  “ I do  not  know  myself  very  much  about 
the  agricultural  aspect  of  the  subject.”  Any  farmer  or 
labourer  even  can  give  the  most  direct  and  positive  con- 
tradiction to  i\\e papier  machei^ieoxy.  He  (Col.  Jones) 
had  applied  large  quantities  of  raw  sewage,sludge,  and 
all,  to  fallow  land  every  winter  for  fifteen  years,  and 
never  found  the  pores  of  the  soil  clogged  when  it  had 
been  ploughed  up  for  roots  in  the  succeeding  spring. 
Frost  and  heavy  rain  were  also  common  bugbears 
with  indoor  advocates  of  chemical  precipitations, 
which  the  farmer  knew  how  to  combat  without  much 
loss  of  purification,  as  percolation  went  on  through 
the  soil  all  the  same  under  the  sheet  of  ice,  and  it 
was  quite  unnecessary  as  well  as  unusual  to  let 
the  sewage  run  over  frozen  ground  into  a 
river.  (7-9).  The  separate  system  had  doubtless 
been  ridden  too  hard  by  some  people  as  a 
hobby,  but,  as  in  many  other  practical  matters,  a 
happy  mean  was  the  best,  and  he  did  not  think 
excess  of  subsoil  and  surface  water  would  be  thought 
less  of  an  evil  by  anyone  honestly  desiring  to  do  his 
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best  to  clarify  sewage  by  precipitation  than  by  an  irri- 
'gationist,  as  implied  by  the  author,  might  be  the  case. 
On  the  subject  of  hygiene,  he  had  no  hesitation  in 
■challenging  the  author  to  prove  anything  supporting 
his  insinuations  as  to  the  supposed  unhealthiness  of 
sewage  farms.  In  conclusion,  he  might  say  a word  for 
the  poor  farmer,  who  had  often  been  called  conserva. 
tive  where  he  had  only  been  alive  to  his  own  interest. 
He  was  at  the  mercy  of  the  weather  in  all  his  opera- 
tions, but  would  gladly  add  the  additional  care  of 
sewage  purification  to  his  other  responsibilities,  in 
consideration  of  its  well-known  value,  but  he  values 
his  peace  of  mind  too  much  to  put  himself  at  the 
mercy  of  soulless  Boards,  who  might  at  any  time 
employ  town-bred  chemists  and  lawyers  to  effect  his 
Tuin  at  the  expense  of  the  ratepayers ; and  this  was 
the  reason  why  town  councils  are  left  to  stagger 
along  with  their  ill-managed  farms  or  precipitation 
works.  Private  enterprise  succeeds  better  in  all  such 
concerns  in  England,  but  mutual  confidence  between 
landlord  and  tenant  under  such  novel  conditions  must 
be  a plant  of  slow  growth,  and  the  latest  revelations 
of  scientific  opinions  and  expert  evidence  were  not 
encouraging  features  of  the  case,  as  viewed  by  any 
enterprising  individual  or  company  simply  desiring  to 
do  the  best  which  could  be  done  for  the  purification 
of  rivers,  and  to  be  judged  reasonably  in  the  perform- 
ance of  their  duty. 

Mr.  Baldwin  Latham  said  he  should  have  to 
differ  from  Dr.  Tidy  on  some  points,  but  like  him, 
lie  had  no  principle  to  advocate,  as  he  had  tried 
various  chemical  processes,  and  had  also  largely 
adopted  the  irrigation  plan.  The  first  important  point 
was  that  of  separation ; they  were  told  that  they  were 
Tiot  to  separate  the  rainfall  from  the  sewage  ; and  they 
w^ere  also  told  that  in  time  of  rain  the  sewers  were 
flushed  out,  and  the  consequence  was  that  at  that 
'time  the  sewage  was  much  fouler  than  at  any  other 
lime.  It  seemed  to  him  that  that  was  the  very  strongest 
argument  for  separation.  If  as  much  rain  as  possible 
were  kept  out  of  the  sewers,  the  volume  was  con- 
siderably reduced ; if  it  were  not  kept  out  the 
average  daily  flow  might  be  increased  twenty  to 
thirty  times  in  one  hour  by  a heavy  shower.  Dr. 
Tidy  said  this  did  not  matter  to  chemical  processes, 
but  was  of  importance  in  irrigation ; he  should  say 
on  the  other  hand  that  it  was  far  more  important 
in  a chemical  plan,  simply  because  to  carry  out  such 
a process  properly  you  required  large  tank  space,  and 
if  in  a limited  time  thirty  times  as  much  rain  as  the 
ordinary  volume  of  sewage  came  down,  as  the 
tanks  generally  held  only  six  hours’  sewage, 
instead  of  having  six  hours  for  precipitation  there 
would  only  be  a few  minutes,  and  the  consequence 
was  the  sewage  must  go  away  in  a polluted  form. 
Sufficient  tank  room  could  never  be  supplied  (unless 
the  works  were  on  an  enormous  scale)  without  the 
surface  water  was  excluded.  He  was  much  surprised 
to  hear  Dr.  Tidy’s  remarks  on  the  deleterious  effects 
of  irrigation,  remembering  what  he  had  heard  him 


say,  in  some  inquiries  in  which  he  had  been  con- 
cerned. He  had  himself  tried  most  earnestly  to 
investigate  the  question  of  public  health  and  the 
influence  of  irrigation  farms  on  the  neighbourhoods 
in  which  they  had  been  established.  He  (Mr, 
Latham)  was  one  of  the  judges  for  the  Royal 
Agricultural  Society  of  England  in  the  Sewage 
Farm  Competition,  in  1880,  and  in  that  capacity 
had  assisted  in  investigating  the  condition  of  health 
of  those  living  on  sewage  farms.  As  to  the  result, 
he  was  quite  sure  that  Dr.  Tidy  could  not  produce 
a number  of  selected  individuals  from  any  part 
of  the  country  who  could  compare  in  health 
with  the  inhabitants  on  the  sewage  farms.  Of 
course,  he  did  not  mean  to  say  that  if  sewage  were 
badly  managed  it  might  not  have  its  evils,  or  if 
sewage  farms  were  badly  managed  or  improperly 
located  (and  the  same  with  any  other  sewage  works), 
and  a bad  effluent  got  into  the  water  supply,  it  would 
not  be  detrimental  to  health.  On  this  matter  he  had 
looked  into  the  evidence  of  Dr.  Tidy  on  the  Lower 
Thames  Valley  inquiry,  and  he  found  this  question 
was  put  to  him: — 13781.  Have  you  directed  your 
attention  to  whether  any  case  of  disease  could  be 
traced  to  the  existence  of  sewage  farms  } — A.  I 
have  never  been  able  to  trace  any  cases  of  disease 
directly  to  this  cause.  I have  heard  a great  many 
reports,  and  those  cases  I have  had  the  opportunity 
of  investigating  have  invariably  shown  that  it  was 
rather  a sentimental  grievance  than  any  actual  cause 
of  complaint.”  Again,  he  was  asked,  at  question 
13786,  if  there  was  any  nuisance,  and  his  reply 
was  — “I  have  never  myself  seen  anything  ap- 
proaching a nuisance,  except  in  evident  gross  careless- 
ness.” He  was  aware  that  Dr.  Tidy  stated  in  his 
paper  that  “ consistency  was  the  bugbear  of  weak 
minds,”  and  they  would  probably  be  satisfied  that 
Dr.  Tidy  was  not  of  weak  mind ; but  there  was  a 
difference  between  consistency  and  adherence  to 
truth.  Having  carefully  investigated  the  health 
statistics  of  a large  number  of  sewage  farms,  and 
not  being  able  to  trace  any  evil  consequences, 
he  had  no  hesitation  in  recommending  any 
local  authority  which  could  secure  land  on  favour- 
able terms  to  adopt  that  process  where  it  could  be 
used.  He  did  not  say,  however,  that  that  process 
was  the  only  process  available ; there  were  many 
others,  notably  the  native  guano  process,  which  he 
had  himself  adopted  in  certain  cases,  and  had  found 
very  satisfactory.  It  was  very  desirable  in  some 
cases  that  a chemical  process  should  be  adopted, 
especially  in  conjunction  with  irrigation.  He  did  not 
consider  it  necessary  always  to  add  a chemical  process 
to  irrigation,  but  he  thought  irrigation  to  some  extent 
should  always  follow  a chemical  process.  Dr.  Tidy 
said  nothing  about  artificial  filtration,  but  he  had  found 
it  necessary  to  adopt  the  plan  sometimes  where  it  was 
impossible  to  obtain  land,  so  as  to  give  a final  purification 
to  the  sewage  after  chemical  treatment.  He  approved 
of  the  suggestion  thrown  out  by  Sir  Frederick  Abel, 
Dr.  Dupre,  and  Mr.  Dibdin,  for  using  some 
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chemical  which  should  readily  part  with  oxygen, 
as  a final  purifier  of  the  effluent,  was  a good 
one.  With  regard  to  sludge  presses,  he  thought 
it  ought  to  be  known  that  this  was  one  of  the  very 
earliest  inventions  used,  and  the  press  as  now  used 
was  almost  identical  with  that  devised  by  Mr.  Wick- 
stead,  at  Leicester,  where  it  turned  out  what  were 
called  Leicester  bricks.  Mr.  Wickstead  was  pro- 
bably in  advance  of  the  present  age  with  regard  to 
the  use  of  these  presses,  forinstead  of  using  compressed 
air,  w’hich  was  very  expensive,  he  used  a column  of 
the  liquid  sludge,  which  produced  a constant  and 
steady  pressure  at  little  cost  compared  with  the 
use  of  air.  The  sludge  was  constantly  pumped 
into  a high  column,  and  ccme  out  at  the  bottom 
in  the  solid  form.  He  did  not  think  Dr.  Tidy 
had  really  done  the  subject  justice  in  the  re- 
marks which  he  made,  and  he  was  extremely 
anxious  to  see  the  figures  upon  which  the  observa- 
tions were  based.  There  was  no  doubt  that  he 
had  a vast  experience,  and  had  also  succeeded  a 
gentleman  who  had  a much  larger  experience,  and 
together  they  possessed  an  enormous  mass  of  material 
which  was  of  extreme  value  ; and  if  this  were  put  into 
the  form  of  a paper,  it  would  be  an  extremely  valuable 
acquisition  to  the  literature  bearing  on  the  question. 
With  regard  to  the  question  of  London  sewage,  he 
had  always  been  of  opinion  that,  owing  to  the  position 
of  London  outfalls,  it  was  extremely  desirable  that  a 
perfect  system  should  be  adopted  for  purifying  the 
sewage,  because  unless  they  could  really  get  rid 
of  the  sewage  out  of  the  river,  difficulties  would 
arise  very  much  more  serious  than  were  generally 
supposed.  There  were  a large  number  of  various 
works  upon  the  sides  of  the  Thames  which  possessed 
wells,  and  in  the  case  of  Woolwich  Arsenal,  it  was 
stated  that  the  well  was  tidal,  so  that  there  appeared 
to  be  a direct  connection  with  the  Thames  itself. 
That  was  no  doubt  also  the  case  with  a large  number 
of  wells  in  London,  and  as  the  Corporation  of  London 
were  now  proposing  to  sink  wells  in  the  city,  in  order 
to  furnish  a supply  of  water,  as  such  water  came  very 
largely  direct  from  the  river,  the  question  of  keening 
the  river  pure  was  of  very  great  importance,  and  it 
was  imperative  that  whatever  was  done  with  the 
London  sewage,  unless  it  was  removed  clean  out  of 
the  river,  it  should  be  so  treated  as  to  prevent  noxious 
results  arising  from  it. 

Mr.  Peregrinf.  Birch  said  he  noticed  that  D.»-. 
Tidy  was  unable  to  understand  how  Dr.  Frankland 
found  that  there  were  25,000  tons  of  sludge  and 
sewage  matter  kept  out  of  sewers  in  midden  towns, 
and  also  that  the  sewage  of  midden  towns  was  prac- 
tically as  foul  as  the  sewage  of  water-closet  towns. 
But  that  was  perfectly  intelligible,  because  it  de- 
pended upon  the  fact  that  water-closet  towns,  besides 
throwing  a large  additional  amount  of  solid  matter 
into  the  sewers,  also  threw  a large  amount  of  addi- 
tional water  into  them.  With  reference  to  the 
separate  system,  Dr.  Tidy  stated— and  he  agreed 


with  him — that  we  must  not  be  phrase  worshippers ; 
but  he  also  agreed  with  Mr.  Baldwin  Latham,  that  it 
would  be  very  dangerous  indeed  to  trust  to  rainwater 
flushing  sewers,  and  to  making  the  sewers  large 
enough  to  carry  the  rain  water.  In  large  cities,  such 
as  London,  it  would  be  very  difficult  to  adopt  a sepa- 
rate system,  but  in  rural  districts  and  country  towns'- 
something  approaching  the  separate  system  was  no- 
doubt  the  right  plan  to  adopt.  As  to  the  difficulty 
of  disposing  of  the  sewage  to  the  farmers,  he  might 
say  that  in  some  parts  of  England  the  voluntary 
system  had  been  found  to  be  extremely  useful ; for 
instance,  at  Cheltenham,  where  precipitating  tanks 
had  been  erected  which  did  not  efficiently  perform 
their  object,  the  Town  Council  had  spent  several 
thousand  pounds  in  carrying  the  sewers  further  down 
the  valley,  and  bought  two  farms  of  their  own, 
and  had  made  arrangements  with  the  farmers 
on  the  route  to  take  the  sewage  when  they  wanted 
it,  and  when  they  did  not  want  it  it  was  put 
upon  the  land  belonging  to  the  corporation. 
They  received  from  the  farmers  sums  varying 
from  4s.  to  15s.  per  acre  for  a dressing.  When 
the  farmers  did  not  want  the  sewage,  they  irrigated* 
their  own  grass  lane's,  and  the  result  had  been  that 
instead  of  spending  6d.,  qd.,  or  is.  per  head  of  the 
population  on  using  ihe  tanks  ineffectually,  they 
had  got  out  of  the  difficulty  at  the  cost  of  ijd. 
per  head,  paying  off  at  the  same  time  the  cost 
of  300  acres  of  valuable  land,  so  that  at  the  end 
of  forty  or  fifty  years  they  would  be  possessed 
of  a fine  estate,  instead  of  having  a liability 
upon  them  to  improperly  deal  with  the  sewage  at 
a cost  of  IS.  or  qd.  per  head.  With  regard  to 
the  difficulty  referred  to  by  Dr.  Tidy,  that  in 
hot  weather  the  clay  cracked,  and  the  sewage  went 
down  without  being  purified,  that  clearly  proved  that 
the  clay  was  not  moist  enough,  and  that  this 
difficulty  could  be  obviated  by  putting  more 
sewage  upon  the  land.  Reference  was  made 
in  the  paper  as  to  certain  districts  not  knowing 
whether  the  hose  and  jet  system  was  the  best ; but, 
so  far  as  he  knew,  this  method  had  been  abandoned 
for  the  last  fifteen  or  twenty  years.  He  thought  Dr^ 
Tidy  did  not  properly  appreciate  the  disagreement 
between  the  great  authorities  upon  the  subject  of  soil. 
If  Dr.  Way  was  of  opinion  that  a light  soil  was  the 
best,  and  Dr.  Liebig  that  a stiff  soil  was,  it  was 
plain  that  there  was  scarcely  any  soil  in  the  world 
that  would  not  do  for  the  purpose.  His  owia 
opinion  was  that  if  land  could  be  bought  at  a cheap 
rate,  stiff  land  was  best,  but,  on  the  other  hand, 
in  suburban  districts,  where  land  was  difficult  to 
obtain,  a more  porous  soil  must  be  obtained,  or 
chemicals  resorted  to.  He  thought  Dr.  Tidy  had  not 
quite  correctly  read  the  report  of  the  Royal  Com- 
missioners upon  river  pollution,  for  he  stated  that  Dr. 
Frankland  had  made  an  experiment  upon  one  cubic 
foot  of  earth,  and  argued  that  inasmuch  as  this  foot 
would  do  so  much,  consequently  six  cubic  feet,  one  on 
top  of  the  other,  would  do  six  times  that  amount  of 
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work ; but  this  was  not  the  case.  The  recommenda- 
tion was  that  T there  should  be  six  feet  of  filtering 
medium ; and  at  page  63  of  the  Blue-book  it  was  stated 
that  the  experiment  upon  which  the  recommendations 
were  based  was  made  upon  a column  of  soil  1 5 feet 
deep.  He  quite  agreed  with  Dr.  Tidy  in  his  re- 
marks upon  irrigation,  and  in  thinking  that  sewage 
spread  over  the  land  formed  papier  mache,  which 
would  prevent  the  water  from  percolating ; but  if  this 
papier  mache  was  broken  up  the  sewage,  would  readily 
pass  through.  Dr.  Tidy  next  pointed  out  that  it  was 
very  desirable  to  avoid  the  necessity  of  using  steam 
power,  and  in  that  suggestion  he  quite  agreed, 
though  it  was  quite  possible  to  go  too  far  in  that 
direction.  A few  weeks  ago  he  had  occasion  to 
support  a large  town  in  acquiring  land  for  sewage 
purposes  and  pumping  the  sewage  1 73  feet  high,  and 
they  showed  conclusively  that  it  was  cheaper  to  pump 
173  feet  high  on  to  land  which  could  be  purchased  at 
agricultural  price,  than  to  deliver  it  on  to  land  close 
by  for  which  a building  land  price  would  have  to  be 
paid.  In  all  these  matters  the  question  which  had 
to  be  considered  was  one  of  expense.  In  another 
part  of  the  paper  Dr.  Tidy  stated  that  proximity  to  a 
town  was  desirable  in  order  that  a ready  sale  of  the 
rank  grass  for  dairy  purposes  could  be  secured,  but 
lower  down  he  stated  that  this  grass  was  unfitted  for 
dairy  purposes.  The  two  statements  were  not  con- 
sistent, and  therefore  he  supposed  there  had  been 
■some  error  in  the  reporting.  He  agreed  with 
Dr.  Tidy  in  his  remarks  about  the  ridiculous 
statements  with  regard  to  precipitation  pro- 
cesses, and  the  absurd  value  put  upon  the  products. 
He  found  from  the  evidence  given  in  1880  by  the 
promoters  of  the  A B C Company,  that  16  tons  of 
native  guano  were  produced  weekly  at  Aylesbury, 
which  was  sold  to  vine  growers  in  the  South  of 
France.  Being  curious  to  know  what  was  the  com- 
position of  this  native  guano,  he  turned  to  the 
evidence  given  by  Mr.  Page,  from  which  he  had  pro- 
duced the  Table  on  the  wall,  which  showed  at  a 
glance  the  absurdity  of  the  assertion  that  native 
guano  is  worth  ^3  los.  a ton  ; — 


Composition  and  value  of  the  weeMy  output  at 
Aylesbury,  alleged  to  be  worth  loj.  a ton. 


Per  ton. 

s.  d. 

Charcoal . , . 

IS.  .. 

0 

4 9 

Clay  

IS.  .. 

0 

6 6 

Alum 

...  I ,,  17  3-t 

.. 

3 

14  0 

Blood 

Sewage  deposit  2 tons.  18  ,,  / 

• • 

51 

14  9 

Total,  16  tons ^56  00 

He  agreed  with  the  conclusion  of  Dr.  Tidy  and  Pro- 
fessor Dewar  that  it  was  a mistake  to  pour  the  black 
liquid  which  came  from  the  presses  back  into  the 
sewer.  Dr.  Tidy  had  stated  that  a Bill  ought  to 
be  passed  to  keep  the  sewage  out  of  the  river,  and 
in  this  he  agreed,  though  he  thought  the  Bill  should 
go  further,  and  provide  that  the  sewage  should  be 
kept  out  of  cesspools  and  wells. 


Dr.  Percy  Frankland  said  there  were  two 
points  upon  which  he  should  like  to  offer  a few 
remarks.  With  regard  to  the  statement  that  the 
intermittent  filtration  experiments  had  been  con- 
ducted upon  one  cubic  foot  of  earth,  he  knew  that 
the  experiments  were  made  in  the  first  instance 
with  a column  of  earth  15  feet  long,  and  that  the 
principal  experiments  were  made  with  cylinders 
6 feet  long.  In  these  experiments  it  was  found 
that  remarkable  results  were  obtained  by  filtra- 
tion through  the  column  of  soil,  and  before  the 
process  of  nitrification  was  properly  understood,  it 
was  considered  that  the  depth  of  the  soil  was  a very 
important  factor  in  the  purification  of  sewage.  Since 
that  time  valuable  experiments  had  been  made  by  Miintz 
and  Schloessing,  as  well  as  by  Warington,  which  had 
proved  that  nitrification  took  place  within  the  first 
few  inches  of  the  soil  only,  and  it  appeared,  therefore, 
desirable  to  try  whether  filters  of  less  depth  would 
not  be  equally  efficient.  With  regard  to  the  strength 
of  the  sewage  in  midden  towns  as  compared  with 
water-closet  towns,  he  thought  that  Mr.  Birch  had 
very  properly  explained  that  it  was  simply  a question 
of  water  supply.  If  you  looked  at  the  towns,  the 
sewage  of  which  was  compared  in  order  to  obtain 
those  averages,  you  would  find  that  the  towns 
upon  the  water  - closet  system  had  a larger 
water  supply  than  those  upon  the  midden 
system.  At  any  rate  that  was  so  in  the 
case  of  the  towns  compared  by  the  Ro}al  Com- 
mission. The  average  for  the  water-closet  towns 
was  largely  obtained  from  London  itself,  and  the 
midden  towns  were  principally  taken  from  Lancashire, 
where  the  water  supply  was  much  smaller  per  head 
than  in  London.  No  doubt  Dr.  Tidy  had  taken  up 
a very  safe  point  of  view  in  stating  that  precipitation, 
irrigation,  and  intermittent  filtration,  each  had  their 
advantages  and  disadvantages.  There  was,  no  doubt, 
much  truth  in  this  statement,  and  that  different 
processes  were  suitable  for  different  places,  but  it 
should  be  clearly  borne  in  mind  what  were  the 
intrinsic  capabilities  of  each  process.  People  who 
had  to  select  between  the  competing  methods  of 
purification  ought  to  bear  in  mind  what  it  was  possible 
to  accomplish  by  each  process.  There  could  be  no 
doubt  that  sewage  precipitation  was  adequate  for 
some  purposes,  but  it  was  an  indisputable  fact,  which 
should  never  be  lost  sight  of,  that  the  best  known 
processes  of  sewage  precipitation  could  not  accom- 
plish such  purification  as  it  was  possible  to  obtain 
by  the  best  methods  of  irrigation  and  intermittent 
filtration. 

Mr.  Baldwin  Latham  asked  whether  the  filters 
used  by  Dr.  Frankland  were  true  sections  of  the 
earth. 

Dr.  Percy  Frankland  said  he  believed  they  were 
filled  with  surface  soil. 

Dr.  Dupre,  F.R.S.,  said  he  had  listened  to  the  re- 
marks of  Dr.  Tidy  with  considerable  pleasure,  and  upon 
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many  points  he  most  heartily  agreed ; and  he  could 
only  regret  that  his  action  was  not  always  equal  to  his 
teaching  in  that  room.  There  were  a few  points 
which  he  should  like  to  mention,  and  the  first  was 
with  regard  to  the  difficulty  of  collecting  a sample  of 
sewage,  as  he  felt  sure  that  many  of  the  discrepancies 
wliich  appeared  were  caused  entirely  by  the  difficulty 
of  getting  a sample,  and  this  difficulty  was  not  got 
over  by  taking  half-hourly  samples.  In  order  to  get 
a fair  a%'erage  of  the  day’s  sewage,  samples  should  be 
taken  half-hourly  in  proportion  to  the  quantity  of 
sewage  passing  in  that  time,  and  this  should  be 
carried  on  for  a great  many  days.  Every  case 
of  sewage  treatment  should  be  dealt  with  upon 
its  own  merits,  because  it  was  perfectly  obvious 
that,  under  certain  conditions,  a degree  of  puri- 
fication might  be  required,  which  would  be 
totally  unnecessary  in  another  case,  as  a thing 
which  might  be  no  nuisance  in  a stable  would  be  a 
serious  nuisance  in  a dwelling-house.  It  followed 
from  this  that  it  was  not  fair  to  conclude  that  be- 
cause an  effluent  was  not  good  enough  for  one  place 
that  it  would  not  be  good  enough  for  another  place. 
With  regard  to  the  influence  of  precipitation  on 
sewage,  he  could  not  agree  with  the  remarks  of  Dr. 
Tidy,  for,  according  to  his  experience,  and  after  ex- 
perimenting upon  many  hundred  thousand  gallons 
in  all  conditions  of  weather  and  sewage,  he 
had  come  to  the  conclusion  that  no  precipitation 
process  which  had  been  at  present  brought  for- 
ward did  sensibly  more  than  clarify  the  sewage. 
And  in  this  opinion  he  was  borne  out  by  experi- 
ments which  had  been  made  by  Dr.  Tidy  and 
Professor  Dewar.  Supposing  it  was  a question 
of  collecting  the  sewage  of  a number  of  districts  into 
one  (which  would  at  once  get  rid  of  one  of  the 
maxims  of  Dr.  Tidy  that  every  district  should  deal 
with  its  own  sewage),  and  that  district  was  closely 
surrounded  by  houses  and  pleasure  gardens  resorted 
to  by  thousands  of  people,  and  the  effluent  was  to  be 
discharged  into  a river  which  was  used  by  thousands 
of  pleasure-boats,  it  surely  was  not  requiring  too 
much  that  that  effluent  should  be  as  pure  as  it  could 
be  made.  He  did  not  say  that  the  effluent  would 
produce  a wide-spread  nuisance,  but  it  would 
produce  a very  considerable  nuisance.  In  addition 
to  the  removal  of  suspended  matter,  precipitation  did 
alter  the  odour  of  sewage.  It  followed  that  if  the 
effluent  was  to  be  discharged  into  such  a district  as 
he  had  described,  where  it  would  be  a very  serious 
local  nuisance,  something  more  than  a precipitation 
process  had  to  be  adopted,  and  he  had  no  doubt 
that  by  far  the  best  process  to  be  adopted  was 
some  sort  of  filtration  or  irrigation.  Now,  to  take 
the  other  case,  let  them  take  the  outfalls  down 
the  Thames  miles  away  from  dwelling-houses.  In 
the  river  there  was  an  enormous  volume  of  water, 
which  exceeded  the  sewage  to  be  discharged  more 
than  200-fold ; was  it  to  be  supposed  that  the  effluent 
should  be  as  perfect  as  it  must  necessarily  be 
in  the  other  instance  ? There  was  a remarkable 


unanimity  on  the  part  of  those  who  had  spoken, 
that  the  dissolved  organic  matters,  when  the  sewage 
was  mixed  with  a certain  quantity  of  water,  would 
disappear  rapidly  as  they  became  oxidised.  He 
had  often  thought  that  a very  good  thing  would 
be  to  cultivate  the  low  organisms  on  a larger  scale, 
and  to  discharge  them  with  the  effluent  into  the  river, 
as  the  power  which  these  low  organisms  had  was 
something  remarkable.  With  regard  to  the  precipi- 
tating material  which  the  Metropolitan  Board  of 
Works  were  prepared  to  recommend  for  adoption, 
he  might  say  that,  in  conjunction  with  Mr.  Dibdin, 
he  had  made  various  experiments  in  the  matter,  and 
found  that  by  using  a larger  quantity  of  precipitating 
matter  better  results  were  not  obtained.  It  was  pre- 
posterous to  expend  thousands  and  thousands  of 
pounds  for  the  purpose  of  making  the  sewage  a trifle 
more  colourless  when  discharged  into  the  turbid  river, 
and  it  was  preposterous  to  remove  a small  additional 
fraction  of  organic  matter,  when  everyone  agreed  that 
the  dissolved  organic  matter  did  no  harm,  as  it  would 
disappear  without  creating  a nuisance.  He  thought 
very  few  people  had  any  notion  of  the  quantity  of 
precipitating  material  necessary  for  the  metropolitan 
sewage.  One  grain  per  gallon  added  to  the  London 
sewage  represented  ten  tons  of  material  per  day  ; the 
total  amount  of  material  used  in  the  ABC  process 
was  about  five  times  that  of  the  suspended  matter, 
or  from  150  to  200  grains  per  gallon  of  London 
sewage  per  day,  equal  to  2,000  tons  to  be  used  daily, 
which  came  to  5,000  tons  of  pressed  cake,  chiefly 
formed  of  materials  which  had  been  added.  What 
was  it  added  for  ? Not  to  produce  any  real  benefit, 
because  when  this  very  process  was  used,  the  organic 
matter  was  18-2  in  the  sewage,  whilst  in  the  effluent 
it  was  1 8 ’4  grains  per  gallon.  What  was  the  object 
of  adding  2,000  tons  of  material  daily  to  sewage  for 
the  mere  trouble  of  collecting  it  again  and  pressing 
it  at  a considerable  expense.  Then  there  was  another 
question  to  be  considered.  All  effluent  had  some 
offensive  smell,  particularly  in  summer,  although 
when  it  was  once  mixed  with  a sufficient  quantity  of 
water  it  soon  disappeared.  Still,  locally  it  was  a 
nuisance.  The  Metropolitan  Board,  chiefly  under  the 
advice  of  their  able  chemist,  Mr.  Dibdin,  proposed  to 
deodorise  by  manganate  and  sulphuric  acid,  which 
was  practically  by  permanganate.  When  the  idea 
was  first  started,  this  material  was  very  expensive, 
but  now  it  was  comparatively  cheap,  and  the  effect 
was  that  the  effluent,  by  a moderate  addition  of 
permanganate,  could  be  entirely  deodorised  so 
that  it  would  come  out  of  the  works  a prac- 
tically clear  inodorous  liquid.  He  thought  the 
ratepayers  ought  to  be  very  grateful  to  the 
Board  of  Works  for  adopting  so  economical  a 
scheme,  and  for  a good  many  years  to  come  there 
would  be  no  nuisance  produced.  The  question  of  the 
water  supply  he  would  not  attempt  to  deal  with,  but 
he  did  not  think  London  would  ever  be  supplied  with 
water  pumped  up  from  wells  in  London.  No  nuisance 
would  certainly  re-appear  until  the  population  reached 
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eight  or  ten  millions.  It  should  also  be  borne  in 
mind  that  not  one  penny  which  this  proposed  scheme 
proposed  would  be  lost,  although  some  other  scheme 
might  be  adopted — everything  to  be  used  would  be 
available  if  ever  a better  process  was  brought  forward. 
Meantime,  the  metropolis  would  save  from  50,000 
to  ;^20o,ooo  over  any  other  proposed  plan.  One 
word  more  with  regard  to  the  pressed  cake.  There 
was  no  doubt  that  this  process  of  pressing  cakes 
had  been  a god-send  for  the  precipitating  process, 
because  sludge  was  always  very  difficult  to  deal  with, 
and  when  pressed  it  was  comparatively  easily  dis- 
posed of,  though  not  so  easily  as  some  people 
imagined.  It  was  a well-known  trick  of  counsel,  in 
sewage  cases,  to  have  a large  cake  of  this  pressed 
sludge  brought  into  Court  to  point  out  how  inodorous 
it  was,  and  to  almost  advise  persons  to  take  it  home 
and  place  it  on  the  mantelpiece  ; but  it  was  not  said 
that  that  was  generally  especially  pressed  cake  very 
carefully  dried  by  exposure  to  the  air.  If  you  took 
that  cake  and  bottled  it  up  and  moistened  it,  and 
then  smelt  it  again  a week  after,  no  one  would  think 
of  recommending  it  to  be  kept  in  a dining-room. 
They  had  all  heard  Dr.  Tidy’s  story  about  walk- 
ing about  amongst  thousands  of  tons  of  this, 
which  really  smelt  rather  nice ; but  he  had  had 
the  misfortune  also  to  go  about  this  heap  of 
thousands  of  tons,  having  visited  it  on  a cold  May 
morning,  when  there  had  been  a frost  during  the 
night — a very  unfavourable  time  for  producing  smells. 
He  visited  the  heap  with  the  engineer,  who  told 
them  that  he  could  not  smell  anything,  but  after 
going  some  distance  in  the  direction  of  the  wind, 
they  found  it  really  very  offensive.  The  engineer  said 
he  never  smelt  it  so  strong  before,  although  it  was  a 
cold  morning ; they  went  as  far  as  they  could,  and 
measured  the  distance,  and  found  it  was  600  yards, 
and  there  the  smell  was  most  powerful  and  offensive. 
He  would  therefore  warn  anyone  who  had  to  dispose 
of  this  compressed  cake,  not  to  simply  think  it  could 
be  thrown  up  in  heaps  and  left  to  itself,  or  that  it 
could  be  used  to  raise  ground  or  to  build  upon.  The 
only  way  to  deal  with  it  was  either  to  dig  it  into  the 
ground  where  it  could  be  disposed  of  as  manure,  or  if 
it  were  to  be  used  for  raising  ground,  it  must  be  done 
by  mixing  it  with  the  proper  proportion  of  earth.  What 
the  proportion  was  he  would  not  undertake  to  say, 
but  it  must  be  the  proper  proportion.  In  conclusion, 
he  would  say  that  this  question  of  dealing  with 
sewage  was  of  such  enormous  magnitude  that  it 
ought  not  to  be  made  a battle  ground  between 
opposing  interests  and  rivalries  of  any  kind.  It  could 
only  be  dealt  with  for  the  benefit  of  the  country,  if  every 
one  who  had  any  knowledge  on  the  question  did  his 
best  to  advance  regardless  of  what  other  people  might 
think.  Let  everybody  fairly  co-operate  in  the  ques- 
tion, and  above  all  let  every  one  give  to  those  who 
might  be  opposed  to  him  credit  for  being  actuated  by 
the  same  honourable  motives  as  he  was  himself. 

Professor  Dewar,  F.R.S.,  said  he  could  not  see, 


after  what  they  had  heard  from  Dr.  Dupre,  that  pre 
cipitation  was  not  now  generally  admitted,  at  any  rate 
as  a preliminary,  for  he  admitted  that  precipitation  in 
some  form  was  required.  He  totally  differed  from  the 
views  of  Lieutenant-Colonel  Jones,  who  said  that  if 
the  solid  material  could  be  separated,  the  effluent  or 
supernatant  liquid  would  be  quite  as  good  as  if  any 
kind  of  chemicals  had  been  added.  He  had,  in  con- 
junction with  Mr.  Stevenson,  in  dealing  with  the 
sewage  of  Dunse,  there  adopted  mechanical  means 
for  the  separation  of  the  solids  in  suspension  ; ulti- 
mately they  were  forced  into  using  not  only  the 
ingenious  mechanical  methods  Mr.  Stevenson  had 
devised,  but  also  sulphate  of  alumina.  This  was 
simply  because,  although  the  ultimate  treatment 
was  satisfactorily  irrigated,  land  invariably  failed  in 
patches.  The  owner  objected  to  the  area'of  land, 
because,  he  said,  it  was  not  in  the  first  instance 
enough,  and  in  the  next  place  it  was  becoming  con- 
tinually inefficient.  They  were  to  be  congratulated  if 
Dr.  Tidy’s  paper  had  led  to  agreement  on  this  one 
point,  that  chemical  precipitation  was  an  advantage 
in  any  case.  There  could  be  no  doubt  whatever,  as 
Dr.  Percy  Frankland  had  stated,  as  Dr.  Dupre  had 
admitted,  and  as  no  doubt  Dr.  Frankland  held,  that 
the  present  views  as  to  the  natural  purification  of 
water  by  soil  were  far  from  being  clear.  The  fact 
was  that  the  nitrification  ferment  itself  had  not 
yet  been  worked  out.  A few  nights  ago  Dr.  Klein 
was  asked  if,  after  all  the  work  which  had  been  done  in 
that  particular  department,  he  was  not  convinced  it 
was  a bacterium,  and  he  said.  No.  At  the 
present  time  undoubtedly  if  they  could  cultivate 
these  organisms,  it  would  be  a good  thing  for 
agriculture  in  the  future.  He  had  sometimes 
speculated  as  to  what  possibly  might  be  the 
explanation  of  what  appeared  to  be  the  delusion 
of  the  public  in  paying  for  some  manurial  agents 
which  otherwise  did  not  seem  to  have  such  a high 
value,  and  after  considering  the  evidence  submitted 
in  print,  which  was  certainly  left  uncontradicted,  as 
to  the  veracity  of  the  parties,  he  could  only  come  to 
the  conclusion  that  this  particular  substance,  separated 
from  sewage,  seemed  to  be  eminently  valuable  as  a 
pabulum  for  the  growth  of  this  nitrification  agent, 
so  that  he  did  not  at  all  despair  of  its  being 
shown  in  the  future  that  the  sewage  material, 
although  it  would  appear  at  first  to  be  in- 
sufficient as  compared  with  nitrate  of  ammonia 
or  phosphates,  might  have  other  advantages  which 
were  not  yet  known,  especially  with  regard  to  the 
possible  decomposition  of  nitrogenous  matter  in  the 
soil,  which  was  now  attracting  the  attention  of 
some  of  the  ablest  chemists.  He  must,  however, 
put  Dr.  Dupre  right  on  one  point,  for  he  did  not 
like  to  have  any  apparent  disputes  with  him. 
with  reference  to  the  Aylesbury  experiments.. 
He  had  examined  the  figures,  but  the  comparison 
he  made  was  merely  with  the  volatile  matter 
after  the  addition  of  all  the  materials — clay  and  other 
materials — with  what  the  sewage  was  originally;  but 
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that  had  nothing  to  do  with  the  fact  that  three-fourths 
of  the  readily  oxidisable  organic  matter  was  removed. 
He  took  it  that  Dr.  Dupre  would  admit  now  that 
the  effluent  ought  to  be  oxidised,  in  order  to  make  it 
anything  like  fit  to  be  placed  in  a river.  It  was 
exceedingly  surprising  that  there  should  be  no  limit 
to  the  amount  of  chemicals  which  could  be  used.  It 
would  seem  that  neither  was  there  any  particular  limit 
which  was  best  on  the  average,  or  any  one  particular 
substance  which  was  better  than  another.  He  could 
not  help  thinking  that  the  combination  Dr.  Dupre 
had  selected,  in  conjunction  with  other  distinguished 
men,  required  a little  explanation  from  a chemical 
point  of  view.  He  took  it  that  the  addition  of  lime 
and  sulphate  of  iron  gave  rise  to  protoxide  of  iron, 
which  withdrew  a considerable  amount  of  oxygen 
from  the  water.  Subsequently,  he  understood  that 
permanganate  was  to  be  added.  He  had  not  the 
slightest  hesitation  in  stating  that  the  samples  of 
effluent  he  had  seen  resulting  from  this  process  were 
the  worst  from  any  precipitation  process  whatever. 
He  had  only  seen  two  samples,  and  they  might 
be  special  occasions.  If  an  oxidising  agent  be 
added  to  the  raw  sewage,  a niuch  larger  amount 
of  material  would  be  used  than  was  necessarily 
required ; but  he  held  that,  whether  you  used 
charcoal  or  clay,  he  was  not  quite  sure  that 
there  was  not  a great  deal  more  in  the  use  of 
proper  clay  than  had  yet  been  worked  out.  What 
was  required  for  the  purpose  of  separating  the  par- 
ticular bodies  in  sewage  was  some  kind  of  col- 
loidal body,  that  employed  was  simply  oxide  of 
alumina ; but  clay  itself  in  certain  forms  finely 
divided  was  well  known  to  be  an  exceedingly  col- 
loidal substance,  and  acted  not  so  much  by  its  weight 
as  by  those  very  properties  which  oxide  of  alumina 
possessed.  Consequently,  if  you  added  all  this 
material  to  the  sewage,  one  fact  was  certain — he  did 
not  understand  how  the  blood  had  anything  to  do 
with  it — that  5-61I1S  of  the  readily  oxidised  organic 
matter  at  any  rate  could  be  taken  out.  Therefore, 
there  was  5-6ths  less,  and  what  he  thought  should  be 
demanded  was  this,  that  if  any  precipitation  treatment 
was  adopted  at  all,  it  should  be  a thorough  one.  Even 
if  it  were  a failure,  it  would  be  well  worth  the  money 
it  would  cost.  If  5-Oths  of  the  organic  matter  were 
withdrawn  by  precipitation,  he  should  like  to  know 
what  dilution  the  i-6th  left  in  solution  would  stand  in 
many  water  courses.  Any  precipitation  experiment 
ought  not  to  be  confined  to  the  exigenciesof  the  locality. 
That  might  do  as  a defence,  but  when  dealing  with 
it  in  the  large  interests  of  London,  it  ought  to  be 
thorough  and  efficient.  He  could  not  help  thinking 
that  the  mere  minimum  test  was  hardly  a fair  one 
under  the  circumstances.  It  would  be  much  better 
to  spend  double  the  money  in  the  prim.ary  experiments 
than  to  add  on  the  other  half  to  the  refinement  of  a 
secondary  precipitation  involving  oxidation. 

Mr.  Dibdin  said  it  would  be  difficult  to  speak  on 
this  subject  without  going  over  a good  deal  of  the 


ground  which  Dr.  Dupre  had  already  traversed,  but 
he  might  refer  to  one  point  mentioned  by  Professor 
Dewar,  the  action  of  an  iron  salt  in  combination  with 
the  action  of  the  permanganate.  He  thought  there 
was  a little  confusion  in  Professor  Dewar’s  mind  with 
regard  to  this  question  of  oxidation,  and  it  was  a 
mistake  quite  as  common  as  the  idea  that  because  a 
glass  of  effluent  water  was  clear,  therefore  it  was  pure.. 
The  very  large  experiments  he  had  made  on  sewage 
precipitation  proved  that  there  was  no  greater  fallacy 
before  the  public  than  that  a glass  of  clear  effluent 
water  was  necessarily  pure,  and  had  the  greater  part 
of  the  dissolved  impurities  removed  from  it,  and  so  on,, 
as  the  public  were  frequently  told  by  inventors  when 
they  talked  about  the  benefits  which  would  accrue  to 
humanity  if  their  particular  patents  were  adopted. 
He  had  got  somewhat  casehardened  in  this  matter, 
having  examined  all  the  processes  before  the  public,, 
and  was  now  thoroughly  convinced  that  no  process 
of  precipitation,  whatever  quantity  of  chemicals  were 
used,  or  whatever  chemicals  practically  available  were 
used,  materially  affected  the  dissolved  matters.  He 
had  tried  it  in  the  quantity  proposed  by  Dr.  I'idy, 
and  had  increased  that  quantity  to  10,  20,  50, 
and  even  100  times,  using  as  much  as  700  grains  of 
lime,  500  grains  of  sulphate  of  alumina  and  lOQ 
grains  of  sulphate  of  iron  per  gallon,  and  found  that, 
the  effluent  was  really  worse  than  when  they  used 
the  minimum  quantity.  This  large  quantity  of  lime, 
in  fact,  dissolved  some  of  the  suspended  matters 
and  put  them  into  solution,  and  although  it  pro- 
duced a brilliantly  clear  effluent,  without  the  slightest 
particle  of  suspended  matter,  yet  it  was  worse 
than  the  original  sewage  when  merely  strained 
through  filter  paper.  This  observation  had  been 
confirmed  not  only  by  the  eminent  chemists  who  had 
worked  with  him,  but  by  others  also.  Not  many 
days  since  he  had  in  his  hand  a report  in  which  an 
effluent  was  reported  on  by  Dr.  Bell,  of  Somerset- 
house,  to  obtain  which  a large  quantity  of  lime  had 
been  used,  about  70  grains  per  gallon,  and  after  care- 
ful examination  more  organic  matter  was  found 
in  the  effluent  than  there  was  in  the  sewage. 
To  come  back  to  the  question  of  the  oxygen. 
Professor  Dewar  said  he  could  not  understand,  if  iron 
were  added  to  the  sewage  in  the  presence  of  lime, 
as  there  was  protoxide  of  iron  precipitated,  which 
withdrew  oxygen  from  the  sewage,  and  then  per- 
manganate was  added  to  replace  that  oxygen,  what 
advantage  there  w'as  in  the  process.  But  there  w'as 
a difference,  as  most  chemists  knew,  between  nascent 
oxygen,  or  active  oxygen,  and  atmospheric  oxygen,  or 
that  which  was  merely  dissolved  in  the  water.  Now 
the  protoxide  of  iron  would  absorb  the  oxygen  dis- 
solved in  the  water,  which  was  practically,  if  not 
wholly,  inert  in  oxidising  the  organic  matter  in  the 
water,  whereas  when  the  protoxide  of  iron  was  con- 
verted into  sesquioxide,  it  parted  with  that  excess  of 
oxygen  taken  from  the  water,  and  gave  it  up  again 
to  the  sewage;  thus  there  was  a direct  imme- 
diate oxidation  brought  about.  In  the  one  case, 
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where  there  was  plenty  of  oxygen  from  the 
atmosphere,  which  might  be  dissolved  in  the  water 
by  the  agency  of  the  iron,  that  was  carried  to  the 
sewage,  whereas"  sewage  by  itself  would  not  take  it; 
and  in  the  other  case  you  had  the  oxygen  of  the^ 
permanganate  acting  directly  on  the  organic  matter 
in  the  effluent.  The  action  of  the  iron  was  merely 
that  of  a carrier  of  oxygen,  whilst  the  permanganic 
acid  was  a direct  oxidiser.  The  other  points  had 
been  very  ably  dealt  with  by  Dr.  Dupre  ; but  he 
would  especially  call  attention  again  to  the  fact  that, 
whether  this  process  of  precipitation  was  the  best  or 
not,  it  was  one  which  there  was  good  reason  for 
believing  was  suitable  for  the  purpose  in  view, 
and  would  effect  an  enormous  difference  in  the 
character  of  London  sewage,  so  much  so  that  it 
was  probable  that  it  would  be  twenty  or  thirty 
years  before  any  change  was  required,  even  if  it  were 
then,  supposing  there  were  no  improvement  in 
chemical  processes.  But  should  it  happen  that 
another  chemical  process  of  far  better  character 
should  be  discovered,  not  one  farthing  of  the  money 
spent  would  be  lost,  because  the  tanks  and  apparatus 
would  be  equally  available  for  the  improved  process 
as  for  the  one  proposed.  They  believed  they  were 
on  the  right  track,  and  were  doing  what  was  right 
in  the  interests  of  sanitation  and  the  ratepayers. 

Mr.  Willis  Bund  said  there  was  one  point  in  the 
paper  which  had  not  yet  been  adverted  to  in  the  dis- 
cussion, and  that  was  the  reference  to  the  Rivers  Pollu- 
tion Bill,  and  the  standards  of  what  should  be  dis- 
charged into  the  river  and  what  should  not.  He  was, 
to  a great  extent,  responsible  for  that  Bill;  and  as  it  was 
intended  in  another  year  to  endeavour  to  pass  a Bill 
on  the  same  basis,  he  should  like  to  know  whether 
the  meeting  agreed  or  disagreed  with  the  very  strong 
condemnation  which  Dr.  Tidy  had  passed  upon  the 
measure.  He  said  the  measure  was  wrong  in 
theory,  and  there  he  joined  issue  with  him  at  once. 
It  was  right  in  principle,  though  it  might  be  wrong 
in  some  details.  The  principle  was,  that  it  was 
•desirable  to  have  some  cheap  and  simple  remedy, 
and  therefore  powers  were  given  to  any  person 
-aggrieved  to  complain  to  the  County-court  and  get 
a summary  remedy.  Then  Dr.  Tidy  said  they  must 
leave  the  manufacturers  alone  altogether.  He 
wished  they  could ; but  he  forgot  that  in  the  Act 
■of  1876  a clause  was  inserted  which  gave  manufac- 
turers a right  to  turn  their  refuse  into  sewers,  and 
•the  consequence  was  that  at  the  present  day  they 
had  to  deal  in  many  cases  not  merely  with  sewage, 
but  with  the  refuse  of  manufactories  as  well. 
That  being  so,  a great  many  tests  were  proposed 
which  might  do  very  well  in  the  case  of  pure 
sewage,  but  wholly  failed  to  meet  the  case  which 
had  to  be  met  in  many  towns  in  this  country 
Dr.  Tidy  had  put  forward  four  practical  tests — as 
he  called  them.  He  would  not  speak  of  them 
from  a chemical  point  of  view,  but  he  did  venture 
to  say  that  they  W’ould  be  utterly  useless  from  the 


point  of  view  for  which  they  were  required — namely, 
to  see  whether  the  test  could  be  worked  or  not.  The 
first'  was,  that  the  effluent  should  be  clear  and  colour- 
less when  seen  in  a white  cylindrical  bottle.  Now,  if 
there  were  any  colour  at  all  in  what  he  had  in  the  bottle, 
of  course  the  person  complained  of  would  say  it  was 
not  sewage,  it  was  the  refuse  of  Mr.  A.  or  Mr.  B.’s 
manufactory,  and  you  would  at  once  be  driven  back  to 
prove  (if  it  were  capable  of  proof)  that  the  colour  arose 
from  sewage.  Then  the  next  test  was  that  it  should  not 
be  alkaline  to  test  paper.  So  the  same  difficulty 
would  occur,  did  the  alkalinity  arise  from  sewage  or 
from  the  refuse  of  a manufactory  A third  test  was 
that  the  addition  of  one  grain  of  sulphate  of  alumina 
should  not  produce  appreciable  turbidity.  What  was 
appreciable  turbidity There  you  at  once  got  the 
whole  question  at  large  again.  The  fourth  test  was 
that  when  shaken  up  in  a bottle  and  left  for  ten 
minutes,  it  should  not  leave  foam,  or  much  froth. 
In  attempting  to  enforce  any  law  based  on  such 
standards,  inevitable  difficulties  would  arise.  The 
question  of  whether  they  should  be  standards  at  all 
was  worthy  of  discussion ; last,  he  protested  strongly 
against  a gentleman  of  the  high  authority  of  Dr. 
Tidy  putting  forward  what  he  called  common-sense 
standards,  when,  if  they  were  put  into  any  Act  of 
Parliament,  they  would  render  it  even  worse  than  it 
was  at  present. 

Dr.  Edmunds  asked  if  it  were  not  possible  to 
adjourn  the  discussion. 

The  Chairman  said  that  he  could  not  promise 
that  the  discussion  should  be  resumed  this  session* 
but  the  Council  would  endeavour  to  fix  another 
evening,  due  notice  of  which  would  be  given  in  the 
Joiirnal. 


Mr.  Bailey-Denton  sends  the  following  particu- 
lars respecting  his  scheme  in  relation  to  metropolitan 
sewage  and  Thames  purification,  in  which  he  gives 
a comparison  of  the  outlay  involved  by  the  intended 
chemical  treatment  at  the  existing  outfalls  by  the 
Metropolitan  Board  with  that  attending  the  Canvey 
Island  scheme  : — 

At  the  Ouifalls,  Barking  and  Crossness. 

Assumed  prospective  population,  5,200,000,  with 
outflow  of  30  gallons  a head  [sic)  — 156,500,000 
gallons  daily.  Rateable  value  (1886),  metropolitan 
district  only,  ^30,598,317.  A penny  rate  raises 
;^I27>493- 

Estimated  outlay  {Lea  Valley  excluded).  On  the 
designs  of  the  Engineer  ajtd  Chemist  of  the  Board. 

First"  expenditure  of  capital  hi  permanent 
•works. 

No.  I Scheme. 

To  effect  the  complete  separation  of  the  sohd 
portion  from  the  liquid — the  latter  passing  into  the 
river  clarified,  but  still  not  sufficiently  free  from 
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noxious  matters  as  to  be  permanently  discharged  into 
it;— ^1,130,000. 


Working  and  Currents. 

Interest,  3 per  cent,  on  capital  outlay,  £ 

130,000  33.900 

Chemicals 83,000 

I’ressing  of  sludge  into  cakes  (r,ooo  tons 

per  diem)  73, 000 

Disposal  of  pressed  sludge,  freight  or  loss  36,500 
Labour  and  pumping  26,500 


252,900 

Contingencies,  10  per  cent,  on ^219,000. . 21,900 


274,800 

Add  for  deodorisation  for  12  months,  in- 
stead of  3 months  only  as  proposed  ....  21,000 


^295,800 

A charge  of  2id.  in  the  £ will  be  required  to  raise  this 
amount. 

Xo.  2 Scheme. 

To  effect  partial  separation  only,  the  quantity  pre- 
cipitated being  two-thirds  of  Xo.  i,  the  remaining 
one-third  passing  into  the  river  with  the  liquid  which 
itself  would  not  be  sufficiently  free  from  noxious 
matters  as  to  be  admissible  without  further  purifica* 
tion:— ^1,140,000  (including;^ 1 3 1,000  for  barges). 

Working  and  Current  Expenses. 


Interest,  3 per  cent,  on  capital  outlay, 

140, 000 34,200 

Chemicals  ......  ,,  ........  22  000 

Barging  to  sea  (utterly  inadequate) 37,200 

Wear  and  tear  and  cost  of  maintenance  of 

barges,  10  per  cent.  00/131,000  13,100 

Labour  and  pumping  26,300 


132,800 

Contingencies,  10  per  cent,  on/98,600  . . 9,860 


Add  for  deodorisation  for  12  months,  in- 
stead of  3 months  as  proposed  21,000 


/i63,66o 

A charge  of  i^d.  in  the  / will  not  quite  reach  this 
amount. 


At  Canvey  Island,  21  Miles  Below  Barking. 

Assumed  prospective  population,  including  the 
lower  portion  of  the  Lea  Valley,  6,000,000.  Out- 
flow : Metropolis  200,000,000,  Lea  Valley  20,000,000 
— 220,000,000  gallons  daily.  Rateable  value,  in- 
cluding all  places  on  the  Lea  below  Waltham, 
/32, 162,864.  A penny  rate  raises/134,012. 


Estimated  Aggregate  Outlay  {includmg  p7'ovision 
for  the  Lea  Valley). 

£ 

1.  Cost  of  conduit,  designed  and  esti- 
mated for  by  Sir  Joseph  Bazalgette, 
to  extend  the  metropolitan  outfalls, 
when  united,  to  Thames  Haven,  with 
terminal,  storage,  and  tidal  reservoirs, 
and  outlet  appliances  which  will  not  be 
required  if  the  sewage  be  treated  on 
Canvey  Island.  (Discharging  capa- 
city? 358,848,000  gallons  per  diem).  *3,366,000 

2.  Further  extension  of  the  same  conduit 
into  Canvey  Island,  with  distributing 
conduits  and  appliances,  and  the  im- 
mediate formation  of  earthen  basins 
to  receive  the  solid  portion,  and  inter- 
mittent filtration  beds  to  cleanse  the 
liquid  after  its  separation  from  the 
solid  for  53’-  years,  the  fiist  instalment 

of  a provision  for  100  years  and  more  f 1,040,000 

3.  Price  of  Canvey  Island,  4,383  acres 

(freehold),  including  compensation  to 
occupiers  and  costs  of  purchase,  as 
wxll  as  the  expense  of  removing  the 
village,  the  church,  the  schools,  the 
vicarage,  &c.,  &c ^267,01 7 

/4,673,oi7 

Working  and  Current  Expenses. 

Interest  3 per  cent,  on  capital  outlay 
/4,673,oi7=  140,190 

Pumping — Sir  Joseph  Bazal- 

gette’s  estimate  .^37>400 

Add  for  extra  lift,  if  necessary  3.740 


41,140 

Labour  (the  wmrk  being  for  the  most 

part  automatic) 7,800 

Chemicals,  if  found  necessary,  to  quicken 

the  mechanical  deposition  of  the  solids  15,000 

204,130 

Contingencies  10  per  cent.  011/63,950  2=  6,395 


210,525 

Deduct  for  the  relinquishment  of  the 
terminal  reservoirs  and  appliances  at 
Thames  Haven,  and  the  avoidance  of 
the  labour  incidental  thereto — not 
required 15,000 

;^I95,525 

A charge  of  i^d.  in  the  / will  more  than  suffice 
to  raise  this  amount,  and  the  income  from  the  pro- 
perty in  the  island  will  cover  the  local  charges  and 
maintenance  of  sea  wall. 


* These  figures  are  those  of  the  Metropolitan  Board, 
t These  figures  are  based  upon  plans,  sections,  and  esti- 
mates prepared  for  presentation. 

t These  figures  are  based  upon  existing  optional  contracts 
to  purchase  to  the  extent  of  seven-ninths  of  the  whole  island* 
advantageously  made  during  depression  in  value. 
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COLONIAL  AND  INDIA!  EXIIIBI2I0N 


Opening  Ceremony. 

The  Colonial  and  Indian  Exhibition,  which  was 
first  contemplated  in  1878,  and  the  actual  preparation 
for  which  was  commenced  in  1874,  was  opened  by 
her  Majesty  the  Queen  on  Tuesday,  May  4th,  with 
all  the  pomp  and  ceremony  befitting  the  occasion. 

The  holders  of  season  tickets,  and  the  public  on 
payment  of  one  sovereign  each,  were  admitted  to  the 
Exhibition  between  the  hours  of  9.30  and  ii  o’clock 
at  the  India  Museum,  the  School  of  Art  Needlework 
(Exhibition-road),  the  Queen’s- gate  upper  entrance, 
and  the  Queen’s-gate  lower  entrance.  All  doors 
were  closed  punctually  at  ii  o’clock,  and  no  money 
was  taken  and  no  person  admitted  after  that  time. 
Separate  admission  was  obtainable  to  the  Ro}al 
Albert- hall,  on  presentation  of  special  tickets,  by  all 
entrances  of  the  hall,  except  the  royal  entrance 
and  the  entrance  from  the  Conservatory.  The 
doors  of  the  hall  were  opened  at  10.30  and  closed 
punctually  at  11.30.  The  main  entrance  to  the  Ex- 
hibition, in  the  Exhibition-road,  was  available  only 
for  those  taking  part  in  the  procession.  Various  seats 
were  placed  at  the  disposal  of  visitors  along  the 
line  of  route.  Such  chairs  were  unnumbered,  but 
the  front  row  was  in  all  cases  reserved  for  ladies. 
Her  Majesty’s  Commissioners  for  the  Colonial  and 
Indian  Exhibition,  and  others  taking  part  in  the 
procession,  assembled  in  the  Colonial  Hall,  main 
entrance,  Exhibition-road,  at  11.15  a.m. 

At  11.30  o’clock,  his  Royal  Highness  the  Prince 
of  Wales,  K.G.  (the  Executive  President  of  the 
Royal  Commission),  accompanied  by  their  Royal 
Highnesses  the  Princess  of  Wales,  the  Princesses 
Louise,  Victoria,  and  Maud,  and  the  Prince  Albert 
Victor  of  Wales,  K.G.,  arrived  at  the  Exhibition, 
accompanied  by  an  escort  of  the  2nd  Life  Guards. 

The  Queen  left  Windsor  Castle  at  i i.io  and  travelled 
by  the  Great  Western  Railway  to  Paddington  Station, 
where  the  Royal  carriages  were  in  waiting  at  the 
arrival  platform.  The  route  was  by  London-street, 
Oxford  and  Cambridge-terraces,  Bayswater-road, 
Alexandra- gate.  Serpentine-bridge,  and  Prince’s- 
gate,  to  Exhibition-road.  On  the  arrival  of  her 
Majesty  at  the  main  entrance  in  the  Exhibition-road, 


which  M'as  announced  by  a flourish  of  trumpets  by 
her  Majesty’s  state  trumpeters,  her  hlajesty  was^ 
received  by  his  Royal  Highness  the  Executive 
President  and  the  other  members  of  the  RoyalFamily. 
The  Chief  Executive  Commissioners  for  the  various 
Colonies  and  India  were  presented  to  her  Majesty 
by  his  Royal  Highness  the  Executive  President  at 
the  base  of  the  statue  of  his  Royal  Highness  in  the 
Colonial  Hall.  After  their  presentation,  the  Executive 
Commissioners,  whether  Royal  Commissioners  or 
otherwise,  joined  the  procession  in  their  several 
places.  A procession  was  then  formed  in  the  follow- 
ing order : — • 


Pursuivants  cf  Arms  : 

Portcullis.  Bluemantle. 

Rouge  Croix.  Rouge  Dragon. 

The  Assistant  Secretaries  and  the  Ofi&cial  Agent  to  the 
Royal  Commission. 

Members  of  the  Finance  and  I.ighting  Committees. 


Heralds  : 

Surrey  [Extraordinary). 

Richmond.  Lancaster. 

Somerset.  “Windsor. 

York.  Chester. 

Her  Majesty's  Commissioners. 

The  Executive  Commissioners  for  the  Colonies  and  India, 
Xorroy  King  of  Arms.  Clarenceux  King  of  Arms. 
Senior  Gentleman  Lusher  in  Comptroller  in  the  Lord 

Waiting.  Chamberlain’s  Department. 

:omptroller  of  the  Vice- Chamberlain.  Treasurer  of  the 
Household.  Household. 

Gentleman  Usher  in  Garter  King  of  Gentleman  Usher  in 
Waiting.  Arms,  Waiting. 

Lord  Chamberlain.  Lord  Steward, 

Tis  Royal  High- 


ness the  Duke 
of  Connaught 
and  Strathearne, 

KG. 

ler  Royal  High 
ness  the  Here- 
ditary Grand 
Duchess  of  Olden- 
burg. 

Their  Royal  Highnesses 
L'he  Princess  Bea-  The  Princess 
trice.  Princess  Christian  of 

Henry  of  Bat-  Schleswig-Hol- 
tenberg.  stein. 


The  QUEEN. 


Her  Royal  High- 
ness the  Prin- 
cess of  Wales. 


His  Royal  High- 
ness the  Prince 
of  Wales,  K.G. 

Her  Imperial  and 
Royal  Highness 
the  Crown  Prin- 
cess of  Germany 
and  of  Prussia. 


The  Princess 
Louise,  Mar- 
chioness of 
Lome. 
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er  Royal  High- 

Her Royal  and 
Imperial  High- 
ness the  Duchess  of 

Her  Royal  High- 

ness the 

Edinburgh,  with 

ness  the  Duchess 

Duchess  of 

his  Royal  High- 

of Connaught 

Teck. 

ness  the  Prince 

and  Strathearne. 

Alfred  of  Edin- 
burgh. 

Their  Ro}’al  Highnesses 

The  Princess  Victoria  of  The  Princess  Louise  of 

Wales.  Wales. 

Her  Serene  High  - Her  Ro}"al  High-  Her  Grand  Ducal 
ness  the  Princess  ness  the  Princess  Highness  the 
Victoria  of  Teck.  Maud  of  Wales.  Princess  Louis  of 

Battenburg. 


Their  Royal  Highnesses 
The  Here-  The  The  Prince 

•ditary  Grand  Duke  of  Albert  Victor 
Duke  of  Cambridge,  of  Wales, 

Oldenburg.  K.G.  K.G. 


The  Prince 
Christian  of 
Schleswig- 
Holstein,  K.G. 


The  His  Serene  His  Royal 

Marquis  Highness  the  Highness  the 
of  Lome,  Duke  of  Prince  Henry 

K.T.  Teck,  G.C.B.,  of  Battenberg, 

K.G. 


His  Serene 
Highness  the 
Prince  Louis 
of  Battenberg, 

K.C.B. 


The  Chief  Commissioner  of  The  Secretary  to  the  Royal 
Police.  Commission. 

Acting  unstress  of  the  Robes.  Lady  of  the  Bedchamber. 
Maids  of  Honour.  Woman  of  the  Bedchamber. 
Ladies  in  Attendance  on  the  Royal  Family. 

Gold  Stick  in  Waiting.  Master  of  the  Horse- 

Captain  of  the  Yeomen  of  Captain  of  the  Gentlemen 
the  Guard.  at  Arms. 

Groom  in  Waiting.  Lord  in  Waiting. 

Keeper  of  her  ^lajcsty’s  Privy  Purse. 

Equerries  in  Waiting. 

Silver  Stick  in  Waiting.  Field  Officer  in  Brigade  Waiting. 
Gentlemen  in  Waiting  on  the  Royal  Family. 


All  persons  in  the  procession  wore  levee,  academi- 
cal, or  Court  dress  or  uniform.  Ladies  were  in 
morning  dress.  The  procession,  starting  from  the 
Colonial  Hall  (principal  entrance),  proceeded  through 
the  Indian  Hall  (inner  vestibule),  along  India  (middle 
court  of  the  south  gallery),  and  between  the  Indian 
Bazaar  and  Ceylon  (north  court  of  the  south 
galleries) ; then,  between  the  Indian  Palace  and  the 
entrance  to  the  “ Old  London  ” street,  between  the 
Australasian  Colonies  (central  avenue),  into  Canada 
(central  gallery) ; and,  turning  to  the  right,  passed 
across  the  North  Annexe,  through  the  gardens  to  the 
right  of  the  fountain  basin,  and  through  the  con- 
servatory, and  entered  the  Royal  Albert  Hall  by  a 
special  entrance  constructed  for  the  occasion.  The 
Chair  of  State  was  placed  on  the  dais  in  the  Albert 
Hall.  Above  it  was  a canopy  of  Indian  cloth  of 
gold,  surmounted  by  a baldachino  of  rich  gold- 
embroidered  velvet,  looped  with  chains  and  pendants 
of  gold  and  silver  Delhi  work,  and  slightly  closed  in 
at  the  sides  with  curtains  of  red  embroidered  velvet. 
The  throne  itself,  of  hammered  gold,  was  formerly  in 
the  possession  of  the  East  India  Company ; and 
immediately  above  it,  on  the  back  of  the  canopy, 
embroidered  in  gold  letters  and  surmounted  by  the 
Imperial  Crown,  was  the  monogram  of  Victoria, 
Queen  and  Empress. 

Upon  the  procession  entering  the  Albert  Hall,  her 


Majesty’s  Commissioners,  the  Executive  Commis- 
sioners, and  the  Members  of  the  Committees  took 
their  seats  reserved  for  them  in  the  arena  of  the  hall. 
The  Queen  took  her  place  in  front  of  the  Chair  of 
State,  with  his  Royal  Highness  the  Prince  of  Wales  at 
her  Majesty’s  right  hand,  and  his  Royal  Highness  the 
Duke  of  Connaught  on  her  left,  the  other  members  of 
the  Royal  Family  standing  on  either  side,  with  the 
great  officers  of  state  and  the  ladies  and  gentle- 
men of  the  household  around  them.  The  Arch- 
bishop of  Canterbury  and  the  Bishop  of  London, 
who  had  previously  arrived,  stood  on  the  left  of  the 
dais,  and  the  Secretary  of  State  for  the  Home 
Department  near  her  Majesty , on  the  right.  The 
Heralds  stood  in  front  of  the  dais. 

Upon  the  procession  entering  the  Albert  Hall,  the 
first  verse  of  the  National  Anthem  was  sung  in  English 
by  the  Royal  Albert  Hall  Choral  Society,  under  the 
direction  of  Mr.  Barnby.  As  her  Majesty  reached 
the  dais,  the  second  verse  of  the  National  Anthem 
was  sung  in  Sanskrit,  translated  by  Professor  Max 
Muller;  and  the  third  verse  was  sung  in  English. 
The  following  ode — written  for  the  occasion,  at  the 
special  desire  of  the  Prince  of  Wales,  by  the  Poet 
Laureate,  Lord  Tennyson,  and  specially  set  to  music, 
at  the  request  of  his  Royal  Highness,  by  Sir  Arthur 
Sullivan — was  then  sung  by  Madame  Albani  and  the 
choir,  under  the  direction  of  the  composer : — 

I. 

Welcome,  welcome  with  one  voice  ! 

In  your  welfare  we  rejoice, 

Sons  and  brothers,  that  have  sent, 

F'rom  isle  and  cape  and  continent. 

Produce  of  your  field  and  flood, 

Blount  and  mine,  and  primal  wood, 

Works  of  subtle  brain  and  hand. 

And  splendours  of  the  Morning  Land, 

Gifts  from  every  British  zone  ! 

Britons,  hold  your  own  ! 

II. 

^lay  we  find,  as  ages  run. 

The  mother  featured  in  the  son. 

And  may  yours  for  ever  be 
That  old  strength  and  constanc}'. 

Which  has  made  your  Fathers  great, 

In  our  ancient  island-state  ! 

And,— where’er  her  flag  may  fly 
Glorying  between  sea  and  sky — 

Makes  the  might  of  Britain  known  ! 

Britons,  hold  your  own  ! 

III. 

Britain  fought  her  sons  of  yore, 

Britain  fail’d  ; and  never  more. 

Careless  of  her  growing  kin. 

Shall  we  sin  our  fathers’  sin. 

Men  that  in  a narrower  day — 

Unprophetic  rulers  they — 

Drove  from  out  the  Mother’s  nest 
That  young  eagle  of  the  West, 

To  forage  for  herself  alone  ! 

Britons,  hold  your  own  ! 

IV. 

Sharers  of  our  glorious  past. 

Brothers,  must  we  part  at  last  ? 

Shall  not  we  thro’  good  and  ill 
Cleave  to  one  another  still  ? 
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Britain’s  myriad  voices  call 
“ Sons,  be  welded,  each  and  all, 

Into  one  Imperial  whole, 

One  with  Britain  heart  and  soul  ! 

One  life,  one  flag-,  one  fleet,  one  Throne  ! ” 
Britons,  hold  your  own  ! 

And  God  guard  all  ! 

His  Royal  Highness  the  Prince  of  Wales  then  read 
the  following  address  to  her  Majesty,  and  presented  to 
her  Majesty  a catalogue  of  the  articles  exhibited,  the 
general  handbook,  and  the  key  of  the  Exhibition  ; — 

“ May  it  please  your  Majesty, — As  Executive 
President  of  the  Royal  Commissioners  appointed  by 
your  Majesty’s  royal  warrant  of  the  8th  of  Novem- 
ber, 1884,  for  the  promotion  of  an  exhibition  of  the 
British  Colonial  and  Indian  Empire,  and  subsequently 
incorporated  by  your  Majesty’s  Royal  Charter  of 
the  15th  September,  1885,  I humbly  beg  leave  to 
lay  before  you  a brief  statement  of  our  proceedings 
up  to  the  present  time.  The  general  interest  mani- 
fested in  the  display  made  by  your  Majesty’s  Colonial 
and  Indian  Empire  at  the  Paris  Exhibition  of  1878, 
led  me,  as  President  of  the  British  Commission,  to 
express  a hope  that  an  opportunity  might  soon  occur 
by  which  your  Majesty’s  subjects  in  England  would 
be  enabled  to  witness  the  marvellous  development 
which,  under  your  beneficent  rule,  their  brethren  and 
fellow  subjects  had  attained  throughout  so  many 
portions  of  the  globe.  It  was,  therefore,  with  the 
highest  gratification  that  I accepted  your  Majesty’s 
gracious  invitation  to  assume  the  Executive  Presidency 
of  this  Commission,  the  appointment  of  which  by 
your  Majesty  has  been  the  means  of  making  this 
hope  a reality.  The  invitations  which  we  were 
empowered  by  your  Majesty  to  issue  to  the  Colonial 
Governments  and  to  the  Government  of  India  were 
forwarded  towards  the  close  of  the  year  1884,  and 
from  the  answers  received  it  at  once  became  ap- 
parent that  this  undertaking  had  obtained  warm  and 
hearty  sympathy  throughout  your  Majesty’s  domin- 
ions. In  your  Majesty’s  dominion  of  Canada,  through- 
out your  Australasian,  African,  West  Indian  and 
Eastern  Colonies,  in  your  Mediterranean  possessions 
and  elsewhere,  grants  were  voted.  Commissions 
formed,  and  Executive  Commissioners  appointed. 
That  the  work  of  preparation  was  undertaken 
with  enthusiasm  and  attended  with  success,  is  evident 
from  the  complete  and  varied  collections  which  at 
present  fill  the  buildings  through  which  your  Majesty 
has  just  passed.  The  response  received  from  the 
Government  of  India  was  also  of  the  most  cordial 
character.  His  Excellency  the  Viceroy  caused, 
through  the  Revenue  and  Agricultural  Department, 
instructions  to  be  issued  to  every  district  of  your 
Majesty’s  Indian  Empire  for  the  collection  of  objects 
illustrative  of  the  arts,  manufactures,  and  resources 
of  that  great  realm.  These  collections,  which  now 
adorn  a large  section  of  the  Exhibition,  have  been 
supplemented  by  generous  contributions  from  their 
Highnesses  the  Princes  of  India,  by  collections  the 


formation  of  which  we  ourselves  have  authorised,  and 
by  the  contributions  of  private  native  exhibitors.  We 
are  desirous  of  bringing  under  your  Majesty’s  notice 
our  deep  appreciation  of  the  hearty  co-operation  of  the 
Colonial  Governments  in  this  Exhibition,  and  of  taking 
this  exceptional  opportunity  of  stating  how  greatly  we 
are  indebted  to  the  Commissions  appointed  by 
these  Governments,  and  to  the  Executive  Commis- 
sioners on  whom  the  superintendence  of  the  entire 
work  of  installation  has  devolved.  We  further 
desire  to  record  the  valuable  assistance  which  we 
have  received  from  your  Majesty’s  Viceroy,  from  the 
Supreme  Government  of  India,  and  from  the  various 
officials  who  have  so  ably  and  thoroughly  carried 
out  their  instructions.  Our  grateful  thanks  are  also 
due  to  the  Colonial  Governments,  to  the  Govern- 
ment of  India,  to  the  Corporation  of  the  City  of 
London,  to  many  City  Companies,  and  to  the  firms 
and  individuals  who  have  contributed  to  the 
guarantee  fund.  The  fact  that  the  list  of  subscribers 
not  only  includes  those  whose  interests  are  Iffiely  to 
be  specially  affected  by  the  Exhibition,  but  also 
comprehends  every  class  of  the  community,  supplies 
a gratifying  proof  of  the  universal  sympathy  and 
interest  which  this  undertaking  has  aroused. 
We  venture  to  avail  ourselves  of  this  opportunity  to 
convey  to  your  Majesty  our  dutiful  and  loyal  acknow- 
ledgements of  the  interest  which  your  Majesty  has 
been  pleased  to  take  in  our  labours,  proved  as  it  is  by 
your  Majesty’s  presence  here  to-day ; nor  can  I resist 
a reference  to  a similar  ceremonial,  presided  over  by 
your  Majesty  but  a few  paces  from  this  spot  thirty- 
five  years  ago.  On  that  memorable  occasion,  the 
first  of  its  kind,  the  Prince  Consort,  my  beloved  and 
revered  father,  filled  the  position  which  I,  following 
in  his  footsteps  at  however  great  a distance,  now 
have  the  honour  and  gratification  of  occupying. 
Your  Majesty  alone  can  fully  realise  with  what  deep 
interest  my  beloved  father  would,  had  he  been 
spared,  have  w’atched,  as  their  originator,  the  de- 
velopment of  exhibitions  both  in  this  country  and 
abroad ; and  with  what  especial  pleasure  he  would 
have  welcomed  one  having  for  its  object  the  prosperiy 
of  your  Majesty’s  Empire,  the  interests  of  which 
he  had  so  much  at  heart.  In  the  Great  Exhibi- 
tion of  1851,  your  Majesty’s  Colonial  and  Indian 
Possessions  indeed  were  represented,  but  their  im- 
portance was  then  but  little  realised,  and  their 
present  greatness  was  at  that  time  unforeseen. 
During  the  years  that  have  elapsed  since  1851,  few 
greater  changes  have  been  wrought  than  the  mar- 
vellous development  of  the  outlying  portions  of  your 
Majesty’s  Empire.  It  is  our  heartfelt  prayer  that  an 
undertaking  intended  to  illustrate  and  to  record  this 
development  may  give  a stimulus  to  the  commercial 
interests  and  intercourse  of  all  parts  of  your  Majesty’s 
dominions  ; that  it  may  be  the  means  of  augmenting 
that  warm  affection  and  brotherly  sympathy  which 
is  reciprocated  by  your  Majesty’s  subjects,  and  that 
it  may  still  further  deepen  that  steadfast  loyalty 
which  w^e,  who  dwell  in  the  Mother  Countiy,  share 
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with  our  kindred  who  have  elsewhere  so  nobly  done 
honour  to  her  name.” 

Her  Majesty  the  Queen  read  the  following  reply, 
handed  to  her  by  her  Majesty’s  Secretary  of  State  for 
the  Home  Department : — “I  receive  with  the  greatest 
satisfaction  the  address  which  you  have  presented  to 
me  on  the  opening  of  this  Exhibition.  I have  observed 
with  a warm  and  increasing  interest  the  progress  of 
your  proceedings  in  the  execution  of  the  duties  en- 
trusted to  you  by  the  Royal  Commission,  and  it  affords 
me  sincere  gratification  to  witness  the  successful  result 
of  your  judicious  and  unremitting  exertions,  in  the 
magnificent  Exhibition  which  has  been  gathered 
together  here  to-day.  I am  deeply  moved  by  your 
reference  to  the  circumstances  in  which  the  ceremony 
of  1851  took  place,  and  I heartily  concur  in  the  belief 
you  have  expressed  that  the  Prince  Consort,  my 
beloved  husband,  had  he  been  spared,  v/ould  have 
witnessed  with  intense  interest  the  development  of 
his  ideas,  and  would,  I may  add,  have  seen  with 
pleasure  our  son  taking  the  lead  in  the  movement  of 
which  he  was  the  originator.  I cordially  concur  with 
you  in  the  prayer  that  this  undertaking  may  be  the 
means  of  imparting  a stimulus  to  the  commercial 
interests  and  intercourse  of  all  parts  of  my  dominions, 
by  encouraging  the  arts  of  peace  and  industr)',  and 
by  strengthening  the  bonds  of  union  which  now 
exists  in  eveiy-  portion  of  my  Empire.” 

Her  Majesty  then  commande<l  the  Lord  Chamber- 
lain  to  declare  “ The  Exhibition  open.”  The 
declaration,  having  been  made,  was  announced  to  the 
public  by  a flourish  of  trumpets  by  her  Majesty’s 
state  trumpeters  stationed  in  the  Hall,  and  by  the 
firing  of  a royal  salute  in  Hyde-park.  The  following 
prayer  was  then  offered  by  his  Grace  the  Archbishop 
of  Canterbury  : — 

“ Almighty  God  and  Heavenly  Father,  we  beseech 
Thee  to  send  down  Thy  gracious  blessing  upon  the 
manifold  treasures  and  precious  works  which  from 
amongst  our  kindred  peoples  and  our  fellow  nations, 
from  sunrise  round  to  sunrise,  are  gathered  here  for 
glory  and  for  beauty,  unto  the  increase  of  knowledge, 
use,  and  wisdom.  Bless  our  Sovereign  Lady  the 
Queen,  and  enrich  her  days  with  abundance  of 
peace,  that  all  the  daughter-lands  of  her  Realms 
and  Empire  may  be  knit  together  in  perfect 
unity  and  prosperous  strength.  And  grant  that, 
as  her  people  inherit  and  fill  peacefully  all 
countries  of  her  dominion,  so  not  material  concern- 
ments only  but  the  enduring  riches  of  mind  and 
spirit,  and  the  righteousnes  of  Thine  eternal  King- 
dom, may  be  sacred  and  dear  to  them  ; so  that,  in 
Thy  bounteous  gifts,  and  in  man’s  wise  labours 
learnt  of  Thee,  Thy  Name  may  evermore  be  greatly 
magnified;  through  Jesus  Christ  our  Lord.  Amen.” 

The  prayer  was  followed  by  the  “Hallelujah 
Chorus,”  sung  by  the  choir  under  the  direction  of 
Mr.  Bamby.  Madame  Albani  then  sang  “ Home, 
Sweet  Home.”  “ Rule  Britannia  ” was  sung  by  the 
choir,  as  her  Majesty  left  the  budding. 

Dr.  Stainer  played  the  organ. 


Her  Majesty  left  the  Exhibition  by  the  Royal 
entrance  of  the  Albert  Hall,  accompanied  by  the 
Royal  Family  and  attended  by  the  Household  in 
Waiting.  On  leaving  the  Hall,  the  Queen  proceeded 
to  Buckingham  Palace  by  Knightsbridge-road,. 
Prince’s-gate,  Hyde-park,  and  Constitution-hill. 

The  route  of  the  procession  from  the  railway 
station  at  Paddington  to  the  Exhibition,  and  from 
thence  to  Buckingham -palace,  was  kept  by  Life 
Guards. 

Guards  of  honour  of  the  Coldstream  Guards 
and  of  the  Grenadier  Guards  mounted  at  the  main 
entrance  in  Exhibition-road,  and  at  the  Royal 
entrance  at  the  Albert  Hall,  respectively.  A battery 
of  Royal  Horse  Artilleiy  was  stationed  in  Hyde- 
park  to  fire  the  Royal  Salute.  The  Honourable 
Corps  of  Gentlemen  at  Arms  was  on  duty  at  the 
Albert  Hall,  and  the  Yeomen  of  the  Guard  in  the 
Exhibition  buildings.  Her  Majesty’s  State  trumpeters, 
were  on  duty.  The  bands  of  the  Grenadier  Guards, 
the  Coldstream  Guards,  and  the  Second  Life  Guards, 
placed  throughout  the  buildings,  played  during  the 
morning. 

The  number  of  visitors  to  the  Exhibition  on  the 
opening  day  was  37,241,  of  which  17,241  entered 
after  the  doors  had  been  thrown  open  at  4 p.m.  for 
the  ordinary  shilling  admission. 

Meeting  of  the  Royal  Commission. 

The  Royal  Commission,  which  had  not  met  for- 
mally since  the  first  meeting  held  at  Marlborough 
House  on  the  30th  March,  1885,  assembled  ont 
Monday,  INIay  3,  in  the  Durbar  Hall  of  the  Indian 
Palace  at  the  Exhibition,  to  receive  the  Executive 
President,  His  Royal  Highness  the  Prince  of  Wales,. 
K.G. 

The  Prince  of  Wales  addressed  the  meeting 
as  follows  : — 

My  Lords  and  Gentlemen, — I have  thought 
it  right  to  call  you  together  on  this  the  eve  of  the 
opening  of  the  Exhibition  by  her  Majesty  the 
Queen,  in  order  that  I may  report  to  you  the  various 
steps  that  have  been  taken  in  the  preparations  for 
this  Exhibition  since  the  last  time  I had  the  honour 
of  addressing  you.  I would,  in  the  first  place,  wish 
to  say  a few  words  with  regard  to  the  constitution 
of  the  Royal  Commission.  You  are,  doubtless,  aware 
that  her  Majesty,  in  requesting  you  to  act  on  a 
Royal  Commission,  defined  your  duties  to  be  for 
the  purpose  of  advising  upon  the  best  mode  by  which 
the  products  of  industry,  agriculture,  and  the  fine 
arts  of  her  Majesty’s  Colonial  and  Indian  dominions 
might  be  procured  and  sent  to  this  Exhibition. 
The  appointment  of  this  Commission  was,  I under- 
stand, framed  upon  the  precedent  of  the  Exhi- 
bition of  1851,  and  following  the  example  of 
that  Exhibition,  it  was  thought  desirable  that  a 
charter  should  be  applied  for  which  should  make 
the  Royal  Commission  a body  corporate,  and 
which  should  give  it  power  to  organise  and  carry 
on  such  an  Exhibition.  Ihis  charter  was  granted 
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on  the  15th  September,  1885.  You  will,  perhaps, 
remember  that,  in  my  last  address,  I informed  you 
of  the  initiative  action  which  I,  as  your  Executive 
President,  had  taken,  and  which  you  were  kind 
enough  then  to  confirm  in  order  that  the  proposals 
for  holding  a Colonial  and  Indian  Exhibition  should 
he  properly  brought  to  the  notice  of  the  Govern- 
ments of  India  and  of  the  various  Colonies.  I then 
•stated  that  from  the  answers  which  had  been  re- 
ceived from  the  Colonies  and  from  India  it  was 
clear  that  this  Exhibition  would  receive  the  hearty 
co-operation  of  all  concerned.  I need  only  ask  you 
to  make  an  inspection  of  the  various  sections  of  the 
Exhibition  to-day,  before  leaving  the  buildings,  for 
you  to  at  once  realise  how  cordially  the  Governments 
of  India  and  of  the  various  Colonies  have  acceded  to 
the  invitation  which  I,  as  your  President,  forwarded 
to  them  in  November,  1884  ; and  I am  sure  that  you 
will  join  with  me  in  requesting  the  Executive  Com- 
missioners to  take  an  early  opportunity  of  conveying 
to  their  Governments  the  sincere  thanks  of  the  Royal 
Commission  for  having  so  thoroughly  realised  our 
views  as  to  the  form  that  this  Exhibition  should  take. 
To  these  gentlemen  themselves  are  also  due  our  own 
warmest  acknowledgments.  I feel  also  convinced 
that  you  will  consider  it  a pleasing  duty  to  record 
the  deep  obligation  we  are  under  to  His  Excellency 
the  Viceroy  and  the  Supreme  Government  of  India 
for  the  admirable  organisation  which,  under  the 
direction  of  Mr.  Buck,  has  been  displayed  by 
the  Revenue  and  Agricultural  Department,  and 
hy  the  officers  who  have  assisted  it.  I further 
propose  that  we  should  request  the  Viceroy  to 
express  our  acknowledgments  to  their  Highnesses 
the  Princes  of  India,  who  have,  by  their  liberal  con- 
tributions, so  materially  added  to  the  beauty  and 
interest  of  the  Indian  Section.  With  regard  to  the 
administration  of  the  Royal  Commission,  I may 
state  that  the  Finance  Committee — the  appointment 
of  which  you  confirmed  at  the  last  meeting — is  most 
carefully  discharging  the  duties  which  you  then  con- 
fided to  it.  I have  to  ask  you  to  confirm  the 
appointment  of  the  following  gentlemen,  who  were 
good  enough  to  accept  my  invitation  to  be  added 
to  it — The  Right  Hon.  Sir  Lyon  Playfair,  the  Hon. 
Sir  Ashley  Eden,  Right  Hon.  Sir  Henry  Thurstan 
Holland,  Mr.  E.  W.  Hamilton,  Mr.  A W.  Gadesden. 
It  is  with  much  pleasure  that  I am  able  to  report 
that  the  Guarantee  Fund,  which  at  the  time  of  the 
last  meeting  amounted  to  28,600,  has  now  reached 
a total  of;,r2i8,^^30.  Of  this  amount  the  Corporation 
of  the  City  of  London  has  voted  0,000,  and  among 
^e  contributors  are  many  of  the  great  City  Companies. 
I am  sure  you  will  agree  with  me  in  cordially  thank- 
ing these  corporations,  and  the  gentlemen  to  whose 
liberality  this  very  satisfactory  result  is  due.  They 
may  rest  assured  that  no  endeavour  will  be  spared  to 
prevent  the  necessity  of  having  recourse  to  the  con- 
tributions which  they  have  so  generously  placed  at 
our  disposal.  I have  to  ask  you  to  confirm  the 
appointment  of  a committee  which  I have  requested 


to  act  for  the  purpose  of  superintending  the  lighting 
by  electricity  of  the  buildings  and  grounds  of  the 
Exhibition.  The  gentlemen  composing  the  com- 
mittee are: — Sir  Frederick  Abel,  Chairman;  Colonel 
Sir  Francis  Bolton,  and  Mr.  W.  H.  Preece.  In 
order  that  practical  effect  may  be  given  to  the 
suggestion  which  I referred  to  in  my  last  address — 
that  a hospitable  reception  should  be  offered  to 
visitors  from  the  Colonies  and  India,  and  that  facilities 
should  be  given  to  them  for  visiting  the  great  manu- 
facturing centres  and  places  of  interest  in  Great 
Britain — I have  requested  the  following  members  of 
the  Royal  Commission  to  act  as  a Reception  Com- 
mittee: —The  Duke  of  Abercorn,  Chairman ; the  Ear^ 
Cadogan,  Vice-Chairman ; the  Marquis  of  Lome, 
Vice-Chairman.  Colonial  Sub-Committee : The  Duke 
of  Manchester,  Chairman ; the  Lord  Mayor,  Sir  Daniel 
Cooper,  Sir  Charles  Tupper,  Sir  Thomas  Brassey, 
General  Sir  Selby  Smyth,  Sir  Charles  Hutton 
Gregory,  Sir  John  Coode,  Mr.  Arthur  Hodgson,  Mr. 
Samuel  Morley.  India?!  Sub-Cotnmittee  : Field- 
Marshal  Lord  Napier  of  Magdala,  Chairman ; the 
Right  Hon.  Sir  James  Fergusson,  Major-General  Sir 
Peter  Lumsden,  Major-General  Sir  Henry  Rawlinson, 
Major-General  Sir  Richard  Pollock,  Lieutenant- 
General  Sir  Charles  Brownlow,  Lieutenant-General 
Sir  Henry  Daly,  Lieutenant-General  Sir  Samuel 
Browne,  Lieutenant-General  Sir  Harry  Lumsden, 
Sir  Barrow  Helbert  Ellis,  Colonel  Sir  Owen  Tudor 
Bume,  Sir  George  Bird  wood  ; Mr  .Arthur  Hodgson, 
General  Secretary ; Lieutenant-General  Henry  K. 
Burne,  Secretary;  Mr.  H.  Trueman  Wood,  Secretary. 

I trust  that  the  fund  which  has  been  inaugurated 
by  them  for  the  above  purpose,  may  before  long 
reach  a handsome  amount,  and  feel  assured  that  no 
efforts  will  be  spared  throughout  the  country  to 
render  the  visit  of  our  kinsmen  a pleasant  one. 
Acting  on  the  precedent  of  the  organisation  of  the 
Great  Exhibition  of  1851,  I some  time  since  caused  a 
letter  to  be  addressed  to  all  the  mayors  and  Local 
Boards  of  the  United  Kingdom,  suggesting  to  them 
the  advisability  of  bringing  before  the  working  classes 
of  their  various  districts  the  benefits  that  would  ensue 
from  the  formation  of  clubs  by  subscribing  weekly, 
to  which  a sufficient  sum  of  money  would  be  laid 
by  to  enable  the  members  to  visit  the  Exhibition. 
I am  happy  to  state  that  this  suggestion  has 
been  responded  to  in  many  places,  and  I trust 
that  a large  number  of  the  working  classes,  who 
would  otherwise  have  found  it  impossible  to  come 
here,  will  visit  the  Exhibition,  and  will  benefit  by  the 
vast  amount  of  instruction  to  be  derived  therefrom. 
I am  very  sensible  of  the  facilities  which  the  railway 
companies  have  afforded  to  me  in  this  matter ; 
without  the  valuable  assistance  which  they  have  ex- 
tended, it  would  have  been  impossible  to  have 
obtained  so  much  success  in  the  formation  of  these 
clubs.  I must  take  this  opportunity  of  requesting 
you  also  to  join  with  me  in  acknowledging  the  help 
which  the  railway  companies  have  promised  to  the 
Royal  Commission  for  conveying  all  classes  of 
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\isitors  to  the  Exhibition.  I have  appointed  a com- 
mittee, consisting  largely  of  Executive  Commissioners, 
for  organising  a series  of  conferences  and  lectures 
during  the  summer  on  subjects  cognate  to  the  Exhi- 
bition, and  am  happy  to  state  that  I have  been 
promised  the  aid  of  the  Councils  of  the  Society  of 
Arts  and  the  Royal  Colonial  Institute  in  this  matter. 

I have  gratefully  accepted  an  offer  made  by  the  Lords 
of  the  Committee  on  Education  to  give  facilities 
to  visitors  to  the  Exhibition  for  viewing  the  India 
Museum.  I have  sanctioned  arrangements  by  which 
the  Royal  Albert  Hall  forms  an  integral  part  of  the 
Exhibition,  and  by  which  the  National  Fish  Culture 
Association  maintains  the  Aquarium,  which  has 
always  formed  a very  popular  attraction  at  previous 
exhibitions;  facilities  have  also  been  given  to  the 
Royal  Horticultural  Society  for  the  holding  of  their 
flower  and  fruit  shows  in  the  Conservatory  of  the 
Exhibition.  I am  desirous  of  expressing  my  thanks 
to  her  Majesty’s  Board  of  Customs  for  having  so 
greatly  facilitated  the  transmission  of  goods  to  the 
Exhibition,  In  conclusion,  I feel  sure  that  you  will 
join  with  me  in  the  expression  of  a desire  to  record 
our  deep  sense  of  the  gracious  act  which  her 
Majesty  the  Queen  has  consented  to  perform  to- 
morrow. I trust  that  I shall  have  the  pleasure  of 
meeting  you  to-morrow  morning  at  half-past  eleven 
o’clock  at  the  principal  entrance,  where  we  shall 
await  the  arrival  of  the  Queen. 

The  Duke  of  Cambridge— Your  Royal  High- 
nesses, my  Lords  and  Gentlemen,  I have  much 
pleasure  in  moving  the  following  resolution:  — 

That  this  meeting  of  the  Royal  Commission  for  the 
Colonial  and  Indian  Exhibition,  having  heard  the 
address  of  his  Royal  Highness  the  Prince  of  Wales, 
Executive  President,  in  which  his  Royal  Highness 
informs  the  Royal  Commission  of  the  preparations 
he  has  caused  to  be  made  since  the  last  meeting  for 
the  holding  of  this  Exhibition,  fully  approve  of  these 
preparations,  and  confirm  the  appointment  of  the 
gentlemen  referred  to  by  his  Royal  Highness  to  act 
on  the  Finance,  Reception,  and  Conference  Com- 
mittees. The  Royal  Commission  desire  to  express 
their  cordial  thanks  to  the  Corporation  of  the  City  of 
London,  and  to  the  City  Companies,  firms,  and 
individuals  who  have  since  the  last  meeting  con- 
tributed to  the  Guarantee  Fund,  and  in  conclusion 
the  Royal  Commission  wish  to  record  their  cordial 
thanks  to  his  Royal  Highness  for  the  able  and  ener- 
getic manner  in  which  he  has  acted  on  their  behalf  as 
Executive  President.”  I am  sure  you  will  adopt 
this  resolution  most  cordially.  After  the  remarks 
of  his  Royal  Highness  the  Prince  of  Wales,  it  is 
unnecessary  for  me  to  say  much  as  to  the  objects  of 
the  Exhibition,  but  there  is  one  point  with  which  the 
Prince  of  Wales  could  not  deal  with  that  freedom 
which  I can,  and  that  is  the  great  trouble  and  pains 
•which  his  Royal  Highness  has  given  to  this  Exhibition. 
It  is  not  the  first  time  that  his  Royal  Highness  has 
acted  as  President  in  undertakings  of  this  nature. 


and  it  is  very  difficult  for  any  individual  to  praise 
him  in  his  presence  without  appearing  fulsome,  but 
it  is  not  fulsome  to  say  that  he  has  always  devoted 
his  whole  energies  to  bringing  everything  to  a 
successful  issue  with  which  he  is  connected.  I could 
see  yesterday  the  results  of  the  extraordinary  ability 
with  which  those  under  him  have  carried  out  his 
wishes.  This  is  an  Exhibition  absolutely  confined  to 
her  Majesty’s  Colonial  and  Indian  Dominions,  and 
it  stands  absolutely  alone  in  that  respect ; it  is 
admirably  adapted  to  the  interests  of  a great  country 
in  that  it  brings  together  and  shows  in  one  common 
centre  all  the  advantages  which  India  and  the 
Colonies  possess  in  their  respective  spheres.  I think 
the  way  in  which  these  advantages  will  be  brought 
to  notice  in  this  Exhibition  will  tend  to  that  unani- 
mity and  good  feeling  which  happily  exist  among  all 
branches  of  her  Majesty’s  subjects,  and  will  con- 
solidate that  great  Empire  to  which  we  are  all  proud 
to  belong  and  hope  to  see  extended  in  a peaceful 
manner  for  many  generations.  I am  sure  you  will 
cordially  and  spontaneously  vote  our  thanks  to  his 
Royal  Highness  for  the  trouble  he  has  taken,  and 
congratulate  him  on  the  success  he  has  been  able  to 
produce. 

Earl  Granville  : — The  illustrious  Duke  who 
has  just  sat  down,  has  undertaken  a task  which  he 
has  performed  most  admirably.  I have  much  plea- 
sure in  seconding  the  resolution.  After  the  report 
we  have  heard,  which  shows  such  an  immense  deal 
of  comprehensive  work  done,  I think  it  is  right  to 
call  attention  to  the  fact  that  the  pivot  on  which  it 
has  all  turned  has  been  the  exertions  of  his  Royal 
Highness,  and  to  how  exactly  in  this  case  he  has 
followed  the  example  of  his  illustrious  father  in  not 
being  merely  an  honorary  president,  but  in  laying 
down  the  general  principles  and  in  going  into  every 
possible  detail  likely  to  ensure  the  success  of  the 
Exhibition.  We  are  desired  to  thank  the  various 
bodies  who  have  assisted,  but  we  must  remember 
that  a great  deal  of  their  good  work  has  been 
exacted  by  the  genial  influence  of  his  Royal  High- 
ness himself.  I do  not  wish  to  go  into  many  parts 
of  the  subject,  but  one  point  is  connected  with  my 
official  position  at  this  moment,  and  that  is  the 
beneficial  effect  which  this  Exhibition  is  likely  to 
exert  on  the  Colonial  possessions  of  her  Majesty  ; it 
will  be  a great  disappointment  indeed  if  it  does  not 
contribute  to  the  interchange  of  commodities  be- 
tween the  two  countries.  I believe  the  British 
public  is  not  aware  of  the  enormous  resources  of  the 
Colonies  and  the  British  Empire  generally,  and  it  is 
clear  that  if  so  many  distinguished  Colonial  men 
and  women  come  to  this  country  at  this  time  it  will 
increase  not  only  our  knowledge  but  the  personal 
good  feeling  which  now  exists.  I heartily  concur 
with  the  noble  Duke  in  asking  you  to  agree  to  the 
resolution  he  has  so  well  moved. 

The  Prince  of  Wales — Before  the  meeting 
disperses,  I wish  to  return  you  my  sincere  thanks  for 
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the  most  kind  and  flattering  manner  in  which  my 
illustrious  relative  has  proposed  this  vote  of  thanks, 
and  to  the  noble  Lord  who  has  so  ably  seconded  the 
same.  I can  assure  you  that  the  compliments  you 
have  been  kind  enough  to  pay  me  have  been  really 
quite  undeserved.  I need  hardly  say  that  I cer- 
tainly take  the  deepest  interest  in  the  success  of 
this  Exhibition,  but  really  all  the  arrangements  and 
the  trouble  that  has  been  taken  are  owing  to  Sir 
Philip  Cunliffe-Owen  and  his  two  able  assistants, 
Mr.  Edward  CunlifFe-Owen  and  Mr.  J.  R.  Royle. 
I can  only  say  that  those  who  have  not  yet  seen  the 
Exhibition  will  be  satisfied  with  what  they  see,  if 
they  take  the  present  opportunity  of  going  round 
the  Courts,  and  they  will  be  struck  with  the  wonder- 
ful resources  of  the  Empire.  No  pains  and  no 
expenses  have  been  spared  by  the  Governors  and 
Colonial  Commissioners,  and  by  the  Executive  Com- 
missioners here,  to  make  each  of  their  departments  a 
success,  and  there  has  been  a peaceful  rivalry  between 
them,  the  one  to  excel  the  other.  I hope  that  this  Ex- 
hibition will  be  not  only  entertaining  to  the  eye,  and 
that  it  will  be  of  material  benefit  to  our  own  country- 
men, but  that  it  v/ill  also  tend  to  produce  a still 
greater  feeling  of  brotherly  love  between  ourselves 
and  the  rest  of  her  Majesty’s  subjects.  I can  only 
add  that  I trust  that  the  sun  may  favour  us  to-morrow 
as  it  has  done  to-day,  and  that  we  may  have  ‘‘  Queen’s 
weather  ” in  every  sense  of  the  word. 

The  meeting  then  terminated. 


Official  Inspection. 

On  Saturday  (May  ist)  his  Royal  Highness  the 
Prince  of  Wales  made  an  official  and  detailed  in- 
spection of  the  Exhibition.  His  Royal  Highness 
was  received,  at  the  Queen’s  Gate  entrance,  by  Sir 
Philip  Cunliffe  Owen,  who  conducted  him  through 
all  the  Colonial  courts  and  through  the  Indian  col- 
lections. The  various  Executive  Commissioners 
were  presented,  in  their  respective  courts,  to  his 
Royal  Highness,  who  expressed  his  great  satisfaction 
at  the  hearty  co-operation  of  the  Colonial  Govern- 
ments and  the  completeness  of  the  arrangements. 
His  Royal  Highness  was  highly  gratified  at  the 
magnificent  display  made  by  the  Indian  Empire. 

On  the  evening  of  Monday  (May  3rd)  his  Royal 
Highness  officially  inspected  the  electric  lighting 
arrangements  of  the  Exhibition. 


Royal  Visit. 

Her  Majesty  the  Qiieen  visited  the  Exhibition  on 
the  morning  of  Thursday  (May  6),  and  was  received 
by  H.R.H.  the  Prince  of  Wales,  Executii^e  Presi- 
dent of  the  Royal  Commission.  The  Queen  Avas 
accompanied  by  their  Royal  Highnesses  the  Duke 
of  Connaught  and  Prince  and  Princess  Henry  of 
Battenberg.  Her  Majesty  visited  the  Indian  Palace, 
and  inspected  in  detail  the  work  of  the  native  crafts- 
men, and  was  conducted  over  by  Mr.  Purdon  Clarke, 
the  honorary  architect  of  the  palace,  and  by  Dr. 


Tyler,  who  is  in  charge  of  the  natives.  Sir  Philip 
Cunliffe-Owen,  Secretary  to  the  Royal  Commission, 
was  in  attendance. 


Reception  Committee. 

After  consultation  with  the  Agents-General  of  the 
Colonies,  the  Reception  Committee  have  adopted  a 
classification  of  the  visitors  who  may  be  expected  to 
come  within  the  range  of  their  operations,  and  for 
whose  benefit  accordingly  special  excursions  are 
being  arranged.  Besides  a limited  number  of  repre- 
sentatives of  the  different  Executive  Commissions, 
the  classification  includes  : — Colonial  governors, 
ministers  and  ex-ministers  ; members  of  legislatures  ; 
mayors  of  cities ; heads  of  Government  departments  ; 
secretaries  to  the  High  Commissioner  and  Agents- 
General  ; judges  of  the  higher  courts  of  justice  ; 
officers  in  the  colonial  forces,  who  have  held  com- 
mand down  to,  and  including  the  rank  of  lieut.- 
colonel;  presidents  of  railway  companies;  prin- 
cipals of  universities  ; prelates  and  heads  of  religious 
denominations;  widows  of  ex-Governors  and  Ad- 
ministrators of  Governments.  The  wives  and 
daughters  of  those  visitors  who  are  comprised  in  the 
above  list  will  be  considered  as  being  included  in  the 
classification.  The  names  of  distinguished  visitors 
from  the  Colonies  not  included  in  any  of  the  above 
classes  will  be  added  to  the  committee’s  list  on  the 
recommendation  of  the  Agents-General,  and  as  the 
arrangements  of  the  committee  permit. 


PREPARATION  OF  HIDES  IN  SOUTH 
AMERICA. 

A Buenos  Ayres  newspaper  calls  the  attention  of 
stock  breeders  to  the  fact  that  the  hides  of  cattle 
in  many  cases  lose  a great  part  of  their  value  on 
account  of  the  careless  way  in  which  they  are  stripped 
from  the  slaughtered  animal.  Calf  skins  and  sheep 
pelts  are  often  reduced  one-half  in  value  by  being 
gashed  and  improperly  stretched.  When  a hide  is 
stripped  off,  it  should  be  stretched  at  once  and 
pegged  out  to  dry,  with  the  flesh  side  upward.  If  it 
is  rolled  up,  thrown  into  a heap,  and  left  to  dry  in 
that  shape,  it  is  so  mean  looking  that  a buyer  will 
only  offer  half  its  real  value.  A few  hints  as  t» 
taking  off  a hide  will  be  useful.  The  skin  is  slit 
from  the  chin  down  the  brisket  in  a straight  line  to 
the  tail ; it  is  then  cut  round  each  hoof,  the  hind  legs 
are  slit  behind  over  the  gambrel,  but  the  front  ones 
are  slit  up  in  front  over  the  knees.  This  leaves  the 
skin  in  a good  shape  for  finishing  the  leather.  The 
head  and  legs  are  first  carefully  skinned,  taking  care 
to  avoid  cutting  the  skin.  The  skin  is  then  easily 
drawn  off,  by  taking  hold  of  it  firmly  and  pulling  it 
steadily.  It  is  then  spread  out  evenly  on  a floor,  and 
sprinkled  with  fine  salt.  If  there  is  but  one,  it  is 
best  to  stake  it  out  as  soon  as  the  salt  has  taken,  and 
dry  at  once  in  a cool  shady  place.  If  there  are  more 
than  one,  then  they  are  laid  upon  each  other,  and 
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salted  freely,  and  afterwards  thoroughly  dried.  If 
the  skins  are  to  be  kept,  they  should  be  closely 
watched  for  moths  or  grubs. 


General  Notes. 

❖ 

Production  of  Cream  of  Tartar  at  Messina. 
— According  to  the  annual  report  of  the  Chamber  of 
Commerce  of  Messina,  it  will  be  seen  that  a marked 
increase  in  the  exports  of  cream  of  tartar  from  that 
port  has  taken  place  during  the  last  three  years,  being 
asfollows:  — 1883,  3,5oo,oookilogs.  ; 1884,4,155,671 
Idlogs.;  1885,  5,721,597  kilogs. 

Substitutes  for  Boxwood. — Sir  Villiers  Lister 
calls  attention  to  the  following  passage  in  Mr.  H. 
Romilly’s  “Western  Pacific  and  New  Guinea” 
(Murray),  p.  136.  “ The  Trisbands  ....  are  ex- 

ceedingly rich  islands,  and  produce  various  sorts  of 
wood  not  met  with  elsewhere,  unless  perhaps  it  be 
on  the  mainland  of  New  Guinea.  There  is  an  ex- 
tremely hard  white-wood  which  I have  never  seen 
except  from  the  Trisbands.  It  looks  almost  like 
ivory  when  polished,  and  should  be  of  service  for 
cabinet-making.” 

Dredging  Machinery  on  the  Panama 
Canal. — The  machinery  employed  for  the  excava- 
tion of  the  canal  across  the  isthmus  of  Panama  is  ex- 
ceedingly powerful.  One  of  the  steam  dredgers, 
the  “ Ferdinand  Lesseps,”  provided  with  two  engines 
of  250  horse-power  each,  excavates  22  clopets  per  day, 
or  3,300  cubic  metres  per  day,  another  800  cubic 
metres,  and  an  American  built  one  even  1,000  cubic 
metres  per  day.  Besides  these  there  are  a large 
number  of  smaller  ones  in  operation,  in  all  capable 
of  excavating  37,000  cubic  metres  per  day,  which 
quantity  will  shortly  be  increased,  as  other  powerful 
machinery  has  been  ordered  by  the  company.  During 
the  months  of  February,  upwards  of  1,100,000  cubic 
metres  were  excavated. 

Exportation  of  Fowls  from  Italy. — For- 
merly the  greater  part  of  the  fowls  sent  to  Marseilles 
was  furnished  by  Gascony  and  Languedoc ; now 
Italy  supplies  the  greatest  number,  and  chiefly  Lom- 
bardy. Italian  fowls  also  are  sent  to  Spain.  Every 
Friday  a specially  constructed  live  poultry  truck 
arrives  at  the  Marseilles  railway-station.  It  is  of 
similar  dimensions  to  an  ordinary  covered  goods 
truck,  and  contains  about  3,000  fowls  in  108  hen- 
coops. The  truck  consists  of  nine  tiers  of  cages, 
twelve  to  each  tier,  and  each  capable  of  holding 
thirty  fow’ls.  Being  well  ventilated  and  kept  scrupu- 
lously clean,  and  supplied  with  an  abundance  of 
fresh  w’ater  and  millet-seed,  the  fowls  from  Milan 
and  even  Venice  arrive  at  Marseilles  in  the  best 
possible  condition  of  health,  and  large  numbers  are 
likewise  forwarded  to  Spain, 


MEETINGS  OF  THE  SOCIEIY. 

Ordinary  Meetings. 

Wednesday  evening-s,  at  Eight  o’clock  : — • 
May  12. — “The  Proposed  Fishery  Board.”  By 
J.  W.  Bund  Willis  Bund.  Sir  Edward 
Birkbeck,  Bart.,  M.P.,  will  preside. 

May  19. — “Watchmaking  by  Machinery.”  By 
Prof.  Leonard  Waldo,  D.Sc.  of  Yale  College,  U.S, 
May  26. — “ The  Purification  of  Water  by 
Agitation  with  Iron,  and  Sand  Filtration.”  By 
William  Anderson,  M.Inst.C.E. 


Foreign  and  Colonial  Section. 

At  Eight  o’clock  : — 

Tuesday,  May  25. — “Cyprus  since  the  British 
Occupation.”  By  G.  Gordon  Hake.  Major- 
General  Sir  Robert  Biddulph,  K.C.M.G.,  C.B.,, 
will  preside. 

Applied  Chemistry  and  Physics  Section. 
Thursday  evenings,  at  Eight  o’clock  : — 

May  13. — “ The  Scientific  Development  of  the 
Coal  Tar  Colour  Industry.”  By  Professor  R. 
Meldola,  F.C.S.  Professor  James  Dewar,  M.A.,. 
F.R.S.,  will  preside. 


Indian  Section. 

Friday  evenings,  at  Eight  o’clock  : — 

May  7. — “Indian  Manufactures  from  a Prac- 
tical Point  of  View.”  By  B.  H.  Baden 
Powell,  C.I.E.  Sir  Juland  Danvers,  K.C.S.I.,. 
will  preside. 

May  21. — “ Every'day  Life  of  Indian  Women,  as 
revealed  in  their  own  sayings.”  By  Capt.  Richard 
Carnac  Temple.  James  Gibbs,  C.I.E.,  will 
preside. 


Cantor  Lectures. 

The  Sixth  Course  will  be  on  “Animal 
Mechanics.”  By  B.  W.  Richardson,  M.A.^ 
M.D.,  F.R.S. 

Lecture  II. — May  10. — Methods  of  construction,, 
natural  and  human. 

Lecture  III. — May  17. — Some  details  of  results  of 
construction. 

Lecture  IV. — May  24. — Some  special  Mechanisms. 

Lecture  V. — May  31. — Mechanisms  continued; 
and  Review  in  regard  to  practical  applications. 


Additional  Lectures. 

The  course  of  Elementary  Lectures  on 
“ Electricity  ” will  be  continued  by  Professor 
George  Forbes,  on  Saturday  afternoons,  at 
Three  o’clock  : — 

Lecture  VI. — May  8. — Electro-magnetic  Phe- 

nomena. 

Lecture  V. — May  15. — Induction. 

Lecture  VI. — May  22. — Electrical  Measurement. 
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A course  of  three  lectures  on  “Japanese 
Art  Work”  will  be  delivered  by  Ernest 
Hart,  on  Tuesday  evenings,  May  4,  ii,  18,  at 
Eight  o’clock  : — 

Lecture  II. — May  ii. 

Keramics  and  Lacquer. — Early  Pottery  of 
Japan — The  Cup  of  Taikosama — Tea  jars  and 
utensils  of  the  tea  ceremony — Blue  and  white  intro- 
duced by  Shonsui — The  influence  of  individual  artists 
on  the  varieties  of  porcelain  and  pottery — Imari 
ware  of  the  17th  century — Old  Japan  ware;  its 
place  in  Art — The  schools  founded  by  Kakiyemon 
Ninsei,  Kenzan — The  modern  work  of  Tanzan — 
Lacquer  : — Its  beginnings,  its  technical  classification 
— Work  of  the  15th  and  i6th  centuries — Schools  of 
Shiounsho,  Koma,  Korin,  the  Kajikawao — Old  lac 
and  modern  lac. 

Lecture  III. — May  18. 

Pictorial  Arts  of  Japan. — The  Buddhist 
school— Kanaoka  and  Chodensu,  9th  to  15th  century 
— The  Tosa  school  — Mitsunobo  — The  Sesshiu 
school,  Doan,  15th  and  i6th  century — Chinese 
school,  Shiubun  and  Sotan,  15th  century — The  Kano 
school,  Masanobu  Motonobu  and  Tanyu,  15th  to 
17th  centuries— Old  popular  school —Matahei  and 
his  followers,  i6th  to  i8th  century — Korin  and 
Kenzan  school,  17th  century — Naturalistic  school  of 
Okio,  1 8th  century — Colour  prints  of  the  Katsugawa 
school — Hokusai  and  his  pupils. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  May  10.. .SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Dr. 
Richardson,  “ Animal  Mechanics.”  (Lecture  II.) 

Geographical,  University  of  London,  Burlington- 
gardens,  W.,  8^  p.m.  Prof.  W.  M.  Ramsay, 
“ Roman  Roads  and  English  Railways  in 
Anatolia.” 

Tuesday,  May  ii... SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Special  Lecture.)  Mr. 
Ernest  Hart,  '‘Japanese  Art  Work.”  (Lecture  II.) 

Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Prof.  A.  Gamgee,  “ The  Function  of  Circulation.” 

Medical  and  Chirurgical,  53,  Berners-street,  Oxford- 
street,  W.,  8Jp  .m. 

Civil  Engineers,  25,  Great  George- street,  S.W., 
8 p.m.  I.  Discussion  on  papers  by  Mr.  Francis 
Fox,  “The  Mersey  Railway;”  and  by  Mr. 
William  Edmund  Rich,  “The  Hydraulic  Pas- 
senger Lilts  at  the  Underground  Stations  of  the 
Mersey  Railway.”  2.  Mr.  William  W.  Hulse, 
“ Modern  Machine  Tools  and  Workshop  Appliances 
for  the  Treatment  of  Heavy  Forgings  and  Cast- 
ings.” 

Photographic,  SA,  Pall-mall  East,  S.W.,  8 p.m. 

Anthropological,  3,  Hanover-square,  W.,  8 p.m. 
I.  Mr.  Francis  Galton,  “Notes  on  Permanent 
Colour-Types  in  Mosaic.”  2.  Professor  Flower, 
“ Exhibition  of  a Nicobarese  Skull.”  3.  Professor 
Macalister,  “ Some  African  Skulls  in  the  Cam- 
bridge University  Museum,”  and  “ A New  Ireland 
Skull.”  4.  Paper  by  Dr.  J.  G.  Garson. 


Colonial  Institute,  St.  James’s  Banqueting-hall,  69 
Regent -street,  W.,  8 p.m.  Mr.  W.  L.  Dobson* 
“ Tasmania  as  it  is.” 

Horticultural,  South  Kensington,  S.W.,  i p.m. 
Promenade  Show. 

Wednesday,  May  12. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Mr.  J.  W.  Bund  Willis- 
Bund,  “ The  Proposed  Fishery  Board.” 

Geological,  Burlington-house,  W.,  8 p.m. 

Shelley  Society,  LTniversity  College,  Gower-street, 
W.C.,  8 p.m.  Mr.  Henry  Sweet,  “ The  Primitive- 
ness of  Shelley’s  view  of  nature,  its  parallelism 
with  that  of  the  Vedas,  and  its  contrasts  with  that 
of  Shakspere  and  other  poets.” 

Graphic,  University  College,  W.C.,  8 p.m. 
Microscopical,  King’s  College,  W.C  ,8pm.  i.  Dr. 
G.  M.  Sternberg,  “ Micrococcus  Pas/eu?  t {Stern- 
berg).”  2.  Mr.  F.  H.  Evans,  “ Photomicrography 
by  the  Woodburytype  Process.”  3.  Mr.  C.  D^ 
Ahrens,  “New  Polarising  Prism.” 

Royal  Literary  Fund,  10,  John-street,  Adelphi, 
W.C.,  3 p.m. 

Royal  Society  of  Literature,  4,  St.  Martin’s -place, 
W.C.,  8 p.m. 

Iron  and  Steel  Institute,  25,  Great  George- street, 
S.W.,  lo^a.m.  General  Meeting.  Council  Report, 
Presidential  Address  by  Dr.  Percy.  Reading  of 
papers  and  discussion. 

Thursday,  May  14. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Applied  Chemistry  and 
Physics  Section.)  Prof.  R.  Meldola,  “ The  Scientific 
Development  of  the  Coal-Tar  Colour  Industr}-.” 
Royal,  Burlington-house,  W.,  4^  p.m. 

Antiquaries,  Burlington-house,  W.,  8^  p m. 

Iron  and  Steel  Institute,  25,  Great  George-street, 
S.W.,  io|  a.m.  Reading  of  papers  and  discussions 
continued. 

Parkes’  Museum  of  Hygiene,  74A,  M.argaret-street, 
W.,  8 p.m.  Mr.  R.  Warrington,  “ Recent  In- 
vestigations on  Well  Waters.” 

Royal  Institution,  Albemarle-street,  W.,  8 p.m. 

Prof.  Dewar,  “ The  Alkaloids.” 

Telegraphic  Engineers  and  Electricians,  25,  Great 
George-street,  S.W.,  8 p.m.  Mr.  W.  H.  Preece, 
“ Long  Distance  Telephony.” 

Mathematical,  22,  Albermarle- street,  W.,  8 p.m. 

Friday,  May  14. ..Industrial  Villages  Society  (at  the  House 
OF  THE  Society  of  Arts). 

United  Service  Institute,  Whitehall-yard,  S.W.,  3 p.m. 
Major  H.  Elsdale,  “ The  Defence  of  London  and 
of  England.”  (Part  II.)  “ The  Successive  Stages 
of  the  Defence.” 

Royal  Institution,  Albemarle-street,  W.,  8 p.m. 
Weekly  Meeting,  9 p.m.  Prof.  J.  M.  Thomson, 
“ Suspended  Crystallisation.” 

Iron  and  Steel  Institute,  25,  Great  George-street, 
S.W.,  loj  a.m.  Reading  of  papers  and  discussions. 
Quekett  Microscopical  Club,  University  College, 
W.C.,  72  p.m.  Exhibition  of  Micro -photographs 
with  the  Lantern,  by  Mr.  F.  H.  Evans. 

Clinical,  53,  Berners-street,  W.,  8J  p.m. 

New  Shakspere,  University  College,  W.C.  8 p.m. 
Musical  Entertainment.  A fourth  selection  of 
ballads  and  songs  mentioned  by  Shakspere,  and 
of  Shakspere  madrigals,  glees  and  songs,  in 
chronological  order,  under  the  direction  of  Mr. 
James  Greenhill. 

Saturday,  May  15. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C. , 3 p.m.  (Special  Lecture.)  Prof. 
George  Forbes,  “ Electricity.”  (Lecture  V.) 

Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Prof.  Ernest  Pauer,  “ How  to  Form  a Judgment 
on  Musical  Works.”  (Lecture  II.)  With  Musical 
Illustrations. 
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All  communications  Jot  the  Society  should  be  addressed  to 
the  Secretary y John-street,  Adelphi,  London,  W.C. 


NOTICES. 

♦ 

CANTOR  LECTURES. 

Dr.  B.  W.  Richardson,  F.R.S.,  delivered 
the  second  lecture  of  his  course  on  “Animal 
Mechanics,”  on  Monday  evening,  loth  inst., 
in  which  he  dealt  more  particularly  with  the 
materials  used  by  Nature  in  construction. 

The  lectures  will  be  printed  in  the  Journal 
during  the  summer  recess. 


ADDITIONAL  LECTURES. 

Professor  George  Forbes  delivered  the 
fourth  lecture  of  his  course  of  elementary  lec- 
tures on  “ Electricity  ” on  Saturday  afternoon, 
8th  inst.,  when  his  special  subject  w’as  electro- 
magnetic phenomena. 


Mr.  Ernest  Hart  delivered  the  second 
lecture  of  his  course  on  “ Japanese  Art 
Work,”  on  Tuesday  evening,  4th  inst.  The 
lecturer  described  the  various  schools  of  pot- 
tery of  Japan,  and  illustrated  these  by  exhibit- 
ing specimens  of  the  work  of  the  great  potters. 
He  concluded  with  an  account  of  lacquer. 

The  lectures  will  be  printed  in  the  Journal 
during  the  summer  recess. 


JAPANESE  EXHIBITION. 

The  Exhibition  of  Works  of  Art  by  the 
great  Japanese  masters,  ranging  from  the  7th 
century  to  the  present  date,  lent  by  Mr.  Ernest 
Hart,  will  remain  open  daily  until  Saturday, 
32nd  inst. 

Hours : 10  till  4,  and  7.30  till  9.30  p.m. ; 
Saturdays  10  till  2. 


Masters  and  students  of  schools  of  art,  and 
the  heads  of  firms  of  technical  art  industries 
(metal-work,  carving,  pottery,  painting,  colour- 
printing, embroidery,  &c.),  will  receive  ad- 
mission for  parties  on  application  to  the 
Secretary  of  the  Society  of  Arts. 

A full  catalogue  of  the  Exhibition  has  been 
•prepared,  and  it  was  proposed  to  issue  it  this 
week  to  the  members  of  the  Society  as  a 
supplement  to  the  present  number  of  the 
Journal.  It  appears,  however,  that  the  inter- 
pretation of  the  Post-office  regulations  by  the 
officials  of  that  department  is  such  that  they 
would  not  permit  this.  Members,  therefore,, 
who  wish  for  a copy  of  the  catalogue,  are 
requested  to  send  word  to  the  Secretary,, 
when  it  will  be  supplied  to  them,  free  of 
charge. 


Proceedings  of  the  Society. 

♦ 

FOREIGN  Cf  COLONIAL  SECTION!. 

Thursday,  May  6, 1886 ; Sir  Henry  Barkly,. 
G.C.M.G.,  K.C.B.,  F.R  S.,  in  the  chair. 

The  paper  read  was — 

THE  INDUSTRIES  AND  COMMERCE  OF 
NEW  SOUTH  WALES. 

By  Edward  Combes,  C.M.G. 

The  distinctive  character  of  the  Colonial  and 
Indian  Exhibition,  which  was  opened  the  day 
before  yesterday,  commends  itself  in  many  ways,. 
It  has  gathered  together  a display  of  national 
wealth  from  all  the  outlying  territories  of  the 
Empire.  It  will  give  the  British  public  ample 
opportunities  to  study,  and  examine  for  them- 
selves, the  varied  products  of  those  lands,  and 
the  workmanship  of  those  people  who,  while 
fellow  subjects  of  the  Queen  of  England,  reside 
on  the  other  side  of  the  globe  in  a country 
which,  less  than  a century  ago,  was  occupied 
only  by  cannibal  savages. 

All  other  Exhibitions  prior  to  this  have 
been  international  in  their  character.  The 
Colonies  and  India  have  been  simply  fractional 
portions  of  the  British  Section.  Here  they 
have  to  stand  alone,  and  exhibit  their  strength 
and  resources  independently.  The  Exhibition 
is  replete  with  interest.  We  find  grouped  in 
one  building  specimens  of  the  pastoral,  agri- 
cultural, and  mineral  wealth  of  all  the  Colonies. 
These  show  in  the  most  patent  manner  the 
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unbounded  capabilities  of  the  Empire  in  her 
Colonies,  and  cannot  fail  to  produce  a good 
effect  in  strengthening  the  bond  of  union  which 
exists  between  the  mother  country  and  her 
colonial  children.  It  will  also  conclusively 
prove  that,  should  any  necessity  arise  for  such 
action,  the  Empire  has  in  its  own  hands,  and  at 
its  own  disposal,  all  the  products  and  materials 
to  make  it  self-contained  and  independent 
of  the  rest  of  the  world.  It  further  illustrates 
in  the  extent  of  these  vast  resources,  together 
with  the  facility  with  which  they  can  be 
produced,  that  the  British  Empire  has  un- 
rivalled qualities  and  advantages  for  a suc- 
cessful intercourse  and  competition  with  all 
other  nations. 

Raw  products  cannot  have  the  same  effect 
upon  the  senses  as  that  produced  by  manu- 
factured articles,  and  there  can  be  little  doubt 
that  the  shawls  and  jewellery  of  India  will  be 
more  interesting  to  the  general  public  than 
the  wool,  grain,  and  minerals  of  the  Colonies. 
Nevertheless,  to  commercial  men  and  political 
economists  these  natural  products  must  be 
intensely  interesting,  as  they  indicate  greater 
national  expansion  and  increased  national 
greatness.  These  resources  are  now  brought 
prominently  before  the  British  public,  together 
with  examples  of  the  ingenuity  and  skill 
of  the  population,  and  will  also  prove  that 
were  the  Australian  Colonies  condemned 
to  self-support,  they  would  still  be  in  a posi- 
tion to  supply  themselves  with  everything 
necessary  to  develop  and  advance  Australia  to 
the  highest  stage  of  civilisation. 

In  taking  this  opportunity  to  give  some 
detailed  information  upon  the  industries  and 
commerce  of  New  South  Wales,  I am  acting 
in  strict  accordance  with  an  expressed  invita- 
tion of  the  Committee  of  the  Society  of  Arts.  I 
must,  however,  crave  your  patient  indulgence 
as — of  necessity — I shall  have  to  make  my 
paper  little  more  than  a compilation  of 
statistics.  These,  for  future  reference,  will  be 
interesting  and  useful,  but  I feel  they  are  very 
dry  matter  upon  which  to  lecture.  As,  how- 
ever, all  the  dependencies  of  the  Empire  have, 
through  the  instrumentality  of  the  Exhibition, 
been  brought  into  such  close  relation  with  the 
mother  country,  it  is  possible  at  this  particular 
moment  the  statistics  I have  got  together  will 
not  be  unfavourably  received. 

It  will  be  needful,  in  introducing  the  subject, 
to  make  a few  remarks  upon  the  country  itself, 
which  has  in  so  marked  a manner  pushed 
itself  forward  before  the  whole  world,  and 
shown  itself  to  be  a young,  vigorous,  and 


worthy  offshoot  of  that  great  and  illustrious 
Empire  of  which  we  are  all  so  justly  proud.  I 
must  be  permitted  to  make  a few  comparisons 
as  to  the  size  of  Australia  relatively  to  that  of 
other  and  better  known  countries,  in  order 
that  you  should  thoroughly  understand  how 
vast  is  the  expanse  of  that  southern  territory' 
which  belongs  to  the  British  Empire.  First, 
then,  I may  say,  the  mainland  of  Australia 
lies  between  the  parallels  10°  39'  and  39®  ii^-' 
S.  lat.,  and  the  meridian  113°  5'  and  153®  16' 
E.  long.  Its  greatest  length  is  from  west 
to  east,  and  is  about  2,400  miles ; whilst 
its  greatest  breadth  is  north  and  south, 
and  is  about  1,971  miles.  Its  area  is 
computed  at  2,944,628  square  miles,  or 
1,884,561,920  statute  acres  ; or,  including 
Tasmania  and  New  Zealand,  3,075,406  square 
miles,  or  1,968,259,840  acres.  It  is  about 
twenty-six  times  the  size  of  Great  Britain  and 
Ireland,  fifteen  times  the  size  of  France, 
about  one-sixth  smaller  than  the  whole  of  the 
United  States  of  America,  and  only  about 
one-fifth  smaller  than  the  whole  continent  of 
Europe.  It  is  bounded  on  the  north  by  Torres 
Straits,  the  Gulf  of  Carpentaria,  the  Arafura 
Sea,  and  the  Indian  Ocean  ; on  the  east  by  the 
South  Pacific  0:ean,  on  the  south  by  Bass’s 
Straits  and  the  South  Pacific  Ocean,  and  on 
the  west  by  the  Indian  Ocean. 

To  convey  a general  idea  of  the  location  of 
the  different  Colonies,  we  may  divide  the  main- 
land into  three  parts  by  lines  running  north  and 
south.  The  western  part  consists  altogether  of 
Western  Australia ; the  central,  of  South 
Australia  and  its  adjoining  northern  terri- 
tory ; and  the  eastern,  of  the  Colonies  of 
Queensland,  New  South  Wales,  and  Victoria. 
If  we  suppose  the  whole  of  Australia  divided 
into  a hundred  parts,  then  Western  Australia 
would  represent  34,  South  Australia  30, 
Queensland  23,  New  South  Wales  10,  and 
Victoria  3 of  such  parts. 

Its  physical  features  are  characteristic . 
Eminent  geologists  have  described  it  as  an 
immense  plateau  with  a narrow  strip  of  land 
between  the  elevated  portion  and  the  sea.  The 
eastern  side  is  the  highest,  as,  at  a distance 
varying  from  twenty  to  a hundred  and  twenty 
miles  from  the  coast,  there  is  a cordillera  or 
mountain  chain  forming  a great  dividing 
range,  separating  the  eastern  from  the  western 
waters,  rising  at  the  south-east  angle  of  the 
continent  to  over  7,000  feet  in  height.  At  the 
point  where  the  Great  Western  Railway  crosses 
these  mountains,  the  summit  level  is  attaine 
at  an  elevation  of  3,678  feet,  and  the  average 
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height  is  much  greater  than  the  high  land  on 
the  western  side  of  the  continent,  which  pro- 
bably averages  about  1,000  feet  above  the  sea 
level.  The  land  slopes  rapidly  away  from  this 
great  divide  ” towards  a central  depression, 
which  is  south  and  east  of  the  true  centre  of  the 
continent.  The  base  of  all  this  table-land  of 
Australia  is  granitic,  and  isolated  mountains 
of  granite  crop  out  throughout  the  whole  of 
the  western  interior.  It  forms  the  axis  of  the 
Australian  Alps.  There  are,  however,  con- 
siderable tracts  of  country  in  which  the  granite 
is  replaced  by  upturned  palaeozoic  strata,  mostly 
in  the  form  of  slates  and  schists,  with  an  almost 
vertical  dip.  Above  the  older  of  the  palaeozoic 
rocks  and  granite  are  certain  basins  of  coal- 
bearing rocks  belonging  to  both  the  mesozoic 
and  palaeozoic  periods.  These  are  mostly 
found  on  the  eastern  side  of  the  table-land, 
but  possibly  they  may  be  only  thinly  covered 
elsewhere,  and  that  a most  extensive  coal- 
bearing area  may  be  found  on  the  western 
slopes  in  the  same  latitude.  Over  the  coal 
measures  on  the  edge  of  the  table-land,  all 
round  the  continent,  there  is  a horizontal 
sandstone  formation,  with  oblique  laminations. 
There  are  two  formations  of  granite.  That 
which  forms  the  central  axis  of  the  table-land 
has  a peculiarity  which  differs  from  the  outer 
parts  of  the  granitic  axis  in  this,  that  it  is  rich 
in  mineral  veins.  It  is  in  such  formations  that 
the  valuable  deposits  of  tin  are  found  ; they  also 
contain  veins  of  silver,  lead,  and  copper,  and 
a considerable  quantity  of  alluvial  gold  is 
scattered  in  various  localities.  The  largest 
quantities  of  Australian  tin  are  found  in  the 
alluvial  workings,  and  consist  of  tin  ore,  washed 
out  of  the  granite  by  streams,  and  deposited 
in  their  beds.  True  veins  or  lodes  of  tin  are 
also  found  in  the  granite. 

In  connection  with  the  granite,  the  slates 
and  schists  of  the  Cambrian  and  probably 
Laurentian  periods  are  found.  These  contain 
the  lodes,  or  veins,  which  produce  gold  and 
other  metals,  and  chiefly  consist  of  quartz. 
Gold  is  not  often  actually  embedded  in  the 
quartz,  but  in  small  cavities,  and  in  lamina- 
tions, and  is  often  accompanied  with  iron 
pyrites.  Very  rich  copper  veins  have  also 
been  found  in  rocks  of  this  period,  as  well  as 
many  other  metallic  minerals  of  silver,  bis- 
muth, antimony,  lead,  and  manganese.  De- 
vonian rocks  with  characteristic  fossils,  often 
identical  with  those  of  Europe,  are  found  very 
extensively  developed  in  various  parts  of  the 
continent.  In  connection  with  the  upper 
Devonian  system,  we  have  metaliferous  veins 


of  gold,  copper,  and  other  metals.  For  in- 
stance, at  Gympie,  in  Queensland,  the  gold 
mines  are  of  great  richness. 

The  Rev.  J.  E.  Tenison-Woods  has  expressed 
an  opinion  that  Australia  has  had  little  parti- 
cipation in  the  great  ice  age.  He  says  there 
have  been  a few  recorded  instances  of  grooves 
or  striations,  but  these  standing  alone  in  so 
vast  a territory,  makes  their  ice  origin  very 
doubtful.  On  the  whole,  the  evidence  afforded 
by  the  animal  remains  is  decidedly  in  favour  of 
a warmer  climate  for  Australia  than  that  which 
now  prevails,  and  this  is  borne  out  by  the  plant 
remains.  While  the  south  portion  of  the  con- 
tinent was  slowly  submerging  under  the  tertiary 
sea,  there  is  every  reason  to  believe  that  the 
eastern  side  of  the  continent  was  raised  above 
the  sea  level.  The  period  of  this  elevation 
must  have  been  subsequent  to  the  cretaceous^ 
as  marine  fossils  of  that  period  are  found  on 
both  sides  of  the  watershed  and  on  the  table- 
land. There  are  no  marine  tertiary  beds  on 
any  portion  of  the  eastern  side  of  the  continent, 
except  a few  post-tertiary  marine  shells  pre- 
served in  ash  beds,  and  are  only  seen  where 
deposits  have  been  dammed  back  by  a bank 
of  volcanic  mud.  On  the  whole  eastern  side 
of  Australia,  and  also  in  many  parts  of  the 
south,  there  are  instances  where  vegetable 
remains  are  found  in  the  old  drainage  channels 
covered  by  lava  streams.  They  show  a remark- 
able series  of  fruit-bearing  trees,  different  from 
those  which  occupy  the  same  areas  at  the 
present  day.  No  conclusion  could  be  drawn 
from  these  remains  as  to  the  age  of  the  beds, 
but  as  they  were  identical,  when  found  in 
widely  separated  plains — sometimes  600  miles 
apart — it  was  seen  that  a flora  existed  all  over 
the  table-land  which  has  now  disappeared. 
Mr.  Tenison-Woods  goes  on  to  say,  that  the 
most  recent  of  all  Australian  formations  are 
the  raised  beaches  and  the  various  drifts 
and  seolian  formations  throughout  the  con- 
tinent. The  raised  beaches  are  confined 
to  the  south  side  of  Australia,  as  far 
as  has  been  observed,  and  are  of  limited 
extent.  The  drifts  are  more  extensive,  and 
were  probably  deposited  at  different  times  and 
under  different  conditions.  Such  formations 
are  extremely  important,  as  they  contain  the 
remains  of  those  strata  which  denudation 
during  immense  geological  periods  have  left 
behind.  Thus  they  retain  the  gold  which  has 
been  derived  from  the  Cambrian  and  silurian 
rocks.  Wherever  these  drifts  are  found  over- 
lying  auriferous  quartz  veins,  they  are  also 
rich  in  alluvial  gold,  and  have  proved  the 
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richest  deposits  in  the  Colonies,  besides  being- 
the  source  of  all  those  large  masses  of  gold 
which  are  called  ‘‘nuggets,”  models  of  which 
you  can  see  at  the  Exhibition,  many  of  which 
have  been  of  great  size  and  weight.  The 
alluvial  is  shallow,  and,  as  a rule,  easily 
worked ; but  there  are  many  instances  where 
it  has  been  covered  with  thick  outpourings  of 
lava  of  300  and  400  feet  in  thickness. 

The  central  depression  in  the  continent 
must,  from  its  structure,  be  an  immense  reser- 
voir of  water,  as  the  rainfall  is  largely  in 
excess  of  the  river  drainage,  and  on  this 
account  exceedingly  favourable  to  the  forma- 
tion of  artesian  wells.  Attention  was  drawn 
to  this  by  Mr.  Tenison-Woods  in  1863,  and  it 
has  lately  been  tested  and  found  that  his  pre- 
dictions were  correct.  One  fact  alone  in  the 
physical  structure  of  the  continent  should 
have  indicated  such  stores  of  water  in  the 
interior.  In  the  central  depression  there  is  a 
line  of  groups  of  thermal  and  cold  water 
springs,  covering  several  hundreds  of  square 
miles.  These  send  forth  water  from  great 
depths,  and  are,  no  doubt,  derived  from  a 
central  underground  reservoir  whose  sources 
are  on  the  slopes  of  the  table-land.  That 
the  waters  come  from  great  depths  is  seen 
from  the  temperature,  and  the  mounds  of 
sinter,  or  travestine,  around  them.  This,  no 
doubt,  is  the  silica,  &c.,  once  held  in  solution 
by  the  thermal  waters  under  pressure,  but 
liberated  on  arrival  at  a level  where  the  pres- 
sure was  removed.  In  the  mounds  are  found 
deposits  of  bones,  teeth,  and  other  remains  of 
those  gigantic  marsupials  which  once  roamed 
over  Australia,  but  which  are  now  totally 
extinct.  We  find  also  the  remains  of  extinct 
crocodiles  even  within  the  limits  of  New  South 
Wales,  as  well  as  gigantic  lizards,  tortoises, 
&c.  The  largest  of  our  extinct  marsupials,  the 
dilrotodon,  must  have  been  as  large  as  an 
elephant,  and  the  abundance  of  its  remains  in 
almost  every  cave  and  river  bed,  shows  that  it 
was  very  numerous  and  wide-spread.  Its  dis- 
appearance from  the  continent  was  in  very 
recent  times.  In  1866,  Mr.  Tenison-Woods 
says  he  found  the  remains  of  a struthious  bird, 
much  larger  than  the  emu,  in  one  of  the  kitchen 
middens  of  the  aborigines  in  South  Australia. 
The  bones  were  marked  by  the  scrapings  and 
cutting  of  the  flint  knives  of  the  blacks.  It  has 
since  been  named  Dinorsis  Australis  by 
Professor  Owen,  who  has  found  that  the  bird 
had  formerly  a wide  range  in  Australia.  I 
have  thought  it  necessary  to  dilate  somewhat 
upon  the  physical  structure  of  Australia,  as  it 


is  so  intimately  connected  with  one  of  our  chief 
industries,  of  which  I shall  speak  hereafter, 
and  in  speaking  generally  of  the  entire  con- 
tinent to  show  the  enormous  field  which  exists 
for  extensive  mining  enterprise  in  the  future. 

The  colony  of  New  South  Wales  originally 
consisted  of  the  whole  of  the  eastern  portion  of 
Australia,  including  Victoria  and  Queensland. 
Captain  Cook,  the  illustrious  navigator,  dis- 
covered this  land  in  1770,  and  formally  took 
possession  of  the  continent  for  his  Majesty 
King  George  III.,  calling  it  New  South  Wales, 
and  from  the  favourable  report  he  gave  of 
Botany  Bay  it  was  decided  by  the  British 
Government  to  occupy  it  chiefly  with  the  view 
of  making  it  a place  for  the  transportation 
of  convicts.  In  a paper  I read  before  the 
Royal  Colonial  Institute,  on  the  8th  of  De- 
cember last,  I pointed  out  the  fact  that  almost 
immediately  after  the  United  States  of  America 
had  declared  their  independence,  Pitt,  who 
was  then  Premier  of  England,  decided  upon 
the  occupation  of  New  South  Wales.  In  all 
probability  he  was  primarily  led  to  do  this  in 
order  to  secure  a suitable  place  for  the  deporta- 
tion of  criminals.  The  American  Colonies, 
which  had  so  long  been  the  receptacle  of 
convicts,  could  no  longer  be  used  for  this 
purpose.  I cannot,  however,  but  think  that 
his  genius  pointed  out  the  enormous  advan- 
tages that  would  accrue  to  the  British  Empire, 
by  having,  in  the  South  Seas,  such  a splendid 
“Greater  Britain,”  with  a territory  nearly  as 
large  as  the  Continent  of  Europe.  He  knew — 
none  better— that  the  ever-increasing  popula- 
tion of  England  would  soon  require  more  room 
than  the  British  Islands  could  afford  to  give, 
and  that  it  would  be  far  better  for  such  surplus 
population  to  occupy  and  improve  a land 
belonging  in  fee  simple  to  their  own  nation, 
than  to  populate  and  aggrandise  the  United 
States  of  America.  The  genius  of  Pitt — had 
he  lived  twenty  years  ago — would  doubtless 
have  pointed  out  to  the  British  public  that  it 
was  the  part  of  a good  parent  to  assist  in  con- 
structing the  bridge,  so  to  speak,  to  connect 
the  mother  country  with  her  great  southern 
possessions.  Even  this  illustrious  statesman, 
however,  could  not  have  supposed,  at  the 
time  he  sent  out  the  first  fleet  under  the  com- 
mand of  Captain  Phillip,  that  within  a century 
from  that  period,  the  United  States,  which  then 
only  numbered  some  four  millions,  would  have 
increased  to  over  sixty  millions,  that  the 
Canadian  Colonies  would  number  another  five 
millions,  while  the  colony  he  was  about  to 
establish  would  have  become  a group  of 
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■separate  states,  self-governing  and  free,  with 
a population  of  over  four  millions,  and  a 
revenue  of  £2^,000,000 — larger  than  that  of 
the  Kingdoms  of  Belgium,  Denmark,  and  the 
Netherlands  together. 

Surely  this  marvellously  rapid  progression 
shows  the  necessity  of  doing  everything  possible 
to  preserve  the  unity  and  integrity  of  this 
glorious  Empire.  What  has  already  been  done 
in  the  rapid  increase  of  the  English-speaking 
race  will  be  again  repeated,  only  far  more 
rapidly  than  before.  The  British  Islands  had, 
a hundred  years  ago,  only  a little  more  than 
half  the  population  they  have  now ; but  since 
that  period  the  English-speaking  race  have 
more  than  quadrupled.  The  people  are  still 
as  full  of  vitality  and  as  prolific  as  ever,  while 
the  increase  must  go  somewhere.  The  stream 
of  continued  English  and  European  emigration 
must,  in  the  course  of  a comparatively  short 
time,  be  diverted  from  the  United  States  to 
Australia.  Then  the  population  will  increase 
with  giant  strides,  and  upon  the  foundation 
which  has  been  so  well  and  truly  laid  by  those 
pioneers  who  have  fought  and  toiled  for  the 
dearly  treasured  institutions  of  freedom  and 
■self-government,  will  be  raised  a superstructure 
fitted  to  take  its  place  by  the  side  of  its  parent, 
and  worthy  of  the  nation  from  which  it  has 
sprung. 

It  is  with  the  mother  colony  of  Australia  that 
I have  to  deal  to-night,  and  in  a few  words  I 
shall  dispose  of  the  peculiar  physical  features 
which  belong  to  her,  and  which  undoubtedly 
have  the  greatest  influence  upon  her  indus- 
tries. Shorn  of  her  original  dimensions,  which 
included,  as  I have  before  stated,  the  whole  of 
the  eastern  portion  of  Australia,  it  is  now  re- 
stricted to  less  than  one  half,  and  lies  between 
the  28th  and  37th  degrees  of  S.  lat.,  and 
the  141st  and  154th  meridians  of  E.  long.  On 
the  east  it  is  bounded  by  the  Pacific  Ocean  ; 
on  the  South  it  is  separated  from  the  colony  of 
Victoria  by  a line  drawn  from  Cape  Howe  to 
the  nearest  source  of  the  Murray,  and  by  the 
westerly  course  of  that  river ; on  the  west  it  is 
separated  from  South  Australia  by  the  141st 
meridian  of  E.  long.,  and  on  the  north  it  is 
separated  from  Queensland  by  the  Macpherson 
Range,  the  Dividing  Range,  the  Dumeresq 
River,  the  Macintj^re  River,  and  the  29th 
parallel  of  S.  lat.  Its  greatest  length  is  aboutqoo 
miles,  and  its  greatest  breadth  about  800  miles, 
while  its  computed  area  is  197,872,000  acres, 
or  nearly  equal  in  extent  to  that  of  the  United 
Kingdom  and  France  combined.  The  cor- 
dillera before  alluded  to  forms  a great 
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dividing  range  separating  the  eastern  from  the 
western  waters.  The  Murray  River  receives 
many  of  its  tributaries  from  the  colony  of 
Victoria,  as  well  as  from  New  South  Wales, 
while  the  Darling  and  its  tributaries  dispose  of 
the  remainder  of  the  western  watershed.  The 
Darling  joins  the  Murray  near  the  South 
Australian  boundary,  thus  all  the  drainage  of 
the  vast  area  of  western  New  South  Wales  is 
carried  to  the  sea  by  the  River  Murray.  The 
surface  of  the  colony  may  therefore  be  divided 
into  what  may  be  considered  the  coast  and 
mountainous  district,  the  north  and  south 
table-lands  and  western  slopes,  and  the  great 
western  plains  of  the  interior.  The  seaboard 
districts  are  well  watered,  and  with  a large 
proportion  of  good  land  adapted  to  all  kinds 
of  agriculture.  The  central  portion  has  also 
immense  tracts  highly  suitable  to  the  cultiva- 
tion of  cereals,  while  the  far  west  is  specially 
adapted  to  pastoral  enterprise,  where  millions 
of  sheep,  cattle,  and  horses  are  bred,  reared, 
and  fattened  upon  the  natural  grasses  of  the 
country. 

The  climate  of  New  South  Wales  approxi- 
mates to  that  of  Southern  Europe  as  it  situated 
in  the  temperate  zone.  Within  the  boundaries 
of  the  colony,  however,  there  are  many  varieties 
of  climate,  but  the  range  of  the  thermometer  is 
far  less  than  within  the  same  parallels  of 
latitude  in  the  northern  hemisphere.  It  is 
exceedingly  healthy,  with  clear  air  and  plenty 
of  sunshine.  The  mean  annual  temperature 
of  Sydney  is  62-6°  Fahrenheit,  or  about  4*^ 
above  that  of  Paris,  while  the  mean  tempera- 
ture of  the  whole  colony  is  S9'5°-  vital 

statistics  it  compares  favourably  with  most 
parts  of  the  world,  and  instances  of  great 
longevity  are  numerous.  Births  per  t,ooo  of 
mean  population  in  1883,  averaged  37*09  per 
cent.;  deaths,  14*52;  and  marriages,  8-78. 
The  excess  of  births  over  deaths  amounted  to 
158*38  per  cent.  The  greatest  heats  are  in 
December  and  January,  and  the  greatest  cold 
in  July  and  August.  In  1884,  the  total  rain- 
fall at  Sydney  was  44*040  inches,  and  the  mean 
temperature  of  the  year  63*2.  Although  many 
tropical  plants  grow  in  the  Sydney  Botanical 
Gardens,  a five  hours’  railway  journey  to  the 
westward  brings  about  a great  change.  At 
Mount  Victoria  wehave  an  elevation  of  3, 500  feet 
above  the  sea  level,  where  gooseberries,  rasp- 
berries, currants,  and  all  kinds  of  English  fruit 
are  cultivated  with  success.  The  temperature 
of  the  coast  district  is  influenced,  and  to  a con- 
siderable extent  equalised,  by  one  of  the  great 
ocean  currents  which  begins  somewhere  to  the 
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north  of  Australia,  and  has  a steady  set  south, 
with  a velocity  of  from  one  to  two  miles  per 
hour,  at  a distance  of  four  or  five  miles  from 
the  coast.  This  stream  of  warmer  water  acts 
in  a similar  manner  to  the  Gulf  stream  which 
impinges  upon  the  British  Isles,  and  exercises 
a similar  beneficial  influence  upon  the  climate. 

New  South  Wales  has  been  furnished  by 
nature  with  an  excellent  soil  and  a fine  climate, 
capable  of  growing  food  for  many  millions. 
A considerable  portion  is  covered  with  timber, 
chiefly  of  the  eucalyptus  order,  and  known  as 
the  gum  tree.  There  are  twenty- seven  varieties, 
most  of  which  produce  good  timber  for  build- 
ing purposes,  and  some,  such  as  stringy  bark, 
the  red  and  blue  gum,  iron  bark,  and  several 
others,  are  equal  in  quality  to  the  oak  and  ash 
of  England.  There  are  over  a hundred  varieties 
of  acacia,  mostly  known  as  wattle  trees  by 
the  colonists.  The  cedar  tree  is  becoming 
somewhat  rare,  as  its  home  on  the  deep  allu- 
vial flats  of  the  eastern  rivers  has  been  invaded 
by  thousands  of  colonists.  These  flats  were 
rapidly  taken  up  for  agricultural  purposes, 
and  the  process  of  clearing,  added  to  the  great 
value  of  cedar  timber,  led  to  its  wholesale  de- 
struction. Casuarina,  banksias  (honeysuclde), 
fig-trees,  cabbage  palms,  with  ferns  in  endless 
variety  make  up  the  ensemble  of  an  Australian 
forest. 

The  aborigines  are  fast  disappearing,  and 
will  in  a comparatively  short  period  become  as 
extinct  as  the  Dinar  sis  Attslralis.  Accord- 
ing to  the  report  of  the  Protector  of  Aborigines 
there  were,  in  1884,  about  8,000,  including 
half-castes. 

Nearly  all  the  animals  of  New  South  Wales 
are  marsupials,  that  is,  they  have  an  exterior 
pouch  in  which  they  carry  their  young.  The 
largest  are  the  kangaroo,  and  of  these  a great 
variety  exist.  They  are  found  more  or  less 
plentiful  all  over  the  colony,  sometimes  in  such 
numbers  as  to  seriously  interfere  with  pastoral 
pursuits,  eating  the  grass  which  would  de- 
pasture thousands  of  sheep  and  cattle. 

In  all  new  countries  the  pastoral  industry  is 
of  necessity  the  first  to  develop  itself.  With 
an  abundance  of  natural  grasses  and  herbage, 
and  a scarcity  of  labour,  stock  raising  is  found 
to  be  the  easiest  way  of  making  the  produce 
of  the  soil  remunerative.  In  such  a country 
as  Australia,  with  an  area  comparatively  un- 
limited, this  could  hardly  fail  to  be  successful, 
and  statistics  fully  bear  out  that  pastoral  pur- 
suits have,  first  and  last,  been  the  largest 
factor  of  Australia’s  commercial  prosperity. 
The  stock  landed  by  the  first  fleet,  in  1788, 


consisted  only  of  a bull,  four  cows,  and  a calf, 
one  stallion,  three  mares,  and  three  colts,  with 
a few  coarse-woolled  sheep,  pigs,  and  goats  ; 
while  in  1885,  ninety-seven  years  later,  there 
were  9,000,000  horned  cattle;  1,300,000  horses; 
80,000,000  sheep;  and  1,000,000  swine.  It 
will  be  interesting  to  trace  the  development  of 
this  industry,  together  with  the  cultivation  of 
the  land  during  the  periods  of  office  held  by 
the  early  governors,  as  the  population  and 
numbers  of  live  stock,  together  with  the  acre- 
age in  cultivation,  will  fairly  indicate  the  pro- 
gress of  Australian  discovery  and  civilisation. 

In  1792,  at  the  period  Captain  Phillip  left 
the  colony,  the  number  of  live  stock  was  182, 
and  the  total  quantity  of  land  cleared  1,70^3, 
acres,  of  which  1,540  were  in  cultivation. 

Governor  Hunter  left  the  colony  in  1800;. 
the  live  stock  had  then  increased  to  13,570. 
There  were  203  horses;  1,044  cattle;  6,124 
sheep;  4,017  pigs;  and  2,182  goats.  There 
were  also,  at  this  time,  7,677  acres  of  land  in 
cultivation,  besides  a quantity  of  garden 
ground  in  potatoes  and  vines.  The  population 
was  6,508. 

Governor  Philip  Gidley  King  left  in  1806,. 
and  we  find  that  at  this  period  the  live  stock 
consisted  of  438  horses;  3,264  cattle;  16,501 
sheep ; 14,300  pigs ; and  2,900  goats.  The 
population  had  also  increased  to  over  9,000 ; 
and  the  quantity  of  land  under  cultivation  ta 
12,860  acres. 

Lieutenant-Governor  Foveaux,  immediately 
prior  to  the  advent  of  Governor  Macquarie  at 
the  end  of  1 809,  made  the  progress  of  the  colony,, 
twenty-one  years  after  being  founded,  to  be  as 
follows  : — 941  horses  ; 5,233  breeding  cattle 
3,771  oxen;  33,257  sheep,  of  which  22,451 
were  ewes;  2,975  goats;  and  19,368  pigs; 
with  11,900  acres  of  land  in  cultivation,  and 
the  population  11,590.  At  the  end  of  Mac- 
quarie’s government,  in  1821,  the  number  of 
horses  had  increased  to  4,564 ; horned  cattle 
to  102,939;  sheep,  290,158;  pigs,  33,906; 
while  the  population  was  38,778,  and  land  in. 
cultivation  32,267  acres. 

This  was  the  progress  made  in  cattle  breed- 
ing and  agricultural  industry  during  the  first 
thirty-four  years  of  the  colony’s  existence. 
Retarded  by  constantly  recurring  difficulties, 
privation,  starvation,  and  Governor  Bligh’s 
tyranny,  all  had  failed  to  discourage  that  true 
colonising  spirit  which  so  eminently  dis- 
tinguishes the  Anglo-Saxon  race.  With  the 
third  of  the  first  century  w'e  may  conclude 
that  the  pastoral  industry  had  been  fairly 
established,  and  it  will  be  now  for  us  to  con- 
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sider  the  improvement  made  in  wool-growing, 
and  the  system  which  obtains  at  the  present 
day. 

In  the  first  place  it  was  by  an  accident  that 
fine-woolled  sheep  ever  got  to  the  colony.  It 
happened  thus.  The  King  of  Spain  presented 
some  fine-woolled  sheep  of  the  celebrated 
Escurial  breed  to  the  Dutch  Government,  and 
some  of  these  became  the  property  of  Colonel 
Gordon,  an  officer  in  the  Dutch  East  Indian 
Service.  After  his  death,  these  sheep  were 
sold  by  his  widow,  and  twenty-nine  of  them 
found  their  way  to  Sydney  on  board  the 
Reliance  and  Supply  frigates.  These  vessels 
had  just  at  that  time  arrived  at  the  Cape  for 
the  purpose  of  taking  supplies  to  Australia. 
On  their  arrival  at  Sydney,  Captain  John 
Macarthur  purchased  as  many  of  them  as  he 
could — viz.,  three  rams  and  five  ewes  ; the  rest 
were  distributed  to  other  breeders. 

It  is  chiefly  to  the  energy,  skill,  and  in- 
telligent forethought  of  this  gentleman  that 
New  South  Wales,  and,  in  fact,  the  whole 
of  Australia,  owes  its  remarkable  success 
in  the  production  of  fine  wools.  He  realised 
at  this  early  date  the  vast  capabilities  of 
the  country  for  pastoral  pursuits,  and,  for- 
tunately, possessing  the  nucleus  of  a stud 
flock  from  these  Escurial  sheep,  he  devoted 
himself  to  the  realisation  of  the  great  object  of 
supplying  the  English  market  with  fine  wool. 
He  made  considerable  progress,  and  in  the 
beginning  of  the  year  1804  we  find  him  in 
England,  laying  his  plans  before  the  British 
Government.  We  will  tell  the  story  in  his  own 
words.  He  says  “ that  some  of  the  eminent 
manufacturers  of  woollen  cloth  in  England  saw 
by  accident  some  specimens  of  the  wool  I had 
raised  in  New  South  Wales.  Its  qualities  were 
so  fine  that  it  induced  them  to  find  me  out,  and 
to  make  particular  inquiries  how  and  in  what 
manner  the  wool  had  been  raised.  On  my 
communicating  to  them  all  I knew  upon  the 
subject,  they  expressed  a decided  opinion  that 
the  colony  of  New  South  Wales  might,  with 
proper  encouragement,  be  enabled  in  time  to 
supply  the  woollen  manufacture  of  England 
with  the  whole  quantity  of  fine  wool  which  was 
then  with  great  difficulty  obtained  from  Spain  ; 
and  such  was  the  importance  they  attached  to 
this,  that  they  signified  their  determination  to 
communicate  their  opinion  to  Government  by 
memorial,  which  was  soon  afterwards  done. 
In  consequence  of  these  memorials  being  sent 
in,  I was  directed  to  attend  a Privy  Council, 
before  whom  I was  particularly  examined  as  to 
the  state  of  my  flocks,  and  their  probable  im- 


provement. The  Privy  Council  were  so  satisfied 
of  the  importance  of  the  undertaking,  that  they 
recommended  to  the  Secretary  of  State  that  it 
should  be  encouraged,  and  Lord  Camden  was 
pleased  to  order  me  a grant  of  5,000  acres  of 
land,  in  a particular  situation  which  I had 
pointed  out  to  his  lordship  ; at  the  same  time 
he  wrote  to  the  Governor  of  the  colony  that  I 
was  to  be  supplied  with  shepherds.”  It  may 
be  said  that  Mr.  Macarthur  was  again  favoured 
by  accident ; but  if  he  had  not  succeeded 
in  raising  the  fine  wool  which  attracted  the 
attention  of  the  manufacturers,  no  such  accident 
could  possibly  have  occurred.  Mr.  Macarthur 
had  only  three  rams  and  five  ewes  from  the 
original  twenty-nine  fine-woolled  sheep,  the 
remainder  were  distributed  to  other  sheep 
farmers.  It  was,  however,  only  Mr.  Macarthur, 
whose  sagacity  led  him  to  keep  the  blood  pure, 
who  achieved  success,  for  ten  years  later  we 
find  this  fine  strain  of  blood  had  entirely  dis- 
appeared, excepting  in  the  flocks  of  this  gentle- 
man. He  afterwards  purchased  other  sheep 
from  the  flock  of  King  George  III.,  and  thus 
the  growth  of  fine  wool  was  established. 

At  this  period,  looking  back,  it  might 
probably  be  thought  an  easy  matter  to 
have  started  this  industry,  but  in  point  of 
fact  Macarthur’s  difficulties  were  innumer- 
able. So  late  as  1818,  he  writes  in  almost 
a despondent  manner,  “ my  feeble  attempts 
to  introduce  Merino  sheep  still  creeps  on 
almost  unheeded,  and  altogether  unassisted.” 
That  he  eventually  overcame  all  obstacles, 
and  that  wool  became  the  general  and  great 
staple  of  Australia,  are  matters  of  history. 
That  it  still  continues  to  be  its  largest  ex- 
port is  a matter  of  fact,  for  the  Australian 
pastures  are  still  unrivalled  for  the  growth  of 
the  finest  wool.  Careful  breeding  modified 
the  original  type  of  sheep,  and  developed  the 
present  New  South  Wales  merino,  which  for 
marvellously  fine  wool  stands  pre-eminent. 
This  is  no  empty  boast,  for  at  the  French 
International  Exhibition  of  1878,  the  Grande 
Medaille  d' Honneur  was  decreed  to  New 
South  Wales,  in  competition  against  the  whole 
world. 

At  the  present  time  wool  growing  is  carried 
on  in  a very  different  manner  to  that  which 
formerly  existed.  The  improvements  chiefly 
consist  in  fencing  in  the  runs  with  iron  wire 
fencing,  subdividing  the  area  thus  enclosed 
into  paddocks,  and  providing  permanent  water 
by  means  of  wells,  dams,  and  reservoirs. 
These  necessitate  a large  outlay  of  capital, 
but  when  once  effected,  the  expense  of  labour 
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in  looking  after  the  sheep  is  reduced  to  a 
minimum.  Shepherds  are  no  longer  employed, 
and  the  sheep  are  permitted  to  roam  at  large 
within  their  paddocks.  They  are  never  folded 
at  night,  and  only  mustered  for  drafting, 
shearing,  weaning,  and  branding.  Sheep 
washing,  preparatory  to  shearing,  is  far  less 
common  than  formerly,  and  the  sheep  are,  for 
the  most  part,  shorn  in  the  grease.  Roaming 
at  will,  sheep  thrive  wonderfully,  and  all  the 
attention  they  receive  or  require  is  to  see  the 
fences  are  in  good  repair.  This  is  performed 
by  men  on  horseback,  who  are  called  boundary 
riders,  and  who  carry  with  them  the  simple  im- 
plements they  use  for  making  the  necessary 
reparations  where  required.  Setting  poisoned 
baits  to  kill  the  dingoes,  or  native  dogs,  and 
large  birds  of  prey,  is  also  the  work  of  the 
boundary  rider.  With  the  improvements 
I have  mentioned,  the  vast  western  plains, 
formerly  regarded  as  waterless  deserts,  have 
been  made  productive.  The  actual  locality 
where  Bourke  and  Wills  lost  their  lives,  in 
their  endeavour  to  cross  the  continent,  is  now 
a thriving  sheep  station,  and  the  time  is  not  far 
distant  when  the  whole  of  this  outside  country 
will  be  utilised,  as  it  has  been  proved  beyond 
^ doubt  that,  with  properly  constructed 
reservoirs,  permanent  water  can  be  stored 
in  the  driest  and  most  arid  parts  of  the 
interior. 

Wool  is  the  most  profitable  product  of  the 
pastoral  interest,  and  the  improvement  of  stock 
by  more  careful  breeding,  the  further  subdivi- 
sion of  paddocks  and  construction  of  water 
reservoirs,  will  necessarily  improve  its  quality 
and  increase  its  production. 

Therapiddevelopmentof  the  pastoral  interest 
is  shown  by  the  following  figures,  giving  the 
number  of  sheep  in  the  colony  during  each  of 
the  years  from  1861  to  1883.  The  figures  are 
taken  from  the  returns  issued  under  the  Sheep 
Act,  and  are  as  follows  : — 


Year. 

No. 

Year. 

No. 

1861  .. 

6,119,169 

00 

..  18,990,595 

1862  .. 

..  6,550,896 

1874  .. 

..  22,797,416 

1863  .. 

7,169,126 

1875  .. 

••  25,353,924 

1864  .. 

. . 9,082,463 

1876  .. 

••  25,269,755 

1865  . 

9,650,106 

1877  .. 

..  21,521,662 

1866  .. 

••  11,644,593 

1878  .. 

..  25,479,484 

1867  .. 

••  15,066,377 

1879  .. 

. . 30,062,910 

1868  .. 

. . 16,000,090 

1880  .. 

••  35,398,121 

1869  . . 

..  16,848,217 

1881  .. 

..  36,591,946 

00 

0 

. . 16,218,825 

1882  .. 

. . 36,114,814 

1871  .. 

. . 16,766,012 

1883  .. 

. . 34,418,488 

00 

17,873,696 

The  diminution  inthe  number  of  sheep  during 
1882  and  1883  is  explained  by  the  large  num- 
ber forwarded  to  newly  opened  pastoral  districts 
in  other  colonies,  especially  Queensland,  and 
owing  to  the  late  severe  droughts. 

The  number  of  sheep  in  the  colony  increased 
from  6,119,162  in  1861  to  35,000,000  in  1885, 
and  the  value  of  the  export  of  wool  in  1883 
amounted  to  ;^9,598,76i  sterling. 

Cattle  and  horse  breeding  are  also  large 
industries.  Of  the  former  the  colony  contains 
about  1 ,500,000,  and  of  the  latter  about  350,000. 
There  is  also  an  immense  trade  done  in  hides, 
leather,  and  tallow. 

The  following  returns  show  the  progress  and 
resources  of  New  South  Wales  in  the  matter  of 
horses,  cattle,  and  pigs  : — 


Horses. 

Horned  Cattle- 

Pigs. 

1851  . 

. 116,397  ... 

• 1,375,257  •••• 

65,510 

1861  . 

. 233,220  ... 

. 2,271,923  .... 

146,091 

1871  , 

. 304,100  ... 

. 2,014,888  . . . . 

213,193 

1881  . 

• 364,306  ... 

. 2,182,226  . . . . 

308,205 

1882  . 

. 328,026  ... 

. 1,859,985  .... 

154,815 

1883  . 

. 326,964  ... 

. 1,646,753  .... 

189,050 

I may  be  here  permitted  to  point  out  the 
practicability  of  supplying  the  deficiency  that 
exists  in  the  meat  markets  of  England  and  the 
Continent  by  means  of  the  freezing  process, 
which  has  been  practically  proved  a complete 
success  beyond  all  dispute.  The  increased 
consumption  of  meat  in  Europe  is  not  only 
attributable  to  the  increase  of  population,  but 
in  a higher  degree  to  the  increase  of  wages 
paid  to  the  artisan  and  labouring  classes, 
which  enables  them  to  purchase  more  animal 
food.  This  deficiency  amounts  in  the  United 
Kingdom  to  650,000  tons,  and  on  the  Continent 
to  143,000  tons,  making  a total  of  793,oootons, 
a quantity,  moreover,  which  must  go  on 
steadily  increasing.  The  difficulties  of  transit 
having  been  overcome,  it  only  remains  to 
develop  the  trade.  The  industry  is  compara- 
tively a new  one,  but  the  great  fact  is,  that 
its  object  has  been  successfully  accomplished, 
and  simply  resolves  itself  into  the  price  of  coal. 
Steam  power  is  indispensable  to  almost  every 
industry,  and  at  the  present  time  about  seventy 
horse-power  will  produce  sufficient  cold  to  in- 
sure the  perfect  condition  of  10,000  carcases 
of  mutton  during  the  journey  from  the  anti- 
podes to  the  shores  of  Great  Britain.  The 
frozen  meat  trade  is,  doubtlessly,  destined  in 
the  future  to  become  as  large  a factor  in  the 
production  of  colonial  wealth,  as  the  wool 
trade  is  in  the  present.  If  required,  Australia 
and  New  Zealand  could  furnish  a practically 
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unlimited  supply  at  a price  which  everyone 
could  afford  to  pay. 

In  agriculture  proper,  the  cultivation  of 
cereals  comes  first.  The  climate  possesses 
special  advantages,  and  is  highly  favourable 
to  the  growth  of  good  wheat.  For  this  pur- 
pose the  high  lands  of  the  colony  are  the  most 
valuable,  and  in  the  Bathurst,  Orange,  Goul- 
burn,  and  New  England  districts,  situated 
from  2,000  to  3,500  feet  above  the  level  of  the 
sea,  this  suitability  is  most  apparent  and  the 
largest  areas  are  under  the  plough.  The  soil 
varies  according  to  its  situation,  but  the  best 
for  the  growth  of  cereals  is  to  be  found  in  the 
extensive  western  country,  where  the  country  is 
volcanic,  and  where  the  decomposition  of  the 
basalts  has  formed  a rich  virgin  soil  that  will 
carry  a succession  of  good  crops  for  at  least 
thirty  years. 

Everything  that  can  be  grown  in  England 
can  be  grown  in  New  South  Wales,  and  I 
have  known  the  potato  to  give  heavier  crops 
than  have  ever  come  under  my  notice  either  in 
England  or  America.  I have  seen  thirty  tons, 
but  twelve  to  fifteen  tons  to  the  acre  are  not 
at  all  an  uncommon  yield.  Sorghum  and  the 
various  sorts  of  imphee  are  grown  chiefly 
as  forage  plants,  and  not  the  purpose  for 
which  they  are  usually  cultivated  for  in 
America,  viz.,  the  production  of  syrup,  which 
is  so  largely  used  by  the  farmers  and  country 
people  instead  of  sugar.  Wheat,  barley,  oats, 
and  maize  are,  however,  the  principal  crops. 
The  latter  is  grown  on  the  deep  alluvial  river 
flats,  and  produces  heavily.  Its  cultivation  is 
easy,  and  the  yield  sometimes  as  high  as  100 
bushels  to  the  acre  for  the  first  crop.  Large 
quantities  of  maize  are  exported  to  the  other 
colonies. 

The  agricultural  returns  for  the  year  ending 
31st  March,  1885,  shows  that  there  were 
43,079  owners  of  land  over  one  acre— exclusive 
of  those  occupying  lands  for  pastoral  purposes 

holding  31,353,991  acres  of  freehold,  and 
3>68i,5i2  of  leasehold  land,  of  which  852,017 
■acres  were  under  cultivation  ; 4,968,256  acres 
were  enclosed,  but  not  under  cultivation,  and 
the  remainder  was  unenclosed.  With  such  an 
expanse  of  good  land  as  exists  in  the  colony, 
■agriculture  must  steadily  go  ahead,  for  in  no 
part  of  the  world  are  there  such  facilities  for 
the  labouring  man  to  provide  himself  a home, 
and  to  become  a flourishing  well-to-do  farmer. 

The  cultivation  of  the  sugar-cane  is  limited 
to  the  north-eastern  river  banks  and  brush 
lands.  The  acreage  under  cane  increases 
year  by  year,  but  the  low  price  of  sugar  sadly 


retards  the  progress  which  would  otherwise  be 
made;  but  on  the  Clarence,  Richmond  and 
Tweed  rivers  the  industry  shows  that  it  must 
eventually  become  one  of  the  most  important. 
The  Colonial  Sugar  Company,  having  recog- 
nised the  facilities  which  the  land  above- 
mentioned  afforded  for  cane-growing,  offered 
liberal  inducements  to  the  farmers  of  the 
locality  for  growing  cane,  and  to  further  this, 
erected  mills  and  sugar  works  to  crush  the 
cane  and  for  the  conversion  of  the  juice 
into  sugar ; the  company  thus  providing 
a market  for  the  smallest  growers  by  pur- 
chasing the  cane  by  weight.  The  variety 
known  as  “ ribbon  cane  ” is  the  one  usually 
planted,  but  as  this  takes  two  years  to  mature, 
and  is  more  costly  to  cultivate,  the  annual 
varieties  are  being  experimented  upon.  The 
crop  may  be  averaged  at  about  30  tons  of  the 
“ribbon  cane”  and  20  tons  of  the  annual 
sorts.  The  farmers  contract  to  supply  cane 
from  a certain  area  for  a stated  number  of 
years,  the  company  taking  delivery  of  the 
standing  crop  in  the  field  and  paying  the 
farmers  los.  per  ton  for  growing.  The 
farmers  can — if  they  wish  to  do  so  — make 
arrangements  to  cut  and  cart  their  own  cane 
to  the  mills,  for  which  they  are  allowed  an 
adequate  remuneration.  Land  suitable  for  cane 
cultivation  is  very  valuable,  and  tenants  give 
as  much  as  from  £2  to  ^3  per  acre  annual 
rent.  Most  of  the  farmers,  however,  own  the 
land  they  cultivate.  The  crushing  season 
commences  in  July  or  August  and  lasts  until 
Christmas.  The  raw  sugar  is  taken  to  the 
company’s  refinery  in  Sydney,  where  it  is 
refined  and  rendered  fit  for  the  market.  These 
sugar  works  are  very  extensive,  and  sugar 
is  made  equally  good  in  colour  and  quality  with 
the  best  kinds  imported  from  Europe. 

Tobacco  grows  luxuriantly.  All  varieties 
thrive,  from  the  high-priced  Cuban,  which  I 
have  grown  myself  on  the  Lachlan  River,  and 
had  made  into  excellent  cigars,  to  the  coarse 
Virginian  sorts,  which  are  usually  grown  for 
the  purpose  of  manufacturing  the  ordinary 
plug  and  cut  tobacco.  Its  successful  cultiva- 
tion depends  greatly  upon  the  seasons, 
especially  at  the  time  when  planting  out 
takes  place;  the  plants  are  raised  in  seed  beds 
and  planted  out  like  young  cabbage  plants. 
Should  the  weather  be  very  dry  at  this  time, 
hand  watering  is  absolutely  necessary,  or  the 
crop  is  lost.  At  present  tobacco  growing  is 
mostly  in  the  hands  of  the  Chinese,  whose 
skill  and  patience  in  the  matter  of  small  culti- 
vations are  proverbial.  These  men  manage 
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to  raise  good  crops,  and  also  to  destroy  the 
grubs  which  eat  holes  in  the  leaf  and  so  sadly 
deteriorate  the  quality.  There  are  fourteen 
tobacco  manufactories  in  the  colony,  and  a 
great  improvement  has  been  made  in  the 
quality  of  their  productions. 

Australian  wines  have  already  made  them- 
selves a name,  and  the  culture  of  the  vine  for 
wine-making  should  extend  rapidly.  The  vine 
required  no  adventitious  aids  in  its  acclimati- 
sation. It  took  to  the  Australian  soil  as 
naturally  as  young  ducks  take  to  the  water. 
It  grows  almost  anywhere,  bears  a large 
-quantity  of  fruit,  and  in  certain  districts,  such 
as  the  Hunter  and  Murray,  vineyards  are 
becoming  numerous,  and  planted  with  choice 
varieties  for  wine-making.  At  all  the  inter- 
national exhibitions  in  England  and  Europe, 
and  notably  those  at  Paris  in  1878,  and  sub- 
sequently at  Bordeaux  and  Amsterdam,  New 
South  Wales  wines  took  an  excellent  position 
in  competition  wdth  European  productions. 
M.  Bonnard,  who  had  charge  of  the  exhibits 
at  Bordeaux  and  Amsterdam,  says  in  his 
report  that  “ Australia  possesses  a climate  and 
soil  which  permits  its  people  to  grow  wine  of 
the  quality  required  by  European  consumers, 
and  in  sufficient  quantities  to  enable  it,  within 
the  next  ten  years,  to  flood  every  part  of 
Europe  with  its  produce,  so  that  it  would  be 
as  strange  to  find  a place  without  a cask  of 
Australian  wine  as  it  would  be  to  find  a wool 
factory  without  a bale  of  Australian  fleeces.” 
He  goes  on  to  say  that,  in  his  presence  it  had 
been  admitted  by  Europeans,  that  wines  had 
been  produced  “of  as  good  quality,  and  far 
better  in  other  and  numerous  instances,  than 
many  wines  produced  in  Southern  Europe, 
or  to  be  had  even  in  France.”  Sir  William 
Macarthur,  of  Camden,  spent  much  time 
and  money  in  the  introduction  of  wine- 
producing  vines,  and  Mr.  Bushy,  so  long 
ago  as  1831,  collected  a valuable  assortment 
of  plants  in  France  and  Germany,  which  he 
planted  at  Kirkton,  on  the  Hunter  River,  and 
established  the  first  vineyard  planted  in  the 
district.  So  well  adapted  are  all  the  circum- 
stances required  for  the  production  of  wine, 
that  the  cultivation  of  the  vine  is  comparatively 
easy  and  profitable,  and  the  smallest  grower 
can  make  the  business  remunerative.  Statistics 
point  out  that  in  France  alone,  the  total  re- 
quirements of  the  wine  trade  are  902,000,000 
gallons  in  excess  of  the  French  production  (the 
figures  are  M.  Bonnard’s),  and  that  not  only 
is  the  consumption  of  wine  yearly  increasing 
all  over  the  world,  but  the  European  supply  is 


yearly  decreasing.  The  total  production  of  wine 
in  France  in  1875  was  1,844,400,602  gallons, 
which  was  in  1884  reduced  to  751,051,730 
gallons.  Surely  here  is  an  opening  for  a great 
trade,  as  there  is  a market  in  France  alone  for 
hundreds  of  millions  of  gallons  of  imported 
wines. 

I am  fully  aware  how  difficult  it  is  to  educate 
the  people  of  England  in  all  that  pertains  to  the 
appreciation  of  pure,  light,  wholesome  wines. 
The  national  taste  has  been  vitiated  by  the 
common  use  of  strong,  heady,  and  sweet 
adulterated  wines,  and  it  is  not  until  the 
appetite  for  such  strong  drink  ceases  to  exist 
that  a love  for  the  pure  juice  of  the  grape  is 
engendered.  M.  Bonnard  suggests  that,  in 
order  to  place  Australian  wines  in  their  proper 
position  in  the  markets  of  Europe,  and  to 
enable  the  growers  to  dispose  of  them  at 
remunerative  prices,  they  should  be  placed 
upon  these  markets  by  the  proprietors  them- 
selves in  the  following  manner: — A syndicate 
of  wine  growers  should  be  formed  in  Sydney, 
having  special  depots  in  London,  Havre,  and 
Antwerp,  until  these  countries  were  familiarised 
with  the  names,  merits,  and  values  of  the  wines. 
They  would  then  be  so  well  established,  that 
the  European  consumers  and  Australian 
growers  could  be  brought  into  direct  contact, 
and  conduct  their  own  business  withoat  having 
to  fear  the  influence  of  prejudices  or  the  con- 
spiracy of  a ring,  merely  employing  sworn 
wine  brokers  in  the  usual  way,  for  their  mutual 
satisfaction.  He  also  thinks  that  the  cost  of 
producing  wine  in  the  colony  is  not  greater 
than  that  at  Bordeaux,  and  the  expenses  of 
freight  and  charges  not  much  in  excess  of 
what  is  actually  charged  on  the  wines  brought 
from  Hungary,  Sicily,  Italy,  Portugal,  or 
Spain. 

With  such  advantages  in  soil  and  climate, 
it  may,  I think,  be  safely  predicted  that  before 
many  years  the  wines  of  the  colony  will  occupy 
a high  position  among  the  exports  of  New 
South  Wales. 

I must  not  leave  the  subject  of  agriculture 
without  saying  a word  with  reference  to  the 
occupation  of  the  Crown  lands  of  the  colony. 
To  fully  deal  with  this  matter,  I cannot  do  better 
than  to  give  a short  digest  of  the  Act  which 
came  into  operation  at  the  beginning  of  last 
year,  and  which  divides  the  colony  into  three 
divisions,  eastern,  central,  and  western.  The 
eastern  division  comprises  the  coast  district 
from  Point  Danger  on  the  north  to  Cape  Howe 
on  the  south,  and  has  been  roughly  estimated 
to  comprise  about  61,440,000  acres.  The 
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Central  division  has  been  similarly  estimated 
to  comprise  about  58,880,000  acres.  The 
western  division  has  been  similarly  estimated 
to  comprise  about  80,000,000  acres.  These 
divisions  are  accurately  described  in  the 
schedule  to  the  Act. 

Crown  lands  (irrespective  of  sales  without 
competition  in  certain  special  cases)  can  be 
obtained  in  either  of  the  following  ways  : — 

1.  Conditional  purchases,  including  the 
right  to  acquire  additional  conditional  pur- 
chases. 

2.  Conditional  purchase  without  residence. 

3.  Conditional  lease.  ^ 

4.  Auction. 

All  grants  under  the  Act  will  contain  a re- 
ser\^ation  of  minerals,  and  all  alienations  are 
subject  to  special  provisions  as  to  the  auri- 
ferous portion  thereof. 

Crown  lands  (with  certain  exceptions, 
such  as  those  which  are  under  lease,  or 
within  leasehold  areas,  or  reserv'ed  for  any 
purpose,  or  dedicated  or  situated  within  popu- 
lation areas,  or  in  occupation  for  mining  pur- 
poses, or  containing  improvements)  are  open 
for  conditional  purchase  in  the  eastern  and 
central  districts,  but  not  in  the  western  (unless 
within  special  are  as  proclaimed),  subject  to 
certain  provisions  as  to  measurement,  form, 
&:c.,  in  quantities  as  follows  : — In  eastern  divi- 
sion, 40  and  not  exceeding  640  acres ; in 
central  division,  40  acres  and  not  exceeding 
2,560  acres.  By  Section  24  certain  provisions 
are  made  for  special  areas  in  all  three  divi- 
sions. The  applicant  must  be  sixteen  years 
of  age  or  upwards,  and  must  make  his 
application  in  person.  The  application  must 
be  accompanied  by  a deposit  of  2s.  per 
acre.  Within  three  months  of  confirmation 
of  application  by  the  Local  Land  Board  he 
must  commence  and  continue  bond  fide  resi- 
dence during  five  years.  He  must  fence  within 
two  years  of  confirmation,  but  this  period  may 
be  extended  on  cause  shown.  Within  three 
months  of  third  year,  after  confirmation,  he 
must  pay  is.  per  acre,  and  thereafter  pay  a 
like  instalment  annually  until  the  balance  of 
I/S.  per  acre,  with  interest  at  4 per  cent,  per 
annum,  shall  be  paid.  At  the  expiration  of 
the  third  and  fifth  year  he  must  make  declara- 
tion of  fulfilment  of  conditions  as  to  residence 
and  fencing.  At  the  expiration  of  fifth  year 
(conditions  of  residence,  and  fencing,  and  of 
payments  of  instalments  to  date,  being  com- 
plied with  to  the  satisfaction  of  Local  Land 
Board)  a certificate  will  issue,  indicating 
;primd  facie  ownership,  subject  to  payment  of 


balance  of  purchase-money,  and  grant  will 
issue  on  payment  of  the  latter.  Conditional 
purchases,  original  or  additional,  may  be 
transferred  after  completion  of  residence,  but 
are  liable  to  forfeiture  on  non-compliance  with 
any  of  the  conditions,  or  on  false  declaration. 
No  person  shall  make  more  than  one  con- 
ditional purchase  (except  by  way  of  additional 
conditional  purchase)  until  certificate  of  com- 
plete fulfilment  of  conditions,  except  payment 
of  balance.  Holders  of  conditional  purchases 
not  exceeding  in  eastern  division  600  acres, 
in  central  division  2,520  acres,  may  make 
additional  conditional  purchases  adjoining 
their  holdings  (subject  to  certain  provisions  as 
to  measurement,  &c.),  provided  same  with  their 
original  purchases  do  not  exceed  the  extreme 
limits  of  640  acres  in  the  eastern  and  2,560  acres 
in  the  western  division  respectively.  Applicants 
of  the  age  of  twenty-one  and  upwards  may  apply 
for  Crown  lands,  without  conditions  of  resi- 
dence, in  quantities  of  40  acres  and  not  exceed- 
ing 320;  the  deposit  and  other  payments  are 
double  those  in  the  case  of  conditional  pur- 
chases proper,  the  fencing  must  be  performed 
within  twelve  months,  and  £1  per  acre  must 
be  expended  in  improvements  other  than  fenc- 
ing before  certificate  of  fulfilment  of  conditions 
can  issue.  No  purchaser  under  this  head  shall 
be  permitted  to  make  any  other  conditional 
purchase,  and  vice  versd.  An  applicant  for  a 
conditional  purchase  (with  residence)  in  the 
eastern  division  (except  in  special  area),  and 
any  applicant  for  a like  purchase  in  the 
central  division,  may  apply  for  a conditional 
lease  of  land  adjoining  his  conditional  pur- 
chase, not  exceeding  three  times  the  area 
thereof,  if  available.  The  area  of  the  entire 
holding,  however  (both  purchased  and  leased), 
must  not  exceed,  in  the  eastern  division, 
1,280  acres  ; in  the  central  division,  2,560 
acres.  Rent,  not  less  than  2d.  per  acre,  to  be 
fixed  by  the  Local  Land  Board,  subject  to 
approval  of  Minister.  The  lessee,  at  expira- 
tion of  five  years,  to  have  preferent  right, 
under  certain  conditions,  either  of  extending 
the  term  for  another  five  years,  or  of  condi- 
tionally purchasing  the  whole  or  any  portion 
(being  not  less  than  40  acres)  of  the  area  in 
such  conditional  lease  adjoining  his  original 
or  additional  purchase,  free  from  condition  of 
residence.  Fencing  and  residence  conditions 
same  as  in  case  of  a conditional  purchase  ; 
residence  may  either  be  on  the  conditionally 
purchased  or  leased  land  if  duly  notified.  A 
conditional  leasehold  may  be  transferred  with 
the  land  in  respect  of  which  it  is  granted. 
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Grown  lands,  to  the  extent  of  200,000  acres 
per  annum,  may  be  disposed  of  b}'-  auction  at 
upset  prices  per  acre  of  not  less  than  as  to 
town  lands,  suburban,  £2  los.  ; other 

•lands,  £\  5s. 

Crown  lands  can  be  occupied  (in  addition  to 
the  occupation  by  conditional  lease,”  which, 
from  its  mixed  character,  is  provided  for,  as 
above  mentioned)  in  either  of  the  following 
ways  : — 

1.  Pastoral  leases. 

2.  Occupation  licenses. 

3.  Homestead  leases. 

4.  Annual  leases  for  pastoral  purposes. 

5.  Special  leases. 

All  existing  pastoral  runs  (except  when  too 
small  for  the  purpose)  are  to  be  divided  into 
two  equal  parts,  one  of  which  will  be  resumed, 
and  the  other  granted  as  a pastoral  lease  pre- 
ferential to  the  existing  run-holder. 

Pastoral  leases  may  be  granted  as  follow  : — 
Term,  in  western  division,  fifteen  years  ; in 
central  division,  ten  years  ; in  eastern  divi- 
sion, five  years.  Rent  will  be  subject  to  ap- 
praisement at  not  less  than— in  western 
division,  id.  per  acre  for  first  five  years,  in- 
crease ^ for  next  five  years,  and  increase  of  J 
for  residue ; in  eastern  division,  i^d.  per 
acre  for  first  five  years,  increase  of  \ for 
residue ; in  eastern  division,  id.  per  acre. 
Right  of  renewal  for  five  years  (subject  to 
possible  increase  of  rent)  and  of  surrender  at 
expiration  of  any  five  years.  Pastoral  leases 
may  be  transferred. 

Occupation  licenses  may  be  obtained  for 
resumed  areas  or  vacant  land.  They  are  to  be 
granted  preferentially  to  a run-holder  over  the 
resumed  area  of  his  run.  Subject  to  appraise- 
ment, the  license  is  to  be  not  less  than  £2  per 
section  of  640  acres.  They  are  to  be  granted 
for  each  year  ending  December  31,  and  the 
rates,  when  appraised,  are  to  be  published. 
Failing  exercise  of  preferential  right  by  run- 
holder,  they  will  be  disposed  of  by  auction  or 
tender.  On  lease  or  sale  of  the  land  com- 
prised in  occupation  licenses,  the  same  to  be 
cancelled,  the  license  fees  paid  in 

advance  being  refunded,  and  compensation 
made  for  improvements. 

In  the  western  division,  homestead  leases 
may  be  granted  within  resumed  areas  or  of 
vacant  lands  in  areas  not  less  than  5,760  acres, 
nor  exceeding  10,240  acres.  Terms — Fifteen 
years,  with  same  right  to  extension  or  renewal 
as  pastoral  leases.  Rent  same  as  pastoral 
leases  in  western  division.  Fencing  must  be 
done  within  two  years.  The  holder  must 


reside  upon  the  land  for  at  least  six  months  of 
the  first  five  years  of  the  term.  No  pastoral 
lessees  to  hold  a homestead  lease,  or  vice 
versa,  nor  shall  any  person  hold  more  than 
one  homestead  lease.  Homestead  leases  may 
be  transferred  only  when  the  residence  con- 
dition has  been  fulfilled. 

Leases  may  be  granted  by  auction  or  tender 
in  arrears  not  exceeding  1,920  acres.  Term, 
current  year  ending  on  any  December  31. 
Minimum  rental,  £2  per  section  of  640  acres. 
Renew'al : they  may  be  renewed  subject  to  in- 
creased rent,  if  exacted.  N.B.— Landso  leased 
is,  nevertheless,  open  to  sale,  or  to  special  or 
conditional  lease. 

Special  leases  may  be  granted  of  scrub  lands 
in  arrears  not  less  than  640  acres,  nor  exceed- 
ing 10,240  acres  ; term,  15  years.  Rent  not 
less  than  2s.  6d.  per  section  of  640  acres  for 
first  five  years,  5s.  the  next,  and  £\  for  last 
five  years,  subject  to  certain  conditions  for 
clearing  the  scrub.  Special  leases  may  be 
also  granted  for  wharves,  jetties,  irrigation, 
tramways,  and  other  special  purposes. 

It  will,  therefore,  be  seen  that  land  can  be 
easily  obtained  for  either  agricultural  or 
pastoral  purposes,  in  portions  and  blocks  w'ell 
adapted  to  their  respective  requirements  ; and 
as  there  is  always  a natural  craving  for  the 
possession  of  land,  the  facility  of  obtaining  it 
must  have  its  effect  in  creating  a community 
similar  to  that  which  England  possessed  at  the 
time  W'hen  the  small  farmer  cultivated  his  own 
land,  made  his  own  improvements,  and  took  a 
proper  pride  in  raising  a family  able  and  will- 
ing to  assist  him  in  his  labours,  and  proud  in 
the  respectable  independence  wEich  enabled 
him  to  gain  a livelihood  without  being  indebted 
to  anyone.  Men  of  this  class  are  those  who 
made  England  great;  and  Australians,  brought 
up  in  the  political  and  social  freedom  of  their 
institutions,  will  not  fail  to  make  a name  equally 
illustrious  wdth  that  of  their  fathers. 

After  the  occupation  and  tillage  of  the  surface 
of  the  soil,  we  naturally  come  to  the  w^ealth 
which  lies  hidden  underneath  ; and  no  industry 
is  more  important  than  that  of  mining.  It  was 
the  discovery  of  gold  in  1851  that  directed  the 
attention  of  the  entire  world  to  Australia.  Its 
discovery  in  California  two  years  previous, 
enticed  hundreds  of  men  from  Australia,  and 
the  auri  sacra  fames  seemed  in  a fair  way  to 
depopulate  the  colony.  In  May,  1851,  how- 
ever, payable  gold  was  discovered  at  Lewis 
Ponds  Creek,  in  New  South  Wales.  The 
exodus  to  San  Francisco  was  stopped,  a world- 
wide interest  was  centred  in  Australia,  popu- 
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lation  flocked  to  its  shores,  and  in  one  huge 
leap  it  attained  a national  importance. 

Gold  had  been  known  to  exist  for  a long  time 
before  it  was  known  how  to  extract  it  from  the 
wash  dirt.  It  had  been  actually  found  by  Count 
Strzelecki,  and  by  the  Rev.  W.  B.  Clarke, 
both  eminent  geologists,  and  by  many  in- 
dividuals not  possessing  any  scientific  know- 
ledge, but  who  had  at  different  times  and 
places  found  small  specimens.  Nothing 
practical  was  done,  however,  until  the 
period  above  mentioned,  when  a gentleman 
named  Hargreaves  brought  from  California 
the  invention  of  the  “ cradle.”  This  gentle- 
man had,  previous  to  1849,  been  staying  at  a 
cattle  station  of  Jamison’s,  in  the  district  west 
of  Bathurst,  and  had  noticed  the  number  of 
quartz  reefs  that  cropped  out  in  many  parts  of 
the  country.  Afterwards,  upon  the  Californian 
gold  discover}^  he  was,  in  common  with  many 
others,  attracted  by  their  reputed  richness  to  try 
his  fortune  at  the  American  gold  mines.  In  the 
neighbourhood  of  the  Sacramento  River  he 
was  struck  by  the  similarity  of  the  geological 
features  of  the  country  to  those  he  had  left 
behind  him  in  the  neighbourhood  of  Bathurst. 
He  returned  to  Australia  with  the  full  inten- 
tion of  “prospecting”  the  locality,  and  in 
travelling  there  he  became  acquainted  with 
Messrs.  William  Tom  and  John  Lyster.  These 
gentlemen  had  found  specks  of  gold  both  in 
the  Summerhill  and  Lewis  Ponds  Creek,  and 
offered  to  show  Mr.  Hargreaves  where  they 
had  made  the  discover}\  This  latter  gentle- 
man then  made  the  first  “ cradle,”  and  showed 
Tom  and  Lyster  how  to  use  it.  The  streams 
mentioned  were  “prospected,”  and  eventually 
payable  gold  found  at  a point  near  the  junc- 
tion of  those  two  streams,  and  which  place  they 
called  Ophir. 

This  discovery  vastly  increased  the  material 
progress  of  the  colony.  It  brought  about, 
first  of  all,  that  emigration  from  Great  Britain 
of  exactly  the  proper  class  of  men  to  colonise 
the  country  — men  physically  strong  and 
adventurous  in  disposition  ; men  of  high 
courage,  caring  little  for  hardships,  who  came 
to  seek  their  fortunes.  These  men  arrived  in 
thousands,  and  “leavened  the  whole  lump  ” 
of  Australian  population  with  their  sound 
common-sense.  They  kept  the  too  adven- 
turous and  criminal  in  check,  and,  as  a rule, 
supported  law  and  order.  In  the  second 
place,  a better  market  was  at  once  found  for 
fat  stock,  farm  and  garden  produce.  Large 
quantities  of  gold  were  exported  to  England, 
and  from  that  period  colonial  prosperity 


was  assured.  Victoria  had  separated  from 
New  South  Wales  during  this  year  (1851), 
and  soon  after  the  great  gold  fields  of 
Ballarat,  Forest  Creek,  and  Bendigo  were 
discovered,  and  proved  far  richer  than 
the  fields  of  New  South  Wales.  Up  to 
1883,  the  whole  Australian  yield  had 
amounted  to  about  258  millions  sterling, 
of  which  New  South  Wales  had  produced 
about  one-seventh,  and  Victoria  considerably 
more  than  five-sevenths.  The  total  yield  for 
New  South  Wales  for  the  year  1844  was 
107,198  oz.,  of  the  value  of;^395,29i. 

Some  of  the  workings  in  New  South  Wales 
have  been  fabulously  rich.  I was  personally 
present  at  Holterman’s  Mine,  at  Hill  End, 
Tamberoora,  when  a slab  of  gold  ore  was  raised 
weighing  630  lbs.,  which  contained  over  ^2,000 
worth  of  gold;  and  the  Sydney  Mint  returns 
from  415  tons  of  stone  gave  16,280  oz.  of  gold, 
of  a value  of  ;^63,234  sterling.  The  Went- 
worth Mine,  at  Lucknow,  near  Orange,  is  also 
exceedingly  rich,  and  often  yields  ore  which 
produces  at  the  rate  of  2,000  oz.  of  gold  and 
300  oz.  of  silver  to  the  ton.  The  gold-bearing 
rocks  in  this  locality  are  covered  with  a layer 
of  basalt,  varying  from  twenty  to  several 
hundreds  of  feet  in  thickness.  Extensive 
silver  mines  have  lately  been  discoved  at  the 
Barrier  Ranges  in  the  Albert  district,  and 
also  at  Sunny  Corner,  near  Bathurst,  where 
extensive  works  are  in  progress.  About 
100,000  oz.  were  mined  during  the  year  1884, 
and  there  appears  every  probability  that  New 
South  Wales  will  shortly  become  one  of  the 
great  silver-producing  countries  of  the  world. 
Mr.  Wilkinson,  the  Government  Geological 
Surveyor,  has  reported  that  he  examined 
eighty-one  lodes  in  the  Barrier  Ranges,  some 
of  which  were  very  rich. 

Copper  is  widely  distributed,  and  mines  have 
been  worked  (more  or  less)  ever  since  1855. 
Large  quantities  of  the  metal  have  been  pro- 
duced, and  over  ;^4,5oo,ooo  worth  exported. 
Many  of  the  lodes  are  very  large,  and  yield  a 
high  per-centage  of  copper.  The  low  price  of 
copper  is  sadly  retarding  this  branch  of  mining, 
but  over  ;^4oo,ooo  worth  was  exported  in  1884. 

Tin  mining  is  very  similar  in  its  nature  to 
that  of  alluvial  gold  working.  The  heavy 
particles  of  tin  ore  have  been  washed  out 
of  their  matrix,  as  the  rock  decomposed, 
like  large  grains  of  shot,  and  remain  at  the 
bottom  of  the  alluvial,  from  which  they  are 
washed  by  means  of  sluices.  These  deposits 
have  in  places  been  covered  with  basalt, 
exactly  in  the  same  manner  as  the  deep  leads 
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of  auriferous  drift.  At  a place  called  Vege- 
table Creek,  in  the  New  England  district,  very 
rich  deposits  of  tin  ore  have  been  found,  and 
it  was  in  this  locality,  in  1873,  that  the  first 
^‘deep  lead”  of  tin  was  discovered.  It  was 
traced  from  the  surface  to  below  the  pipe  clay, 
gradually  making  its  way  to  deep  ground, 
evidently  an  old  river  bed,  and  beneath  the 
basalt.  This  led  to  the  discovery  of  many 
other  “ deep  leads,”  and,  no  doubt,  hundreds 
more  will  be  found,  giving  employment  to  a 
considerable  population  for  many  years  to 
come,  as  there  are  vast  tracts  of  tin-bearing 
country  not  yet  prospected.  No  one  can 
venture  to  estimate  the  wealth  sealed  up  in 
the  old  river  beds  beneath  the  basalt;  and, 
while  stream  tin  can  be  obtained,  the  lodes 
will  be  neglected  ; but  in  time  these  will  be 
worked  profitably,  in  a similar  manner  to  what 
has  been  done  in  other  countries.  The  returns 
for  1884  show  a value  of  ;^52i,587;  the  total 
value  of  tin  exported  since  the  opening  of  the 
mines,  in  1872,  amounts  to  ;^6,5i9,i77.  The 
export  of  last  year  is  the  smallest  since  1880, 
the  depression  being  caused  by  the  very  low 
price  of  tin. 

Antimony  ores  have  been  much  neglected, 
the  market  for  the  metal  being  a limited  one. 
The  sulphide  of  antimony  is  found  on  the 
Macleay  River  and  in  the  Armidale,  Clarence, 
and  Cudegong  districts.  During  the  last  two 
or  three  years  some  of  the  lodes  have  been 
worked,  and  over  ;^5o,  000  worth  of  ore  exported. 

Immense  quantities  of  iron  ore  exist  in  New 
South  Wales.  In  immediate  connection  with 
coal,  magnetic  iron  ore,  hematite,  clay-band 
of  the  richest  description,  containing  scarcely 
any  sulphur  are  found.  Blast  furnaces  have 
been  erected  at  Lithgow  and  Mittagong  ; but, 
after  a struggling  existence,  the  Mittagong 
works  have  been  closed,  and  the  low  price  of 
British  iron  has  operated  most  detrimentally 
to  that  at  Lithgow.  Nevertheless,  so  far  as 
natural  facilities  for  the  development  of  the 
industry  are  concerned,  nothing  could  possibly 
be  better.  Iron  of  the  very  best  quality  has 
been  made,  but  the  works  cannot  be  carried 
on  to  produce  iron  to  compete  with  the  ex- 
ceedingly low  prices  which  have  prevailed  for 
the  last  two  years.  However,  with  all  the 
materials  necessary  for  the  iron  manufacture 
in  large  quantities  and  easy  of  access,  the 
industry  must,  sooner  or  later,  assume  im- 
portant dimensions. 

There  are  also  lead  mines  in  both  the 
western  and  northern  and  southern  districts. 
Lead  ores,  chiefly  galena,  are  found  at  Peel, 


Sunny  Corner,  and  Wiseman’s  Creek  in  the 
western  district;  at  Glen  Innes,  and  other 
places  in  the  northern ; and  Murrumburra, 
Gundaroo,  Silverdale,  and  near  Bombala  in 
the  southern  district. 

Cinnabar,  zinc,  bismuth,  and  manganese 
have  been  found ; but  as  yet  no  mining  for 
these  metals  have  been  carried  out. 

Diamonds  were  discovered  in  1851,  bu^ 
they  were  not  specially  sought  after  until  1867, 
when  considerable  numbers  were  found  by 
the  alluvial  gold  miners  in  the  Mudgee 
district.  The  richest  finds  have  been  at 
Bingera,  where,  in  1884,  at  Doctor’s  Creek, 
the  Australian  Mining  Company  obtained 
1,193  diamonds,  weighing  254  carats.  The 
conditions  under  which  the  Bingera  dia- 
monds are  obtained  are  much  the  same  as 
those  at  Mudgee,  where  the  gems  are  pro- 
cured from  the  outliers  of  an  old  river  drift, 
which  had,  in  part,  been  protected  from 
denudation  by  a capping  of  hard  compact 
basalt.  This  drift  is  made  up  mostly  of 
boulders  and  pebbles,  jasper,  agate,  quartz, 
flinty  slate,  silicifled  wood,  slate,  sandstone, 
and  an  abundance  of  coarse  sand  mixed 
with  more  or  less  clay.  Diamonds  are  also 
found  in  other  parts  of  the  colony.  From  the 
Borah  tin  mine,  situated  at  the  junction  of 
Cope’s  Creek  with  the  Gwydir,  200  were  ob- 
tained in  a few  months.  Out  of  a batch  of 
eighty-six,  averaging  i carat  i grain  each, 
the  largest  weighed  5 ’5  grains.  Diamonds 
have  been  found  on  most  of  the  alluvial  tin 
workings  at  Cope’s,  Newstead,  Vegetable  and 
Middle  Creeks,  also  in  the  Stanifer,  Ruby,  and 
the  Britannia  tin  mines,  in  the  Tingha  divi- 
sion, near  Big  River,  Auburn  Vale,  and  in  the 
Berrima  district.  In  colour,  the  diamonds 
vary  from  colourless  and  transparent  to  various 
shades  of  straw-yellow,  brown,  light-green  and 
black.  One  of  a rich  dark-green  was  found 
in  the  form  of  a flattened  hemitrope  octohe- 
dron.  The  most  common  crystalline  forms 
which  have  been  met  with  are  the  octohedron, 
the  hemitrope  octohedron,  the  rhombic  dode- 
cahedron, the  triakis  and  hexakis  octohedron, 
but  they  are  all  usually  more  or  less  rounded. 
The  flattened  triangular  hemitrope  crystals 
are  very  common.  One  specimen  of  the  del- 
toidal  dodecahedron  was  met  with.  The  lustre 
is  usually  brilliant  or  adamantine,  but  occa- 
sionally they  have  a dull  appearance.  This 
want  of  lustre  is  not  due  to  any  coating  of 
foreign  matter,  or  to  the  same  cause  as  the 
dulness  of  less  hard  and  water-worn  crystals, 
but  it  is  due  to  the  surface  being  covered  with 
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innumerable  edges  or  angles  belonging  to  the 
structure  of  the  crystal.  These  reflect  the  light 
irregularly  at  all  angles,  and  give  the  stone 
its  frosted  appearance. 

If  diamonds  are  the  purest  and  most  beauti- 
ful and  expensive  form  of  carbon,  common 
coal  is  certainly  the  most  useful,  the  most  im- 
portant, and  the  most  valuable,  and  in  no  part 
of  the  world  is  there  any  country  which 
possesses  this  mineral  in  greater  profusion  than 
New  South  Wales.  She  has  far  and  away  the 
richest,  most  extensive,  and  most  easily  acces- 
sible seams  of  coal  in  the  southern  hemisphere. 
So  extensive  are  they  that  in  this  colony  alone, 
the  coal  measures  have  over  six  times  the  area 
of  the  coal  measures  of  Great  Britain,  and  the 
quality  is  so  excellent,  that  it  has  the  highest 
reputation  everywhere  and  for  all  purposes. 
The  approximate  area  of  the  carboniferous 
strata  is  estimated  at  25,000  square  miles,  and 
thick  coal  seams  crop  out  along  the  coast  and 
mountain  ranges  from  Pier  Head,  near  Lake 
Macquarie,  to  Newcastle  Harbour,  a distance 
of  eighteen  miles,  on  the  northern  edge  of  the 
great  coal  basin.  From  Coal  Clitf  to  near 
Shoalhaven,  a distance  of  forty-five  miles  at 
the  southern  side  of  it,  and  on  the  western 
side  at  the  Blue  Mountains,  Lithgow  Valle)q 
Wallerawang,  &:c.,  thick  coal  and  cannel-coal 
seams  crop  out  alongside  the  railway  from  the 
metropolis  to  the  western  interior,  and  in  the 
gorges  and  gullies  on  the  southern  railway 
similar  outcrops  of  coal  occur. 

The  mines,  first  opened  in  1802,  are  situated 
in  the  immediate  vicinity  of  Newcastle,  and  it 
is  there  the  colony  obtains  its  largest  supply, 
where  the  shipment  of  coal  is  carried  on  by 
hydraulicand  steam  cranes,  andshoots,  capable 
of  loading  20,000  tons  per  day. 

The  production  of  coal  has  increased  very 
rapidly  of  late  years.  In  1833  only  328  tons 
were  raised,  whilst  in  1884  the  total  output  was 
■2>749»i09  tons,  valued  at  *1,303,077.  There 
were  64  coal  and  shale  mines  in  operation, 
employing  5,500  hands.  The  year’s  exports 
reached  1,690,763  tons,  valued  at  ;^93 1,045. 
When  it  is  remembered  that  the  coal-fields  of 
Great  Britain  only  cover  one-twentieth  part 
of  the  area  of  the  country,  or  about  4,000  square 
miles,  and  that,  nevertheless,  the  output  of  this 
mineral  in  the  mother  country  is  upwards  of 
120,000,000  tons  per  annum,  it  would  be  diffi- 
cult to  over-estimate  the  magnitude  of  the 
proportions  to  which  the  coal  trade  of  New 
after^  may  be  expected  to  grow  here- 

The  rise  and  progress  of  this  trade  have 


already  been  very  remarkable.  A small  convict 
settlement  on  the  ‘‘  Coal  River,”  as  the 
“Hunter”  was  then  called,  has  been  trans- 
formed into  the  city  of  Newcastle,  and  the 
debouchement  of  this  river  has  been  made — by 
the  construction  of  a breakwater  connecting 
the  detached  rock  called  the  “ N obby  ’ ’ with  the 
mainland—  into  a commodious  and  safe  harbour, 
attracting  a larger  quantity  of  shipping  than 
Sydney  itself.  It  is,  perhaps,  difficult  to 
realise  this  great  fact,  but  so  it  is.  I have 
often  heard  persons  say  they  remember  the 
adits  that  were  driven  in  the  cliffs  by  convict 
labour,  and  when  the  coals  were  drawn  from 
the  shafts  by  hand,  with  a simple  winch.  At 
the  present  time  Newcastle  is  provided  with 
every  modern  appliance  for  the  mining  and 
shipment  of  coal,  and  many  of  the  mines  have 
each  an  out-put  of  over  1,000  tons  daily. 
Hydraulic  cranes  catch  hold  of  the  waggons 
as  they  come  down  the  various  lines  of  railway, 
and,  lifting  them  into  the  air,  drop  their  con- 
tents— usually  ten  tons — at  once  into  the  hold 
of  the  ships  that  are  waiting  at  the  wharves  for 
their  loading,  while  other  waggons  arrive  at 
the  staiths,  and  tip  their  contents  into  shoots, 
which  conduct  the  coals  on  board  the  vessels 
moored  alongside  to  receive  them. 

The  coal  is  of  excellent  quality  for  steam, 
household,  smelting,  and  gas  purposes,  and 
the  largest  exports  are  to  Victoria,  Hong  Kong, 
San  Francisco,  South  Australia,  Manila, 
Japan,  Valparaiso,  Honolulu,  India,  Tas- 
mania, New  Zealand,  and  Queensland,  more 
than  1,000  vessels  being  annually  engaged  in 
this  traffic. 

The  coal  trade  in  the  south  or  Illawara  dis- 
trict differs  somewhat  from  the  trade  at  New- 
castle. It  is  a very  important  industry,  and  in 
time  must  largely  increase  its  present  dimen- 
sions. The  district  possesses  a large  coal- 
field, and  the  coal  is  of  a good  quality,  suitable 
for  either  steam  or  household  purposes.  More- 
over, the  coal  can  be  raised  and  put  on  board 
ship  at  such  a low  cost,  that  the  proprietors 
are  able  to  sell  with  profit  at  a lower  price 
than  that  at  which  coal  can  be  worked  at 
Newcastle.  There  are  at  present  three 
places  of  shipment— Coal  Cliff,  Bulli,  and 
Woollongong. 

On  account  of  the  situation  of  the  Wool- 
longong  and  Bulli  mines,  which  are  worked 
high  up  the  mountain  sides  by  tunnelling,  the 
coal  is  taken  to  the  wharves  by  means  of 
tramways  constructed  on  the  self-acting  prin- 
ciple, by  which  the  descending  weight  of  the 
full  waggons  give  the  necessary  power  to  haul 
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up  the  empties  ; it  not  only  does  this,  but  pro- 
vides the  power  to  bring  the  coal  out  of  the 
mine.  These  facilities  make  large  economies 
in  working  a coal  mine. 

At  Coal  Cliff  the  workings  are  carried  on  in 
a different  manner.  The  same  seam  of  coal 
which  is  worked  at  Bulli  and  Woollongong 
crops  out  on  the  face  of  the  cliff,  some  little 
height  above  high  water  mark.  An  adit  has 
been  driven  on  the  bed  of  the  coal,  and  a 
roadway  made  to  a jetty,  where,  in  fine  weather, 
vessels  can  come  alongside  to  receive  the  coal. 
This  colliery  is  now  in  a condition  to  do  a 
large  trade,  and  will  add  considerably  to  the 
output  of  coal  in  the  district. 

The  locality  of  the  western  coal  fields  is 
at  Lithgow  Valley,  situated  some  3,000  feet 
above  the  level  of  the  sea,  at  the  foot  of  the 
Zigzag  which  brings  the  Great  Western  Rail- 
way from  the  Blue  Mountains  into  the  valley 
below,  which  at  that  place  is  nothing  more  than 
a ravine  scooped  out  of  the  rock  by  the  action 
of  water.  In  no  part  of  the  colony  is  there 
to  be  found  greater  evidence  of  progress  than 
in  the  thriving  town  of  Lithgow,  where,  as  has 
been  so  well  expressed  by  Mr.  Charles  Lyne, 
“the  appearance  of  coal  seams  led  to  the 
opening  of  coal  mines  ; rich  deposits  of  iron  ore 
brought  about  the  speedy  establishment  of 
iron  works  ; beds  of  clay,  highly  valuable  for 
bricks  and  pottery,  prompted  the  construction 
of  brick  and  pottery  works  ; the  existence  of 
copper  mines,  not  many  miles  distant  along 
the  railway,  suggested  the  erection  of  copper 
smelting  works  ; good  timber  on  the  mountains 
pointed  to  the  fitting  up  of  steam  saw  mills  ; 
and  the  salubrity  and  coolness  of  the  climate 
showed  the  late  Mr.  Thomas  Mort  the  advan- 
tage of  making  the  district  a great  meat  em- 
porium for  the  supply  of  the  metropolis,  and  if 
necessary,  for  the  markets  of  England.” 

The  town  has  sprung  into  existence  and 
developed  itself  during  the  last  ten  years.  Some 
twelve  years  ago,  when  the  Lithgow  Valley 
Colliery  Company  commenced  their  operations, 
the  country  was  almost  wholly  untouched  bush 
land,  with  only  some  half-a-dozen  families, 
while  now  the  town  takes  rank  among  the 
leading  inland  towns  of  the  colony  for  manu- 
facturing works  and  general  trade. 

There  are  four  mining  companies,  whose 
works  are  in  active  operation,  viz.  ; — The  Lith- 
gow Valley,  Eskbank,  Vale  of  Clwydd,  and  Zig- 
zag. These  all  work  the  same  seam  of  coal, 
which  is  of  a hard,  semi-anthracite  and  semi- 
bituminous  character,  fairly  well  adapted  to  all 
household  requirements,  but  especially  suitable 


for  steam  and  smelting  purposes.  Its  average 
thickness  is  about  10  feet,  and  supplies  most 
of  the  coal  for  locomotive  purposes  on  the 
Great  Western  and  Southern  lines  of  railway. 
The  output  is  very  considerable,  and  constantly 
iincreasing.  In  this  district  the  seams  of  coal 
are  found  immediately  in  connection  with  iron 
ores  of  excellent  quality,  limestone  and  fire- 
clay. In  short,  nature  seems  emphatically  to 
have  indicated  Lithgow  Valley  as  the  great 
manufacturing  district  of  the  whole  group  of 
the  Australian  colonies. 

The  average  price  of  the  northern  coal  in 
1884  was  9s.  or  los.  per  ton,  of  the  southern 
los.,  and  western  5s.  5'22d.  per  ton.  In 
each  instance  this  is  the  price  at  the  pit. 

The  result  of  careful  investigation  is  to  prove 
that  the  coal  from  the  northern  coal-field  of 
New  South  Wales  is  practically  equal  for  all 
purposes  to  the  best  English  coal ; for  the  use 
of  steamers  it  has  the  advantage  of  giving  a 
more  perfect  combustion,  with  freedom  from, 
smoke.  The  coals  of  the  southern  coast  and 
western  districts  differ  from  those  of  the 
northern  coal-field  in  having  generally  a duller 
appearance,  higher  specific  gravity,  more  ash, 
and  less  volatile  hydro-carbons,  in  which  they 
approach  more  closely  the  character  of  Welsh 
steam  coal. 

That  petroleum  occurs  in  rocks  or  deposits 
' of  nearly  all  geological  ages,  from  the  Lower 
Silurian  to  the  present  epoch,  is  the  opinion  of 
Dana ; and  Messrs.  Cox  and  Ratte  are  of 
opinion  that  some  oil-bearing  rocks  of  great 
importance  have  been  formed  in  a similar 
manner  to  coal,  but  under  different  conditions, 
and  mention  as  instances  the  Scottish  Bog- 
head, or  torbanite,  and  the  very  similar  oil- 
bearing rock  of  New  South  Wales.  This 
last-mentioned  rock,  known  as  “Kerosene 
Shale,”  occurs  in  lenticular  beds  of  con- 
siderable extent  in  the  coal  measures,  and 
probably  only  differs  from  coal  itself  by  being 
composed  of  the  remains  of  swamp  plants, 
which  have  undergone  decomposition  under 
water,  in  some  special  conditions  capable  of 
preserving  most  of  the  gasses.  If  micro- 
scopical examination  does  not  detect  any- 
organised  structure  as  in  coal,  it  is  most  likely 
because  the  water  plants  were  of  a much  softer 
nature  than  those  which  formed  the  coal,  and 
that  the  cells  have  been  completely  destroyed 
by  fermentation.  The  New  South  Wales 
variety  yields  a much  larger  per-centage  of 
volatile  hydrocarbons  than  the  Scotch  Bog- 
head, and  occurs  in  saucer-shaped  deposits 
from  a few  inches  to  five  feet  thick.  The 
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richest  quality  yields  upwards  of  150  gallons 
of  crude  oil  per  ton,  or  18,000  cubic  feet  of  gas, 
with  an  illuminating  power  of  38  to  49  sperm 
candles,  and  on  this  account  it  is  found  advan- 
tageous for  mixing  with  ordinary  coal  in  the 
manufacture  of  gas,  and  is  largely  exported  to 
Great  Britain,  America,  and  other  foreign 
countries,  as  well  as  the  neighbouring  colonies, 
for  gas  purposes.  Two  companies  manufacture 
petroleum,  shale  oil,  and  other  products  there- 
from. The  quantity  raised  in  1884  was  31,619 
tons,  valued  at  £‘j2,iy6.  This  industry  was 
founded  by  Sir  Saul  Samuel,  the  present  Agent- 
General  of  New  South  Wales. 

We  are  informed  by  scientific  men,  that  in 
less  than  one  hundred  years  the  coal  supply  of 
Great  Britain  will  be  exhausted.  The  Royal 
Commission  appointed  in  1871  fully  confirmed 
this  opinion,  and  came  to  the  conclusion  that 
there  only  remained  at  that  period  90,207 
million  tons  of  coal  in  the  mines  already 
opened,  and  about  56,273  million  tons  in  the 
unworked  coal-fields,  and  that  probably  in 
106  years  the  whole  would  be  exhausted.  I 
simply  mention  this  in  order  to  point  out  that 
the  Greater  Britain  of  Oceana  has  a supply 
that  will  probably  last  as  long  as  the  world 
itself. 

The  total  quantities  and  value  of  minerals 
raised  to  December  31st,  1884,  were  as  fol- 
lows : — Gold,  9,596,653  oz.,  valued  at 
;^35,724,i79  ; silver,  936,122  oz.,  valued  at 
/‘223,697 ; coal,  31,261,326  tons,  valued  at 
;^i5,709,29i  ; shale,  370,217  tons,  valued  at 
;^828,i98;  tin,  71,109  tons  of  ingots  and 
15,618  tons  of  ore,  valued  together  at 
.^6,519,177  ; copper,  64,953  tons  of  ingots  and 
3,402  tons  of  regiilus,  valued  together  at 
;i^4o3 1.665  ; iron,  25,569  tons,  valued  at 
£206,060-,  antimony,  .2,473  tons  of  ore  and 
142  tons  of  regulus,  and  366  tons  of  metal, 
valued  together  at  £^7^921  ; bismuth,  33  tons, 
valued  at  ^6,310;  and  407  tons  of  mixed 
minerals,  of  a value  of  2,286.  The 
aggregate  value,  therefore,  of  the  metals  and 
minerals  which  have  been  produced  in  New 
South  Wales  amount  to  ;^64,o68,584. 

A much  larger  amount  of  gold  has  been 
coined  at  Sydney  than  has  been  raised  in  New 
South  Wales,  as  during  the  twenty-seven  years, 
ending  with  1884,  14.108,558  oz.  of  gold  has 
been  coined,  of  a value  amounting  to 
^53.657,855  sterling;  the  product  being 
4^.693,500  sovereigns,  2,280,500  half-sove- 
reigns, the  remainder  being  bullion,  valued  at 
^2,612,304.  During  the  year  1884  there  were 
coined  475,053  oz.,  of  the  value  of  £l,7l^„^^, 


coined  into  1,595,000  sovereigns,  the  remainder 
being  bullion. 

The  population  of  new  countries  in  the  early 
period  of  their  existence,  are,  more  or  less, 
engaged  in  a hard  struggle  with  nature.  The 
land  must  be  cleared,  the  soil  cultivated,  and 
the  wilderness  made  fertile  ; consequently,  the 
chief  portion  of  fabricated  articles,  requiring 
much  hand-labour  in  their  production,  is  im- 
ported ; nevertheless  the  progress  of  New 
South  Wales  in-  manufacturing  industries  is 
verypronounced.  The  latest  and  most  approved 
labour-saving  appliances  and  steam-driven 
tools  have  been  introduced,  and  the  manu- 
facturers are  able  to  compete  with  those  of 
Europe  in  the  supply  of  many  local  require- 
ments. Some  of  them  have  a steady  export 
trade  to  other  colonies,  clearly  showing  that 
the  articles  produced  are  cheaper  and  better 
than  those  obtainable  from  any  other  source. 
The  Registrar-General  has  returned  the  num- 
ber of  manufactories  and  works  in  existence, 
and  the  number  of  hands  employed  during  the 
year  which  ended  31st  March,  1884,  to  be  as 
follows  : — Connected  with  or  dependent  on 
agriculture,  204  establishments,  employing 
2,777  hands  ; working  on  raw  material,  the 
production  of  the  pastoral  interest,  307  estab- 
lishments, employing  2,937  hands;  manu- 
facture of  food  and  of  articles  of  drink, 
&c.,  307  establishments,  employing  2,379 
hands  ; building  materials  and  plastic  manu- 
factories, 939  establishments,  employing  6,659 
hands ; machine  manufactories,  brass,  lead, 
and  iron  works,  215  establishments,  em- 
ploying 3,335  hands;  miscellaneous  works 
and  manufactories,  1,139  establishments,  em- 
ploying 15,112  hands.  At  the  close  of  the 
year  1883  there  were  in  operation  in  New 
South  Wales  154  mills  for  grinding  and  dress- 
ing grain,  employing  2,847  horse  power,  390 
pairs  of  stones,  and  685  hands. 

Sydney  is  the  centre  of  the  Australasian 
group  of  colonies.  It  is  within  a few  hours  of 
Newcastle,  the  great  coaling  station  of 
Oceana.  It  is  the  great  entrepot  of  trade  with 
all  the  South  Sea  Islands,  and  is  in  constant 
communication  with  all  parts  of  the  world. 
It  is  most  admirably  situated  for  all  purposes 
of  commerce.  The  harbour,  for  facility  and 
safety  of  access,  capacity,  depth  of  water, 
shelter  and  convenience  of  shipping,  leaves 
nothing  to  be  desired,  and  is,  moreover, 
one  of  the  most  beautiful  in  the  whole 
world.  In  all  these  qualities  it  enjo}S 
an  undisputed  Australasian  pre-eminence, 
and  possesses  a world -wide  reputation. 
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Well  - built  and  extensive  warehouses  and 
bonded  stores  front  the  shores  of  Sydney  Cove 
and  Darling-  Harbour,  which  are  divided  by  a 
long  neck  of  land,  giving  an  immense  amount 
of  water  frontage.  The  city  has  already 
attained  very  considerable  dimensions,  and 
extends  on  both  sides  of  the  harbour — about 
six  miles  east  and  w^est,  and  four  miles  north 
and  south.  There  are  121  miles  of  streets,  and 
nearly  40,000  houses.  Its  population  is  about 
300,000,  or  nearly  a third  of  that  of  the  whole 
colony. 

More  than  one-half  of  the  Australasian  ship- 
ping is  owned  by  New  South  Wales.  The 
inward  and  outward  tonnage  of  5,361  vessels 
engaged  in  trade  in  1883  was  4,006,237  tons, 
against  1,500,479  tons  in  1871.  Thus,  we  find 
in  1871,  i,8gi  vessels,  equal  to  706,019  tons, 
were  entered  inwards,  and  2,133  outwards, 


equal  to  794,460  tons  ; together,  4,024  vessels, 
of  the  aggregate  tonnage  of  1,500,479  tons. 
In  1881,  there  were  entered  inwards  2,254 
vessels,  equal  to  1,456,239  tons,  and  outwards 
2,203  vessels,  equal  to  1,330,261  tons  ; together, 
4,357  of  the  aggregate  tonnage  of  2,786,500 
tons.  It  will  be  observed  that,  while  the 
number  of  vessels  employed  has  not  largely 
increased,  the  tonnage  shows  an  increase  of 
1,286,021  tons,  equal  to  85  per  cent.  This 
is  explained  by  the  class  of  ships  now  em- 
ployed to  do  the  trade.  Formerly  they 
were  the  ordinary  sailing  vessels,  but  these 
have  been  superseded  by  large  steamers, 
averaging  3,000  tons,  making  three  trips 
yearly.  The  following  statement  shows  the 
amount  of  shipping  entered  and  cleared  in 
each  Australasian  colony  during  the  year 
1883 


Name  of  Colony. 

Inwards. 

Outwards. 

Total. 

Vessels. 

Tons. 

Vessels. 

Tons. 

Vessels. 

Tons. 

New  South  Wales  

2,587 

D935,i89 

2,774 

2,071,048 

5,361 

4,006,237 

Queensland  

936 

455,985 

867 

426,506 

1,803 

882,491 

South  Australia  

1,062 

748,926 

1,074 

755,839 

2,136 

1,504,765 

Victoria 

2,023 

1,464,752 

2,064 

1,499,579 

4,087 

2,964,331 

Western  Australia  

219 

194,273 

212 

194,829 

431 

389,102 

Total  

6,827 

4,799,125 

6,991 

4,947,801 

13,818 

9,746,926 

New  Zealand 

805 

494,926 

851 

507,565 

1,656 

1,002,491 

Tasmania  

657 

230,092 

648 

241,630 

1,305 

471,722 

Grand  Total 

8,289 

5,524,143 

8,490 

5,696,996 

16,779 

11,221,139 

There  is  a Government  dry  dock  at  Cockatoo 
Island  (Billoela),  Port  Jackson,  in  which 
H.M.S.  Galatea,  of  26  guns  and  3,227  tons, 
was  docked.  Mort’s  dry  dock  is  also  capable 
of  accommodating  the  largest  class  of  mail 
steamers  that  come  to  the  port.  The  Aus- 
tralian Steam  Navigation  Company  has  a slip 
capable  of  taking  up  a vessel  of  1,503  tons,  and 
there  are  also  smaller  private  slips  and  floating 
docks.  Another  Government  dock  is  being 
constructed  at  Cockatoo  Island,  which  will 
take  in  the  largest  vessel  now  afloat. 

One  hundred  and  two  vessels  were  built  in 
New  South  Wales  in  the  year  1883,  consisting 
of  52  steamers,  12  schooners,  30  luggers,  3 
cutters,  4 ketches,  and  i barquentine,  showing 
an  aggregate  of  7,253  tons. 


That  the  last  ten  years  are  worthy  of  being 
termed  a decade  of  prosperity  for  the  colony 
will  be  seen  by  noting  the  increases  shown  by 
the  following  figures  : — 

Aggregate  Aggregate 

Import  Trade.  Export  Trade.  Together. 

£ £ £ 

1852  to  1861 57,650,053  ...  43,125,653  ...  100,775,706 

1862  to  1871 84,832,363  ...  74,148,876  ...  158,981,239 

1875  to  1884 167,164,963  ...  152,283,164  ...  319,448,127 

The  trade  of  New  South  Wales  expanded 
from  ;^i58, 981, 232  in  1862-71  to  £262,6^(^,612^ 
in  1872-81,  an  increase  of  03, 000,000,  or  65 

per  cent,  on  the  latter  period.  During  the  last 
three-and-twenty  years,  the  relative  growth  of 
imports  and  exports  was  as  follows  : — 
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1862-71.  1872-81.  1882-3-4. 

Imports  84,832,363  ...  133,070,409  ...  65,068,872 

Exports  74,148,876  ...  129,609,204  ...  54,864,485 


The  imports  and  exports  per  head  averaged 
in  1883 — 

1883. 

£ s.  d. 

Imports 24  18  8 

Exports 23  13  2 

n 10 

Returns  of  the  amounts  of  imports  into  New 
South  Wales  during  the  last  three-and-twenty 
years  give  the  following  figures  : — 

1862-71.  i87i-8i.  1882-3-4. 

£ £ £ 
Great  Britain 32,575-549  60,983,506  ...  33,203,045 

"^mh?r  Colonies'!} 37^926,669  ...  60,244,755  - 25,306,642 

Foreign  Countries  14,330,145  ...  11,842,148  ...  6,559,185 

1^84,832,363  ;T;i  33,070,409  1^65,068,872 


The  returns  of  the  total  value  of  exports 
from  the  colony  during  the  last  three-and- 
twenty  years  give  the  following  figures  ; — 


1862-71. 

1872-81. 

1882-3-4. 

£ 

£ 

£ 

Great  Britain 

30,208,485  ., 

,.  61,384  766  ... 

24,877,778 

Australian  and  1 

other  Colonies..  J 

[41,467,718  .. 

• 6?,734,754  ... 

25,832,293 

Foreign  Countries 

2,472,673  .. 

,.  5489,684  ... 

4,154  414 

1^174,148,876  1^129,609,204  ;{^54,864,485 


Although  the  trade  between  the  Australasian 
Colonies  and  Great  Britain  is  very  large, 
that  between  the  colonies  themselves  is  even 
greater,  and  immense  good  has  been  effected 
by  this  commercial  interchange. 

The  total  value  of  the  trade  in  1884  amounted 
to— Imports,;^22, 827,585;  exports,;^i8, 25 1,506; 
or  in  all  1^41,079,091,  with  a balance  in  favour 
of  imports  of  1^4,576,079.  As  compared  with 
1883,  the  aggregate  trade  of  the  colony  shows 
an  increase  of  nearly  a million.  The  imports 
from  the  United  Kingdom  amounted  to 
1^11,423,047,  and  the  exports  to  ;^7,683,88o. 
Trade  with  the  other  British  possessions  was — 
Imports, ;^9, 185,876;  andexports  tOi^9,22i,986. 
Imports  from  foreign  States  amounted  to 
1^2,218,662,  and  exports  to  355, 640. 

The  total  Customs  revenue  in  1884  was 
;^b865,329,  or  1^344,968  in  excess  of  the  figure 
for  1883.  The  Customs  revenue  for  the  year 
ending  June  30th,  1885,  was  1,^1,717,265,  of 
which  _^i,463,056  was  collected  in  Sydney. 
During  the  first  quarter  of  1885,  the  imports  at 
the  Sydney  Customs  amounted  to  ^4,700,893  ; 
and  the  exports  to  1^2,998,660. 

The  following  Table  exhibits  the  increase  of 
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trade,  compared  with  the  census  popultion,  in 
decennial  periods : — 

Population  at  Census.  Trade.  Per  head. 


£ £ %.  Cil. 

1841  130,856  ...  3.551,385  ...  27  2 9 

After  giving  up  Victoria. 

1851  187,243  ...  3,360,813  ...  17  i8  II 

After  giving  up  Queensland. 

1861  350,860  ...  11,986,394  ...  34  3 3 

1871  503,981  ...  20,854,540  ...  41  7 7 

1881  751,468  33,458,829  ...  44  10  5 


The  public  revenue  has  increased  from 
^532,718  in  1851,  to  ;^7,499,878  for  the  year 
ended  June  30th,  1885.  Of  the  latter  amount, 
£i,’/iy,26^  was  obtained  from  Customs, 
1^113,812  from  Excise,  ^238,750  from  stamps, 
and  ;,^i2i,338  from  licenses.  The  land  sales 
amounted  to  '^1,267,510,  and  the  total  land 
reuenue  to  ;^2,oo7,8i3.  The  receipts  from  the 
national  railways  amounted  to  1^2,357,934. 
The  revenue  from  taxation  is  officially  given  at 
£2  4s.  lod.  per  head  of  the  population  for  1883. 
The  revenue  for  the  year  ending  June  30th, 
1885,  shows  an  increase  of  ;^9 18,646  on  that  of 
the  previous  year.  This  increase,  it  should  be 
mentioned,  is  in  face  of  the  loss  of  revenue 
occasioned  by  the  cessation  of  sales  of  Crown 
lands,  in  view  of  a change  in  the  Colonial  land 
laws.  The  tariff,  which  is  established  for 
purposes  of  revenue  only,  is  one  of  the  simplest 
in  Australasia,  free  trade  being  the  avowed 
policy  of  the  colony.  The  revenue  for  1885 
is  estimated  at  ^8,485,250,  towards  which 
^3,714,957  was  received  during  the  first  half 
of  the  financial  year. 

The  public  debt  of  the  colony  at  the  close  of 
1884  was  ;i^24,6oi,959  9s.  2d.,  the  annual 
interest  being  ;^i,o7i,o66  is.  8d.  Of  the  loans 
contracted  by  New  South  Wales  up  to  the  end 
of  1884,  £22,6o6,yiy  have  been  for  railways, 
which  now  return  an  interest  of  4*37  per  cent, 
annually  on  the  wEole  capital  invested.  The 
remainder  of  the  loans  have  been  for  public 
works  principally  of  a reproductive  character. 
These  figures  conclusively  show  that  the 
object  for  which  this  money  has  been  borrowed 
contributes  a revenue  equal  to  the  whole 
interest  on  the  debt,  while  the  works  themselves, 
which  have  been  admirably  constructed,  are 
becoming  every  year  more  valuable.  Strictly 
speaking,  therefore,  the  colony  is  without  debt, 
and  consequently  in  a most  enviable  position 
as  compared  with  all  other  British  possessions. 

The  industrial  stability  of  the  colony  is 
manifested  by  the  operations  of  its  banks,  as 
during  the  past  decade  their  progress  far 
exceeded  the  increase  in  population,  their 
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circulation  having  nearly  doubled,  their  de- 
posits and  advances  more  than  doubled,  and 
their  coin  and  bullion  reached  nearly  half  as 
much  again.  At  the  end  of  June,  1884,  the 
total  paid-up  capital  of  the  various  New  South 
Wales  banks  was  ;^8,96o,ooo,  and  their  re- 
serves and  undivided  profits  ;^4, 77 1, 005 — equal 
to  ;!^i3,73i,005  of  banking  capital.  This  repre- 
sents a diminution  of  ;^i, 500, 000  in  the  amount 
of  the  paid-up  capital — the  amount  of  that 
of  the  Oriental  Bank— but  the  reserves  show 
an  increase  of  about  ;^5o,ooo.  The  total 
amount  paid  for  the  last  dividends  had  been 
;j^635,25o,  ranging  from  5 per  cent,  in  the  case 
of  the  London  Chartered,  to  25  per  cent,  in 
the  case  of  the  Commercial  Bank  of  Sydney. 
At  the  close  of  1884,  the  deposits  in  the  New 
South  Wales  banks  amounted  to  ;,^26,259,4i9 
sterling.  Deposits  in  the  savings  banks 
have  increased  per  head  of  population  from 
£i  17s.  6d.  to  £2i  I2S.,  and  the  large  amounts 
to  the  credit  of  the  depositors,  clearly  show 
the  existence  of  both  prosperity  and  thrift 
amongst  the  working  classes.  The  total  number 
of  depositors  are  45,442,  with  a credit  of 
/i, 882,319. 

Australia?!  Ear?iings. — The  earning  power 
of  the  Australian  community  is  greater  than 
that  of  any  other  population  in  the  world. 
According  to  Mr.  G.  Mulhall,  F.S.S.,  the 
annual  earnings  per  head  in  Australia  are 
over  ;^43,  as  against  ;^35  in  the  United  King- 
dom, £2^  in  the  United  States,  £2^?  in  Canada 
and  Holland,  and  £2^  in  France.  The  rate 
of  wages  is  highest  in  New  South  Wales, 
where  it  exceeds  £^o  per  head  per  annum. 
This  causes  the  saving  power  to  Australia  to 
largely  exceed  that  of  other  countries,  the 
annual  savings  per  head  being — in  Australia, 
£(d  15s,  while  in  the  United  Kingdom  it  is 
^■4  4s.  in  the  United  States  £-}^  77s.,  in  France 
£^  13s.,  in  Canada  £2^  3s.,  and  in  Holland 
£2  2S. 

I may  here  mention  that  the  wages  obtained 
by  artisans  at  the  present  time  average  from 
70S.  to  I2S.  per  day  of  eight  hours,  agricul- 
tural labourers  from  ;;^40  to  £(do  a year  with 
board  and  lodging,  while  female  domestic 
servants  obtain  from  £2^  to  £2,0  a year, 
according  to  their  capability. 

It  is  impossible  to  overrate  the  importance 
of  railways  in  their  action  of  facilitating  and 
developing  trade.  Without  railways  no  country 
can  hope  to  compete  successfully  in  the  great 
struggle  for  existence.  Until  the  railways 
crossed  the  Blue  mountains,  the  trade  with  the 
interior  was  on  a very  limited  scale,  nor  could  it 


be  very  much  increased.  Trade  follows  the  rail, 
and  the  experience  of  Europe  and  America  in 
this  respect  has  been  found  to  hold  good  in  a 
greater  degree  in  New  South  Wales,  where 
there  is  such  a pronounced  absence  of  internal 
navigation.  Their  introduction  has  had  the 
most  beneficial  results,  which  must  continue 
to  increase  in  direct  proportion  to  their 
extension.  They  are  entirely  in  the  hands 
of  the  Government,  excepting  a short  line 
from  Deniliquin  to  Moama.  It  is  much 
better  that  railways  should  be  Government  pro- 
perty, as  money  can  be  borrowed  for  their 
construction  at  a much  cheaper  rate  than 
could  be  possibly  be  done  by  private  com- 
panies. Moreover,  when  they  are  found  to 
pay  more  than  the  interest  upon  the  debt,  the 
traffic  rates  can  be  reduced,  thus  benefiting 
the  entire  population  of  the  colony  without 
any  loss  being  made  on  account  of  the  reduc- 
tion. 

There  are  principally  three  great  trunk 
lines.  Western,  Southern,  and  Northern.  The 
Great  Western  line  is  now  open  to  Bourke,  a 
distance  of  503  miles,  with  a branch  from 
Wallerawang  to  Mudgee.  The  Great  Southern, 
running  to  the  Victorian  border  at  Albury,  on 
the  Murray  River,  386  miles  from  Sydney, 
which  is  there  navigable  for  small  steamers 
It  there  joins  the  Victorian  system  of  railways 
which  runs  to  Melbourne,  thus  establishing 
direct  communication  between  the  two  capitals, 
a journey  of  576  miles,  run  in  about  19J 
hours,  or,  including  stoppages,  at  the  rate  of 
nearly  thirty  miles  an  hour.  There  is  a branch 
line  from  Murrumburrah  to  Hay,  which  is  545 
miles  from  Sydney.  The  Great  Northern, 
which  is  not  yet  in  communication  with 
Sydney,  but  which  starts  from  Newcastle  and 
is  open  to  Tenterfield,  380  miles  from  New- 
castle, and  near  the  Queensland  border. 
There  is  also  a branch  running  to  Narrabri, 
distant  from  Newcastle  252  miles. 

These  railways  touch  nearly  all  the  im- 
portant towns  and  centres  of  population  in  the 
colony.  The  Great  Western  passes  through 
vineyards  and  orangeries  to  Penrith  and  Emu 
Plains,  where  it  begins  the  ascent  of  the  Blue 
Mountain  range,  the  summit  level  of  which  is 
reached  at  the  Mount  Clarence  tunnel,  at  a 
height  of  3,678  feet,  and  thence  descends  by  the 
great  Zigzag  into  the  Lithgow  Valley,  where, 
as  I have  before  stated,  there  are  collieries, 
ironworks,  potteries,  and  many  other  industrial 
works.  In  crossing  the  mountains  the  en- 
gineering works  are  necessarily  very  heavy 
and  costly,  but  they  have  been  well  designed, 


RTay  14,  1886.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


703 


and  constructed  in  the  most  substantial  man- 
ner, and  the  line  carries,  even  at  the  present 
time,  an  enormous  amount  of  traffic. 

The  passengers  carried  during  the  year  1884 
were  11,253,109,  and  the  goods  traffic  amounted 
to  3,124,425  tons.  Included  in  this  traffic  were 
2,168,990  head  of  live  stock,  319,677  bales  of 
wool,  and  1,773,905  tons  of  coal. 

The  tramways  are  also  under  the  railway 
department,  and  have  now  become  a recog- 
nised institution  in  Sydney.  They  are  worked 
by  steam  motors,  and  the  convenience  afforded 
by  this  means  of  conveyance  is  generally 
acknowledged. 

]\Iore  than  23,522  miles  of  common  roads 
are  open,  affording  intercommunication  with 
ev'ery  part  of  the  interior,  and  about  ^5,000,000 
have  been  spent  in  ten  years  upon  their  con- 
struction. Mail  coaches  run  through  every 
district.  During  the  last  quarter  of  a century 
more  than  fifty  miles  of  public  bridges  have 
been  constructed.  About  3,000  miles  of  road 
are  metalled,  1,600  miles  are  graded  mountain 
passes,  and  the  remainder  for  the  most  part 
drained  and  cleared,  with  bridges  where 
required.  There  are  also  eighty-seven  public 
ferries,  four  of  which  are  worked  by  steam. 

Wherever  there  is  a township  there  is  a 
post-office,  and  every  village  in  the  interior 
has  its  postal  communication.  The  postage 
on  letters  within  New  South  Wales  is  2d.  per 
-A  oz.,  excepting  in  the  city  and  within  a radius 
of  ten  miles  thereof,  for  which  the  postage 
charge  is  id.,  while  newspapers  are  carried 
free.  The  number  of  letters  passing  through 
the  General  Post-office  in  1884  was  39,644,700, 
and  23,392,000  newspapers,  facts  which  indi- 
cate much  commercial  activity  and  intelli- 
gence. 

The  total  income  of  the  Department  for  the 
year  1884  was  ;^495,868.  The  total  expendi- 
ture was  L6xh^95‘  These  figures  embrace 
the  Post-office,  Telegraph  Department,  Money 
Order  Office,  and  the  Government  Savings 
Bank. 

The  ocean  mails  are  carried  by  the  Penin- 
sular and  Oriental  Steam  Navigation  Company, 
z/^a  Colombo  and  Melbourne  ; by  the  Pacific 
Mail  Steamship  Company,  z’/a  San  Francisco  ; 
by  the  Queensland  Royal  steamers,  z//d  Torres 
Straits  ; by  the  Orient  Steam  Navigation  Com- 
pany, z^/d  Brindisi,  or  z^/d  Naples;  by  the 
Netherlands-lndia  Steam  Navigation  Com- 
pany ; and  by  the  Messageries  Maritimes 
(French  lines),  z/Zd  Marseilles.  Of  these,  the 
Peninsular  and  Oriental  Steam  Navigation 
Company,  and  the  Orient  Steam  Navigation 


Company,  despatch  their  steamers  fortnightly, 
alternating  so  as  to  establish  a weekly  service. 

Telegraph  lines  intersect  the  country  in  every 
direction,  and  a message  of  ten  words,  exclu- 
sive of  the  address,  the  latter  being  free,  can 
be  sent  to  any  part  of  the  colony  for  is.  There 
were  open  in  : — 

Stations.  Miles  of  \Vire<  Messages. 


1871 89  ...  5,579  •••  218,530 

1881  318  ...  14,278  ...  1,607,200 

1882  345  ...  15,901  ...  1,965,931 

1883  368  ...  17,272  ...  2,107,288 

1884  — ...  i8,68i  ...  2,334,052 


The  total  cost  of  construction  was  ^601,459. 

Telegrams  from  all  parts  of  the  world  are 
published  daily  in  the  newspapers. 

There  are  416  money-order  offices,  and  in 
1873  the  number  of  money  orders  issued  in  the 
colony  was  92,744,  representing  a total  value 
of  ;^42o,294  4s.  In  1883  the  number,  which 
has  steadily  increased  every  year,  was  275,592, 
representing  a total  amount  01^963,697  los.  9d. 

I feel  that  my  task  has  been  very  in- 
adequately performed,  as  it  is  really  impossible 
to  do  the  subject  justice  in  the  limited  propor- 
tion of  a paper  of  this  class.  I have  en- 
deavoured, however,  to  place  before  you  a 
compilation  of  statistical  facts  which  will 
enable  you  to  form  an  approximate  idea  of  the 
position  New  South  Wales  has  already 
acquired  in  her  industries  and  commerce. 
You  will  be  able  to  gather  from  what  I have 
said  upon  the  colony’s  early  history  hovv 
tedious  and  how  difficult  its  advancement  was 
during  the  first  sixty  years  of  its  existence, 
and  the  rapidity  with  which  it  expanded  after- 
wards, especially  during  the  last  decade,  and 
how  it  continues  to  expand  and  double  itself 
in  what  we  may  truly  term  an  arithmetical 
progression.  The  E.xhibition  of  the  Colonies 
and  India  affords  intelligible  and  striking 
evidence  of  this  marvellous  expansion — a de- 
velopment which  has  taken  place  under  a 
system  of  government  which  gives  free  action 
to  each  of  the  self-governing  colonies  to 
carry  out  any  line  of  policy,  fiscal  or  other- 
wise, which  their  respective  Parliaments  may 
conclude  to  be  the  best  adapted  to  their 
requirements.  Until  the  time  arrives  when 
the  Colonies  shall  be  strong  enough,  in 
point  of  numbers,  to  take  an  important 
position  in  the  direct  Parliamentary  re- 
presentation of  her  people  in  the  national 
councils  of  the  Empire,  I think  this  individual 
freedom  of  Colonial  action  far  better,  far 
simpler,  and  far  more  conducive  to  Imperial 
unity  than  any  confederation  of  Colonies, 
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which  I am  confident  must  have  an  opposite 
effect,  and  will  ultimately  lead  to  grave  mis- 
understandings with  the  Imperial  Government. 
It  is  to  be  hoped  that  this  Exhibition  will 
strengthen  and  further  promote  the  interest 
and  good  feeling  which  at  present  exists 
between  Great  Britain  and  her  Colonies. 

Twenty  years  ago  England  would  willingly 
have  parted  with  the  Colonies,  considering 
them  an  incumbrance.  Since  that  time,  how- 
ever, a change  has  come  over  the  spirit  of  the 
dream  of  British  statesmen.  Public  opinion 
warns  them  that  it  is  dangerous  to  tamper  with 
such  ideas,  or  to  entertain  such  sentiments,  in- 
asmuch as  the  people — the  great  democracy — 
are  determined  to  uphold  the  union  of  Imperial 
interests.  The  ever-increasing  importance  of 
the  Colonies  has  at  last  become  apparent  to 
the  British  nation,  and  the  necessity  for  pre- 
serving inviolate  their  connexion  with  the 
British  Crown  becomes  every  day  more  striking 
and  unmistakable.  The  population  of  Great 
Britain  increases  nearly  half-a-million  every 
year,  and,  like  the  bees,  a swarm  must  leave 
the  hive  in  which  there  is  no  longer  any  room 
for  them.  Surely  it  is  better  that  the  swarm 
should  settle  in  our  own  territory  than  fly  over 
the  neighbour’s  fence,  to  become  the  subjects 
of  a power  which  in  the  future  may  be  that  of 
an  enemy. 

There  is  no  such  thing  as  separation  talked 
of  in  Australia,  and  any  one  who  mooted  it  in 
a colonial  community  would  be  hissed  and 
scoffed  at.  All  the  leading  statesmen  hold 
opinions  entirely  adverse  to  any  such  senti- 
ment, and  the  people  are  all  thoroughly  loyal 
and  passionately  attached  to  their  sovereign. 
Nowhere  in  her  Majesty’s  dominions  is  the 
Queen’s  birthday  kept  with  more  enthusiasm 
or  made  a greater  holiday,  or  is  it  possible 
that  a sovereign  could  be  more  beloved,  or 
spoken  of  with  greater  sentiments  of  devotion. 
The  Australians  are  entirely  a people  of  the 
people  — there  is  no  aristocracy,  but  the 
wealthy  or  upper  classes  are  those  who  have 
been  successful  in  business,  and  amassed  either 
fortune  or  a competency ; while  the  work- 
ing classes  are,  as  a rule,  intelligent 
and  thoroughly  respectable.  All  alike 
are  well-behaved  and  most  subservient 
to  authority.  Generally  fond  of  field  sports 
and  manly  games,  they  are  good  shots, 
fearless  riders,  skilful  oarsmen,  and  excellent 
cricketers.  The  out-door  healthy  life  of  the 
bulk  of  Australian  young  men  fosters  a love 
for  these  manly  pastimes.  In  fact  the  national 
feeling  is  English,  and  the  entire  population 


as  completely  subjects  of  the  Queen  as  the 
people  of  London.  Liberty  in  the  Colonies  has 
not  degenerated,  but,  on  the  contrary,  there  is 
as  genuine  a love  of  law  and  order  as  is  to  be 
found  in  the  heart  of  Merrie  England  herself. 
Colonists,  however,  have  to  adapt  themselves 
to  circumstances  and  take  such  action  as  will 
accord  with  their  needs  ; nevertheless,  they  are 
to  all  intents  and  purposes  English  of  the 
English — in  fact,  some  of  your  famous  literary 
men,  who  have  visited  Australia,  have  said, 
“ they  are  more  English  than  the  English 
themselves.” 

In  comparatively  a few  years  the  British 
population  abroad  will  be  equal  to  that 
of  the  British  Islands.  This  is  an  absolute 
certainty,  provided  the  world  continues  its 
onward  progression.  The  great  self-governing 
Colonies  are  already  complete  communities  in 
themselves,  but  naturally  each  has  its  own 
idiosyncracies,  and  their  vested  interests  have 
less  influence  than  in  European  countries. 
The  early  settlers  took  with  them  that  love  of 
freedom  and  impatience  of  tyranny  which 
have  always  characterised  the  British  race, 
and  these  have  impressed  their  mark  upon  the 
colonial  intellect,  institutions,  and  laws. 
Colonials  may  be  headstrong,  but  they  are 
eminently  filial ; they  are  proud  of  their  privi- 
lege as  British  subjects,  and  I quite  agree 
with  Mr.  Froude  that  should  the  great  misfor- 
tune of  separation  be  ever  brought  about,  I 
feel  confident  the  fault  will  not  be  on  the  side 
of  the  Colonies. 

The  boundless  territory  of  the  great  south 
land  gives  space  for  the  increase  of  the  British 
race,  and  scope  for  the  development  of  the 
strength  and  energy  which  our  fathers  achieved 
and  have  bequeathed  to  their  children.  Let 
us  in  imagination  look  over  the  heads  of 
centuries  into  the  distant  future,  and  we  shall 
see  the  colonies  of  Australia  as  they  have 
expanded  into  a mighty  nation.  The  beauty, 
the  wealth,  and  the  resources  of  that  highly 
favoured  land,  have,  in  working  out  its  destiny, 
produced  generations  of  healthy  and  vigorous 
humanity,  strong  in  the  faith  and  traditions  of 
their  fathers.  We  see  men  sprung  from  sires 
who  were  not  ashamed  of  toil,  who  thought 
work  honourable,  and  believed  that  “labour 
is  good  for  man,  bracing  up  his  energies  to 
conquest.”  We  see  men  who  have  made 
themselves  illustrious  by  their  love  of 
country  and  noble  deeds,  their  advocacy 
of  the  equality  of  human  rights  and  love 
of  freedom,  and  we  see  a nation  who 
cherish  and  maintain  those  high  and  sacred 
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principles  which  have  been  approved  by  God 
and  man  ever  since  the  world  was  created. 
We  see  a great  people,  as  the  sands  of  the  sea 
in  multitude,  with  their  wharves  and  quays 
crowded  with  produce,  and  their  harbours  full 
of  great  ships.  We  instinctively  look  for  the 
bridge  which  connects  this  land  with  Great 
Britain  ; wC  cannot  distinctly  see,  but  we  trust 
it  may  be  there.  The  mirage  which  hangs 
about  the  horizon  obscures  the  view,  and  so 
the  future  is  hidden,  and  w'e  cannot  perceive 
whether  the  Australia  of  the  future  stands 
alone,  or  is  still  in  connection  with  that  grand 
old  fatherland  in  which  we  all  take  such  an 
honest  and  proper  pride. 

The  most  ardent  wish  of  the  great  Napoleon 
was  for  ships,  colonies,  and  commerce,  for 
these,  he  argued,  were  absolutely  neces- 
sary to  make  an  Empire  prosperous,  power- 
ful, and  wealthy.  Great  Britain  has  become 
possessed  of  all  these,  of  a power,  magni- 
tude, and  profusion  such  as  could  never 
have  been  dreamt  of  by  the  illustrious 
ruler  and  general  who  aspired  to  estab- 
lish an  Empire  in  France  equal  to  that  of 
ancient  Rome.  Moreover,  she  is  mistress  of 
the  ocean,  and  garrisons  every  d'  adva?ifage 

for  guarding  the  approaches  to  her  vast  pos- 
sessions. Can  it  be  possible  that  she  will, 
through  inadvertence  or  carelessness,  abandon 
these  inestimable  privileges  and  these  illimita- 
ble territories,  her  people’s  patrimony?  We 
answer  No,  ten  thousand  times  no.  Our 
fathers,  in  a hundred  battles,  won  them  for  us 
against  all  comers,  and  made  the  maritime 
glory  of  Great  Britain  a “track  of  continuous 
light.’’  Shall  we  become  degenerate,  and  lose 
the  superiority  for  which  they  so  gallantly 
struggled  and  so  nobly  obtained  ? Rather  let 
us  cultivate  that  patriotic  spirit  which  cannot 
be  better  described  than  in  the  stirring  words 
of  the  old  song,  that — 

“ ^Ve,  their  children,  will  maintain  their  old  supremacy, 

And  where’er  a vessel  spreads  a sail,  we’ll  rule  the  stormy 
sea.” 


DISCUSSION. 

Mr.  Hyde  Clarke  complimented  Mr.  Combes  on 
the  clearer  position  in  which  he  had  put  the  question 
of  the  New  South  Wales  debt,  which  had  been  so 
much  misunderstood.  Mr.  Combes  showed  that  the 
debt  of  the  colony  was  applied  to  railways  almost 
exclusively.  He  (Mr.  Clarke)  would,  therefore,  point 
out,  again,  that  the  right  mode  of  comparison  is  not 
with  the  figures  called  “ public  debt,”  but  with  those 
of  “railway  capital.”  Thus  the  New  South  Wales 


figures  per  head  represent  solely  railways,  while  for 
England  the  number  per  head  represents  “ public 
debt  ” met  by  taxation.  To  this  has  to  be  added  an 
equal  amount  for  proportion  of  railway  capital. 
In  comparison  with  the  United  States,  the  propor- 
tion of  “public  debt”  is  very  small,  while  the 
figures  for  railways  is  proportionally  very  much  larger. 
Consequently  the  real  question  to  be  discussed  is 
not  whether  the  “ public  debt  ” of  New  South  Wales 
or  other  colonies  is  too  large,  but  whether  the  “ rail- 
way capital”  is  too  large,  or  is  capable  of  further- 
extension  and  development. 

Sir  Saul  Samuel  said  Mr.  Combes  had  dealt 
with  this  subject  in  such  an  exhaustive  and  able 
manner  that  he  had  left  little  for  anyone  else  to  say. 
He  could  only  remark  that  the  progress  which  the 
colony  had  made  was  something  marvellous,  and  not 
only  in  the  case  of  New  South  Wales,  but  all  the 
colonies.  They  were  apt  to  look  to  Canada  as  being 
the  greatest  colony,  but  comparing  it  with  New 
South  Wales,  it  would  be  found  that  the  trade  was- 
about  the  same,  whilst  the  revenue  of  the  latter  was 
somewhat  larger.  If,  however,  the  whole  of  the 
Australian  Colonies  were  taken  together,  the  trade 
was  now  about  20,000,000  ; if  ever  they  became 
federated  into  a Dominion — as  he  hoped  some  day 
they  would  be,  for  he  did  not  altogether  agree  with 
Mr.  Combes  on  that  point — the  trade,  if  continuing 
at  the  present  rate,  would  be  nearly  three  times 
larger  than  that  of  Canada.  He  did  not  wish 
to  detract  from  the  great  colony  of  Canada,  but 
still  one  could  only  judge  of  the  greatness  of 
countries  by  comparison.  To  give  an  instance, 
showing  the  great  progress  made  by  the  colony  o£ 
New  South  Wales.  In  the  year  1819,  which  was  in 
the  lifetime,  perhaps,  of  some  present,  at  any  rate, 
it  was  just  one  year  before  he  himself  was  born,  he 
did  not  know  whether  there  was  a Board  of  Trade  in 
England  at  that  time,  but,  at  any  rate,  there  was  a 
Government  regulation  that  no  vessel  under  350 
tons  should  go  to  New  South  Wales ; the  idea  being 
that  the  voyage  was  too  perilous  for  vessels  under 
that  tonnage.  A meeting  was  held  in  the  city  of 
Sydney,  in  that  year,  at  which  Sir  John  Jamieson 
principal  surgeon  of  the  time,  presided,  with  the 
object  of  petitioning  the  English  Government  to 
allow  vessels  of  150  tons  to  go,  because  it  took  so 
long  to  load  a vessel  of  350  tons  that  it  delayed 
postul  communications  so  much  that  people  despaired 
of  getting  their  letters  within  a reasonable  time. 
Vessels  now  went  to  the  colony  every  week  of  from 
3,000  to  5,000  tons ; there  could  not  be  a greater 
proof  of  progress.  There  was  another  point  on 
which  he  did  not  agree  with  Mr.  Combes.  He  did 
not  believe  there  was  any  apathy  on  the  part  of 
the  English  people  in  regard  to  the  Colonies.  There 
was  a time  no  doubt,  some  fourteen  or  fifteen  years 
ago,  when  Professor  Goldwin  Smith,  and  others  of 
the  same  school,  advocated  the  separation  of  the 
Colonies  from  the  mother  country.  These  gentle- 
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men  considered  the  Colonies  were  likely  to  be  a 
burden  to  4he  mother  country,  but  they  little  dreamt 
■of  what  was  in  prospect — the  vast  progress  likely  to 
be  made,  or  that  the  time  would  come  when,  instead 

there  being  a'desire  to  cast  the  Colonies  adrift, 
they  would  seek  to  bring  them  closer.  That  was 
really  so  at  present.  He  would  not  say  there  was  not 
a class  of  politicians  at  one  time  in  the  Colonies  who 
thought  they  could  do  better  separated  from  the 
mother  country,  but  they  were  not  very  far-seeing, 
and  it  would  be  difficult  to  find  such  men  now. 
The  Colonies  had  nothing  to  gain  by  separating  from 
the  mother  country,  but  everything  to  gain  by  re- 
maining a part  of  the  Empire,  and,  as  Mr.  Combes 
had  stated,  one  never  heard  in  the  colony  any  talk^ 
of  separation.  They  were  more  loyal  even  than  the 
people  of  England,  and  took  every  opportunity  of 
-showing  it.  They  were  demonstrative  in  their 
loyalty  to  an  extent  which  English  people  would 
hardly  credit.  The  Queen’s  birthday  was  kept  as  a 
holiday  because  they  loved  the  Queen  and  the  old 
country ; and  they  also  took  advantage  of  the  Prince 
of  Wales’s  birthday  to  do  the  same  thing.  This  did 
not  apply  to  Australia  alone,  for  in  Canada  they 
observed  the  Queen’s  birthday  in  the  same  way, 
closing  the  banks  and  business  establishments,  and 
the  familiar  air  of  “ God  save  the  Queen”  was  to  be 
heard  in  all  directions.  Long  may  she  reign  over  the 
Empire. 

hlr.  Bolderat  expressed  his  admiration  for  the 
able  exposition  which  Mr.  Combes  had  given  of 
the  progress  of  New  South  Wales. 

Mr.  P.  L.  SiMMONDS  said  he  had  had  the  pleasure 
of  being  associated  with  Mr.  Combes  at  the  Paris 
Exhibition  of  1878.  He  had  also  charge  of  the 
Colonies  in  the  Exhibition  of  1862,  and  there  was 
certainly  no  apathy  then  in  regard  to  them ; but, 
nevertheless,  the  desire  for  information  in  regard  to 
the  colonies  had  been  advancing  year  by  year.  In 
1867,  at  Paris,  he  had  charge  of  the  Australian 
Colonies,  and  he  might  say  that  the  various  products 
there  shown  attracted  a good  deal  of  attention  from 
the  French,  who  were  net  generally  a colonising 
nation.  They  were  much  surprised  at  what  had  been 
done  then,  but  if  they  now  looked  at  the  progress 
wMch  had  been  made,  they  wmuld  see  how  much 
these  colonies  had  developed  their  industrial  resources, 
whether  mining,  agricultural,  pastoral,  or  manu- 
facturing. The  Colonial  Exhibition  was  certainly 
far  beyond  any  expectations  which  could  have  been 
formed  of  the  progress  of  the  Colonies  by  those  who 
took  part  in  the  first  great  Exhibition ' of  1851, 
Several  of  the  industries  had  advanced  marvellously, 
but  he  would  allude  especially  to  the  wine  industry. 
In  1867  he  did  his  best  to  bring  the  various  wine 
products  of  Australia  before  the  French  people,  and 
they  were  awarded  several  silver  medals,  but  since  then 
the  Australians  had  advanced  very  much  in  the  pro- 
cesses of  manufacture,  and  the  report  of  Mr.  Bonard 


had  done  a great  deal  to  advance  their  wine  trade.  At 
the  subsequent  exhibitions,  both  at  Antwerp  and 
Amsterdam,  the  Australian  colonies  had  come  out 
very  well,  although  they  did  not  put  forth  their  whole 
strength  as  they  had  now  done.  One  other  industry 
which  had  been  greatly  developed  was  the  meat 
industry.  Twenty  or  thirty  years  ago,  before  this 
Society,  in  dealing  with  the  utilisation  of  waste 
substances,  he  took  occasion  to  advert  to  the  de- 
plorable fact  that  so  many  sheep  were  boiled  down 
amply  for  their  tallow,  when  food  was  so  much 
wanted  in  this  country.  Soon  after,  Mr.  Harrison, 
of  Geelong,  advocated  the  frozen  meat  industry, 
and  since  then  it  had  advanced  to  such  a stage,  that 
it  had  become  an  extensive  trade,  both  in  the  form 
of  tinned  meat  and  frozen  meat.  Mr.  Combes  had 
not  had  time  to  refer  specially  to  some  features  of 
the,  colony’s  -progress,  particularly  educational  and 
industrial,  but  those  who  examined  his  figures, 
when  published,  would  see  that  the  progress 
made  had  been  very  marvellous.  He  could  remember 
the  first  gold  discoveries,  and  read  a paper  on  the  sub- 
ject before  the  British  Association  at  Glasgow,  about 
1855.  He  little  thought  then  that  the  amount  of 
Australian  - derived  gold  would  advance  to  3^^ 
millions.  But  their  mineral  wealth  was  not  limited  to 
gold;  the  coal  industry  all  over  the  colonies  was 
probably  one  of  the  most  useful,  and  it  was  highly 
important  that  England  should  have  coaling  stations 
in  all  parts  of  the  world  to  which  British  vessels  went. 

Mr.  LiGGEsrs  said  he  could  not  say  too  much  in 
commendation  of  the  valuable  communication  they 
had  had  from  Mr.  Combes,  though  he  could  not 
agree  with  him  as  to  the  undesirability  of  some 
kind  of  federation  with  the  mother  country. 

Mr.  Cqmbes  said  he  referred  to  a federation 
between  the  colonies  themselves ; any  other  form  of 
association  he  had  always  advocated. 

Mr.  Liggins  said  that  colonists  w'ere  often  more 
loyal  than  they  were  at  home.  He  was  rejoiced  to 
think  that  the  Prince  of  "Wales  had  brought  before 
the  public  of  England  something  to  show  them  the 
great  importance  of  the  Colonies  to  this  country 
The  necessity  of  the  Colonies  for  stay  at  home  people 
was  becoming  more  and  more  clear  every  day. 
There  was  in  England  a surplus  population  of 
great  intelligence  and  educational  capacity  which 
could  not  do  better  than  go  to  the  British  Colonies, 
rather  than  to  an  antagonistic  country  wherever 
it  might  be  situated,  whether  a kingdom  or  a re- 
public. The  Colonies  of  England  furnished  a climate 
to  suit  every  constitution,  and  they  were  all  within 
about  a month’s  voyage,  for  New  Zealand  now  came 
within  thirty-five  days,  and  the  cost  of  transit  was  very 
slight. 

The  Chairmav  said  it  only  remained  for  him  to- 
propose  a vote  of  thanks  to  Mr.  Combes  for  his  in^| 
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teresting  paper.  In  spite  of  the  alleged  apathy  of 
this  country,  colonial  affairs  did  receive  a great  deal 
of  attention,  and  the  importance  of  the  Colonies  to 
the  empire  at  large  was,  he  thought,  pretty  generally 
recognised,  as  was  proved  by  the  emphatic  and 
striking  recognition  of  that  importance  which  was 
sho^vn  only  two  days  ago  in  the  opening  of  the 
Colonial  Exhibition  by  her  Majesty  the  Queen.  No 
one  who  was  privileged  to  see  that  magnificent 
spectacle  would  ever  forget  the  hearty  and  expressive 
manner  in  which  the  ceremony  was  performed  by 
those  persons  who  were  principally  concerned 
in  it.  No  doubt  New  South  W’ales  had  taken 
its  fair  share  in  that  Exhibition,  though  he  had  not 
yet  had  time  to  examine  what  it  had  done.  Those 
collections  would  speak  for  themselves,  but  they  were 
all  indebted  to  Mr.  Combes  for  the  light  he  had 
thrown  on  the  commerce  and  industry  of  the  country, 
and  for  the  way  in  which  he  had  enabled  them  to 
appreciate  the  energy,  intelligence,  and  public  spirit 
of  the  inhabitants  of  this  particuiar  colony. 

Mr.  Combes,  in  reply,  said  there  appeared  to  be 
some  little  misunderstanding  with  reference  to  what 
he  had  said  about  the  federation  of  the  colonies.  It 
was  simply  of  forming  the  colonies  themselves  into  a 
Dominion  of  which  he  spoke.  He  had  unremittingly, 
during  the  last  fifteen  years,  during  which  time 
he  had  taken  some  active  part  in  colonial  politics, 
advocated,  as  strongly  as  he  knew  how,  some 
stronger  kind  of  union  with  the  mother  country.  He 
might  be  wrong,  but  he  had  recommended  the  same 
principle  which  had  made  an  united  Germany  out  of 
the  fragments  of  which  it  consisted  before  it  was  taken 
in  hand  by  the  great  man  who  now  ruled  its  des- 
tinies. In  that  case  the  unification  was  consolidated 
by  a Customs  union,  but  he  thought  they  had  better 
go  on  in  New  South  Wales  as  they  were  going  until 
time  and  circumstances  should  point  to  what  was 
required.  It  was  well  to  leave  sleeping  dogs  alone  ; 
they  were  going  on  very  well.  He  believed  a 
federation  of  the  Australian  Colonies  to  establish  a 
Dominion  would  quickly  lead  to  some  misunder- 
standing with  the  Imperial  Government,  if  there 
had  been  a Dominion  in  Australia  during  the  time 
of  the  New  Guinea  fiasco,  there  would  have  been  a 
very  grave  misunderstanding.  New  South  Wales 
and  Victoria  were  already  sufficiently  powerful _^to 
bring  a large  number  of  men  into  the  field  if  they  had 
to  raise  an  army,  and  there  was  no  doubt  that  the 
Colonies  could  take  care  of  themselves  if  any  attempt 
should  be  made  to  invade  them.  It  was  a million 
times  better,  however,  to  continue  in  the  happy  union 
with  the  mother  country,  and  in  every  possible  way 
to  consolidate  the  Empire.  He  thought,  especially 
with  reference  to  New  South  AVales,  that  they 
w’ould  lose  prestige  if  there  were  to  be  a Dominion, 
and  no  longer  have  the  absolute  power  to  manage 
their  own  affairs.  It  was  not  as  if  they  had  a con- 
stitution like  the  United  States.  They  had  not 
a number  of  States  and  a Congress  with  a 


President  wielding  a power  of  veto.  It  was  only 
when  trade  had  declined  with  other  nations,  when 
it  was  found  that  the  United  States,  Germany, 
and  France,  by  their  progress  in  manufactures,  and 
by  their  protective  tariffs,  were  almost  able  to  supply 
themselves,  that  the  English  people— of  the  Man- 
chester school— began  to  see  that  it  was  absolutely 
necessary  to  keep  the  Colonies,  or  they  would  have  no 
customers  at  all.  There  could  be  no  doubt  that  w'as 
the  feeling  at  the  present  time.  He  w'as  commis- 
sioned, under  the  Great  Seal  of  the  Colony,  to  make 
an  inquiry  with  reference  to  technical  education  in 
other  countries,  and  in  doing  so  had  found  that 
other  countries  were  making  such  rapid  strides  in 
manufacturing  industries  that  they  would  leave  very 
little  for  England  to  do  in  the  way  of  making  goods 
for  them.  It  would  not  be  long  before  the  English 
people  would  see  the  necessity  of  forming  such  ties 
with  their  Colonies  as  to  increase  and  solidify 
their  own  trade,  and  to  guard  their  own  against  all 
comers.  At  the  present  time  he  thought  it  best 
to  let  things  go  on  as  they  were.  He  "was  aware 
of  the  great  interest  which  the  late  Mr.  Forster 
and  Lord  Roseberry  took  in  the  colonies,  but 
those  who  did  take  such  an  interest,  even  at  the 
present  time,  were  few  and  far  between.  He  could 
only  hope  that  this  Exhibition  would  create  that 
interest  in  the  subject  which  was  due  to  its  im- 
portance, which  was  due  from  a mother  to  a 
child,  and  which  could  not  fail  to  produce  good  re- 
sults in  the  future.  He  had  not  said  anything  about 
education,  as  it  was  outside  the  scope  of  his  paper; 
but  being  intimately  connected  with  technical  in- 
struction in  the  colony,  he  might  say  that  it  had 
already  made  great  strides  in  New  South  Wales, 
and  was  quite  up  to  the  average  of  that  given  in 
England.  The  plan  adopted  was  based  somewhat 
on  that  of  South  Kensington.  They  had  not  intro- 
duced trade  or  industrial  schools,  but  they  taught 
the  sciences  that  underlaid  the  various  handicrafts. 
With  reference  to  primary  education,  the  system 
was  secular,  compulsory,  very  nearly  free,  and  a 
child  could  get  as  good  a rudimentary  education 
as  anywhere  in  the  world.  Moreover  there  had  been 
established  within  the  last  three  years  schools  for 
secondary  and  higher  education,  so  that  already  there 
was  a complete  system  which  would  aspire  to  what 
Professor  Huxley  said  he  wished  to  see  in  England 
— viz.,  that  education  should  resemble  a ladder,  of 
which  one  foot  was  placed  in  the  gutter,  and  the 
top  of  which  reached  the  university.  With  regard 
to  technical  education,  there  were  seventy  classes 
in  Sydney  alone,  and  many  of  the  distinguished 
professors  of  the  University  gave  instruction.  He 
wanted  to  give  all  the  information  he  could 
about  the  Colonies,  and  if  he  could  only  interest 
a few,  they  would  speak  of  what  they  knew  to 
others,  and  thus  information  would  spread  rapidly. 
Whilst  talking  about  the  mother  country  and  the 
Colonies,  the  establishment  of  Dominions,  and  the 
future  seat  of  Government,  he  w^ould  ask  them 
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to  suppose  for  one  moment  that  the  tie  which 
existed  between  the  United  States  and  Great 
Britain  had  never  been  broken — Great  Britain 
with  her  thirty-five  millions  of  population  and 
America  with  her  sixty  millions  — where  would 
the  seat  of  Government  be  now  ? It  was  only  fair 
to  mention  this  so  as  to  induce  thinking  people  to 
consider  what  the  probabilities  are  for  the  future. 
These  Colonies  would  have  a population  in  100 
years  much  greater  than  that  of  the  United  States, 
because  the  countries  of  Europe  were  more  densely 
populated,  and  the  stream  of  population  must  go 
somewhere.  It  must  go  to  Australia  when  the  United 
States  were  full.  Therefore  the  dependencies,  if  they 
■continued  dependencies,  would  become  much  more 
populous  than  the  mother  country.  It  only  required 
to  look  forv/ard  and  these  matters  would  be  arranged. 
The  thing  would  have  to  be  looked  at  from  a broader 
point  of  view.  If  the  mother  country  and  its  de- 
pendencies come  together  in  one  government  and  one 
great  bond  of  union,  there  must  be  a Congress,  or  a 
House  of  Representatives,  in  which  they  will  have  an 
equal  voice  with  the  voice  of  Great  Britain. 


INDIAN  SECTION. 

Friday,  May  7, 1886 ; SiR  JuLAND  Danvers, 
K.C.S.I.,  in  the  chair. 

The  paper  read  was  — 

INDIAN  MANUFACTURES  FROM  A 
PRACTICAL  POINT  OF  VIEW. 

By  B.  H.  Baden  Powell,  C.I.E. 

It  is  difficult  to  deal  methodically  with  such 
a subject  as  that  on  which  I have  been  invited 
to  address  you,  because  there  is  no  one  point 
from  which  a beginning’  can  be  made,  or  any 
single  conclusion  towards  which  we  can  make 
our  way.  I feel,  then,  that  an  apology  will 
readily  be  accepted  for  the  somewhat  desultory 
nature  of  my  remarks.  I can  only  hope  to 
invite  your  attention  to  a few  of  the  more  in- 
teresting peculiarities  of,  or  circumstances 
which  are  notable  in  connection  with,  Indian 
manufactures. 

My  remarks,  I should  explain,  necessarily 
refer  chiefly  to  that  part  of  India  with  which  I 
am  familiar — the  Panjab  and  Northern  India; 
but  I do  not  desire  to  be  precluded  from  an 
occasional  reference  to  other  parts  ; and  much 
of  what  is  said  will,  I think,  be  found  to  be 
true  generally. 

The  term  “practical  point  of  view”  intro- 
duced into  the  title,  means  that  I do  not 
intend  to  call  your  attention  merely  to  the 
beauties  of  Indian  manufactures,  but  rather  to 
some  of  the  characteristics  of  Indian  labour, 


its  place  and  opportunities  in  the  commercial 
life  of  the  people. 

Much  indeed  might  be  said,  and  attractively 
said,  from  the  purely  aesthetic  point  of  view. 
But  there  is  less  occasion  for  a paper  on  this 
subject,  because  everyone  is  now  able  to  see 
specimens  of  Indian  art  manufactures  in  the 
Indian  Exhibition,  not  to  speak  of  Mr.  Purdon 
Clarke’s  acquisitions  at  South  Kensington, 
while  the  editors  of  illustrated  magazines  have 
long  found  out  what  attractive  letterpress  may 
be  put  together  regarding  Oriental  work,  and 
what  charming  scope  for  the  bright  lights, 
delicate  tracery,  and  deep  shadows  of  wood- 
cutting, Indian  art  objects  afford.  Moreover, 
there  is  a special  journal  devoted  to  the  sub- 
ject. As  this  periodical  is  not  as  well  known 
as  it  deserves  to  be,  I am  glad  of  the  oppor- 
tunity to  recommend  it.  The  illustrations, 
chiefly  due  to  the  cultivated  taste  and  careful 
supervision  of  my  friend  Mr.  Lockwood  Kipling, 
Principal  of  the  Mayo  School  of  Industrial  Art 
at  Lahore,  leave  nothing  to  be  desired.  The 
work  only  costs  2s.  a number,  and  is  to  be  had 
at  Mr.  Bernard  Quaritch’s.  Some  ten  num- 
bers have  already  appeared.  It  is  admirably 
printed  by  Mr.  W.  Griggs,  of  Hanover- 
street,  Peckham,  S.E. 

The  first  thing  that  strikes  the  student  of 
Indian  life  is  that  Indian  manufactures  are 
strictly  such ; they  are  all  handicrafts.  It 
is  true  that  at  Calcutta  there  is  a considerable 
and  increasing  out-turn  of  “jute”  fabrics, 
made  in  great  mills  by  steam-power;  * and  in 
Bombay  a still  larger  manufacture  of  cotton- 
twist,  yarn,  and  plain  cloth  is  mentioned.t 

In  one  or  two  places  paper-mills  [i.e., 
machine  mills)  have  been  established,  and  you 
will  perhaps  allow  me  to  digress  for  a moment, 
to  remark  that  this  form  of  manufacture  con- 
stitutes one  of  the  most  hopeful  enterprises  of 
the  future  if  only  one  or  two  obstacles  can  be 
overcome.  The  chief  of  these  is  the  supply 
of  bleaching  agents.  They  are  absolutely 
iftdispensable,  but  those  in  use  are  costly, 
owing  to  the  objection  of  shipowners  to  carry 
them,  and  for  what  reason  I do  not  know, 

* Jute  is  the  fibre  (something  like  hemp)  of  CorcJioms 
olito7'ius  and  C.  capsulai'is,  two  very  similar  herbaceous 
plants,  of  the  same  order  as  our  lime  or  linden  tie,e[Tiliaceai). 
The  jute  manufacture  gives  employment  to  close  on  43,000 
hands ; and  the  value  of  the  exports  amounts  to  nearly 
,^2,500,000,  of  which  1,500,000  represents  “gunny”  bags 
and  cloth,  chiefly  sent  to  the  United  States  and  to  Australia. 

t The  foreign  export  (chiefly  to  Aden,  Zanzibar,  Mozambique 
and  Arabia)  has  risen  from  a value  (in  round  numbers)  of 
;^i,o85,ooo  in  1878^  to  ;^2, 180,000  in  1882.  And  if  the  inland 
and  coast  export  of  Bombay  is  added,  a total  export  of  close 
on  £5,000,000  is  reached. 
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the  local  production  of  the  requisite  chemicals 
has  not  3’et  been  successfully  undertaken. 

The  native  style  of  writing  does  not  demand 
the  same  sort  of  paper  as  English  corre- 
spondence does,  for  the  writing  is  done  with  a 
comparatively  soft,  pointed  reed,  and  the  ink 
(of  lampblack  and  gum)  does  not  penetrate 
the  paper.  The  best  native  paper  is  made  in 
Kashmir,  and  this  is  in  demand  for  all  formal 
and  complimentary  letter-writing  among  the 
higher  classes.  But  Kashmir  paper  is  merely 
a thinner  and  finer  class  of  the  same  paper  as 
is  usually  made.  The  latter  is  unbleached,  is 
thick,  and  coarse  or  open  in  texture,  and  it 
cannot  be  written  on  till  the  surface  has  been 
polished  b}'  the  application  of  a surface  layer 
of  wheat  size,  burnished  with  an  agate  rubber 
(or  piece  of  smooth  horn),  or  a curved  board. 
Such  paper  is  bulky  and  heavy,  and,  even 
now,  for  letter-writing,  foreign  thin  notepaper 
is  in  demand,  for  Kashmir  paper  is  costly  ; 
and  though  foreign  paper  is  dearer  than  the 
common  native  make,  the  cost  is  compensated 
b}’  the  saving  in  postage.  No  doubt  the  use 
of  machine  paper  would  become  general  (as  it 
now  is  for  all  English  official  records,  and  all 
native  documents  of  a permanent  character) 
if  it  could  be  produced  locally,  and  was  not 
rendered  rather  dear  by  foreign  freight  and 
carriage  charges.  Paper  fibres  abound  in 
India,  like  young  bamboo-shoots,  flax  refuse, 
jute,  hemp,  cotton,  and  many  wild  plants  and 
barks.*  Much  attention  has  been  given  of 
late  to  the  collection  and  partial  preparation  of 
paper-stuff  for  export,  especially  when  the 
periodical  alarms  about  the  supply  of  esparto 
grass  recur.  Bat  it  is  obvious  that  such  ex- 
port is,  as  far  as  India  is  concerned,  a waste 
of  money  and  labour,  since  the  stuff  exported 
has  to  be  brought  all  the  way  back  again  in 
the  form  of  paper. 

But  to  return.  Setting  aside  the  steam- 
mills,  all  the  native  manufactures  of  India  are 
handicrafts.  And  to  this  is,  in  great  measure, 
due  the  characteristic  beauty  and  individual 
interest  of  the  work.  There  is  something 
human  about  it,  which  there  is  not  about 
unvar}’ing  machine-cut  scrolls  of  wood  or 
metal  ornament,  and  the  regular  yard  to  yard 
pattern  of  our  prints. 

These  crafts,  then,  can  always  hold  a place 
of  their  own,  provided  their  character  and 

• The  paper-stuff  of  the  future,  I venture  to  think,  will  be 
the  splendid  bark  of  Broussoneita  papyrtfera,  a small  tree, 
indigenous,  I believe,  in  Burma,  and  easily  culturable  (with 
the  important  requirement  of  plenty  of  water,  however)  in 
most  parts  of  India.  I had  it  flourishing  in  the  public 
gardens  at  Lahore. 


quality  is  maintained.  There-  is  a distinct 
place  for  them  in  the  market,  which  cannot 
be  taken  away  so  long  as  labour  is  so  cheap 
in  India.  We  talk  here  of  is.  a day  as  very 
low  wages;  in  India  it  is  a coveted  remunera- 
tion for  even  skilled  labour,  at  least  in  most 
parts. 

The  origin  of  all  native  Indian  craft  skill 
is  pre-historic ; and  go  back  as  far  as  we 
may,  all  we  can  discern  in  the  way  of  first 
origins  is  the  occasional  introduction  of  a ready- 
born  craft  from  foreign  countries,  ^.e.,  from 
Persia  and  the  north-west  frontier ; the  intro- 
duction being  due  to  the  conquering  hordes 
which  came  from  the  north-west  and  settled 
in  India.  Once  established,  the  arts  remained 
what  they  always  were,  both  as  regards  means 
and  materials,  designs  and  objects.  But  one 
result  of  this  fact  of  indigenious  crafts  sup- 
plemented here  and  there  by  foreign  introduc- 
tions, is  that  we  have  a number  of  crafts,  Hindu 
in  their  origin  and  with  decorative  patterns 
and  forms  of  their  own  ; and  another  set,  such 
(for  instance)  as  the  decoration  of  pottery  and 
encaustic  tiles,  the  gold  damascening  of  steel, 
and  the  inlaying  of  marble,  which  are  Persian 
or  Arabian  in  their  origin,  and  consequently 
Mahommedan.  A broad  distinction  of  Hindu 
art  and  Mahommedan  art  is  everywhere  dis- 
cernible in  India.  The  Sikhs  of  the  Panjab 
may  perhaps  represent  a third  class.  They 
took  kindly  to  various  crafts,  but  specially  to 
carpentering  and  wood  carving,  and  to  metal 
work.  They  also  founded  a distinct  archi- 
tectural school,  and  have  shown  a great  dis- 
position to  keep  the  same  sort  of  design  in  the 
wood  and  metal  work ; their  school  is  essen- 
tially eclectic— a combination  of  both  Hindu 
and  Mahommedan  forms  and  ideas. 

It  is  not  intended  to  be  asserted  that  the 
Hindu  and  Mahommedan  styles  have  re- 
mained always  and  absolutely  apart.  Inde- 
pendently of  the  Sikh  work,  the  collocation  of 
races  and  the  effect  of  time,  would  surely  tend 
to  fuse  the  two  styles  to  some  extent,  together. 
All  I mean  to  say  is  that  we  can  trace  certain 
forms  and  designs  to  a Mahommedan  origin 
and  others  to  a Hindu. 

The  character  of  the  handicrafts  is  naturally 
preserved  by  the  (fortunate)  Oriental  slowness 
to  change,  and  a sort  of  non-inventiveness  and 
lack  of  desire  for  novelty,  which  marks  most 
Indian  races.  It  is  strange,  then,  that  with 
this  undoubted  advantage,  there  should  be 
any  danger  of  the  old  ways  being  deserted. 
But  still,  as  a fact,  there  is  such.  Side  by 
side  with  the  natural  consen'ative  tendency 
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another  influence  is  seen  at  work,  and  both 
must  be  borne  in  mind.  On  the  one  hand, 
ideas  and  methods  are  slow  to  change  ; the 
workmen  rarely  change  their  old  tools  except 
to  the  extent  of  getting  (for  example)  English 
chisels,  saws,  or  planes,  which  do  not  alter 
the  style  of  work.  The  forms  of  ornament  and 
pattern  are  all  traditional,  are  often  described 
in  technical  terms  and  symbols  (in  some  cases 
amounting  to  a kind  of  trade  language),  and 
are  handed  down  from  father  to  son.  At 
Delhi,  there  is  a memorial  mission  church, 
with  a doorway  of  beautifully  sculptured  stone. 
The  carver  of  this  assured  me  that  he  was 
descended  from,  and  had  inherited  the  ideas 
of,  the  craftsmen  who,  in  the  13th  and  14th 
centuries,  decorated  the  matchless  “ Kutab 
minar  ” of  Delhi ; the  great  minaret  intended 
to  be  one  of  four,  which  is  familiar  to  most  of 
the  audience  from  photographs.  But,  while  on 
the  one  hand,  this  “close-guild”  system  of 
work  and  the  preservation  of  traditional  methods 
and  patterns  tends  to  keep  up  the  individuality 
and  national  character  of  work,  on  the  other 
hand,  the  workmen  evince  a quite  simultaneous 
tendency  to  adopt  what  they  fondly  suppose 
to  be  “modern  improvements.”  A skilful 
carpenter,  for  example,  who  desires  to  extend 
his  business  beyond  the  making  of  the  limited 
class  of  purely  native  articles,  will  turn  his 
attention  to  furniture  ; but  he  soon  gives  up 
his  old  ornaments  altogether,  and  hastens  to 
produce  copies  of  European  woodwork,  doing 
this  as  well  as  he  can  from  perspective  and 
rough  cuts  in  a Tottenham-court-road  cata- 
logue; and  he  proudly  shows  you  the  result,  as 
“ asl  Wilayat  ” — the  real  European  article. 
At  Simla  there  has  long  been  a large  colony  of 
carpenters  and  cabinet-makers  who  have  there 
every  facility  for  their  trade.  Walnut  is  the 
common  wood;  a finely  veined  wood  of  the 
rosewood  class  [Ealbergia],  and  a pretty 
yellow  mulberry  can  be  easily  had,  besides 
the  deodar  cedar,  and  the  “tun  ” or  so-called 
“ bastard  mahogany.”  There  being  a large 
European  community,  the  demand  for  fur- 
niture is  considerable,  and  for  some  years 
past  every  house  almost,  has  been  supplied 
with  copies  of  bad  originals,  in  the  shape 
of  folding-chairs,  side-tables,  what-nots,  and 
corner  etageres.  All  are  exactly  alike, 
except  that  the  work  and  carving  gets 
worse  and  worse.  Fortunately  the  exhibition 
at  Lahore  in  1882,  and  the  efforts  of  persons 
of  taste,  who  have  furnished  better  designs, 
have  now  wrought  a considerable  reform. 

The  desire  to  introduce  foreign  forms  is  very 


natural;  and  arises  partly  from  the  idea  of 
pleasing  the  European  customer,  and  partly 
from  an  idea  that  to  copy  anything  English  is 
a sign  of  “progress”  and  intelligence.  An 
amusing  illustration  of  this  may  be  given.  In 
Lucknow  a pleasing  form  of  metal  work  (silver 
incrusted  on  blackened  zinc  or  pewter)  is 
common.  I had  asked  a workman  to  make 
me  a specimen,  leaving  it  to  him  to  choose  his 
own  form  and  ornament,  hoping,  of  course,  to 
get  an  original  native  design.  What  was  my 
surprise,  when,  after  the  duly  long  delay,  I 
received  an  exact  copy  in  metal,  of  an  English 
quart  beer-bottle,  the  rim  at  the  cork,  the 
bulge  of  the  neck,  and  the  hollow  at  the 
bottom,  all  faithfully  reproduced  ; but  the 
whole  covered  with  an  Oriental  design  of  raised 
silver  work ! 

Another  modern  invention,  trivial  as  it  may 
seem,  has  become  a positive  nuisance  in  India. 
I allude  to  the  cheap  and  crude  aniline  dyes."* 
Yard  upon  yard  of  what  would  otherwise  have 
been  good  embroidery  is  now  disfigured  by 
dazzling  green,  awful  purple,  and  blueish- 
crimsons  of  the  “ Judson  ” type  — colours 
which  never  harmonize,  and  always  produce 
a peculiarly  vulgar  glaring  effect.  No  attempt 
to  combine  or  soften  the  tones  has  been  made, 
though  I suppose  such  a process  is  possible. 
In  India  the  silk,  &c.,  is  always  dyed  with  the 
simple  or  brightest  tint. 

It  is  of  course  quite  out  of  the  question  to 
object  to  the  adaptation  of  Indian  work  to 
modern  requirements  ; indeed,  it  is  one  of  the 
first  necessities  of  the  day,  if  the  crafts  are  to 
be  made  remunerative  on  anything  like  a large 
scale.  Not  only  does  the  export  trade  demand 
it,  but  the  tendency  of  education  and  material 
progress  in  India  is  to  enlarge  the  require- 
ments of  households  and  of  objects  of  personal 
use. 

One  of  the  reasons  why  forms  in  solid  in 
India  are  so  few,  in  comparison  with  the  wealth 
and  variety  of  flat  design  and  pattern  for  sur- 
face decoration,  is  the  extreme  simplicity  of 
household  furniture  and  household  vessels.  In 
an  ordinary  Indian  home  everyone  sits  on  the 
ground,  a low  stool  or  a cane  settee  being  here 
and  there  found.  There  is  practically  no  furni- 
ture for  the  different  rooms.  The  bedstead  is 
a simple  frame,  supported  by  four  short  legs, 
often  lacquered  or  carved  and  decorated ; there 
may  be  a few  boxes  for  clothes  and  valuables  ; 
more  rarely  a low  octagonal  table  (called 
“ takht-posh  ”) ; and  some  low  stools  with 

* The  imports  of  dyes  (chiefly  of  the  aniline  class)  increasd 
from  ;^r4o,ooo  worth  in  1873  to  gioTfioo  in  18&2. 
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upright  backs  (called  “piri”).  Cupboards 
are  made  by  recesses  in  the  brickwork  of  the 
walls.  In  country  houses  baskets  or  clay  re- 
ceptacles for  grain  are  to  be  found;  and  this  is 
all  that  is  wanted.  The  fashion  of  sitting  on 
chairs  has  become  a matter  of  form  for  persons 
of  superior  rank  ; indeed,  rank  is  often  distin- 
guishable by  the  question  whether  the  man  is 
a “ Kursi-nishi'n  ” (entitled  to  a chair)  or  not. 
But  the  chairs  in  use  are  all  very  ugly  copies 
of  an  English  conventional  type,  with  curved 
back-board  and  arms. 

Household  vessels,  whether  of  metal  or 
earthenware,  are  few,  and  of  stereotyped 
forms,  each  with  its  own  name.  The  only 
later  addition,  I believe,  has  been  the  universal 
adoption  of  a metal  drinking  cup  with  straight 
sides,  shaped  like  our  tumblers,  and  called  by 
the  adopted  name — significant  of  origin — 
“ glas  ” or  “gilas.”  If  we  add  to  these  the 
brass  lamps,  often  picturesque  enough,  and  a 
few  objects  of  personal  use,  we  have  nearly 
exhausted  the  list  of  Indian  forms. 

A number  of  the  indigenous  forms  will  no 
doubt  always  remain  in  demand  for  use  at 
home,  and  perhaps  still  more,  curiosities  or 
ornaments  for  export.  But  if  the  trade  is  to 
develop  at  home  and  abroad,  it  must  keep 
pace  with  the  times,  and  adapt  itself  to  new 
forms,  without  losing  its  character  and  its 
ancient  excellency.  It  is  quite  possible  for  it 
to  do  this : and  here  is  one  of  the  main  duties  of 
our  Indian  Schools  of  Art,  namely,  to  show  how 
to  adapt  traditional  forms  of  ornament  and  work 
generally,  to  the  requirements  of  modern  furni- 
ture and  architecture,  and  to  objects  of  use 
and  ornament  outside  the  stereotyped  require- 
ments of  old  Indian  life.  Excellent  examples 
(to  take  a single  instance)  of  this  application 
of  Oriental  style  to  modern  furniture  may  be 
found  in  No.  4 of  the  I?idian  Art  Journal 
already  alluded  to. 

This  subject  has  attracted  the  attention  of 
the  Government  of  India;  resulting  in  the 
issue  of  an  excellent  resolution  (March  29, 
1883).  The  plan  of  the  Government  it  may  be 
well  to  explain  briefly.  It  consists  in  estab- 
lishing at  the  museums  of  the  Presidency  and 
provincial  capitals,  which  I may  call  show  or 
sample- rooms,  in  which  typical  specimens  of 
each  class  of  work,  got  together  from  local 
centres  of  handicraft,  may  be  preserved. 
Visitors,  and  commercial  agents,  can  thus 
see  what  the  country  produces,  and  order 
duplicates  or  similar  work  applied  as  they  may 
require. 

In  order  to  keep  the  provincial  museums 
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supplied,  there  are  to  be  local  museums  chiefly 
concerned  with  the  preservation  of  the  products 
of  the  special  locality.  Managing  committees 
are  to  watch  over  these,  encourage  and  develop 
the  local  trades,  and  send  specimens  bearing 
fixed  numbers  to  headquarters.  The  fixed 
number  is  the  guide  to  prevent  error  and  dis- 
appointment in  executing  orders,  and  it  will 
save  detailed  and  possibly  misleading  des- 
cription. It  thus  depends  on  local  committees 
to  find  out  all  that  is  worth  encouraging,  and 
to  suggest  developments  and  new  applications 
of  trade  w^ork,  and  to  furnish  designs,  and 
prevent  as  far  as  they  can,  the  use  of  bad 
models  and  false  colours.  In  this  work  they 
will  often  have  the  aid  of  the  art  school 
director,  or  some  other  person  who  takes  a 
special  interest  in  Indian  crafts.  It  is  quite 
surprising  how  much  there  is  to  learn  in  any 
place  regarding  its  manufactures.  An  official, 
if  he  has  no  particular  taste  that  way,  may  live 
for  years  in  a place  without  knowing  its  handi- 
crafts. And  it  must  be  borne  in  mind  the 
Indian  workmen  are  very  ignorant,  and  quite 
innocent  of  any  idea  of  advertising  their  wares 
or  pushingthemin  the  market;  so  that  they  need 
help,  and  also  being  directed  to  good  develop- 
ments of  their  art,  and  restrained  from  copying 
bad  models,  turning  out  hasty  and  inferior  work, 
and  making  such  “ European”  imitations  as 
I have  attempted  to  illustrate.  It  is  not  always 
easy  to  do  this.  For  the  native  gentry,  on 
whom  we  must  rely  in  many  cases  to  work  the 
committees,  are  not  always  in  sympathy  with 
the  plan  of  adhering  to  good  old  work.  It  is 
unfortunate  that  the  richer  among  them, 
themselves  consider  it  a mark  of  progress  to 
get  imported  articles  for  their  households ; and 
though  they  have  unequalled  facilities  for 
making  their  houses  perfect  models  of  taste, 
and  instances,  which  it  would  be  worth  travelling 
far  to  see,  of  beautiful  Oriental  decoration,  they 
prefer  only  too  often,  to  spend  their  money  on 
showy  European  goods,  buying  up  gaudy 
incongruous  pictures,  French  or?nolu  clocks, 
and  Brussels  carpets  that  are  frightful.  But 
to  get  native  gentlemen  with  leisure  on  to 
committees,  and  give  them  a real  interest  in 
helping  on  their  fellow  countrymen,  is,  in  itself, 
an  object  of  no  mean  importance.  And  I have 
always  found  among  my  many  native  friends, 
men  eminently  open  to  reason  and  willing  to 
be  guided  in  the  right  direction.  When  once 
they  see  the  truth  of  the  argument  and  the 
advantages  of  the  plan,  they  will  help  in  a way 
which,  owing  to  their  knowledge  of  native  life, 
no  foreigner  can  equal. 
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The  mention  of  local  committees  and  local 
museums  naturally  leads  me  to  remark  that 
all  handicrafts  are  excessively  local,  sometimes 
confined  in  an  unaccountable  way  to  a single 
village,  or  a few  families  in  a single  town.  Not 
only  so,  but  where  the  class  of  work  and  the 
material  employed  are  the  same  (as  of  course 
they  often  are)  in  different  localities,  each 
developes  and  adheres  to  its  own  style  of  form 
and  ornament. 

For  example,  the  making  of  brass  vessels  is 
one  of  the  commonest  trades.  Such  vessels 
are  often  decorated,  sometimes  with  beaten 
ornaments — generally  beaten  in  from  out- 
side (the  interior  being  filled  with  a slightly 
yielding  matrix  of  clay,  wax,  and  lac,  so 
that  the  raised  portions  of  the  work  are 
forced  up  by  the  pressure  of  the  bed  as  it  is 
beaten  all  round).  At  other  times  a chiselled, 
engraved,  or  punched  ornament  is  preferred. 
It  is  nearly  always  possible,  to  anyone  ac- 
quainted with  Indian  brass-work,  to  tell  where 
any  particular  specimen  has  come  from. 
Thus  the  Benares  brass-work  is  quite  unlike 
any  other.  The  chiselled  bowls  of  Pinddadan- 
khan,  in  the  Panjab,  are  distinctive,  and  the 
incrusted  brass  and  copper-work  of  Tanjore 
is  unique.  Brass  vessels  are  mostly  used 
by  Hindus.  The  Mahommedans  commonly 
prefer  copper-tinned,  and  this  gives  rise  to  a 
beautiful  assortment  of  chiselled  copper-work, 
in  which  case  the  surface  is  tinned  over  and 
the  pattern  lines  often  filled  with  a black 
composition,  producing  a kind  of  niello. 

The  trays,  native  tea-vases,  and  other  forms 
in  this  work  from  Kashmir  are  well  known.* 

In  a similar  style  Peshawur  has  a specialty 
in  the  “ aftiba  and  chilamchi,’’  a graceful 
long-necked  ewer  and  basin,  used  for  washing 
hands  after  a meal.  I mention  this  in  con- 
nection with  the  Kashmir  work,  because  the 
material  is  the  same,  and  the  origin  of  both 
works  is  equally  Persian,  though  now  the 
character  is  quite  distinct. 

Another  markedly  local  metal  work  is  the 
niello  of  Muradabad  (North-Western  Pro- 
vinces). Here  the  brass,  partly  silvered  or 
whitened  with  quicksilver,  is  decorated  with  a 
tracery  of  black  lines  and  leaves,  or  the  sur- 
face is  black  and  the  lines  only  left  white. 
The  art  of  blackening  zinc  and  inlaying  or 
incrusting  it  with  silver — a work  of  the  class 
known  as  “ bidar  ” or  “ bidri  ” — is  practised 
at  several  places,  in  Bengal  (I  believe)  at 

* The  s^rae  form  and  style  of  decoration  are  also  often 
produced  in  silver,  or  in  silver  enamelled,  or  in  copper  gilt 
and  enamelled. 


Patna,  at  Lucknow  in  Oudh,  and  at  Haida- 
rabad  in  the  Dekhan  ; but  each  locality  has 
its  own  characteristics. 

In  woodwork,  the  Mainpuri  (North-West 
Provinces)  inlay  of  brass  wire  on  dark  wood — 
a marvel  of  delicate  and  patient  skill — is 
unique,  and  quite  unlike  the  brass  inlay  on 
wood  of  Hushyarpur  in  the  Panjab.  So  with 
the  delicate  inlay  in  geometrial  patterns  of 
Bombay.  Of  late  years  only  (as  far  as  I 
know),  a single  workman  in  the  Amballa  dis- 
trict of  the  Panjab  has  undertaken  similar 
work.  The  work  is  probably  familiar,  in  the 
form  of  card-cases,  desks,  and  boxes,  to  many 
of  my  audience.  It  is  done  by  taking  tiny 
three-cornered  rods  of  coloured  wood,  ivory, 
and  soft  tin,  grouping  them  in  a pattern  and 
fixing  them  together  with  a cement,  the  pre- 
paration of  which  is  a trade  secret.  Thin 
slices  are  cut  off,  and  these  are  fixed  on  to  the 
surface  of  the  box,  or  other  object  to  be  inlaid. 
The  interstices  are  filled  up  with  similar 
sections  of  other  groups,  or  with  pieces  of 
ivory ; and  the  bordering  is  done  with  lines  or 
bars  of  ivory,  ebony,  &c. 

I might  fill  pages  with  details  of  other 
works,  all  strictly  local,  but  I must  confine 
myself  to  a few.  The  fabrics  of  wool  and 
cotton  and  silk,  made  in  hand-looms,  are  such. 
Peshawur  silk,  Lahore  and  Amritsar  silk, 
Bahawalpur  silk,  Bengal  silks,  Bombay 
(Thana)  silks,  Madras  silk  “saris,”  are  all  dis- 
tinct and  characteristic.  So  wdth  the  gold  inlay 
or  damascening  of  the  Panj  ab  and  other  places . 
So  wdth  a v/ork  of  very  limited  application,  the 
lacquered  toys  and  vases.  In  the  Panjab  the 
articles  are  turned  in  wood  which  is  coloured 
by  the  application  of  mineral  colours,  or 
crimson  lac,  in  resinous  sticks.  These  are 
pressed  against  the  wood  kept  rapidly 
rotating,  and  the  deposit  is  burnished  dowm 
with  a bamboo  edge  and  a bit  of  cloth  with 
oil.*  The  colour  is  either  uniform,  or  by 
touching  on  several  colours  successively  and 
rubbing  them  together,  a marbled  or  mottled 
surface,  very  pleasing  to  the  eye,  is  produced. 
But  bands  (and  sometimes  whole  surfaces)  of 
incised  ornaments  are  introduced,  and  the 
process  is  so  curious,  that  you  will  pardon  my 


* The  rotation  is  effected  by  fixing  the  article  on  two 
spikes  or  spits,  supported  by  uprights  firmly  fixed  in  the 
ground ; round  one  end  of  one  of  the  irons  the  thong  of  a bow 
is  twisted,  and,  by  swinging  this  to  and  fro,  a circular 
motion  is  produced.  This  plan  of  producing  rotation  is  also 
adopted  generally  by  carpenters  in  boring  holes.  And  it  is 
noteworthy  that  the  gimblet — so  much  handier  to  use  —has 
not  displaced  the  old  bow  and  turning  awls,  even  in  shops  in 
which  English  chisels  and  gouges  may  be  found. 
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stopping  for  a moment  to  describe  it.  Sup- 
pose a band  carrying  a running  line  of  leaf 
and  flower  pattern  is  desired.  The  workman 
first  covers  the  band  with  scarlet ; over  that  he 
lays  a layer  of  green,  and  then,  over  all,  a 
layer  of  burnished  black.  He  now  lightly 
draws  the  “bel,”  or  running  pattern,  with  a 
point.  Next  he  takes  an  angular-pointed 
chisel  (called  in  the  Panjab  “ rach  ”),  and  for 
the  stalk  will  cut  through  all  the  colour  layers, 
thus  exposing  a curved  white  line  (the  wood 
is  white  or  yellowish,  often  of  Caban’s 
aphylla.')  Then  for  the  leaves,  he  will  lightly 
remove  the  black  so  as  to  expose  the  green 
layer,  for  the  flowers  he  will  cut  down  to  the 
scarlet ; lastly,  he  puts  in  some  sharp  touches, 
again  exposing  the  white  wood,  between,  for 
the  calyx.  Thus  a flower  pattern  in  white, 
green,  and  red,  on  a black  ground,  is  pro- 
duced. No  mistake  is  ever  made,  though  the 
slightest  error  in  depth  of  cut  would  expose 
the  wrong  layer  of  colour ; if  a mistake  were 
made  I do  not  think  it  could  be  rectified.  I 
have  seen  whole  vases  covered  with  a delicate 
tracing  of  this  kind.  I could  at  once  tell  by 
the  style,  whether  the  article  came  from  Dera 
Ismail  Khan  or  from  Firozpur,  or  from  Lahore 
or  Hushyarpur. 

Indian  pottery  again,  though  of  course 
made  at  many  places,  is,  if  decorated,  quite 
characteristic.  This  is  the  more  remarkable, 
because,  in  most  places,  kaolin  is  unknown,* 
and  the  surface  of  the  red  clay  has  first  to  be 
whitened  by  a wash  under  the  glaze,  and  as 
the  turquoise  or  copper  blue,  and  the  dark 
blue  of  zaffre  or  cobalt  ore  (lajward),  are  the 
colours  most  generally  available,  it  would  be 
natural  to  expect  a great  similarity ; but  it  is 
not  so.  Multan  blue  and  white  is  unlike  Delhi 
ware  in  the  same  colours,  and  unlike  that  of 
Bombay,  though  the  latter,  being  mostly  made 
at  theart  school,  is  eclectic  in  style  and  various. 
Both  are  different  from  the  Sindh  pottery, 
which,  however,  deals  more  in  rich  red,  yellow, 
and  green,  than  solely  in  blue  and  white. 
Of  unglazed  potter}^  the  little  town  of  Rohtak, 
in  South-East  Panjab,  has  a form  and  style  of 
pale  brown  clay,  finished  with  a lustre  of  finely 
powdered  talc,  quite  unlike  anything  else.  The 
Bahwalpur  State  (South  Panjab),  besides  its 
ugly  distemper  and  painted  ware  (which  of 
course  is  not  durable),  makes  thin  “paper” 
pottery  also  of  talc-finished  brown  clay,  but 
quite  unlike  that  of  Rohtak. 

Wood-carving  cannot  be  passed  over,  though 

• The  Delhi  pottery  clay  is  a rough  kind  of  kaolin,  and 
white  or  whitish  naturally. 


time  warns  me  to  be  brief.  It  is  one  of  the 
most  likely  trades — if  it  is  not  trade 
excellence — for  encouragement  by  exporters 
of  Indian  wares.  The  carpenters  of  the 
Panjab  are  sometimes  Sikh,  sometimes 
Mahommedan  ; but  this  fact  does  not  produce 
much  difference  in  style,  for  although  the 
beautiful  geometric  “ Pinjra,”  or  tracery  work, 
is  distinctly  Mahommedan  (witness  the  similar 
lines  in  the  Alhambra)  the  Sikh  carpenters 
have  assimilated  the  Mahommedan  ornament 
to  a great  extent.  In  the  Panjab,  wood-carving 
is  mostly  of  an  architectural  character,  at 
least  in  origin  ; being  applied  to  doors,  to 
door  frames,  to  lattice-windows  and  shutters 
(when  glass  was  unknown),  or  to  balconies 
and  projecting  window-shades.  The  public 
will  have  a good  opportunity  of  studying  this 
work  in  the  decorated  hall  put  up  in  the  Ex- 
hibition by  workmen  brought  from  Bhera,  a 
town  in  the  Shahpur  district  of  the  Panjab. 
It  is  entirely  different  from  the  wood-carving 
of  Delhi;  and  that  again  from  several  styles 
of  work  in  the  North-West  Provinces,  and 
from  the  splendid  work  of  Ahmadabad 
(Bombay  Presidency)  and  Southern  India.  As 
if  these  varieties  were  not  enough,  we  have 
in  Burma,  where  wood- carving  revels  (so  to 
speak),  all  the  better  class  of  buildings  are  of 
teak  wood  and  ornamented — an  entirely  new 
departure.  The  Burmese  carving,  which  is 
now  extensively  applied  to  furniture  as  it  is  in 
Bombay  and  Madras,  is  totally  and  markedly 
distinct  in  style.  It  is  not  Chinese,  and  yet 
forms  a link  which  can  be  felt  but  not  ex- 
plained in  words,  between  the  Hindu  work 
and  the  absolute  Mongolian. 

I will  only  mention  one  other  class  of  work 
in  which  the  local  character  is  so  discernable  ; 
this  deserves  mention  because  it  is  another 
kind  of  work,  which  might  have  a consider- 
able trade-prospect  before  it,  I allude  to 
cotton-prints.  They  can  be  made  in  any 
length  or  width.  I had  a large  room  at 
Lahore  tapestried  to  half-height  with  a 
beautiful  design  made  at  Kapurthala,  which 
cost  me  for  the  four  walls  about  £6^.  Dados, 
curtains,^(5'r//c’/'<?i',screens,  and  other  draperies, 
either  flat  or  to  hang  in  folds,  can  be  made  of 
this  work.  The  purchaser  can  order  his  own 
quality  of  cloth,  either  “ markin  ” (European 
or  Bombay  mill-made  cotton)  or  the  looser 
and  coarser  “ dosuti  ” of  the  native  looms, 
which,  however,  is  woven  in  rather  narrow 
widths.  The  printing  is  done  with  a number 
of  rather  small  blocks  carved  in  high  relief 
out  of  dark,  hard  “ shi'sham  ” wood  {Dal- 
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bergia)  or  other  similar  hard  wood  which  will 
not  fray  out  in  using.  The  designs  of  the 
combined  blocks  are  various.  Often  archi- 
tectural forms  are  used  (especially  for  “dado” 
pieces)  and  the  arches  are  filled  with  conven- 
tional flowers  and  foliage.  Or  a delicate, 
uniform  pattern  is  stamped  in  pale  red  on  a 
cream-coloured  ground,  and  a bright  border 
added.  Lovely  greens,  and  blues,  and  yellows, 
either  bright  or  of  the  “ old  gold  ” type,  deep 
reds  and  vivid  crimson  (not,  however,  perma- 
nent, this  latter)  are  the  colours  chiefly  used. 
Not  only  flowers  and  foliage,  but  also  animal 
figures,  and  men  on  horseback  are  introduced. 
(This  kind  of  ornament  iscalled  “ Shikargah.”) 
I could  not  enumerate  all  the  places  at  which 
such  work  is  produced.  Lahore,  Multan, 
Gugaira  (Montgomery  district),  Kapurthala, 
are  only  a few  names  that  occur  to  me  at  once; 
but  no  matter  what  the  place,  the  print  is  sure 
to  have  some  distinguishing  characteristic  and 
style  about  it. 

The  ordinary  native  use  for  such  fabrics  is 
to  cover  beds  or  floors  (jhajam),  or  to  line 
tents  and  awnings  ; but  they  can  be  applied 
to  a variety  of  purposes. 

Their  merit  lies  in  their  colour,  design,  and 
character ; but  the  work  is  often  rough,  and 
the  manufacturers  require  to  be  induced  to 
bestow  care.  For  they  themselves  do  not  in 
the  least  care  if  the  pattern  is  awry,  if  a block 
here  and  there  fails  to  give  a complete  impres- 
sion, or  if  different  shades  of  what  should  be 
the  same  colour,  are  used  side  by  side.  No 
thought  also  is  taken  as  to  how  a border  is  to 
go  round  the  corner  at  right  angles.  Nor 
does  one  piece  always  join  on  to  the  next 
correctly. 

It  is  obvious  that  only  a little  carets  needed 
to  obviate  such  defects.  This,  it  should  be 
added,  is  an  instance  of  an  Indian  craft  that 
can  only  hold  its  own  as  long  as  it  is  done  in 
the  old  way,  with  the  old  colours  and  by  hand. 
It  is  dependent,  therefore,  on  cheap  labour. 
While  the  necessary  conditions  exist,  no 
European  competition  is  practically  possible, 
for  no  machine-printed  cloths  would  have  at 
all  the  same  effect. 

Having  so  far  noticed  some  excellences  of 
Indian  handicraftsmen,  it  is  necessary  to 
advert  to  some  obstacles  in  the  way  of  trade 
development.  One  is  the  inveterate  dilatori- 
ness of  the  workmen,  andtheir  dislike  to  settling 
down  steadily  to  work.  Or  if  this  overcome, 
by  a large  demand,  they  go  to  the  other  extreme 
and  work  with  feverish  eagerness,  thus  pro- 
ducing hasty  and  poor  work,  and  probably 


overstocking  the  market.  People  on  the  one 
hand  get  tired  with  waiting,  and  with  sending 
again  and  again  for  work  that  is  never  ready, 
or  get  disgusted  with  bad  and  ill-finished 
specimens,  and  so  the  craft  falls  into  neglect. 

A very  intelligent  collector  of  Indian  wares 
once  jokingly  remarked,  that  the  only  way  to 
get  real  work  done  would  be  to  catch  all  the 
best  craftsmen  and  put  them  in  a jail ! Handi- 
crafts of  course  must  take  time.  But  it  is 
not  that ; it  is  the  habit  of  sitting  down  for 
days  and  days  together  before  the  work  is 
touched  even.  All  goods  have  to  be  ordered 
and  materials  arranged  for  ab  initio.  Except 
in  the  case  of  embroidered  goods  and  carpets 
(and  a few  other  articles — rarely  the  best  of 
their  kind — now  kept  in  stock  by  middlemen 
in  the  large  towns  visited  by  travellers),  no 
stock  of  made-up  goods  or  shop  full  of  speci- 
mens is  to  be  found.  Consequently,  an  order 
has  to  be  given,  materials  provided  for,  and  a 
price  settled  ; but  more  frequently  the  work- 
man will  not  fix  a price— only  take  something 
in  advance.  He  prefers  to  let  the  purchaser 
see  the  effect  of  his  work  before  settling  the 
price.  In  many  cases  it  is  a matter  of  search 
to  discover  the  workman.  Then  the  difficulties 
follow  : the  workman  cannot  stir  himself  up  to 
make  a beginning. 

In  one  of  the  numbers  of  the  Indian  Art 
Jozcrnal,  I have  given  my  experience  of  at- 
fempting  to  start  in  business,  and  advertise  the 
work,  of  a clever  engraver  of  brass  I found  in 
the  bazaar,  wasting  his  time  on  petty  work 
that  brought  him  a wretched  pittance.  That 
he  could  have  work  which  for  him  would  have 
brought  a small  fortune,  there  can  be  no  doubt, 
from  the  results  of  the  one  or  two  pieces  of 
work  I induced  him  to  turn  out.  And  I have 
from  time  to  time  taken  other  artisans  in  hand, 
and  tried  to  bring  them  forward.  Having  got 
a specimen  or  two  of  their  work,  it  was  only 
needed  to  show  these  to  visitors  to  procure 
requests  for  further  work,  which  a little  trouble 
would  have  multiplied.  And  if  piece  by  piece 
were  finished  regularly,  according  to  a time 
promised,  with  due  respect  to  what  is  really 
needed  for  the  patient  and  necessarily  slow 
handwork,  all  would  go  well,  and  a continuous 
and  paying  employment  would  result.  In  time 
the  labour  would  be  divided,  one  man  taking 
the  rough  material,  and  the  best  workmen  only 
doing  the  fine  work  or  the  finishing.  But  no  ! 
The  rule  is  never  do  to-day  what  you  can  put 
off  till  to-morrow.  Message  after  message  had 
to  be  sent  for  the  long  over-due  work,  and 
always  the  same  excuse  : the  man’s  grand- 
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mother  was  dead  ; his  son  w’as  ill  ; and  so 
on  through  the  w'hole  chapter  of  fictitious 
accidents.  People  then  give  up  the  hope,  and 
buy  something  else  that  is  procurable  ; and 
thus  the  local  market  is  missed. 

On  the  other  hand,  if  the  idea  of  making  a 
profit  does  get  into  the  mind  of  the  craftsmen, 
they  will  take  more  orders  than  they  can 
execute,  or  make  more  pieces  than  they  can 
sell.  Then  some  others  will  compete  with  them 
in  price,  without  any  regard  to  real  calculation 
of  successful  price  competition  ; and  the  re- 
sult is,  in  a short  time,  that  such  bad,  rough 
work  is  offered,  that  buyers  will  not  accept  it  ; 
the  craftsmen  get  discouraged,  and  the  trade 
is  threatened  with  extinction. 

Haste  and  roughness  can  never  be  allowed 
to  become  emphasized  in  native  work,  for 
roughness  and  ill-fitting  of  parts  is  already 
marked  enough  even  in  work  good  of  its  kind. 
The  beautiful  inlay  of  ivmry  on  dark  wood— a 
specialty  of  the  Hushyarpur  district  (two  or 
three  villages  only,  I believe)— was  a con- 
spicuous instance  of  this.  I possess  some 
picture-frames  and  a cabinet  made  in  the  best 
days,  and  the  work  is  out  of  all  comparison 
with  that  produced  later,  when  the  style 
became  known  and  fashionable.  I believe, 
however,  that  this  work  will  revive,  if  it  has 
not  already  done  so,  under  local  care. 

The  universal  Oriental  habit  of  fixing  no 
rationally  calculated  and  ascertained  price  for 
goods,  but  of  asking  an  exorbitant  figure  in 
expectation  of  bargaining,  has  its  bad  effects 
on  some  crafts  (embroidery,  for  example),  be- 
cause it  leads  to  absurd  prices  being  offered. 
The  people,  therefore,  give  up  good  and 
laborious  work,  and  offer  something  for  which 
the  lower  rate  will  be  a profitable  price.  Any- 
one who  will  examine  the  double  stock*  a 
Delhi  embroidery  - seller  can  often  be  in- 
duced to  produce,  will  realise  this  effect  for 
himself.  But  this  is  a matter  which  will  be 
cured  by  time  and  by  practice,  as  goods  come 
more  into  regular  demand.  The  people  really 
do  not  at  present  know  what  their  work  is 
worth,  and  have  not  the  least  idea  of  calcu- 
lating and  allowing  for  this  and  that.  They 
have  had  no  experience  to  guide  them.  In 
the  old  days,  an  inlayer  of  arms,  for  example, 
brought  a fine  shield  or  a bit  of  armour  to 
some  courtier.  The  thing  took  the  great  man’s 
fancy,  but  a regular  price  was  not  thought  of. 
Perhaps  he  did  not  pay  for  it  at  all  ; perhaps, 

• One  of  cheap  rate  for  the  inveterate,  but  ignorant  bar- 
gainers, another  for  these  who  care  for  good  work  and  are 
willing  to  pay  a fair  price. 


in  a good  humour,  he  tossed  a bag  of  two  or 
three  hundred  rupees,  but  it  was  “largesse” 
and  not  a trade -price  at  all.  That  was  quite  the 
common  way  of  dealing.  Regular  price  comes 
from  steady  business-like  trade. 

I feel  that  with  these  details  I have  already 
trespassed  too  long  on  your  attention,  I will, 
therefore,  only  remark  further,  that  the  main- 
tenance of  the  handicrafts  of  India  is  not 
merely  a question  for  curio-collectors  and  the 
pleasure  of  the  few.  It  is  really  a very  im- 
portant matter  for  the  welfare  of  the  country. 

In  the  Panjab,  it  is  true  (and  the  same  may 
be  said  of  other  parts),  the  population  is 
essentially  agricultural  ; that  is,  nearly  five- 
sixths  of  the  whole  derive  their  living  more  or 
less  from  the  land.  But  still  the  number, 
relatively  small  but  positively  large,  of  castes 
and  families  whose  hereditary  occupation  is 
trade  and  manufacture,  must  not  be  over- 
looked, especially  not  with  regard  to  the 
rate  at  which  population  increases  ; for  it  is 
obvious  that  the  area  of  profitably  culturable 
land  is  limited,  and  a time  must  come  when 
the  limit  is  reached.  But  trade  in  manufactures 
of  all  kinds  that  are  local,  and  not  obtainable 
elsewhere,  is  capable  of  quite  indefinite 
development.  Not  only  might  the  export 
demand  be  increased,  but  the  home  consump- 
tion. For  as  education  advances,  so  surely 
does  the  desire  for  a better  style  of  living  ; and 
that  means  more  complicated  arrangements 
in  the  household,  and  wider  requirements  in 
the  way  of  furniture,  utensils,  and  objects  of 
personal  use.  All  this  might  be  taken  up 
locally  to  the  great  benefit  of  the  manufactur- 
ing classes. 

And  as  the  cost  of  living  increases,  as  it 
must  do,  so  will  the  inducement  become  greater 
to  break  through  old  caste  tics  and  turn  to 
manufactures.  At  present  every  one  that  is 
not  a born  craftsman  tries  to  get  either  a bit 
of  land  or  a Government  post — “ naukari,”  as 
the  phrase  is.  But  land  is  limited,  and  the 
number  of  Government  posts,  even  including 
the  humblest,  is  still  more  limited.  And  if  a 
man  has  land,  still,  as  his  family  increases,  it 
will  be  a great  thing  if  he  can  supplement  his 
income  from  handicraft  labour. 

Nearly  all  women  in  the  Panjab  (for  instance) 
can  embroider  in  silk  or  cotton.  As  usual,  the 
styles  of  the  different  races  and  localities  are 
traditional  and  well  marked.  Chiefly  the  work 
is  done  for  “chadars,”  or  wrappers  and  veils 
for  their  own  use  ; but  the  demand  for  these 
embroidered  pieces  has  already  developed 
largely,  and  a regular  profit  might  be  made  in 


JOURNAL  OL  THE  SOCIETY  01  ARTS, 


\May  14,  i8?6. 


716 


many  agricultural  households,  as  it  now  is  in  a 
few.  It  is  not  in  all  castes,  that  the  women 
engage  in  field  labour ; the  majority  have  much 
time  on  their  hands,  which  they  at  present 
fritter  away  in  gossip,  and  in  cotton  spinning, 
which  is  much  less  profitable. 

Caste  is  a great  hindrance  to  the  multipli- 
cation of  crafts.  All  trades  go  by  caste,  and 
caste  sub-divisions,  or  are  at  any  rate  here- 
ditary in  families.  I have  often  been  sur- 
prised to  notice  in  the  Panjab  how  almost 
exclusively  the  making  of  Oriental  carpets  is 
confined  to  the  larger  jails,  and  so  rarely  con- 
ducted outside  them.  This  is  chiefly  because 
carpet-making  castes  do  not  exist  in  the  Panjab 
(except  in  the  Derajat  to  some  extent)  and 
those  who  live  in  jails  are  of  various  castes 
and  tribes.  The  jail  authorities  introduced 
this  work  because  it  is  a suitable  one,  profit- 
able to  the  Government,  liked  as  a reward 
for  good  conduct,  and  because  long-termed 
prisoners  have  time  to  become  thoroughly 
proficient.  I once  asked  a man  at  the  central 
jail  of  Lahore,  who  had  acquired  great  skill, 
whether  on  his  release  he  would  not  set  up  a 
loom  of  his  own  (as  his  term  was  about 
to  expire).  He  at  once  replied,  “No,  he 
was  a ‘ Kasai,’  ” that  is,  of  the  butcher 
caste,  and  would  return  to  his  hereditar}" 
occupation. 

Yet  the  carpet  trade  ought  to  be  most  profit- 
able. The  loom,  made  of  a few  poles  and 
ropes,  costs  little  or  nothing  to  set  up  ; and 
all  the  capital  needed  is  a supply  of  coloured 
wools,  cotton-thread  for  the  web,  and  a very 
few  tools. 

This  feature  of  caste  has  no  necessar}^  con- 
nection with  any  religious  feeling,  or  with  any 
other  feeling  that  the  friend  of  the  people  need 
fear  to  touch,  in  persuading  them  to  take  to 
trade.  Nature  also  helps  by  refusing  to  be 
so  bound,  and  often  developing  gifts  of  skill 
and  aptitude  outside  the  hereditary  line- 
Already  in  every  bazaar,  and  in  almost  every 
town,  som.e  workmen  may  be  found,  who  have 
joined  as  apprentices  without  previous  family 
connection  with  the  trade. 

Let  me  only  add,  in  conclusion,  a few  re- 
marks about  middlemen.  One  of  the  problems 
in  the  encouragement  of  Indian  manufactures 
is  how  to  get  the  work  known  and  introduced 
into  the  market.  The  people  themselves  do 
not  know  how  to  push  their  goods,  or  get  them 
sold  and  obtain  further  orders.  Nor,  as  I said, 
are  they  reasonably  firm  in  the  matter  of  price. 
It  has  already  come  to  pass  in  some  places 
that  middlemen  buy  up  and  keep  show-rooms 


of  embroidery,  and  of  the  Delhi  work  in  gold.* 
It  is  probably  so  to  some  extent  with  Bombay 
inlay,  ivoryware,  and  other  goods.  But  there 
is  great  fear  of  the  system  spreading  un- 
heeded ; for  no  supervision  of  the  middlemen 
is  possible,  and  no  native  of  the  class  can  be 
trusted  with  unchecked  power  over  his  in- 
feriors. He  becomes  a petty  t}Tant  at  once. 
The  result  would  be  that  the  workmen  would 
be  wretchedly  paid  (as  they  are,  I know,  in 
the  case  of  the  Delhi  gold  work),  and  the 
profits  all  go  to  the  middlemen.  In  England, 
we  have  already  heard  much  against  the 
middleman  system  ; and  if  it  is  abused — to  the 
detriment  of  both  purchaser  and  craftsmen — 
here,  how  much  more  so  will  it  be  with  the 
ignorant  and  often  simple  hand  labourers  of 
India. 

This  subject  is  well  worth  the  attention  of 
those  who  take  a social  interest  in  Indian 
manufactures. 

With  this  I will  conclude.  I trust  you  will 
not  have  found  the  subject,  poorly  as  I have 
treated  it,  wholly  devoid  of  interest ; and  I 
shall  be  amply  rewarded  if  I have  awakened 
any  sense  that  there  is  a practical  side  to  the 
question  of  Indian  handicrafts,  with  which 
persons  devoted  to  social  problems  can  occupy 
themselves,  and  which  impl}'-  something  more 
than  a mere  effusive  interest  in  a nice  bit  of 
brasswork  here,  or  an  embroidered  veil  there. 
We  need  more  than  an  interest  which  expends 
itself  in  momentary  desire  to  possess  the 
object;  we  desire  one  that  will  go  on  to 
give  some  thought  as  to  the  labour,  the  work, 
the  cost,  who  has  made  it,  and  what  place  the 
trade  may  have  in  the  social  policy  of  the 
great  Indian  Empire. 


DISCUSSION. 

Mr.  T.  H.  Thornton,  C.S.I.,  said  this  paper  was  a 
most  interesting  one,  especially  to  himself,  as  he  had 
been  connected  ^vith  the  Panjab  for  about  25  5"ears,  and 
took  a great  interest  in  all  that  concerned  the  people 
and  the  development  of  its  manufactures.  He  was 
especially  interested  in  it  from  having  been  a fellow- 
worker  with  Mr.  Baden  PoweU,  and  knowing  how 
eminent  and  trustworthy  an  authority  he  was  in  all 
the  matters  with  which  he  had  dealt.  He  was 
distinguished  in  many  capacities — as  a judicial  officer 


* A local  work  known  as  “gokru,”  or  by  Europeans  as 
“ babul  work,”  because  of  its  resemblance  to  the  flower  of 
the  Acacia  arabica.  Little  spheres  and  hemispheres  of  gold 
are  covered  all  over  with  minute  gold  spikelets,  which  are 
fixed  on  point  by  point  with  cement,  and  then  the  whole 
fused  together  with  gold  solder. 
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for  his  accuracy  and  aptitude,  as  a botanist  in  the 
management  and  development  of  forests,  and  also  as 
the  writer  of  two  most  valuable  works  on  the  pro- 
ducts and  manufacture  of  the  Panjab.  He  hoped 
the  paper  would  prove  valuable  in  giving  a practical 
stimulus  to  the  development  of  Indian  manufactures. 

J^Ir.  Bryce  said  he  had  had  occasion  during  his 
residence  in  India  to  appreciate  the  importance  of  a 
great  number  of  the  difficulties  to  which  Mr.  Baden 
Powell  had  referred  in  the  latter  part  of  the  paper — 
the  difficulty  of  securing  continuity  of  work,  of  deal- 
ing -with  the  question  of  middlemen,  and  the  difficulty 
of  getting  at  the  workmen  at  all  in  the  case  of  a great 
number  of  manufactures.  Travelling  over  India  in 
almost  every  part,  one  found  that  every  little  village 
had  some  special  manufacture  of  its  own,  but  no  one 
knew  anything  about  it,  or  who  were  to  be  trusted  to 
do  good  work.  The  Government  officers  were  some- 
times very  kind  in  endeavouring  to  do  what  they 
could  in  this  w’ay,  but  their  efforts  often  failed,  and 
they  could  not,  under  present  circumstances,  be  ex- 
pected to  act  in  the  capacity  of  middlemen.  He  had 
often  tried  in  Burmah,  where  excellent  work  both  in 
wood  carving  and  silver  was  done,  to  get  orders 
executed  for  friends,  but  had  alsvays  found  the 
greatest  possible  difficulty  in  getting  the  workmen, 
however  good,  to  keep  always  up  to  the  same 
standard.  He  wished  Mr.  Baden  Powell,  with  his 
experience,  had  been  able  to  suggest  some  feasible 
solution  of  the  middleman  difficulty.  He  had  pointed 
out  very'  forcibly  the  danger  of  the  work  getting  into 
the  hands  of  native  middlemen,  but  he  did  not  know, 
from  experience  in  England,  that  it  would  be  much 
more  satisfactorj’  if  it  got  into  the  hands  of  the  class 
of  people  who  were  tradesmen  in  England.  If  to 
begin  with,  at  all  events,  some  Government  depart- 
ment could  arrange  to  receive  orders,  and  take  the 
initiatory  steps  for  getting  industry  started  on  a 
comprehensive  scale,  it  would  be  a good  thing.  It 
was  very  unfortunate  that  the  Government  of  India, 
having  made  a grant  of  a considerable  sum  of 
money  towards  the  Exhibition,  did  not  complete  the 
outline  which  had  been  sketched,  by  allotting  a 
further  sum  to  enable  persons  in  charge  of  the 
various  exhibits  to  come  along  with  them  ; but,  as 
usual,  the  India  Council  wished  to  economise,  and 
did  not  see  its  way  to  incur  this  additional  outlay. 

Captain  Temple  said  he  might  mention  an  amusing 
instance  of  the  fondness  of  the  native  workmen  for 
European  models,  and  of  the  queer  ideas  they  enter- 
tained as  to  w’hat  would  please  English  taste.  Some 
years  ago  he  had  a native  servant  who  took  a holiday, 
and  went  to  see  his  parents  in  the  Panjab ; while 
there,  he  bought,  by  his  direction,  a pair  of  surajis 
or  goblets,  made  of  marble  lacquered  ware,  and  as  a 
whole  they  were  very  good  pieces  of  workmanship, 
but  all  round  them  he  had  placed,  as  a compliment 
to  the  owner,  in  large  white  letters,  “ Captain  R.  C. 
Temple,  Esq.”,  which,  of  course,  rendered  them 


useless.  Mr.  Powell  had  referred  to  the  diffi- 
culty of  bringing  forward  native  workmen ; and  he 
had  tried  to  do  the  same  thing ; and  in  addition  to 
the  difficulties  already  referred  to,  he  might  mention 
one  which  was  inseparable  from  the  native  character, 
viz.,  the  idea  which  every  man  had  who  found  a 
patron,  that  that  patron  should  be  his  all  in  all — 
must  feed  him,  find  him  in  work,  and,  in  fact,  make 
a gentleman  of  him.  Mr.  Baden  Powell  had  men- 
tioned a man  named  Suraja,  and  he  was  one  of  the 
first  to  bring  him  forward  at  all.  Some  of  the  work 
he  did  was  remarkably  good ; and  he  tried  to 
bring  him  from  a small  to  a much  larger  place, 
where  he  might  make  more  money.  He,  therefore, 
brought  him  to  the  larger  place,  with  all  his  family, 
but  the  result  was  that  when  he  got  there  he  expected 
him  not  only  to  find  him  employment  and  to  get  him 
good  pay,  but  also  to  give  him  about  20  rupees  a 
month,  which  to  a native  of  that  class  would  be 
affluence.  After  a time  he  had  to  send  him  back,  but 
he  was  glad  to  find  he  had  now  distinguished  himself 
by  making  some  very  good  things  for  the  Exhibition. 
Another  case  of  the  same  kind  was  that  of  a man  who 
lived  in  Umballa,  a maker  of  pottery  images.  He 
took  him  up  to  Simla,  where  he  thought  he  could 
improve  his  position,  but  there  he  found  he  was 
expected  not  only  to  find  him  in  work,  but  to  see  that 
he  got  a proper  price.  He  charged  rather  high,  and 
the  consequence  was  he  did  not  get  many  orders,  and 
in  the  end  he  came  and  sat  down  at  his  door  day 
after  day  in  the  way  natives  would  when  they  had  a 
grievance,  and  worried  him  until  he  sent  him  home.  In 
trying  to  improve  native  workmanship,  there  was  one 
difficulty  which  had  not  been  mentioned  and  that  was 
the  tendency  to  over- decorate,  especially  engraved  or 
inlaid  work.  In  the  forthcoming  Indian  Aid  journal, 
there  would  be  a paper  on  the  Panjab  lacquer  ware, 
which  he  had  been  asked  to  edit,  which  would 
contain  a couple  of  illustrations,  showing  a wooden 
box  from  Bushipoor,  inlaid  with  brass  as  the  native 
had  made  it,  viz.,  with  much  more  brass  on  the 
surface  than  wood.  Accompanying  this  would  be 
another  illustration,  showing  the  same  box  with  the 
superfluous  ornament  painted  out,  so  that  the  great 
improvement  which  could  often  be  effected  in  native 
work,  by  removing  superflous  ornament,  was  apparent. 
There  was  one  kind  of  local  work  in  the  Panjab,  the 
carved  silver  ware  ; this  was  made  by  cutting  away  strips 
of  silver  about  i-8th  or  i-i6th  of  an  inch  thick,  and 
carving  it  with  fretwork  saws.  The  effect  of  the 
work  as  performed  in  Umballa  was  very  good,  and 
worthy  of  further  improvement.  After  these  strips 
of  silver  were  carved,  they  were  bent  round  into 
bracelets,  necklets,  and  things  of  that  sort.  He  was 
glad  to  see  that  Mr.  Baden  Powell  noticed  the 
advantages  of  using  Indian  work  for  English  furni- 
ture. This  was  especially  applicable  to  lacquer  ware. 
He  had  a bedstead  made  some  years  ago  of  black 
lacquer  ware  traced  on  red,  with  fittings  of  bright 
steel,  which  looked  very  well  indeed,  and  he  should 
like  to  see  the  same  kind  of  ware  brought  into  general 
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use.  There  was  another  kind  of  Indian  native  ware 
wery  useful  for  hangings,  well  known  by  the  name  of 
pulkari,  or  flower- work ; it  consisted  of  ornamenting 
the  coarse  cotton  cloth  with  floss  silk,  and  the  effect 
was  always  good.  He  had  tried  it  in  English  draw- 
ing-rooms, and  wherever  it  was  used  it  always  tended 
to  brighten  up  the  rooms,  and  it  might  become  a 
regular  industry.  Reference  had  been  made  to  the 
paper  pottery,  and  he  had  seen  some  which  was  almost 
as  fine  as  paper,  and  to  those  who  liked  very  delicate 
ware,  he  could  highly  recommend  it  as  an  ornament 
for  drawing-rooms.  It  is  generally  painted,  but  not 
enamelled  in  any  way.  With  regard  to  the  deprecia- 
tion of  quality  caused  by  Indian  workmen  imitating 
European,  there  was  a striking  instance  in  the 
Mysore  carpets.  In  a small  town,  a society 
was  formed  locally  some  years  ago  for  promoting 
the  growth  of  carpet  manufactories.  At  first  the 
materials  were  dyed  by  the  natives  themselves,  the 
colours  were  fast  and  bright,  and  the  workman- 
ship very  good  ; but  of  late  aniline  dyes  had  been 
introduced,  and  the  workmen  were  getting  careless ; 
the  carpets  were  also  more  expensive  than  they  used 
to  be. 

Mr.  Rogers,  having  lived  in  the  Bombay  Presi- 
dency for  a long  time,  was  able  to  add  a few  words 
as  to  the  difficulty  of  any  improvement  in  native  art. 
He  thought  Mr.  Baden  Powell  would  agree  with 
him  that  it  was  in  consequence  of  the  hereditary 
nature  of  all  these  occupations.  Each  man  pursued 
the  same  particular  trade  that  his  father,  his  grand- 
father, and  all  his  ancestors  had.  Another  reason 
why  things  had  not  improved  was,  the  great  want  of 
intercommunication  between  different  parts  of  India. 
Until  railways  were  established  no  one  knew  what 
his  neighbours  were  doing.  A man  might  do  excel- 
lent work  in  his  own  village,  but  the  man  in  the  next 
village  to  him  knew  nothing  of  it.  There  were  no 
markets  to  which  people  had  access,  where  their 
wares  could  become  known ; and  if  it  had  not  been 
for  the  opening  out  of  India  by  railroads,  things 
would  never  have  improved.  People  were  beginning 
to  travel  about  now,  and  see  what  their  neigh- 
bours could  do,  and  of  course  that  would  go  on 
increasing.  Some  credit  was  due  to  the  Government 
for  the  efforts  it  was  making  in  the  same  direction, 
and  he  hoped  Mr.  Baden  Powell  would  be  able  to 
confirm  him  in  saying  that,  in  the  schools  of  art  estab- 
lished in  the  different  Presidency  towns  some  effort  was 
being  made  to  teach  handicrafts  of  different  kinds  to 
all  who  chose  to  come  and  learn  them.  In  Bonibay 
particularly,  Mr.  Kipling  and  Mr.  Perry  had  done  a 
great  deal  in  that  way.  Many  benevolent  Parsees  and 
others  had  established  schools  of  art  indifferent  parts  of 
the  Bombay  Presidency.  He  hoped  this  paper  would  be 
the  means  of  opening  the  eyes  of  the  people  to  what 
they  could  do  towards  developing  trade  in  India, 
and  especially  that  the  natives  who  came  over  to  this 
Exhibition  would  be  induced  to  spend  some  of  their 
money  in  establishing  such  schools,  instead  of  fritter- 
ing it  away  in  buying  articles  de  Paris. 


Surgeon-Major  Pringle  said  this  was  a most 
interesting  paper,  and  everyone  who  had  known 
India,  and  seen  its  manufactures  amongst  the  natives, 
would  see  something  in  it  to  which  his  memory  went 
back.  He  remembered  the  beautiful  silver  work  at 
Kattak,  and  was  distressed  to  see  what  a poor 
appearance  it  made  in  this  Exhibition,  and  still 
more  so  on  account  of  the  reason,  viz.,  the  terrible 
famine  which  prevailed  after  he  left,  and  which  he 
feared  must  have  swept  off  the  workmen — men 
whose  hands  were  capable  of  executing  the  finest 
work.  They  would  take  a palm,  a rose,  or  any  other 
natural  object,  and  work  it  into  a pattern  most 
beautifully.  In  1862,  the  magnificent  collection  of 
silver  work,  made  under  his  superintendence,  came  to 
the  Exhibition  in  this  country,  and  took  the  highest 
prize  in  the  world ; and  the  Kattak  work  now  ex- 
hibited was  nothing  compared  to  it.  One  of  the 
great  features  of  it,  which  was  common  to  all 
gold  or  silver  Indian  work,  was  its  exquisite  light 
ness.  Valuable  Kattak  work  could  only  be  pur- 
chased by  weight ; the  lighter  it  was  the  more 
valuable  it  became.  He  had  a large  centre-piece, 
which  he  hoped  he  should  be  able  to  exhibit,  and  which 
till  lately  was  in  the  Edinburgh  Museum,  where 
he  left  it  many  years  ago  when  he  returned  to  India  ; 
the  stem  was  about  fourteen  inches  high  with  a large 
bowl ; the  centre  stem  was  a palm,  and  the  bowl  was 
a beautifully  worked  melon.  He  recollected  design- 
ing the  centrepieces  ; there  was  a melon  lying  on  the 
ground,  and  he  told  the  workman  to  copy  that  with  all 
its  tracery  (which  he  did  most  beautifully),  and  to  take 
the  palm-tree  in  the  garden  for  the  stem.  The  native 
wmrkman  was  always  grateful  for  being  helped,  and 
quickly  took  in  an  idea  when  patiently  explained 
to  him,  but  he  was  generally  poor,  and  required 
pecuniary  advance,  which  was  a great  pity, 
though  you  could  get  over  that  by  helping  him.  On 
another  occasion,  he  got  a necklace  made  of 
beautiful  Bokhara  onyxes,  and  he  wanted  to 
brighten  them  up  a little  with  silver.  The  man 
asked  him  what  he  should  put  there.  He  threw 
a stick  up  into  an  oak  tree,  and  knocking  down 
an  acorn,  took  the  cup,  and  told  the  man  to  set  the 
beads  in  such  a cup  as  that.  The  native  took  it  home 
and  worked  out  the  most  beautiful  design,  and  the 
whole  thing  was  ridiculously  cheap.  He  made  one 
exquisite  little  casting,  and  then  with  a fine  hammer 
drove  the  silver  into  it.  But  if  you  wanted  good 
work,  you  must  pay  for  it.  Good  work  required 
a long  time,  and  that  required  the  man  to  be  fed 
during  that  time.  There  was  one  great  bar  to  silver 
work  coming  to  England,  which  he  had  suffered  from 
more  than  once  in  the  case  of  pi-esents,  and  that  was 
the  regulation  of  the  Goldsmiths’ -hall  and  the  duty 
Talk  of  free  trade,  it  was  hard  to  take  the  food  out 
of  the  country  in  thousands  of  tons,  and  tax  the  silver 
articles  which  they  could  make,  and  which  w'ould  beat 
anything  which  could  be  done  in  England  at  the  price. 
He  hoped  one  outcome  of  the  Exhibition  would  be  an 
inquiry  into  this  subject,  for  he  was  perfectly  satisfied 
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in  these  times  of  silver  depreciation,  if  silver  and  other 
manufactures  could  be  sent  home  under  more  favour- 
able circumstances,  it  would  be  some  equipose  to  the 
great  loss  on  exchange  in  silver,  which  so  many 
suffered  from.  There  was  no  allusion  to  the  rhea 
fibre,  and  he  was  sorry  to  say  that  did  not  seem  likely 
to  be  a success  in  India.  He  had  watched  it  with  the 
greatest  interest  at  Saharanpar,  and  if  it  could  only 
be  brought  to  perfection,  what  exquisite  paper  could 
be  made  of  it.  It  grew  luxuriantly,  and  where  not 
touched  by  frost,  yielded  a fine  crop  of  stocks  ; but 
unfortunately  there  w'as  not  a machine  to  work  it 
into  a fibre  which  would  pay. 

Mr.  Badkn  Powell  said  Mr.  Fourier  had 
elaborate  machinery  for  this  purpose  at  the  Exhibi- 
tion. 

Surgeon-^fajor  Pringle  said  the  Government, 
some  time  ago,  offered  a prize  of  ^5,000  for  a 
machine  which  would  work  the  fibre  up  to  a certain 
degree  of  fineness  which  would  make  it  marketable. 

Mr.  Baden  Powell  said  it  was  offered  for  five 
years,  but  no  one  claimed  it ; the  first  year  there  was 
a great  fight  over  it,  but  the  second  year  no  one 
came  forward. 

Surgeon-Major  Pringle  said  every  careful  ob- 
server must  have  noticed  that  the  pattern  of  the  mosaic 
in  the  taj  of  Agra  went  through  a great  many  designs, 
and  he  had  no  doubt  that  a careful  observer,  like  INIr. 
Baden  Powell,  must  have  seen  in  the  taj  the  Italian 
work  from  which  all  the  rest  was  copied  ; you  could 
see  the  detail  of  the  old  Florentine  Mosaic  as  plainly 
as  possible.  The  same  thing  might  be  seen  in  the 
patterns  on  cloth,  which  had  a most  effective  ap- 
pearance, and  w'hen  hanging  up  against  the  wall . 
looked  as  if  the  whole  side  of  the  wall  was 
inlaid  with  red  cornelian  and  other  precious  stones. 
The  Mohammedan  work  did  not  contain  figures, 
which  was  in  strict  accordance  with  the  second 
commandment,  to  avoid  any  representation  of  human 
or  animal  forms,  and,  therefore,  they  adopted 
scrolls  in  preference.  Over  the  gateway  entrance 
of  the  taj  was  the  representation  of  a rope,  exactly 
the  same  as  might  be  seen  in  Melrose  Abbey.  The 
beautiful  green  enamel  work  of  Kattak  had  been 
lost  entirely,  owing  to  a great  outbreak  of  cholera, 
in  which  father  and  son  died,  and  with  them  went 
the  secret  of  the  manufacture.  This  showed  the 
necessity  of  trying  to  secure  such  valuable  know- 
ledge from  being  lost,  through  that  which  was 
an  ordinary  occurrence  in  those  countries.  He 
trusted  the  native  workmen  would  never  take  to 
aniline  dyes,  which  were  so  evanescent  in  an  Indian 
sun,  whilst  the  native  dyes  were  remarkably  per- 
manent. It  was  very  sad  to  see  how  nearly  every- 
thing was  coming  into  the  shape  of  the  gilds; 
instead  of  the  beautiful  bowls  which  used  to 
be  made  in  brass-work,  there  was  nothing  now 
but  the  tumbler ; and  he  could  quite  believe  that 
anecdote  which  had  been  told  about  the  beer-bottle. 
Another  thing  to  be  remarked  with  all  Indian  work 


was  the  prominence  given  to  the  beautiful  form  of  the 
lotus  flower  which  ran  through  everything,  and  in 
thesame  way  in  Cashmere  you  found  the  cone  of  the 
cedar  tree,  which  design  originally  came  from  Egypt. 
The  chief  portion  of  the  border  work  of  the 
celebrated  Cashmere  shawls  consisted  of  the  cedar 
cone,  or  portions  of  it  that  had  fallen  off,  but  the 
point  was  turned  round.  He  did  not  know  why  it 
was,  and,  on  making  inquiries  on  one  occasion,  he  was 
told  they  did  not  like  a straight  line,  and,  therefore, 
gave  it  a curve ! He  had  been  struck  with  the 
remark  about  the  woodwork,  for,  having  travelled  up 
and  down  the  North-West  Provinces  for  20  years, 
he  had  seen  a great  deal  of  the  woodwork  there.  The 
secret  of  this  beautiful  woodwork  was  that  a man’s 
character  and  credit  were  attached  to  the  beautiful 
lintel  that  is  over  the  entrance  to  his  house,  on  which 
would  often  be  found  the  most  exquisite  carving.  It 
was  a selected  piece  of  wood,  very  old,  where  you 
would  find  the  gunputty,  the  titulary  god  of  the 
house,  who  supported  it  and  kept  it  from  danger,  and 
little  stories  arc  put  on  the  side.  That  wood-work 
had  never  been  done  proper  justice  to.  In  conclusion, 
he  hoped  some  one  would  come  forward,  and  do  for 
the  other  courts  of  this  wonderful  Exhibition  what 
Mr.  Baden  Powell  had  done  so  well  for  the  Indian 
Court. 

Mr.  Liggins  said  he  had  never  had  the  pleasure 
of  being  in  India,  but  he  should  like  to  make  a 
remark  or  two  from  an  English  point  of  view, 
especially  with  reference  to  what  had  been  said  by 
the  last  speaker.  He  congratulated  Mr.  Baden  Powell 
on  having  given  a paper  which  would  enable  everyone 
who  read  it  to  enjoy  much  more  than  he  otherwise 
could  the  glories  of  the  magnificent  Exhibition  at  Ken- 
sington. He  was  surprised  the  first  day  he  went  there 
to  see  some  of  the  wood-carving  and  marble-carving, 
and  it  would  be  impossible  for  anything  to  excel  the 
work  in  the  room  which  was  now  being  fitted  up  for 
the  Prince  of  Wales.  He  thought  it  would  be  a 
great  misfortune  if,  in  the  technical  art  schools  to  be 
established  in  India,  South  Kensington  had  too 
much  influence.  He  did  not  think  a suitable  orna- 
mentation for  anything  in  silver  would  be  obtained 
by  copying  the  ’prentice’s  pillar  in  Melrose  Abbey. 
It  was  very  charming  where  it  was,  but  he 
hoped  those  who  would  carry  on  the  work  would 
prefer  designs  made  by  the  Indians  themselves, 
so  that  we  might  have  Indian  work,  not  what  we  had 
too  often,  copies  of  things  made  at  Birmingham.  He 
must  protest  strongly  against  the  remarks  of  the  last 
speaker  with  regard  to  the  Hall-mark.  Mr.  Wather- 
ston  was  the  only  silversmith  in  England  who  had 
taken  an  active  part  towards  getting  Hall-marking 
abolished  or  modified,  and  he  had  used  some  harsh 
words  about  the  treatment  of  light  and  exquisitely 
beautiful  silver  goods  when  they  went  to  Goldsmiths’- 
hall.  But  was  there  any  hardship,  where  the  work 
was  so  light  and  beautiful,  in  charging  a duty  of  is.  6d. 
an  ounce  r They  cut  a small  piece  out  for  the  purpose 
of  verifying  the  quality  of  the  silver,  but  they  always 
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endeavoured  to  do  so  without  injuring  the  article.  It 
was  illegal  to  import  anything  under  a name  which  it 
did  not  deserve  ; if  it  was  silver,  it  paid  the  duty,  but  if 
that  which  was  sent  as  silver  was  found  to  be  dross,  it 
was  very  properly  rejected.  The  buyer  had  a right  to  a 
guarantee  of  the  quality,  and  he  hoped  the  is.  6d. 
duty  would  never  be  taken  off ; for  one  of  the  prides 
of  the  old  families  of  England  was  the  family 
tea-pot  and  tea-spoons.  They  had  all  paid  the 
IS.  6d.  duty,  from  the  nobleman  to  the  cottager, 
and  they  would  have  their  silver  depreciated  to 
the  extent  of  is.  6d.  per  ounce  without  any  ad- 
vantage whatever,  except  to  a few  tradesmen 
and  purchasers  of  silver  goods.  Very  few  nov/ 
bought  silver  spoons,  because  electro- plate  looked 
equally  good  or  better.  He  hoped  the  pro- 
tecting power  which  had  been  exercised  for  300 
years  by  the  Goldsmiths’  Company,  would  restrain 
the  public  of  England  from  having  any  interest  in 
the  importation  of  silver  without  duty.  It  was  no 
hardship  to  India,  because,  whether  the  silver  came 
from  Mexico,  Paris,  or  anywhere  else,  it  all  paid  the 
duty,  and  it  made  the  silver  goods  worth  is.  6d.  an 
ounce  more.  A dessert-spoon  only  weighed  about 
three  ounces,  and  the  duty  on  that  was  not  very 
much. 

Mr.  Bryce  said  it  was  30  per  cent,  of  the  value. 

Mr.  Liggins  asked  why  should  all  his  silver  be 
depreciated  30  per  cent.  } It  was  very  interesting  to 
know  what  magnificent  work  was  now  done  in  India, 
but  he  was  sorry  to  find  that  aniline  dyes  were  being 
introduced.  He  wished  Mr.  Powell  had  given  a 
little  more  information  about  the  silver  and  gold 
work,  which  was  of  vital  importance,  and  had  been 
the  subject  of  discussion  for  some  years  past. 

Surgeon-Major  Pringle  said  there  were  quantities 
of  beautiful  silver  and  gold  things  brought  from 
India  which  never  paid  duty,  owing  to  their  being 
Avorn,  as,  for  instance,  his  watch-chain ; but  the  silver 
article  he  referred  to  was  a present  given  to  him  by 
natives  with  his  name  upon  it,  and  was  not  for  sale, 
and  on  that  ground  he  asked  for  exemption,  but  it 
was  not  granted. 

Mr.  Bryce  remarked  that  on  application  to  the 
Custom-house  they  would  not  insist  on  the  Hall- 
mark being  put  on  very  delicate  articles,  such  as 
bracelets,  when  it  was  shown  that  the  Hall-mark 
would  spoil  the  work,  but  the  duty  had  to  be  paid. 

Mr.  Baden  Powsll  said  such  articles  were  not 
marked  now  if  application  were  made,  but  the 
duty  had  to  be  paid.  Only  a few  years  ago,  how- 
ever, they  used  to  break  the  whole  thing  to  pieces. 
That  was  the  great  hardship  that,  if  a man  who  did 
not  understand  the  English  standard,  made  an  article 


which  did  not  quite  come  up  to  the  standard,  the 
whole  thing  was  smashed  up  when  it  came  here. 
They  were  much  more  liberal  now,  showing  that  the 
agitation  which  had  taken  place  had  been  of  some 
use.  It  was  a curious  thing  that  the  faith  of  the 
Mohammedans  was  not  quite  sufficient  to  keep  them 
altogether  from  making  figures.  The  Emperor 
Akbhar,  who  was  something  of  a freethinker,  had  a 
deal  of  work  of  this  kind  done,  and  outside  the  fort 
of  Lahore  there  were  painted  tiles  full  of  figures, 
angels,  and  all  kinds  of  things  ; so  that  the  Aloham- 
medans  were  not  very  strict.  Some  JMohammedans 
in  Persia,  Avho  were  Shias,  and  were  therefore  the 
most  particular,  drew  the  figures,  but  left  an  oval  for 
the  face  without  eyes  or  mouth.  The  theory  of  the 
Mohammedan  faith  was,  that  if  you  made  a figure,  at 
the  day  of  judgment  God  would  ask  you  to  find  a 
soul  for  it,  and  you  would  be  confounded  by  not 
being  able  to  do  so ; and  they  thought  that,  by 
leaving  out  the  face,  they  would  have  made  some- 
thing which  was  not  a human  figure.  He  had 
purposely  omitted  going  into  metal  work  on  this 
occasion,  because,  really,  Indian  silver  work  and 
jewellery,  and  the  numerous  styles  of  ornament, 
would  form  a subject  for  a paper  by  itself ; and  he 
had  some  idea  of  writing  one  for  the  Indian  Art 
Journal  on  that  topic. 

The  Chairman,  in  proposing  a vote  of  thanks  to 
Mr.  Baden  Powell  for  his  interesting  paper,  said  it 
was  most  desirable  for  any  country  that  it  should  not 
depend  for  its  subsistence  on  the  mere  produce  of 
the  soil,  but  that  the  intelligence  and  ingenuity  of 
its  inhabitants  should  be  applied  to  convert  that  pro- 
duce into  such  forms  and  shapes  as  would  add  to  the 
comfort,  and  furnish  materials  for  the  use  of  the 
world  at  large.  By  that  means  the  skill  and  industry 
of  the  country  was  made  much  more  profitable,  ancj 
a healthy  trade  was  often  introduced.  In  India,  as 
they  had  learnt,  industry  and  skill  were  present,  but 
something  was  wanting  to  develop  them,  and  that 
was  capital.  Industry  supported  by  capital,  directed 
by  good  taste,  and  worked  in  a businesslike  way, 
would  no  doubt  create  a trade  which  would  add 
very  much  to  the  wealth  and  improvement  of  the 
country.  One  difficulty  which  had  been  noticed  was 
that  of  the  middleman  ; it  seemed  to  him  a very 
difficult  problem  to  solve,  and  scarcely  one  which 
the  Government  should  interfere  in.  He  could  not 
agree  with  those  who  advocated  such  a course. 
These  things  worked  gradually,  and  as  education  and 
intelligence  increased,  the  native  craftsmen  would  be 
able  to  maintain  their  own,  and  by  degrees  establish 
communication  with  the  tradesmen  or  middlemen, 
which  would  be  the  means  of  increasing  the  demand 
for  labour.  Mr.  Powell  had  laid  great  stress  on  the 
tendency  to  degeneracy  in  art  by  imitating  European 
jdeas,  and  it  was  a matter  of  great  importance  that  all 
those  who  had  anything  to  do  with  the  encouragement 
of  the  handicrafts  of  the  country  should  endeavour  to 
prevent  such  mistaken  imitations.  He  recollected  once 
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requiiing  a carpet  for  his  own  use ; he  sent  out  to  India 
that  one  might  be  made ; he  w^as  asked  to  name  the 
colours,  and  mentioned  the  three  primitive  colours, 
leaving  the  pattern  to  the  native  designers.  In  order 
to  please  the  Christian  probably,  the  carpet  came  back 
with  a pattern  of  lozenges,  and  inside  each  lozenge 
was  a cross,  but  no  attempt  at  anything  like  a 
Persian  or  Indian  pattern  was  made.  He  could 
quite  bear  out  what  had  been  said  as  to  the 
house  decoration  of  the  natives.  It  was  lament- 
able to  see  the  paltry  Birmingham  ornaments  and 
tawdry  pictures  in  the  palaces  and  houses  of  the  Rajahs 
and  natives  of  position.  They  could  no  more  be  called 
works  of  art  than  a pea-shooter  could  be  looked  upon 
as  an  Armstrong  gun.  He  thought  great  good  would 
come  from  this  paper,  and  the  Exhibition  at  South 
Kensington  to  which  it  would  form  a useful  hand- 
book. Mr.  Powell  had  alluded  to  the  increase  in  the 
country  consumption  of  home  manufactures,  but  the 
view  might  be  extended,  and  he  would  give  a few 
figures  showing  the  increase  which  had  taken  place 
in  the  export  of  Indian  manufactures  to  other  countries. 
Looking  through  the  trade  returns  he  found  that, 
taking  some  of  the  principal  articles  now  manufac- 
tured by  steam  machinery,  they  had  increased  con- 
siderably, the  figures  being  as  follows  : — 

Cotton  Twist. 

o , 0 

1875,  total  exports 147,000 

1885,  ,,  2,440,000 

Cotton  Manufactures. 

1875,  total  exports  364,000 

1885,  ,,  897,000 

Jute  (which  was  hardly  known,  and  certainly  not 
grown,  in  India  until  the  time  of  the  Crimean 
war). 

1875,  total  exports  238,000 

1885,  „ 1,500,000 

Silk. 

1875,  total  exports 230,000 

^885,  ,,  328,000 

The  value  of  the  whole  of  the  manufactures  ex- 
ported from  India  last  year  was  ;,65, 960,000, 
which  was  about  7^  per  cent,  of  the  whole 
exports  of  Indian  produce.  Only  about  ^1,000,000 
of  that  came  to  this  country,  the  greater  por- 
tion being  taken  by  China,  Japan,  the  Straits 
Settlements,  and  even  the  United  States.  The  im- 
port of  cotton  goods  from  England  into  India  did 
not  appear  to  have  been  materially  affected  by  the 
export  of  Indian  manufactures,  for  in  1875 
amounted  to  19,000, 000,  and  in  1885  to ^^24, 500,000. 
What  was  mainly  wanted  in  India  for  the  increase  of 
its  manufactures  was  the  development  of  its  coal 
resources,  and  the  increased  use  of  steam  machinery. 
In  time,  by  means  of  railway  communication,  coal 
would  reach  many  places  in  India  which  would  be 


suitable  for  manufactures,  and  he  thought  the  time 
would  arrive  when  India  would  be  looked  upon  not 
only  as  an  agricultural,  but  also  as  a large  manu- 
facturing country.  It  contained  all  the  materials  for 
that  purpose,  and  there  was  no  reason  why,  with  the 
application  of  capital,  and  the  introduction  ot 
machinery,  that  should  not  ultimately  take  place. 

The  vote  of  thanks  was  carried  unanimously. 


T TVENTY-FIR  ST  OR  DINA  R Y 
MEETING. 

Wednesday,  May  12,  1886 ; Sir  Edward 
Birkbeck,  Bart.,  M.P.,  in  the  chair. 

The  following  candidate  was  proposed  for 
election  as  a member  of  the  Society  : — 

Smith,  Albert  Mervyn,  Bangalore,  India. 

The  following  candidates  were  balloted  for 
and  duly  elected  members  of  the  Society  : — 

Bidwell,  Miss,  1 1,  Hyde-park-place,  W. 

Curwen,  J.  Spencer,  Forest-gate,  E. 

Hebson,  Douglas,  Tower-chambers,  Liverpool. 
Hookey,  James,  General  Post-office,  E.C. 

Mount,  George,  5,  Belsize-park-gardens,  N.W. 
Salmon,  James,  21,  Finsbury-pavement,  E.C. 
Thompson,  Charles,  St.  Ninian’s-house,  Leighton- 
crescent,  Brecknock-road,  N.W. 

Watson-Will,  William,  Ossory-villa,  Ossory-road, 
S.E. 

Wightman,  Charles,  151,  Fenchurch-street,  E.C. 
Williams,  Thomas  Henry,  Bank-house,  Garston,  near 
Liverpool. 

The  paper  read  was — 

THE  PROPOSED  FISHERY  DEPART- 
MENT FOR  ENGLAND  AND  WALES. 

By  J.  W.  Willis-Bund. 

Not  the  least  of  the  many  services  that  Sir 
Edward  Birkbeck  has  rendered  to  the  fisheries 
of  England  and  Wales,  was  to  obtain  the 
assent  of  Government  to  his  motion  for  a 
central  department  charged  with  the  care  and 
control  of  all  the  fisheries.  It  is  hardly 
credible  that,  at  the  present  time,  a country 
like  England,  which,  both  as  a source  of  food 
supply  and  as  a nursery  for  her  sailors,  de- 
pends so  much  on  her  fisheries,  has  not  only 
no  Department  of  State  to  whose  care  they 
are  entrusted,  but  absolutely  no  reliable  re- 
turns to  show  what  is  their  true  state  and 
condition.  While  the  German  Government 
think  no  detail  too  small  to  be  worked  up  and 
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Investigated  in  connection  with  its  fisheries ; 
while  the  Norwegian  Government  give  returns 
as  to  their  annual  take  of  fish ; while  the 
United  States  profess  to  know  the  value  and 
productiveness  of  their  fisheries  to  a cent,  and 
a sprat,  England  is  contented  to  rest  not  only 
without  the  knowledge  of  what  her  fisheries 
are,  whether  they  are  increasing  or  diminish- 
ing, but  also  without  even  taking  steps 
whereby  such  knowledge  may  be  acquired. 
Indeed,  so  dense  is  the  ignorance  that  when, 
in  1879,  one  of  the  numerous  Commissions 
inquired  into  the  English  sea  fisheries,  the)q 
after  visiting  some  fifty-two  places  and  occupy- 
ing over  a year  in  their  inquiries,  professed 
themselves  unable  to  give  with  accuracy,  not  a 
a return  of  the  weight  or  value  of  the  fish 
caught  in  any  year,  but  a list  of  the  boats  en- 
engaged  in  fishing  ! In  the  report  of  1879,  the 
Commissioners  thus  express  themselves  : — 

“ During  the  course  of  our  inquiry  we  have  again 
and  again  been  struck  with  the  enormous  difficulty 
of  obtaining  any  reliable  statistical  facts  relating  to 
our  sea  fisheries.  We  publish  in  an  appendix  the 
best  account  we  have  been  able  to  procure  of  the 
number  of  fishing  boats,  but  we  fear  that  the  account 
is  almost  hopelessly  imperfect.”* 

By  accepting  Sir  Edward  Birkbeck’s  pro- 
posal, Government  have  admitted  that  this  state 
of  things  must  no  longer  be  tolerated,  but  we 
are  still  in  ignorance  as  to  what  steps  are  to 
be  taken  to  remedy  the  evil — those  we  shall 
only  learn  when  we  see  the  Government  Bill. 
As,  however,  it  is  doubtful  when  that  Bill  will 
be  introduced,  and  as  it  may  only  be  brought 
forward  and  rushed  through  at  the  end  of  the 
Session,  when  there  will  be  neither  time  nor 
opportunity  to  discuss  its  provisions,  it  seems 
desirable  in  the  interests  of  the  fisheries  to 
arrive  at  some  conclusion  as  to  what  it  should 
and  what  it  should  not  do.  This  is  especially 
necessary,  as  I venture  to  think  that  the  real 
objects  for  which  such  a department  is  sought 
to  be  established  are  hardly  understood,  and 
therefore  it  is  very  desirable  to  remove,  if 
possible,  the  objections  and  prejudices  that 
may  exist  against  the  scheme. 

At  present  the  fisheries  of  England  and 
Wales  have  relations  with  at  least  five  different 
Government  departments.  Salmon,  wherever 
they  may  be,  trout,  char,  and  such  freshwater 

fish  as  do  not  migrate  to  the  open  sea,”  are 
said  to  be  looked  after  by  the  Home-office  ; 
oysters,  crabs,  lobsters,  mussels,  and  bait 
fisheries  by  the  Board  of  Trade  ; other  sea- 


fisheries,  so  far  as  they  are  looked  after  at  all, 
if  in  English  territorial  waters,  are  under  the 
Board  of  Trade,  if  outside  that  limit,  under 
the  Foreign-office  and  the  Admiralty;  while 
fish  that  are  landed  in  English  ports  fall  under 
the  purview  of  the  Customs.  Solomon  is  re- 
ported to  have  said  in  the  multitude  of  counsel- 
lors there  is  safety,  and  if  by  safety  he  means 
neglect — the  saying  applies  equally  to  Govern- 
ment Departments.  Nothing  is  done,  and  if 
you  want  anything  done  it  is  almost  impossible 
to  know  to  which  Department  to  apply.  Let 
me  give  two  instances  taken  from  official  Blue- 
books.  The  SeaFisheries  Commissioners,  1879, 
to  which  I have  already  alluded,  complains* 
that  one  of  the  great  grievances  of  the  North  Sea 
Fishermen  was  that  Dutch  fishing-boats  were 
not  compelled  to  be  numbered,  and  this  they 
reported  to  the  Home-office,  but  the  Home- 
Office  have  nothing  to  do  with  sea-fishing 
boats  or  their  numbers  ; that  belonged  to  the 
Board  of  Trade,  so  the  Home-office  reported 
the  matter  to  the  Board  of  Trade.  What  the 
Board  of  Trade  did  I cannot  state.  I 
presume  sent  to  the  Foreign-office,  or  acknow- 
ledged the  receipt  of  the  Home-office  letter. 
Had  there  been  a Fishery  Department  it  would 
have  been  its  duty  at  once  to  communicate 
direct  with  the  Foreign-affice  to  get  the 
regulation  made.  The  usual  correspondence 
between  two  departments  of  State,  ending 
usually  in  correspondence,  would  have  been 
avoided.  The  next  instance  is  more  striking. 
It  was  deemed  desirable  to  make  inquiries 
into  the  herring  fisheries.  In  the  second 
report  of  the  Scotch  Fishery  Board  the  follow- 
ing statement  appears  : — 

“Dr.  Buys-Ballot  invited  those  engaged  in  the 
herring  fishery  to  make  observations  in  order  if 
possible  to  ascertain  the  circumstances  likely  to  lead 
to  the  most  profitable  fishing,  as  well  as  to  enable 
them  to  make  a herring  chart.  This  was  followed 
by  the  Board  of  Trade  issuing  instructions  for  the 
collection  of  herrings  from  all  parts  of  the  coast  of 
Scotland,  wherever  they  could  be  fallen  in  with,  at 
different  periods  of  the  year,  observations  being 
noted  with  each  sample  according  to  a form  which 
had  been  revised  by  Professor  Huxley,  F.R.S. 
Twelve  boxes  of  samples  were  in  this  way  collected 
and  forwarded  to  the  Board  of  Trade  along  with  the 
relative  observations ; but  there  is  no  record  of  the 
samples  having  been  submitted  for  examination.” 

The  Board  of  Trade  did  its  duty  in  collect- 
ing the  samples,  there  was  no  obligation  on  that 
Department  to  make  use  of  them  when  col- 
lected. As  long  as  this  divided  authority 
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continues,  each  Department  will  do  its  duty 
and  no  more ; it  is  not  the  object  of  one  De- 
partment to  help  any  other.  If  the  Home- 
office  had  required  the  herrings,  they  could 
have  had  them  for  asking.  Why  should  the 
Board  of  Trade  send  them  ? 

I could  give  other  examples,  but  the  two  I 
have  cited  will  suffice  to  show  that  the  diversity 
of  departments  does  not  tend  to  promote  the 
interests  of  the  fisheries.  Another  great  evil 
that  arises  from  having  separate  fisheries 
looked  after  by  separate  Departments,  is  that 
rules  and  regulations  are  made  for  one  class  of 
fisheries,  wholly  regardless  of  the  effect  they 
may  have  upon  other  fisheries.  To  give  one 
instance.  The  limits  of  the  Carmarthen  Bay 
fishery  district  were  approved,  and  a scale  of 
licence  duties  for  salmon  sanctioned  by  the 
Home-office  ; but  no  one  considered  what  the 
effect  of  the  licences  would  be  on  the  mackerel 
or  other  fisheries  within  the  three-mile  limit, 
and  the  result  was,  that  the  rules  intended  to 
apply  only  to  salmon  applied  also  to  the 
mackerel  fisheries,  and  these  last  were  legally 
liable  to  take  out  salmon  licences,  or  else  give 
up  their  fishing,  and  in  the  result,  some  ten 
years  after  these  rules  had  been  made,  the 
Secretary  of  State  had  to  order  an  inquiry  into 
the  effect  of  these  rules  on  fisheries  for  sea 
fish  other  than  salmon.  If  there  was  a single 
Department  that  dealt  with  the  fisheries  as  a 
whole,  and  looked  at  every  regulation  that  was 
proposed,  not  from  the  mere  point  of  view  of 
any  one  fishery^,  but  of  all  the  fisheries,  such  a 
case  as  the  one  just  cited  could  not  occur. 
There  is  another  disadvantage  from  divided 
authority.  We  are  all  supposed  to  know  the 
law  (fortunately  for  us  lawyers  it  is  merely  a 
theory),  but  in  fishery  matters  not  only  does 
no  one  know  the  law,  but  I do  not  think  it  is 
possible  for  anyone,  with  the  best  intentions,  to 
acquire  a knowledge  of  it.  There  is  no  place, 
not  even  the  library  of  the  British  Museum, 
where  all  the  different  regulations  relating  to 
our  fisheries  can  be  found.  Conventions  with 
foreign  Governments  may  be  found  at  the 
Foreign-office,  rules  as  to  freshwater  fish  at 
the  Home-office,  rules  as  to  crabs  and  oysters 
at  the  Board  of  Trade  ; but  when  you  have 
searched  all  the  offices,  and  done  all  in  your 
power  to  find  out  what  the  law  is,  you  may  as 
likely  as  not  find  that  the  very  thing  you  w'ere 
looking  for  exists,  but  does  not  come  within 
the  province  of  any  of  the  Departments  at 
which  you  inquired.  I once  had  to  advise  on 
what  was  the  law  as  to  the  capture  of  smelts 
at  a particular  place.  I imagined  I had  most 


of  the  fishery  law  noted  up,  but  I could  find 
nothing  about  smelts.  So  I went  to  the  Home- 
office  — they  were  profoundly  ignorant  of 
smelts  except  when  cooked.  I went  to  the. 
Board  of  Trade — they,  I found,  knew  nothing 
about  the  matter,  but  tried  to  conceal  their 
ignorance  by  great  civility,  and  by  referring  me 
to  various  rules  under  the  Piers  and  Harbours 
Act,  saying  I might  find  something  there 
that  was  true,  but  it  was  not  smelts.  I went 
to  various  libraries  and  places,  and  had  almost 
come  to  the  conclusion  that  the  smelts  were  out- 
side any  law,  when , as  a forlorn  hope,  I suggested 
that  my  client  should  search  the  bye-laws  of  the 
borough  where  the  fishing  took  place  ; he  did 
so,  and  there  found  an  elaborate  bye-law  as  to 
the  sale  offish,  including  smelts,  approved  by 
another  Government  Department,  the  Local 
Government  Board.  If  we  get  a Fishery  De- 
partment, one  of  its  duties  should  be  that  all 
rules  as  to  fish  and  fishing  should  be  collected 
there  for  reference.  These  are,  perhaps,  minor 
matters  (though  very  important  in  connection 
with  the  administration  of  the  fisheries)  com- 
pared to  supplying  the  great  want — an  annual 
statistical  account  of  our  fisheries.  At  present 
we  have  nothing  of  the  kind.  It  is  true  the 
Board  of  Trade  have  begun  to  publish 
some  returns  of  fish  landed  in  England,, 
but  these  returns  are  by  no  means  per- 
fect ; they  show  the  quantity  of  fish  landed,, 
but  they  do  not  show  the  source  from  whence 
the  fish  has  been  obtained.  It  may  very  well 
happen — indeed  it  doeshappen — that  the  return 
includes  foreign  fish.  It  is,  of  course,  an  in- 
teresting fact  to  know  what  fish  is  imported 
into  the  country,  but  that  is  not  what  is  re- 
quired ; forthe  present  purpose  we  want  to  know 
the  annual  yield  not  of  imported  fish,  but  of 
British  fisheries.  If  we  did,  we  should  then  get 
some  means  of  knowing  whether  our  fisheries 
were  improving  or  not,  and  whether  there  is  any 
fear  that  the  fish  supply  is  failing  us.  At  pre- 
sent we  have  nothing  to  show  us  the  annual 
take.  We  do  not  even  know  if  the  salmon- 
fisheries  are  holding  their  own,  for,  out  of  the 
forty-five  Fishery  Boards,  twenty-one  make  no 
return  as  to  the  take  of  fish,  and  we  have  no 
real  evidence  to  show  what  is  the  real  annual 
value  of  those  fisheries  ; of  course  guesses 
can  be  made,  but  they  are  only  guesses,  and 
what  we  want  are  facts,  to  show  that  the  re- 
sult of  all  our  legislation  and  all  our  rules  is 
the  improvement  of  the  salmon  fisheries  ; and 
until  w’e  get  some  accurate  statistics,  we  shall 
be  unable  to  find  out.  What  is  true  of  a 
branch  of  the  fisheries  like  the  salmon,  is  still 
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more  true  of  the  great  fisheries  like  the  herring 
and  cod.  Complaints  are  often  made  that  the 
fisheries  are  falling  off ; we  are  always  told  it 
is  not  so,  but  we  have  no  evidence  to  show  it 
is  not  beyond  vague  statements.  I will  cite 
two  instances — one  as  to  herrings,  the  other 
as  to  cod — and  it  will  be  seen  on  what  very  in- 
secure ground  our  confidence  is  based.  First, 
as  to  the  herring.  In  the  “Sea  Fisheries 
Report”  for  1879  this  passage  occurs  : — 

“It  is  stated  in  the  report  of  the  Herring  Fishery 
Commission,  1878,  that  2,400,000,000  herrings  are 
caught  annually  by  the  British,  French,  Dutch,  and 
Norwegian  fishermen.  It  is  estimated  that  at  least 
fifty  times  as  many  herrings  are  caught  by  other 
enemies  of  the  fish.  In  that  case  more  than 

120.000. 000.000  must  be  annually  destroyed  in  the 
seas  adjoining  the  United  Kingdom.  It  is  a very 
moderate  statement  to  say  that  one  herring  survives 
for  every  herring  that  is  destroyed,  and  it  is  a very 
fair  inference  that  one  half  of  those  that  survive  are 
female  fish,  and  that  60,000,000,000  female  herrings 
are  left  to  deposit  their  roes  in  these  seas.  A herring 
carries  30,000  eggs— place  her  eggs  at  only  20,000 
and  the  60,000,000,000  herrings  must  produce 

1.200.000. 000.000  eggs.  The  mind  of  man  is  hardly 

capable  of  following  these  huge  figures,  and  w^e  will 
accordingly  try  to  reduce  them  to  some  more 
intelligible  standard ; 5C0  adult  herrings  might 

possibly  be  compressed  into  a solid  cube  of  one  foot, 
assuming  the  1,200,000,000,000  herrings  grown  to 
maturity  they  might  possibly  be  compressed  into 
2 400,000,000,000  cubic  feet,  in  other  words  a solid 
wall,  about  200  feet  broad  and  100  feet  high, 
reaching  round  the  greatest  circumference  of  the 
-earth.” 

This  “huge”  statement  is  published  by 
authority,  and  it  is  on  such  statements— I will 
not  call  it  evidence— that  we  are  told  to  believe 
in  the  prosperity  of  our  fisheries.  It  is  often 
said  that  you  can  prove  anything  by  figures, 
and  there  could  not  be  a better  example  than 
this.  It  rests  upon  two  assumptions,  one  of 
which  can  I think  be  demonstrated  to  be 
untrue,  and  there  is  no  evidence  as  to 
the  truth  of  the  other.  As  to  the  first,  all  the 
herring  eggs  do  not  hatch  out,  all  those  that 
hatch  out  do  not  become  full-grown  herrings  ; 
this  we  know,  there  is  no  evidence  to  show  that 
half  a given  number  of  herrings  are  females  ; 
when  the  truth  of  these  two  statements  go  the 
whole  of  the  assumption,  and  the  conclusions 
that  are  drawn  from  it  go  also.  I say  we  have 
•evidence  that  all  the  eggs  do  not  hatch  out.  I 
have  only  to  cite  Professor  Cossar  Ewart  in 
his  account  of  the  natural  history  of  the  herring 
in  the  second  report  of  the  Scotch  Fishery 


Board,  at  p.  66,  speaking  of  the  celebrated 
Ballantrae  Bank,  he  says  : — 

“ This  pollution  (from  nets  that  had  been  lost  with 
fish  in  them)  would  be  continued  and  extended  by 
portions  of  the  nets  continuing  to  fish  throughout  the 
whole  season,  so  that  not  only  might  the  eggs  which 
might  have  been  first  deposited  have  been  destroyed, 
but  fish  which  might  have  spawned  at  some  other 
part  of  the  bank  would  be  taken,  and  the  eggs, 
though  shed,  rendered  useless,  for  although  portions 
of  the  lost  nets  secured  were  thickly  coated  with  eggs 
the  eggs  were  never  developed,  they  had  probably 
never  been  fertilised.  In  this  way  the  greater  part  of 
a shoal  might  be  destroyed,  and,  what  is  of  even  greater 
importance,  nearly  all  the  eggs  deposited  during  the 
spawning  period  might  also  be  destroyed,  so  that  only 
a comparatively  small  brood  would  be  hatched.” 

I might  cite  a number  of  other  ways  in 
which  is  shown  that  only  a small  per-centage 
of  fish  eggs  spawned  are  ever  hatched  out. 
Speaking  of  trout  eggs,  an  authority  (Mr.. 
Andrews,  of  Guildford)  says  he  believes,  in  a 
natural  state,  99  per  cent,  of  the  eggs  are 
lost,  and  what  is  true  of  the  trout  in  fresh 
water  is  equally  true  of  the  herring  in  the  sea. 
The  question  is  really  of  importance,  as  the 
public  confidence  in  the  inexhaustible  nature 
of  our  fisheries  is  drawn  from  such  official 
reports  as  these — reports  that  make  one  think 
how  a cruel  fate  has  diverted  their  authors 
from  their  real  vocation  in  life.  Imagine,  but 
for  a moment,  if,  instead  of  compiling  dry 
matter-of-fact  Blue-books,  the  authors  had 
devoted  themselves  to  framing  prospectuses 
for  joint  stock  companies,  what  splendid  arrays 
of  figures  we  might  have  seen. 

As  to  the  cod.  In  Mr.  Huxley’s  inaugural 
address  at  the  meeting  of  the  Congress  at  the 
Fisheries  Exhibition  in  1883,  this  passage 
occurs : — 

“I  believe  that  it  may  be  affirmed  with  confidence 
that,  in  relation  to  our  present  modes  of  fishing,  a 
number  of  the  most  important  fisheries,  such  as  the 
cod  fishery,  the  herring  fishery,  and  the  mackerel 
fishery,  are  inexhaustible.  And  I base  this  conviction 
on  two  grounds  : first,  that  the  multitude  of  these 
fishes  is  so  inconceivably  great  that  the  number  we 
catch  is  relatively  insignificant ; and  secondly,  that  the 
magnitude  of  the  destructive  agencies  at  work  upon 
them  is  so  prodigious,  that  the  destruction  effected  by 
the  fishermen  cannot  sensibly  increase  the  death-rate. 
At  the  great  cod  fishery  of  the  Lofoden  Islands  the 
fish  approach  the  shore  in  the  form  of  what  the 
natives  call  cod  mountains — vast  shoals  of  densely- 
packed  fish,  120  to  180  feet  in  vertical  thickness.  The 
fish  are  so  close  together  that  Professor  Sars  tells  us 
the  fishermen  who  use  lines  can  notice  how  the 
weight  before  it  reaches  the  bottom  is  constantly 
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knocking  against  the  fish,  and  these  shoals  keep  con 
stantly  coming  in,  one  after  another,  for  two  months, 
and  all  along  the  coast.  A shoal  of  codfish  of  this 
kind,  a squai'e  mile  in  superficial  extent,  must  contain 
at  the  very  least  1,200,000,000  fish.  (This  allows 
over  four  feet  in  length  for  each  fish,  and  a yard 
between  it  and  those  above  and  below  and  at  the 
sides.)  But  it  is  an  exceptionally  good  season  if  the 
Lofoden  fishermen  take  30,000,000  cod,  and  not  more 
than  70,000,000  or  80,000,000  are  taken  by  all  the 
Xorsvegian  fisheries  put  together.  So  that  one  fair 
shoal  of  all  that  approach  the  coast  in  the  season 
must  be  enough  to  supply  the  whole  of  the  codfish 
taken  by  the  Norwegian  fishermen,  and  leave  a 
balance  of  40,000,000  or  50,000,000  over.” 

Statements  like  these  are,  to  my  mind,  very 
unsatisfactory.  Mr.  Huxley  states  that  the 
fisheries  are  inexhaustible,  and  instead  of 
giving  the  evidence  upon  which  he  bases  his 
statements,  cites  a statement  by  an  eminent 
Norwegian  authority  ; but  here,  again,  we  have 
not  before  us  the  facts  upon  which  Professor 
Sars’  statement  is  based.  When  you  examine 
the  statement,  it  merely  comes  to  this — Mr. 
Huxley  thinks  our  sea  fisheries  are  unex- 
haustible  because  Professor  Sars  says  the 
fishermen  tell  him  something.  I do  not  know 
if  Norvvegian  fishermen  have  a less  tendency 
to  exaggeration  than  Norwegian  sportsmen, 
but  I must  say  the  statement  reminds  me  of 
what  a Norwegian  sportsman  once  told  me  as 
to  the  quantity  of  duck  in  a certain  fiord 
where  we  were  going  to  shoot.  He  said, 
“When  you  get  there  (we  were  in  a steam- 
launch),  we  shall  have  to  go  slowly,  to  avoid 
running  over  the  ducks.”  I expected  to  see, 
I don’t  say  enough  ducks  to  stop  the  launch, 
but  a considerable  number.  In  the  result,  we 
saw  two  ! I must  confess  that  it  is  with  a 
very  grave  suspicion  that  I regard  statements 
as  to  numbers  without  seeing  the  evidence  to 
support  them,  and  still  more  do  I distrust 
figures  founded  on  such  statements.  These 
computations  are,  to  my  mind,  always  to  be 
taken  with  more  or  less  margin.  I will  cite 
another  example  as  to  salmon  fisheries  : it 
appears  in  the  thirteenth  report  of  the  in- 
spectors of  salmon  fisheries,  speaking  of  one 
of  the  tributaries  of  the  Eden,  the  Caldew. 
The  effect  of  the  loss  to  the  riv'er  by  a week’s 
flood  preventing  the  fish  spawning,  is  thus 
given  ; — 

“Two  hundred  fish  attempt  to  spawn  in  the  Caldew. 

e will  suppose  half  the  fish  to  be  females,  carrying 
1,000  eggs  each  to  each  pound  of  her  weight,  at  the 
average  of  10  lbs.  each  fish,  they  would  have  produced 
1,000,000  eggs;  deduct  half  for  eggs  lost  and 


destroyed,  500,000  eggs ; deduct  half  again  for  fry 
killed,  leaves  250,000 ; deduct  half  again  for  smolts 
killed,  125,000;  deduct  half  again  for  Smolts 
killed,  62,500 ; deduct  half  for  accidents,  leaves 
37,250,  average  each  salmon  at  51b.  weight  at  lod. 
per  lb.,  and  w'e  find  the  approximate  value  of  salmon 
at  the  lowest  calculation  lost  by  the  present  state  of 
the  one  mile  and  a quarter  of  the  Caldew  is  no  less 
than  ^6,5 10  8s.  4d.” 

This,  like  the  others,  is  a fair  specimen 
of  the  way  in  which  the  public  are  informed 
of  the  value  of  our  fisheries.  Omne  igno- 
tu77i  Iro  7nagnifico.  It  is  a beautiful 
instance  of  counting  your  chickens  before 
they  are  hatched  ; if  it  is  carried  out  it  gives 
rather  startling  results,  ;^6,5io  represents  a 
mile  and  a quarter,  L^,2o8  is  the  value  of  a 
mile,  but  the  Eden,  of  which  the  Caldew  is  a 
tributary,  has  at  least  forty  miles  of  like  water, 
so  that  the  value  of  the  Eden  is  l2o8,;^20,  or 
more  than  all  the  English  and  Welsh  fisheries. 
It  is  necessary  to  be  continually  on  one’s 
guard  against  official  figures  and  results  thus 
arrived  at;  they  are  worse  than  misleading, 
they  are  positively  harmful,  and  it  is  most 
urgent  we  should  get  as  soon  as  possible 
accurate  and  reliable  figures. 

If  we  had  reliable  statistical  information  we 
might  dispense  with  those  constant  inquiries 
that  are  made  either  by  means  of  a Royal 
Commission  or  by  a Government  department 
at  frequently  recurring  intervals,  that  usually 
only  lead  to  a large  expenditure  of  public 
money  and  no  real  results.  I wish  to  speak 
with  every  possible  respect  of  Royal  Com- 
missions, but  it  is  rather  difficult  to  do  so 
when  one  comes  to  read  their  reports,  for 
it  frequently  happens  that  different  Com- 
missions arrive  at  conclusions  that,  to  put  it 
mildly,  do  not  coincide,  and  this  fact  somewhat 
lessens  the  belief  in  their  value.  But  a depart- 
mental inquiry  is  even  worse  than  one  by  a 
Royal  Commission,  for  as  the  gossip  they  call 
evidence  and  on  which  they  act  is  not,  except 
under  the  Sea  Fisheries  Act,  given  on  oath, 
the  limit  of  the  statements  of  the  witnesses  is 
ordinarily  the  limit  of  the  credulity  of  the 
persons  holding  the  inquiry,  and  one  of  two 
results  follows,  either  a report  based  on 
what  are  obviously  unreliable  statements  is 
made ; or  the  person  holding  the  inquiry 
adheres  to  his  preconceived  opinion,  for  his 
experience  of  previous  inquiries  tells  him  that 
all  men,  especially  fishermen,  are  liars,  so  he 
pays  no  attention  to  the  so-called  evidence, 
and  reports  in  accordance  with  his  previous 
views.  Another  thing  which  tends  to  bri3g 


726 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


{May  14,  1886. 


discredit  on  these  local  departmental  inquiries 
is  that  they  are  often  obtained  for  a specific 
purpose,  and  the  persons  obtaining  them  of 
course  desire  by  strong  but  unsworn  asser- 
tions, to  make  good  their  case  and  prove  they 
were  justified  in  asking  for  the  inquiry.  It  is 
always  an  easy  way  to  shelve  a difficult  ques- 
tion to  have  an  inquiry  and  not  to  act  on  the 
report.  I recollect  a case  where  politics  were 
the  only  reason  that  caused  the  inquiry  to  be 
made.  A gentleman  had  been  returned  as 
member  fora  constituency:  he  had  promised 
in  his  canvass,  if  he  was  returned,  something 
should  be  done  to  do  away  with  some  very 
wholesome  provisions  of  the  Salmon  Acts  to 
which  his  constituents  objected.  Unlike  many 
Parliamentary  candidates,  he  kept  his  word, 
and  prevailed  on  the  then  Secretary  of  State 
for  the  Home  Department  to  order  an  inquiry 
which  was  in  effect  an  inquiry  whether  it  was  not 
desirable  to  legalise  poaching.  Even  when 
an  inquiry  is  necessary,  and  is  properly  held, 
it  by  no  means  follows  that  the  results  are 
satisfactory.  I recollect  a case  at  which  the 
persons  appointed  took  evidence,  and  went 
through  the  farce —I  use  the  term  advised!}^ — of 
of  listening  for  three  days  to  witnesses  and 
the  speeches  of  counsel,  and  at  the  conclusion 
intimated  what  their  views  were.  A gentleman 
who  w^as  not  present  at  the  inquiry  met  them, 
after  the  inquiry  was  over,  and  told  them 
various  matters,  and  showed  them  some  old 
county  history.  When  their  report  was  pub- 
lished, it  did  not  profess  to  go  on  the  evidence 
heard  at  the  inquiry,  but  what  had  been 
gleaned  from  the  gentleman  and  the  county 
histories. 

But  worse  than  this  was  a case  of  which  I 
only  know  from  a newspaper  report ; it  took 
place  last  year  at  one  of  these  inquiries — it  is 
only  fair  to  say  not  before  an  inspector.  After 
hearing  some  evidence  the  meeting  broke  up 
in  disorder.  Yet  it  is  on  the  results  of  these 
inquiries  that  the  regulations  of  our  fisheries 
are  made  ; it  is  on  the  so-called  facts  alleged 
to  be  proved  at  them  that  we  are  told  our 
fisheries  are  prosperous,  and  we  have  no  reason 
to  fear  over-fishing.  In  many  cases,  if  there 
were  carefully  arranged  statistics  of  the 
fisheries,  these  scandals,  for  that  is  what 
they  really  amount  to,  might  be  avoided, 
as  the  department  would  have  the  informa- 
tion that  would  obviate  the  necessity  for  the 
inquiry. 

If  the  result  of  the  establishment  of  a fishery 
department  was  only  to  bring  about  the  three 
points  I have  mentioned — one  office  to  deal 


directly  with  all  fishery  matters,  one  place 
where  all  the  rules  that  regulate  the  fisheries 
could  be  ascertained,  and  one  place  were 
accurate  information  as  to  the  fisheries  was 
obtainable,  a very  great  step  would  have  been 
made  in  fishery  reform. 

But  there  is  another  point  as  to  which  the 
work  of  such  a Department  should  be  directed — 
the  scientific  part  of  the  fishery  question — and 
here  it  is  that  the  great  opposition  to  the 
scheme  will  arise.  I venture  to  think  if  such 
an  opposition  arises  it  will  be  because  the 
question  is  not  understood.  No  one  is  more 
opposed  than  I am  to  an  increased  staff  of 
Government  officials,  whose  duty  it  would  be 
to  meddle  and  muddle.  Scientific  experts  are 
delightful  persons  when  you  have  not  to  pay 
them.  Are  such  experts  needed  by  the  fisheries  ? 
So  far  as  my  experience  goes  I feel  tempted 
to  say,  no,  and  that  if  a scientific  expert  was 
at  the  head  of  the  Fishery  Department,  it 
would  be  worse  than  a lawyer.  The  expert 
has  ideas  and  theories,  and  if  you  do  not  agree 
with  him  you  are  not  fit  to  live,  and  this  pre- 
vents practical  work  being  done.  I venture 
to  think  the  duty  of  a Fishery  Department  is 
not  to  employ  experts  to  solve  problems,  but 
to  collect  the  data  that  may  enable  the  experts 
to  solve  the  problems  as  they  arise.  For  in- 
stance, if  the  Department  annually  published 
a full  report  to  Parliament  containing  complete 
statistics  of  the  take  of  fish,  the  time  of  the 
appearance  of  the  fish,  the  different  conditions 
of  temperature,  tide,  wind,  and  weather,  under 
which  the  fish  were  taken,  the  normal  or 
abnormal  appearance  of  any  fish,  and  any 
other  information  that  might  be  collected,  any 
scientist  could  form  his  own  conclusions  and 
deductions  from  the  published  facts;  but  if  the 
Department  merely  published  Mr.  A.  or  Mr. 
B.’s  report  on  the  facts,  it  would  only,  at  a 
considerable  expense,  give  the  individual 
opinion  of  Mr.  A.  or  Mr.  B,  which  might  or 
might  not  be  of  value.  But,  worse  than  this,  it 
does  happen  that  when  you  have  scientists 
engaged  in  fishery  matters,  they  do  not  always 
agree  on  the  facts.  For  example,  in  the  second 
annual  report  of  the  Scotch  Fishery  Board, 
there  is  a most  interesting  paper  on  the 
“Chemistry  and  Histology  of  the  Digestive 
Organs  of  Fishes;”  at  p.  55  there  is  this  state- 
ment— 

“There  is  a popular  belief  that  the  herring  does 
not  feed  during  the  spawning  season,  but  this  I regard 
as  a mistake,  as  one  always  finds  a certain  per-centage 
of  herrings  with  food  in  their  stomachs  during  January 
and  Fchiuary."'  This  much  seems  certain,  they  do  not 
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feed  so  voraciously  when  the  ova  and  milt  are  reach- 
ing maturity.” 

This  was  published  in  1884.  In  1885,  in  the 
24th  Report  of  the  Inspector  of  Salmon 
Fisheries  (England  and  Wales),  we  get,  at 
p.  25,  this  statement — 

“There  is  one  period  in  the  life  of  the  fish,  the 
so-called  matie  condition,  during  which  the  herring 
feeds  voraciously,  grows,  and  finally  lays  up  a great 
stock  of  nutritious  matter,  while  the  reproductive 
organs  remain  rudimentary  ; and  this  is  followed  by 
another  period  during  which  the  fish  leaves  off  feed- 
ing, while  the  reproductive  organs  attain  an  enormous 
size  at  the  expense  of  the  nutritive  matter  previously 
stored  up  in  the  body.” 

We  have  here  two  statements  of  fact  by  two 
distinguished  scientific  men  — both  put  forward 
under  State  authority — one  of  which  must  be 
incorrect.  If  we  had  the  facts  on  which  these 
gentlemen  arrived  at  their  conclusions  as  to 
the  feasting  or  fasting  of  the  herring  while  in 
an  interesting  state,  we  could  draw  our  own 
conclusions,  which  would  be  more  satisfactory 
than  contradictor}'-  dogmatic  statements. 

What  I venture  to  think  the  Fishery  Depart- 
ment should  do,  is  to  collect  and  publish  facts, 
leaving  each  person  to  draw'  his  own  conclu- 
sions. In  studying  law%  one  used  to  be  taught 
never  to  trouble  about  what  the  law  was  until 
you  had  accurately  grasped  all  the  facts  of 
each  case ; and  the  rule  seems  equally  to 
apply  in  science  : never  trouble  about  the 
scientific  bearing  of  facts  until  you  have 
collected  all  the  facts  having  relation  to  a 
given  subject. 

If  the  Department  will  only  publish  accurate 
statistics,  there  are  plenty  of  persons  who  will 
devote  themselves  to  the  task  of  drawing 
conclusions  from  the  facts.  For  example, 
there  is  in  the  second  report  of  the  Fisher}^ 
Board  for  Scotland  a diagram,  showing  the 
progress  of  the  herring  fisheries  from  1809 
to  1883,  by  showing  the  number  of  barrels  of 
white  herrings  cured  in  each  year.  This 
chart  shows  that  the  take  of  herrings  rose 
from  90,000  barrels  in  1809  to  1,400,000  in 
1880;  part  of  the  return  1809  to  1850  includes 
not  only  Scotland  but  part  of  England,  and 
from  1821  to  1869  also  includes  the  Isle  of 
Man  Fisheries,  it  therefore  brings  out  this  fact 
that  the  Scotch  boats  alone  are  now  catching 
double  the  number  of  herrings  than  the  com- 
bined catch  of  Scotch,  English,  and  Manx 
boats  in  1850.  This  may  of  course  be  re- 
garded in  two  ways.  From  the  optimist  point  of 
view  it  would  be  said  this  shows  how'  prosper- 


ous our  fisheries  are;  from  the  pessimist,  it 
would  be  said  we  are  drawing  too  largely  on 
our  supply,  and  are,  in  fact,  over-fishing  ; but 
if  for  the  next  series  of  years  we  find  that  the 
supply  of  herrings  still  keeps  up,  then  it  would 
furnish  better  evidence  that  the  increased 
fishing  was  doing  no  harm  than  any  number  of 
Royal  Commissions  or  departmental  inquiries. 
The  return  also  brings  out  other  interesting 
facts.  To  take  two,  certain  years  are  far  more 
productive  than  others  — 1880  w'-as  half  as  pro- 
ductive again  as  1879,  while  1879  was  half  as 
productive  again  as  1876  ; one  point  that  it 
would  be  most  important  to  ascertain  is,  what 
are  the  natural  conditions  of  a productive  year, 
temperature,  weather,  tide,  wind  ? Is  there 
anything  that  can  be  observed  to  account  for  it  ? 
Anything  that  is  absent  in  a bad  year  ? Again, 
does  a good  year  in  Scotland  mean  a bad 
year  in  England,  or  do  the  good  years 
occur  simultaneously  both  in  England  and 
Scotland  ? Complete  English  statistics  could 
alone  show  that.  It  would  also  be  very  in- 
teresting to  know  if  a good  year  of  herrings 
was  also  a good  year  of  other  fish,  or  whether 
a good  year  of  one  sort  of  fish  was  a bad  year 
of  another.  Another  point  appears  from  the 
diagram,  that  it  seldom  happens  that  two  good 
years  occur  in  succession  ; that  it  seems  as  if 
a good  year  was  a distinct  effort,  and  that  it 
took  time  to  again  bring  about  the  same  state 
of  things. 

A good  year  in  the  salmon  fisheries  is  often 
followed  by  a sharp  drop,  and  it  takes  one  or 
more  years  to  make  another  good  year. 
This  appears  to  be  so  if  the  produce  of  all  the 
English  and  Welsh  rivers  is  taken.  I have 
noticed  the  same  state  of  things  on  the  Severn, 
but  in  a more  marked  degree,  and  had  written 
as  follows  with  regard  to  the  Severn  before  I 
saw  the  Table  as  to  the  other  rivers  : — 

“The  Severn  Table  seems  to  point  out  that  a good 
year  is  a distinct  effort  for  the  river  to  make,  and 
exhausts  it  for  a time.  One  or  two  years  seem  to  lead 
up  to  it,  then  afterwards  for  a year  or  two  there  is  a 
falling  away.  From  the  Table,  1870,  1876,  and  1883 
all  point  this  way  ; after  1870  there  was  a falling  off 
for  three  years  before  the  effort  was  recovered.  It 
took  three  years  to  lead  up  to  1876,  then  there  was  a 
fall  for  three  years,  and  it  took  three  years  to  prepare 
for  1883.” 

The  first  part  of  the  Tweed  returns  con- 
firms this.  It  took  some  six  years  to 

prepare  for  the  great  year  1816.  Unfor- 
tunately, since  1848,  the  take  of  fish  in  the 
Tweed  has  so  fallen  off,  that  it  is  almost 
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impossible  to  use  the  return  for  comparison. 
From  the  returns  in  the  reports  of  the  Scotch 
Fishery  Board,  I have  constructed  a diagram 
as  to  the  cod,  ling,  and  hake  fisheries.  It 
extends  from  1826  to  1884,  and  for  part  of  that 
time,  until  1850,  included  some  of  the  English 
fisheries,  and,  until  1869,  the  Manx  fisheries 
as  well.  Here,  though  perhaps  not  to  the 
same  extent,  we  get  the  fluctuations  in  the 
different  years  that  were  noticeable  in  the 
herring  and  salmon  returns.  A good  year  is, 
as  a rule,  followed,  if  not  by  a bad,  by  at 
least  a moderate  one. 

When  the  cod  return  is  compared  with  the 
herring,  we  find  that  the  take  of  fish  has  been 
steadily  increasing  year  by  year,  and  it  is  a 
point  for  consideration  if  the  development  of 
the  two  branches  of  fishing,  side  by  side,  does 
not  go  far  to  lessen  any  destructive  effect 
human  agency  may  have  on  the  supply  of  fish. 
One  of  the  great  enemies  to  the  herring  is  the 
cod,  and  if  it  is  true  our  capture  of  herrings 
has  enormously  increased,  it  is  likewise  true 
that  our  destruction  of  their  enemy — the  cod — 
has  increased  also.  It  may  well  be  that  the 
shoals  of  herrings  sustain  no  greater  actual 
loss  than  they  did  in  former  years,  but  that 
man  is  substituted  for  fish  as  the  captor  of 
the  herrings. 

Although  no  accurate  statistics  exist  as  to 
the  value  of  the  English  fisheries,  it  would 
hardly  be  right  to  pass  over  them  without 
making  some  attempt  to  guess  at  their  value, 
so  that  some  idea  may  be  formed  of  the  im- 
portance of  the  work  that  the  new  Department 
will  have  to  undertake. 

I do  not  propose  to  give  chapter  and  verse 
for  my  figures,  I have  drawn  them  from  a 
number  of  sources  more  or  less  accurate, 
and  I must  ask  that  they  be  taken  merely 
as  an  estimate,  and  like  most  estimates,  I 
believe  them  to  be  under  rather  than  over  the 
mark. 

The  herring  fishery  is  the  most  valuable. 
At  Yarmouth  alone,  some  to,ooo  lasts  of 
herrings  are  annually  landed.  A last  of 
herrings  contains  nominally  10,000  fish — 
usually  more,  for  herrings  are  counted  132  to 
to  the  100;  therefore,  at  Yarmouth  alone, 
something  between  i5o,ooo,oooand  200,000.000 
herrings  are  taken  annually.  But  Yarmouth, 
though  the  great  centre  of  the  herring  trade, 
is  not  the  only  place  where  herrings  are 
caught  round  the  British  coast ; if  we  assume — 
and  I admit  I have  no  evidence  on  which 
to  base  the  assumption — that  Yarmouth  equals 
the  take  of  all  the  other  British  herring 


fisheries  (I  leave  out  pilchards)  we  have  a 
total  of  400,000,000  herrings  a year. 

Next  to  the  herring  comes  the  pilchard 
fisheries.  Pilchards  are  sold  by  the  hogshead, 
a hogshead  contains,  on  an  average,  about 

3.000  fish,  about  10,000  hogsheads  represents 
the  export  of  pilchards  from  Penzance  and  Fal- 
mouth, something  like  30,000,000  a year.  The 
trawl  fisheries  are  practised  all  round  the  coast, 
but  Grimsby  is  to  trawling  what  Yarmouth  is  to 
the  herring  fisheries.  It  is  the  home  of  the 
English  North  Sea  trawlers,  and  it  is  said  that 

30.000  tons  of  fish  are  annually  landed  there. 

Next  come  the  line  fisheries  they  are  prac- 
tised all  round  the  coast,  but  it  is  almost  im- 
possible to  give  any  figures  as  to  the  quantity 
of  fish  taken  by  them.  Then  come  the  crab 
and  lobster  fisheries,  the  shrimp,  mussel,  and 
cockle  fisheries.  Here,  again,  one  has  to 
guess  at  values,  but  they  must  be  something 
very  considerable ; Buckland  estimates  the 
Morecambe  Bay  cockle  fishing  to  be  worth 
;2^i4,ooo  a year;  and  the  Carmarthen  Bay 
;^i5,ooo.  The  shrimps  at  Morecambe  Bay 
he  puts  at  ;^4,ooo  a year.  The  Thames  whelk 
fishery  at  R8,ooo. 

If  this  is  anything  like  correct,  the  value  of 
shell  fisheries  must  be  larger  than  usually 
supposed,  the  lobsters,  crabs  and  oysters  must 
be  T^o,ooo  and  the  other  fisheries  nearly  the 
same,  so  that  about  100,000  a year  would 
represent  the  shell  fisheries. 

As  a guide  as  to  the  value,  we  may  take  the 
figures  given  by  the  Scotch  Fishery  Board  for 
1883  and  1884. 


Ctired  Fish. 

1883.  1884. 

Herrings  ^^^1,904,1 18  15s. 

Cod  or  Ling. .. . 191,468  os. 

;^2, 095,586  15s.  e.  ;^2,279,6I5 

Fresh  Fish. 

Haddock ;^340,693 

Herrings 149433 

Cod  and  Ling 97497 

Flounders  and  flat  fish  29,194 

Other  kinds 78,093 


^^684,710  ..  ^716,295 

Shell  Fish. 

Lobsters 

Crabs  19^16 

Mussels  16,548 

Oysters  and  others. . . . 13455 

^■82,985  . . /8o,939 

Salmon  £350, 000  ..  £275,000 


,,^3,286,242  . . /3, 301, 849 
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If  for  the  English  fisheries  we  put  the  cured 
fish  at  ;^i,500,ooo,  the  fresh  fish  at  £^00,000, 
the  shell  fish  at  ;^ioo,ooo,  and  the  salmon 

1 90,000,  we  shall  probably  be  within  the 
mark,  and  this  gives  for  the  English  and  Welsh 
fisheries  a total  of  £2,2^0,000,  and  probably 
from  ;^2, 000,000  to  ;^2, 500,000  would  be  about 
the  annual  value. 

Before  I pass  on  to  say  how  these  fisheries 
should  be  managed,  I should  like  to  sa}'’  one 
word  on  the  present  state  of  the  salmon  fisheries. 
The  salmon  has  always  been  the  e7if ant  gate 
of  fishery  legislation,  and  every  one  imagines 
himself  competent  to  talk  and  write  on  the 
salmon  fisheries.  I am  afraid  that  much  of 
what  has  been  written  is  pure  speculation,  but 
I am  also  afraid  we  have  never  really  realised  in 
how  bad  a way  our  salmon  fisheries  are.  There 
is  always  the  same  rose-coloured  appearance 
about  official  fisher}’’ reports  that  there  is  about 
the  reports  of  anglers  and  others  who  have  been 
fishing.  Having  regard  to  some  of  the  things 
I have  stated,  it  ought  not  to  astonish  us  that 
the  salmon  fisheries  are  not  over  prosperous, 
but  I think  few  people  really  realise  their  real 
position.  I will  give  three  facts  that  seem  to 
me  to  speak  volumes. 

1.  There  is  no  river  in  England  and  Wales 
where  each  rod-fisherman  oji  the  present  re- 
turn catches  a yearly  average  of  ten  salmon. 

2.  The  number  of  boxes  of  salmon  sent  from 
the  Tweed  alone  to  Billingsgate  in  the  year 
1883  was  more  than  the  whole  supply  sent 
from  all  the  English  and  Welsh  rivers. 

3.  If  four  rivers  are  left  out— the  Tyne,  the 
Eden,  the  Tees,  and  the  Severn — it  is  doubtful 
if  an  average  of  100,000  fish  a year  are  caught 
in  England  and  Wales. 

For  the  proof  of  the  first  I must  refer  you  to 
the  diagram  on  the  wall,  which  I have  made  out 
from  the  replies  in  the  Inspectors’  reports.  As 
to  the  number  of  salmon  caught  in  each  dis- 
trict by  rod  and  line  for  the  last  five  years,  it 
will  there  be  seen  that  the  chance  of  each  in- 
dividual rod  licensee  catching  a salmon  are 
certainly  not  such  as  to  justify  the  expenditure 
of  ;^i,  which  is  the  usual  charge  for  a license. 

In  proof  of  the  second,  I will  give  the 
figures.  They  will  be  found  at  page  2 of  the 
23rd  annual  report  of  the  Inspectors  of 
Fisheries.  From  all  the  English  and  Welsh 
rivers,  2,271  boxes  were  received;  from  Ber- 
wick-on-Tweed,  2,278.  This  fact  should  be 
taken  in  conjunction  with  the  opening  sentence 
of  that  report.  “Generally  speaking,”  says 
Mr.  Huxley,  “ the  salmon  fishing  season  of 
the  year  1883  w’as  the  most  productive  recorded 
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for  many  years,  the  return  from  many  districts 
showing  that  more  salmon  were  taken  than  in 
any  previous  season  since  the  present  salmon 
law  came  in  force.” 

The  third  point  is  not  capable  of  exact 
proof,  for  the  reason  that  all  the  districts  do 
not  give  a return  of  the  fish  they  catch.  I 
have,  however,  arrived  at  it  in  this  way.  The 
returns  given  in  the  24th  report,  which  gives 
the  total  number  of  salmon  caught  (I  am 
leaving  out  migratory  trout)  in  England  and 
Wales  in  1884,  is  81,938  ; of  this  the  Severn 
returns  20,000,  the  Tyne  21,216,  total  41,286. 
The  total  number  caught  in  1885  was  74,410, 
of  which  the  Tyne  caught  20,871,  and  the 
Severn  20,000.  These  are  the  two  best 
rivers  that  make  a return.  That  brings 
down  the  number  from  the  other  return- 
ing districts  to  40,652.  I am  quite  aware 
that  several  of  the  returning  districts  only 
give  the  rod-fish.  I do  not,  however,  think 
I shall  be  very  far  out  if  I put  the  other  return- 
ing districts  at  18,000;  that  would  make 
58,000.  Of  the  non-returning  districts,  the 
Couquet  has  nearly  no  salmon,  the  Wear  may 
be  put  down  as  200,  the  Canterbury  Stour, 
Rother,  the  Sussex,  Ouse,  Frome,  and  Otter  do 
not  profess  to  catch  salmon  ; 2,000  for  the  Exe^ 

1.000  for  the  Teign,  2,000  for  the  Dart,  1,000 
for  the  Tamar  and  Plym,  500  for  the  Fowey, 
500  for  the  Camel,  5,000  for  the  Taw  and 
Torridge,  10,000  for  the  Wye,  20  for  the 
Rhymney,  Taff,  and  Ely,  200  for  the  Cleddy, 

3.000  for  the  Teifi,  25  for  the  Ayron,  2,000  for 
the  Dyfi,  500  for  the  Dwyfact,  5,000  for  the 
Lune,  2,000  for  the  Kent,  and  5,000  for  the 
Derwent,  are  probably  a liberal  allowance. 
And  this  makes  between  95,000  and  100,000. 

At  first  sight  100,000  seems  a large  number, 
but  when  we  remember  that  in  the  Tyne  alone, 
in  1872,  129,000  salmon  were  caught,  it  comes 
to  this  that  if  we  except  four  rivers,  the  produce 
of  all  England  and  Wales  does  not  equal  the 
Tyne  at  its  best.  But  it  will  be  said  if  the 
Salmon  Acts  have  produced  those  four  first- 
rate  rivers,  it  is  something.  I admit  it  is  some- 
thing, but  not  very  much,  and  it  is  very 
doubtful  if  those  rivers  are  keeping  up  to 
the  standard  they  once  attained  ; for  if  we 
study  the  return,  we  find  the  Tyne  take 
has  been  gradually  decreasing,  the  Eden 
has  suffered  severely  from  disease,  the  Tees 
find  it  necessary  to  keep  up  the  stock  of 
fish  by  artificial  breeding,  while  the  Severn 
has  had  a succession  of  bad  spawning 
seasons  that  must  ultimately  affect  the 
stock  of  fish.  I am,  therefore,  by  no  means 
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•sangaine  that  we  shall  see,  for  the  present, 
the  take  of  salmon  in  England  and  Wales 
reach  an  average  of  200,000  fish  a year* 
This  may  seem  a large  amount,  but,  with  the 
exception  of  one  or  two  years,  it  is  barely  two- 
thirds  of  the  average  number  of  fish  sent  from 
Scotland  to  Billingsgate. 

The  question  that  remains  to  be  considered 
is,  how  is  the  new  Department  to  be  consti- 
tuted ? and  here  I am  afraid  I shall  be  at 
variance  with  some  of  my  fishery  friends.  I 
have  always  been,  and  still  am  opposed  to  the 
-expenditure  of  large  sums  of  public  money  in 
.aid  of  the  fisheries,  and  I object  very  strongly 
to  the  proposal  for  considerable  State  aid.  It 
seems  to  be  forgotten  that  State  aid  means 
State  inspection,  and  if  gentlemen  have  had 
much  experience  of  fishery  inspection,  they  will 
agree  with  me  that  State  aid  can  be  had  too 
dear.  I speak  from  an  experience  of  a quarter 
•of  a century  in  fishery  matters,  and  1 say 
advisedly  that,  so  far  as  I know,  the  inspectors 
of  fisheries  have  done  nothing  for  the  district 
with  which  I am  connected.  If  the  fisheries 
improved,  or  anything  was  done  that  was 
successful,  they  took  the  credit ; if  the  fisheries 
did  not  improve,  and  the  works  were  not  a 
success,  the  Board  got  the  discredit — the  szc 
z'os  non  vobzs  doctrine  was  remorselessly 
applied.  For  the  last  four  years,  I am  bound 
■to  state,  we  have  not  been  honoured  by  the  late 
inspector’s  patronage.  During  his  term  of  office 
Mr.  Huxley  visited  us  once  to  explain  why 
he  disallowed  some  bye-laws,  and  he  once 
sent  his  assistant  to  give  evidence  against 
the  Board  in  favour  of  the  law-breakers, 
when  the  Board  were  trying  to  carry  out 
the  law.  It  will,  therefore,  be  obvious  that 
-my  experience  ol  inspectors  is  not  a happy 
one.  It  is  a bold  thing  to  do  to  sketch  out 
the  details  of  a plan  for  the  future  manage- 
ment of  our  fisheries,  but,  as  I have  dwelt  so 
much  on  the  evils  of  the  present  system,  I may 
be  fairly  asked  to  say  what  should  take  its 
place.  I think  something  of  the  following  kind 
would  meet  the  present  requirements.  A single 
Department,  presided  over  by  some  first-rate 
official,  to  whom  control  should  be  committed 
of  all  the  fisheries,  inland,  coast,  and  sea,  of 
England  and  Wales.  This  official  should  do 
what  inspection  was  required,  that  he  might 
make  himself  practically  acquainted  with  the 
working  of  the  fisheries.  He  should  have 
such  a staff  of  clerks — it  would  not  necessarily 
be  a large  one — as  might  be  required  to 
tabulate  and  digest  the  information  that 
was  collected,  such  information  to  be  given 


as  fully  as  possible  in  annual  reports  to  Parlia- 
ment. 

The  local  work  to  be  done  through  local 
Boards.  At  present  many  of  the  fishery 
districts  extend  to  the  three  mile  limit  (sea- 
wards I vrould  extend  all  to  that  limit),  or  to 
the  utmost  extent  of  territorial  waters,  and  I 
would  make  them  look  after  all  fish,  not  only 
particular  kinds.  I am  quite  aware  the  con- 
stitution of  the  Boards  would  have  to  be 
altered,  but  it  is  not  so  perfect  now  that  we 
need  fear  alteration.  The  central  authority 
should  require  the  local  Boards  to  collect 
information  on  the  different  points  connected 
with  the  fisheries.  It  should  not  be,  as  now,  a 
set  of  questions  sent  out  asking  what  they  had" 
done,  but  a set  of  orders  saying  what  they 
were  to  do  ; and  here,  I think.  State  aid  might 
come  in  ; if  the  cost  of  those  inquiries  was  more 
than  the  Local  Board  could  afford,  a part 
might  be  repaid  by  the  State.  Instead  of  a 
license  for  one  kind  or  for  different  kinds  of 
fishing,  I would  require  a license  for  all,  and  I 
believe  the  funds  thus  raised  would  go  a long 
way  to  meet  the  expenses. 

I shall  of  course  be  told  that  the  whole  of 
England  and  Wales  is  not  included  in  the 
fishery  district.  This  is  true,  but  by  the  time 
the  freshwater  districts  are  formed,  there  will 
be  very  little  not  so  included  ; and  if  power  is 
taken  to  extend  the  districts,  or  if  necessary  to 
make  coast  and  sea-fisheries  districts,  the 
local  authorities  will  soon  be  constituted.  By 
some  such  scheme  as  this  you  will  get  a series  of 
local  authorities  all  over  the  country,  entrusted 
with  the  duty  of  carrying  out  the  law  and  de- 
veloping the  fisheries  ; and,  without  imposing 
any  great  charge  on  the  State,  you  would,  by 
means  of  licenses  for  fishing,  raise  the  greater 
part  of  the  necessary  funds.  There  is  one  other 
point  I should  like  in  some  way  to  see  carried 
out,  namely,  that  there  should  be  some  persons 
having  a practical  knowledge  of  fishing,  who 
have  arecognised  official  position,  whose  duty  it 
would  be  to  consider  any  question  of  bye-laws 
and  rules,  and  to  frame  the  general  policy  of  the 
Department.  Either  they  should  be  repre- 
sentatives for  the  different  classes  of  fisheries, 
as  say,  the  herring  fisheries,  the  trawl  fisheries, 
the  line  fisheries,  and  the  inland  fisheries,  or 
for  localities,  as  representatives,  say,  for  the 
South  of  England  fisheries,  the  Welsh,  the 
East  and  the  North  coast  fisheries.  I do  not 
propose  that  these  representatives  should  be 
paid,  or  that  their  consent  should  be  re- 
quired to  any  mere  administrative  duties, 
but  that  they  should  have  a voice  m 
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determining  the  main  lines  of  policy  on 
which  our  fishery  administration  would  be  con- 
ducted. Of  course  the  scheme  1 have 
mentioned  is  only  an  outline,  and  may  be 
various  details  would  have  to  be  supplied.  It 
consists  of  Local  Boards,  supervised  by  a 
Central  Department,  the  Boards  managing  as 
far  as  possible  their  own  affairs,  but  carrying 
out  any  directions  of  the  Central  Department. 
I believe  that,  to  a great  extent,  the  Local 
Boards  would  be  self-supporting ; the  expense 
of  the  Central  Department  would,  of  course, 
have  to  be  provided  by  the  State. 

Of  course,  the  scheme  differs  from  the  Scotch 
Board  or  the  American  Commission,  or  any  of 
the  Foreign  Government  establishments,  and 
differs  chiefly  in  this,  that  the  duties  of  the 
Department  and  Boards  would  be  chiefly 
protective  and  administrative,  and  else- 
where they  are  scientific.  As  I have  already 
said,  I do  not  believe  in  setting  up  a 
scientific  body  to  control  the  fisheries.  By 
all  means  collect  all  the  facts  you  can,  so 
as  to  enable  the  rules  for  fishing  to  be  framed 
upon  definite  principles,  pay  all  heed  to  the 
results  of  scientific  teaching,  encourage  inde- 
pendent scientific  investigation,  but  do  not 
allow  one  of  the  great  sources  of  food  supply 
to  be  administered  on  experimental  principles. 
There  are  many  doubtful  points  of  policy  in 
connection  with  our  fisheries,  but  of  one  thing 
I have  no  doubt  that,  while  it  is  most  important 
to  give  every  help  to  the  scientific  study  of  the 
fisheries,  it  is  equally  important  not  to  subject 
them  to  scientific  interference. 

On  the  question  of  money  there  is  one 
thing  that  is  not  sufficiently  noticed,  namely, 
that  though  our  fisheries  are  more  important, 
the  State  is  now  paying  less  money  towards 
the  English  fisheries  than  formerly.  We  used 
to  have  two  inspectors  and  special  commis- 
sioners ; the  special  commissioners  were 
abolished,  then  one  inspector  was  abolished. 
There  used  to  be  inspectors  under  the  Board 
of  Trade  of  oyster  fisheries;  this  has  been 
done  away  with,  and  now  at  last  we  have  a 
single  inspector  and  an  assistant,  and  the 
whole  sum  voted  is  1,178  a year. 

I have  occupied  so  much  of  the  time 
of  the  meeting  that  I must  leave  unnoticed 
various  points  I should  have  liked  to  have 
referred  to,  such  as  the  whole  question  of  inland 
fisheries,  the  coarse  fish,  the  angling  interest. 
I can  only,  in  conclusion,  press  on  this  Society, 
one  of  whose  objects  is  to  encourage  national 
industries,  the  claims  of  that  great  industry 
that  has  done  so  much  for  the  country,  that  is 


such  a source  of  national  wealth  and  great- 
ness. I believe  that,  if  only  ordinary  care  is 
taken  of  our  fisheries,  not  only  may  this  in- 
dustry be  largely  developed,  but  our  food 
supply  greatly  increased,  and  from  a native 
not  from  a foreign  source,  and  that  the  first 
step  towards  bestowing  that  care  and  promot- 
ing that  development  is  the  establishment  of  a 
central  Fishery  Department. 


Appendix  A. — Number  of  Barrels  of  White 
Herrings  Cured  in  each  of  the  follow- 
ing years : — 


Barrels. 

Barrels. 

i8ro 

90,185 

1848 

•.  562,743 

1811 

91,827 

1849 

..  644,368 

1812 

111,519 

1850 

..  770,698 

1813 

153,488 

^1851 

..  544,009 

1814 

110,542 

1852 

..  594,031 

1815 

160,139 

1853 

..  778,039 

1816 

162,651 

1854 

..  636,532 

1817 

192,343 

1855 

..  766,703 

1818 

227,691 

1856 

,,  609,988 

1819 

340,894 

*857 

..  580,823 

1820 

342,491 

1858 

..  636,124 

1821 

442,195 

1859 

L 

00 

1822 

316,524 

i860 

..  681,193 

1823 

248,869 

i86r 

..  668,828 

1824 

392,190 

1862 

..  830.904 

1825 

347,665 

1863 

654,816 

1826 

379,233 

1864 

••  643,650 

1827 

288,495 

1865 

..  621,763 

1828 

399,778 

1866 

..  658,146 

1829 

355,979 

1867 

..  825,589 

1830 

329,557 

1 868 

..  651,453 

1831 

439,370 

41869 

..  675,143 

1832 

362,660 

1870 

..  833,160 

1833 

416,964 

1871 

..  825,475 

1834 

45B53I 

1872 

..  773,859 

1835 

277,317 

00 

..  939,233 

1836 

497,614 

1874 

..  1,000,561 

1837 

397,829 

1875 

..  942,980 

1838 

507,724 

1876 

••  598,197 

^839 

555,559 

1877 

..  847,718 

1840 

543,945 

1878 

..  905,768 

1841 

557,262 

1879 

..  841,796 

1842 

667,245 

1880 

..  1,473,600 

1843 

623,419 

1881 

..  1,111,155 

00 

665,359 

1882 

..  1,282,973 

1845 

526,032 

I8S3 

. . 1,269,412 

1846 

532,646 

1884 

..  1,697,077 

1847 

607,451 

Appendix  B. — Number  in  cwts.  of  Cod,  Ling, 
AND  Hake,  cured,  and  dried,  in  each  of  the 
Following  Years 

cwts.  cwts. 

1826  ..  69,136  1828  ..  82,515 

1827  ..  95,161  1829  81,321 

• Scotland  and  Isle  of  Man  only,  t Scotland  only. 
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cwts. 

cwts. 

1830 

..  101,914 

1858  .. 

95,596 

1831 

..  37,674 

1859  .. 

118,383 

1832 

..  50,293 

i860  .. 

115,688 

1833 

..  58,461 

1861  .. 

82,344 

1834 

..  52,710 

1862  .. 

100,657 

1835 

..  44,152 

1863  .. 

129,725 

1836 

. . 38,040 

1864  .. 

107,758 

1837 

. . 66,892 

1865  .. 

112,807 

1838 

. . 84,996 

1866  .. 

115,819 

1839 

..  85,274  - 

1867  .. 

119,638 

1840 

. . 93,560 

1868  .. 

113,831 

1841 

..  91,494 

^1869  .. 

135,885 

1842 

. . 76,849 

1870  .. 

145,288 

1843 

..  77,707 

1871 

119,030 

1844 

..  62,813 

1872 

145,976 

1845 

..  83,914 

1873  .. 

160,716 

1846 

..  92,323 

1874  .. 

143,466 

1847 

..  90,783 

1875  .. 

187,788 

1848 

..  81,624 

1876  .. 

111,457 

1849 

. . 85,462 

1877  .. 

187,200 

1850 

. . 98,903 

1878  .. 

183,809 

ti85i 

. . 90,658 

1879  .. 

162,365 

1852 

..  165,976 

1880  .. 

155,745 

1853 

..  105,996 

1881  .. 

115,513 

1854 

, . 109,684 

1882  .. 

121,337 

1855 

..  113,511 

1883  .. 

120,335 

1856 

..  110,504 

1884  .. 

174,506 

1857 

. . 104,668 

Appendix  C. — Boxes  of  English  and  Scotch 
Salmon  Sold  at  Billingsgate  since  18344 


Scotch. 

English. 

Scotch. 

English^ 

1834. 

. 30,650 

.. 

i860. . 

15,870 

• . -438 

1835- 

. 42,330 

. . 

1861. . 

12,337  ^ 

..  442 

1836. 

• 24,570 

. . 

1862. . 

22,796  , 

••  454 

1837. 

. 32,300 

. . 

1863.. 

24,297  . 

..  663 

1838. 

. 21,400 

. . 

1864. . 

72,603  , 

..  752 

1839. 

. 16,340 

. . 

1865.. 

19,009 

..  868 

1840. 

. 15,160 

. . 

1866.. 

71,725  . 

1,563 

1841 . 

. 28,500 

. . 

1867.. 

23,006  , 

. . 2,405 

1842. 

. 39,417 

. . 

1868.. 

28,020  , 

..  1,725 

1843. 

. 30,300 

..  40 

1869. . 

70,474  ' 

..  1,863 

1844. 

. 28,178 

. . — 

1870. . 

20,648  , 

..  3,120 

1845. 

. 31,062 

..  46 

1871.. 

23,390 

••  2,953 

1846. 

. 25,510 

..  41 

1872. . 

24,404  . 

..  5,298 

1847. 

. 20,112 

..  72 

1873.. 

30,181  , 

..  1,471 

1848. 

. 22,525 

..  48 

1874.. 

32,180  . 

, . 1,602 

00 

0 

. 23,690 

..  50 

1875.. 

20,375  . 

..  1,284 

1850. 

. 13,940 

..  72 

1876.. 

25,645  . 

..  1,508 

1851. 

. 11,593 

..  40 

1877.. 

29,363  . 

, . 1,608 

1852. 

. 13,044 

. . 20 

1878.. 

27,660  . 

, . 1,224 

1853. 

. 19,485 

. . 20 

1879.. 

15,564  . 

, . 1,898 

1854. 

. 23,194 

..  128 

1880. , 

17,457  . 

, . 2,028 

1855. 

. 18,197 

..  59 

1881.. 

23,905  . 

, . 1,890 

1856. 

. 15,438 

. . 200 

1882.. 

22,968  . 

,.  2,186 

1857. 

. 18,654 

. . 220 

1883.. 

34,506  . 

. . 2,271 

1858. 

. 21,564 

..  499 

1884. . 

27,219  . 

. 1,600 

1859. 

. 15,823 

..  86 

1885.. 

30,362  . 

. 1,897 

* Scotland  only. 

t Scotland  and  Isle  of  Man  only. 

+ Each 

box  weighs  112  lbs.  on  an  average. 


Appendix  D.— England  and  Wales.— Number 
OF  Salmon  Caught  as  Returned  to 

OFFICE  : — 


1867  .. 

23,691 

1868  .. 

11,358 

1869  .. 

24,557 

1870  .. 

84,403 

1871  .. 

157,060 

1872  .. 

153,974 

1873  .. 

128,973 

1874  .. 

55,080 

1875  .. 

60,005 

1876  .. 

59,354 

Home- 


1877  ..  174,121 

1878  ..  68,087 

1879  ..  47,234 

1880  ..  56,754 

1881  ..  75,546 

1882  ..  85,797 

1883  ..  9o>i34 

1884  ..  81,938 

1885  ..  77,707 


Appendix  E, — Number  of  Salmon  taken  with 
Rod  and  Line  in  England  and  Wales,  as 

RETURNED  TO  HoME-OFFICE. 


War.  Taken.  Anglers. 


1867 

• • • • 

1,322 

795 

1868 

• t • » 

583 

454 

1869 

• • • t 

973 

801 

1870 

636 

442 

1871 

1,851 

1,010 

1872 

3,518 

1,126 

1873 

• • • • 

4,071 

1,245 

1874 

• • • • 

1,581 

1,148 

1875 

• ft* 

2,026 

• • • • 

978 

1876 

1,532 

• • 3 • 

737 

1877 

3,091 

• • • • 

1,067 

1878 

1,870 

• • • • 

937 

1879 

00 

CO 

0 

• • • • 

1,615 

1880 

3,777 

t • • • 

1,614 

1881 

5,913 

1,547 

1882 

5,222 

2,011 

1883 

7,702 

• • • • 

2,049 

1884 

4,069 

• • • t 

1,934 

1885 

7,585 

• • t t 

2,224 

DISCUSSION. 


The  Chairman  said  there  was  a slight  mistake 
in  the  paper  which  he  might  correct ; a last  of  herrings 
at  Yarmouth  was  not  10,000  but  13,200.  As  to  the 
necessity  for  the  establishment  of  a Fishery  Depart- 
ment for  England  and  Wales,  there  could  be  no 
doubt  that  the  time  had  come  when  England  ought 
not  [to  be  in  the  degraded  position  of  having  a 
scattered  administration  of  the  fisheries  of  the 
United  Kingdom  instead  of  a Central  Department, 
and  [this  fact  was  brought  prominently  before 
the  public  by  our  Colonial  friends  at  the  Con- 
ferences held  at  the  Fishery  Exhibition  in  1883, 
when  it  was  pointed  out  that  we  could  no 
longer  standstill  as  a nation,  and  that  we  were  bound 
to  take  the  matter  up  and  place  ourselves  in  the  same 
position  as  other  nations.  All  the  various  points 
urged  before  the  House  of  Commons  had  been 
virtually  accepted  ; the  case  was  so  strong  that  there 
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was  no  doubt  about  it ; and  the  President  of  the 
Board  of  Trade  accepted  the  position  most  gladly. 
He  would  not  take  up  time  by  discussing  the  neces- 
sity for  a Fishery  Department ; that  might  be  taken 
for  granted,  but  he  might  mention  that  the  question 
had  been  gone  into  very  fully  by  all  the  sea  fishing 
interests  at  the  different  fishing  centres,  and  also  at  a 
very  important  conference  which  took  place  in 
London  when  a deputation  was  introduced  to  the 
President  of  the  Board  of  Trade  to  discuss  the  con- 
stitution of  the  proposed  Department.  It  was  then 
urged  that  there  should  be  some  practical  element 
introduced  other  than  red-tape  officials  by  whom 
they  had  been  encumbered  for  so  many  years ; 
the  fishing  interest  were  perfectly  unanimous 
upon  that  point,  and  he  thought  Mr.  Mundella 
saw  the  justice  of  it,  because  he  alluded  to  one 
ver\’  important  concession  as  regarded  the  sea 
fisheries,  viz.,  that  at  the  larger  fishing  ports  there 
should  be  a representative  duly  elected  council,  which 
council  should  be  in  direct  communication  with  the 
Central  Department  in  London,  and  have  power  to 
deal  with  questions  that  arose  from  time  to  time. 
When  the  Bill  was  introduced  into  the  House  of 
Commons  it  would  no  doubt  contain  among  others 
this  power.  Whether  or  not  it  would  be  desirable  to 
have  a scientific  element  introduced  into  the  new 
Department,  he  would  leave  to  the  scientific  gentle- 
men present  to  discuss,  but  he  would  impress  upon 
the  meeting  that  upon  this  great  question,  if  it  was 
to  be  carried  through  the  House  of  Commons,  they 
must  not  run  counter  more  than  could  possibly  be 
helped  to  that  important  body,  the  Treasury, 
because  it  would  be  a most  unfortunate  matter  if  the 
ship  was  water  logged,  and  eventually  sunk,  in  con- 
sequence of  asking  for  too  much  at  the  commence- 
ment. They  should  first  establish  the  Department 
on  a certain  scale,  and  after  it  had  been  established 
for  a few  years,  they  would  be  in  a better  position  to 
know  whether  a further  demand  should  not  be 
made  upon  the  Government  of  the  day  to  extend 
the  operations  in  directions  beyond  those  at  first 
contemplated. 

Professor  RayLajvkester,  F.R.S.,  wished  to  make 
a few  remarks  upon  the  proper  relation  of  scientific  in- 
quiry' to  any  organisation  of  a Fishery  Department. 
Mr.  Willis  - Bund  had  not  quite  apprehended  what 
scientific  inquiry  might  mean,  and  what  it  had  done  for 
our  industries,  though  he  had  admitted  it  was  desirable 
to  have  additional  knowledge  of  facts  with  regard  to 
fishes,  in  order  that  satisfactory  rules  and  regulations 
might  be  made.  But  at  the  same  time,  while  asking 
for  further  facts,  Mr.  Willis-Bund  had  said  that  it  was 
not  the  business  of  a scientihc  expert  to  ascertain  facts, 
and  he  evidently  imagined  that  a scientific  expert  was 
a theorist  who  weaved  a theory  upon  the  facts  placed 
before  him.  This  was  not  so,  it  was  the  lawyer  who 
more  usually  did  that  sort  of  thing.  The  scientific 
man  was  engaged  in  ascertaining  the  facts,  and  when 
they  asked  that  there  should  be  a scientific  element 


in  the  Fishery  Board,  they  meant  a certain  number 
of  officials  who  M^ould  be  employed  in  ascertaining 
the  facts  which  were  admitted  on  all  hands  to  be 
necessary  to  deal  satisfactorily  with  fisheries.  If  they 
were  to  maintain  existing  regulations,  or  give  advice, 
or  promote  schemes  with  regard  to  fisheries,  it 
must  be  done  as  the  result  of  knowledge.  That 
was  the  main  upshot  of  the  conferences  which 
took  place  at  the  Fisheries  Exhibition,  when 
the  conclusion  arrived  at  was,  that  more  know- 
ledge was  needed  with  regard  to  the  habits,  &c.,  of 
fishes,  in  order  that  satisfactory  legislation  should  be 
maintained  or  introduced.  The  word  “science’^ 
seemed  to  be  used  as  a term  of  reproach,  but  the  real 
question  was  whether  men  shall  act  in  ignorance  or 
with  knowledge.  Mr.  Willis-Bund  said  thathe  objected 
to  have  fisheries  advised  upon  by  scientific  experts, 
which  really  meant  that  he  would  prefer  to  leave  them 
to  ignorance,  as  it  was  a mere  question  between 
knowledge  and  ignorance.  The  point  was,  whether 
or  not  it  was  desirable  that  the  State  should  under- 
take, in  connection  with  a Fishery  Department,  to 
ascertain  more  than  was  at  present  known  with 
regard  to  fishes.  In  other  matters,  it  had  been  found 
that  an  increase  of  knowledge  had  enabled  mankind 
to  deal  more  successfully  with  natural  things,  and 
he  had  not  the  least  reason  to  doubt  that  increased 
knowledge  with  regard  to  fishes  would  have  a bene- 
ficial result  in  the  treatment  of  fisheries.  Supposing 
the  point  was  admitted  that,  to  ascertain  the  facts 
which  Mr.  Willis-Bund  wished  to  see  ascertained,  per- 
sons trained  with  a certain  particular  kind  ©f  know- 
ledge were  necessary,  he  maintained  that  further,  in 
order  to  interpret  those  facts,  and  to  apply  and  under- 
stand them  in  a satisfactory  way,  a certain  amount  of 
special  knowledge  of  the  subject  was  desirable.  They 
could  hardly  have  a better  instance  of  this  than  the  one 
afforded  by  the  reader  of  the  paper  with  regard  to  the 
feeding  of  herrings,  which  had  been  brought  forward 
by  him,  as  proving  the  untrustworthiness  of  scientific 
experts.  These  two  statements  were  not,  as  supposed 
by  Jilr.  Willis  - Bund,  in  any  way  contradictory, 
but  were  perfectly  capable  of  being  read  and 
understood  in  conformity  with  one  another.  The 
first  statement  was  as  follows  : — “ There  is  a popular 
belief  that  the  herring  does  not  feed  during  the 
spawning  season,  but  this  I regard  as  a mistake,  as 
one  always  finds  a certain  per-centage  of  herrings 
with  food  in  their  stomachs  during  January  and 
February.  This  much  seems  certain,  they  do  not 
feed  so  voraciously  when  the  ova  and  milt  are  reach- 
ing maturity.”  The  other  statement  was  this  : — 
“ There  is  one  period  in  the  life  of  the  fish,  the  so- 
called  matie  condition,  during  which  the  herring  feeds 
voraciously,  grows,  and  finally  lays  up  a great  stock  of 
nutritious  matter,  while  the  reproductive  organs 
remains  rudimentary.”  All  that  was  said  in  the 
first  statement  was  that  the  fish  did  not  remain 
altogether  without  food  during  that  period.  The 
second  statement  went  on  to  say,  “ this  is  followed 
by  another  period  during  which  the  fish  leaves  off 
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feeding,  while  the  reproductive  organs  attain  an 
■enormous  size  at  the  expense  of  the  nutritive 
matter  previously  stored  up  in  the  body,”  and  at 
first  sight  no  doubt  this  seemed  to  be  in  opposi- 
■tion  to  the  statement  that  the  fish  did  not  feed  so 
voraciously  when  the  ova  and  milt  were  reaching 
maturity,  but  what  the  first  writer  was  referring  to 
was  the  late  peiiod  of  growth  and  not  the  early 
period.  The  two  statements  were  really  in 
accord,  so  that  it  was  desirable,  in  dealing  with 
these  facts,  that  the  person  should  have  some 
knowledge  of  the  subject,  and  not  be  liable  to  fall 
into  error  as  Mr.  Willis-Bund  had  done.  He  had 
himself  furnished  the  best  proof  of  the  need  for  special 
knowledge.  He  (Professor  Lankester)  had  always 
•advocated  the  desirability  of  the  Government  pro- 
viding some  means  for  increasing  knowledge  with 
regard  to  fishes,  and  had  not  the  least  doubt  that 
there  was  a great  deal  to  be  done  in  this  direction. 
In  Italy  they  had  a Fishery  Department,  which  con- 
sisted of  thirteen  members,  three  being  non-scientific, 
and  ten  scientific,  and  the  questions  submitted  to 
them  w'ere  submitted  through  the  ministry.  The 
committee  met  occasionally  to  consult  upon  ques- 
tions, and  various  members  were  told  off  to  report 
upon  any  particular  question,  the  report  being  sent 
up  to  the  whole  commission,  who  either  adopted  it 
as  a whole,  or  made  certain  amendments. 

Dr.  Francis  Day,  referring  to  the  conferences 
held  at  the  Fisheries  Exhibition  in  1883,  said  Sir 
Edward  Birkbeck  then  stated  that  the  Government 
first  passed  Acts  with  reference  to  fisheries,  and  sub- 
sequently listened  to  the  complaints  of  fishermen; 
that  scientific  gentlemxcn  gave  evidence  with  reference 
to  the  lights  of  the  boats  and  how  they  should  be 
■carried  at  night  time,  and  upon  investigation  it  was 
found  that  these  gentlemen  knew  nothing  of  fishing 
vessels,  and  had  never  been  on  board  one  for  a single 
night.  It  was  within  the  knowledge  of  certain 
gentlemen  that  in  some  of  the  investigations 
made  into  the  fisheries,  the  persons  who  made 
the  investigations  never  went  to  the  fishing- 
grounds,  but  remained  on  shore  and  drew  up 
reports  from  what  they  heard  from  fishermen  and 
people  living  in  the  localities.  Scientific  gentlemen 
were  sent  to  investigate  fisheries  at  sea,  but  they 
remained  in  a recumbent  position  while  the  vessel 
was  at  sea,  and  then  issued  complicated  reports  as  to 
what  they  had  seen.  The  returns  which  had  been 
issued,  showing  that  the  markets  were  well  supplied 
with  fish,  were  positively  niisleading.  Certain  gentlemen 
said  you  must  not  pass  laws  with  reference  to  fisheries 
for  fear  of  interfering  with  the  balance  of  nature,  but 
•that  was  nonsense.  The  fish  which  were  cap- 
tured were  fish  useful  for  the  market,  but  not 
the  dog-fish  and  shark,  which  were  useless  ; 
so  that  there  was  protection  for  the  fish  which 
was  useless  and  destruction  to  the  other,  and  yet 
people  talked  of  the  “balance  of  nature.”  Then 
they  were  told  that  the  rules  protecting  herrings 


should  be  taken  off,  as  they  were  wanted  for  bait  to 
catch  cod-fish,  and  as  cod-fish  destroyed  herrings, 
therefore  the  cod-fish  should  be  destroyed ; but  the 
rules  for  the  destruction  of  fishes  were  directly 
opposed  to  one  another.  One  inspector  of  fisheries 
stated  at  the  conferences  held  at  the  Exhibition  in 
1883,  that  the  sea  was  inexhaustible,  and  he  clenched 
his  argument  by  saying,  “I  am  sure  that  the  sea  is 
producing  the  living  creatures  as  abundantly  now  as 
when  the  first  book  of  Genesis  was  written ; ” and 
this  was  given  as  an  argument  for  doing  nothing 
Passing  to  the  scientific  commissions,  he  thought 
it  was  in  the  knowledge  of  most  persons  that  in 
1868  a Scientific  Commission  proposed  to  do 
away  with  all  the  fishery  laws ; the  opinion  of 
this  body  was  accepted,  and  for  the  last  fifteen 
years  everyone  had  been  allowed  to  do  as  he  pleased 
in  fisheries.  The  gentlemen  who  formed  the  com- 
mission said  : — Let  the  trawler  take  all  the  fish  he  can, 
he  will  decrease  the  supply  till  at  last  it  will  not  pay 
him  to  continue  fishing,  then  nature  will  come  to  the 
front,  and  the  fish  which  remain  will  replenish 
the  fishing  ground,  but  you  should  not  interfere 
between  nature  and  man.  Fifteen  years  had  elapsed 
since  this  new  mode  of  treating  the  fisheries  had  been 
tried,  and  what  did  nature  now  say  to  the  dictum  of 
science  ? Had  soles  or  flat  fish  decreased  in  price  ? 
With  reference  to  the  composition  of  the  Fishery 
Board,  there  were  three  different  classes  of  persons 
that  might  be  selected,  the  man  of  science,  the  natura- 
list and  field  worker,  and  the  fisherman.  The  opinion 
of  Professor  Huxle)’’,  who  was  considered  the  head  of 
the  scientifi  c men  in  the  country,  was  that  a scientific 
man  should  not  be  at  the  head  of  the  Department.  No 
doubt  scientific  men  were  an  exceedingly  valuable 
portion  of  the  community  in  their  proper  place,  but 
they  seemed  to  think  that  they  alone  were  the  people 
to  give  opinions  and  facts,  and  that  every  one  else  who 
did  not  agree  with  them  was  wrong ; but  what  was 
the  position  of  scientific  men  in  this  country  A few 
years  ago  they  applied  to  the  Government  for  assist- 
ance in  carrying  out  scientific  research,  and  the  sum 
of  _2^4,ooo  a year  was  voted,  and  now  they  had  asked 
to  have  a biological  station  at  Plymouth  at  a cost  of 
^800  a year.  What  was  the  result  of  scientific  research 
in  Scotland  ? At  the  close  of  the  Fisheries  Exhibi- 
tion in  1882,  they  asked  for,  and  obtained,  the  funds 
which  remained  over  under  the  promise  that  they 
would  give  reports  from  seven  different  gentlemen, 
but  these  reports  had  never  been  presented.  He  did 
not  know  that  the  scientific  station  at  Naples  had 
been  of  much  use  up  to  the  present,  and  thought  that 
these  stations  should  be  carried  out  on  the  inexpensive 
American  plan. 

Mr.  Sayer  regretted  that  some  remarks  had  not 
been  made  upon  the  practical  part  of  the  question, 
namely,  the  excessive  railway  rates  for  the  carriage  of 
fish.  Foreigners  paid  about  los.  a ton,  but  Scotch- 
men and  Irishmen  had  to  pay  ^,^4  a ton.  He  believed 
that  if  they  had  too  much  of  the  scientific  element 
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on  the  Fishery  Board  it  would  be  the  means  of  de- 
stropng  one  of  the  chief  articles  of  food.  He  remem- 
bered the  time  when  they  could  not  sell  100  tons  of 
fish  in  Billingsgate  in  a day,  but  now  1,000  tons  were 
readily  sold  and  at  a higher  price  than  formerly.  At 
one  time  plaice  and  haddock  were  thrown  overboard, 
as  there  was  not  sufficient  sale  to  make  it  worth  while 
to  bring  them  to  market,  but  now  these  fish  were  the 
main  support  of  many  fishermen.  What  was  really 
wanted  was  better  market  accommodation — a retail  as 
well  as  a wholesale  market,  so  that  when  there  was  a 
glut  at  Billingsgate  the  fish  might  be  taken  to  the 
retail  market  and  sold  at  a low  price  to  the  poorer 
classes.  London  was  better  supplied  with  fish  than 
any  other  town,  and  the  price  was  50  to  70  per  cent, 
less  than  in  Paris  and  10  to  15  per  cent,  less  than  in 
Birmingham,  Liverpool,  or  IManchester. 

Professor  Moseley,  F.R.S.,  thought  the  general 
question  was  whether  matters  of  scientific  importance 
should  be  decided  by  scientific  inquiry  or  not,  and  in 
all  departments  of  the  Government  where  science  was 
called  in  question,  the  matter  had  been  already 
decided.  Where  would  commerce  be  if  they  had  not 
the  Astronomer  Royal  at  the  head  of  the  astro- 
nomical department ; where  would  our  fisheries  be  if 
they  had  what  !Mr.  Willis-Bund  seemed  to  desire,  a per- 
son to  determine  on  such  matters  who  had  no  ideas  and 
no  theories.  If  the  man  was  not  to  be  a lawyer,  or 
a man  of  science,  or  one  who  had  any  theories,  \vhat 
would  be  the  result  of  his  conclusions  } He  agreed 
with  Professor  Lankester  that  the  two  statements  as 
to  the  herring  feeding  were  in  no  way  contradictor}', 
and  thought  that  the  reader  of  the  paper  did  not  com- 
prehend or  understand  scientific  statements  so  as  to 
follow  them.  He  considered  that  they  should  follow 
what  had  been  done  by  other  countries  with  regard 
to  fisheries,  and  should,  to  a certain  extent,  rely  on 
scientific  evidence.  The  whole  thing  should  not  be 
under  a scientific  expert,  but  scientific  experts  should 
be  responsible  for  a certain  amount  of  w'ork,  and 
should  co-operate  with  other  persons.  Notwith- 
standing the  remarks  of  Dr.  Day,  he  looked  forward 
to  a very  brLlhant  future  for  the  Marine  Biological 
Association. 

Lord  Fortescue  believed  that  a great  deal  had 
yet  to  be  learnt  with  regard  to  salmon  and  trout,  and 
therefore  he  agreed  w'ith  the  reader  of  the  paper  that  it 
was  desirable  to  have  a Fishery  Department,  and  that 
the  sources  of  information  should  not  be  dispersed  over 
various  Government  departments.  If  they  were  to 
legislate  for  the  conservation  or  improvement  of  fish, 
they  must  do  so  from  knowledge,  or  they  might  un- 
intentionally do  unwise  things.  He  believed  in  the 
motto  of  the  Royal  Agricultural  Society,  “ Practice 
with  science,”  for  there  was  no  contradiction  be- 
tween the  practice  of  science,  and  no  practice  could 
be  wise  which  was  based  upon  ignorance.  A man 
might  ignorantly  stumble  upon  a happy  practice, 
but  the  doctrine  of  chances  were  enormously 


against  hitting  upon  happy  results  by  ignorance. 
He  could  not  help  lamenting  that  the  Govern- 
ment, in  a matter  of  such  national  importance  as 
fisheries,  had  not  long  ago  given  more  assistance 
to  men  of  science  in  the  researches  which  were 
indispensable  in  arriving  at  wise  and  practical 
legislation.  He  did  not  pretend  to  know  anything 
about  it,  but  he  understood  that  very  little  was  known 
about  the  habits  of  sea  fish  and  their  capture.  It 
might  be  that  at  present  they  were  too  ignorant  to 
legislate  usefully  upon  the  subject,  but  that  was  the 
more  reason  why  investigation  should  be  carried  on. 
The  constitution  of  the  Italian  Fishery  Board  was 
one  based  on  very  rational  principles,  as  it  was  com- 
posed both  of  scientific  and  non-scientific  gentlemen. 
Nothing  had  struck  him  more  than  the  wonderful 
apathy  and  absence  of  curiosity  on  the  part  of  fisher- 
men as  to  the  prey  which  they  were  constantly  engaged 
in  catching ; a large  portion  of  the  men  never 
troubled  themselves  about  anything  but  the  most 
effectual  mode  of  capture,  they  had  no  curiosity 
about  the  natural  history  of  fishes.  He  protested 
most  strongly  against  disparaging  remarks  as  to 
scientific  guidance,  and  thought  that  assistance  should 
be  given  by  the  Government  to  accelerate  investiga- 
tion and  study,  which  should  form  the  basis  for  any 
future  legislation  and  regulations  on  the  subject. 

Mr.  Crampton  was  of  opinion  that  a Board 
of  some  kind  was  necessary,  and  that  there  must  be 
sufficient  outward  pressure  to  keep  it  alive.  To 
attempt  to  carry  out  the  work  of  such  a Board 
without  scientific  help  would,  he  thought,  be  a mere 
waste  of  time. 

Mr.  Liggins  said  that,  having  paid  great  attention 
to  this  subject  for  very  many  years,  he  had  arrived  at 
the  conclusion  that  the  scientific  gentlemen  who 
lectured  upon  the  matter  at  the  Exhibition  in  1883, 
were  thoroughly  ignorant  upon  the  subject.  The 
Association  at  Plymouth  was  no  doubt  desirable  from  a 
scientific  point  of  view,  though  he  doubted  whether 
anything  not  already  known  would  be  found  out.  It 
would  be  a most  impracticable  thing  to  put  scientific 
men  on  a Fishery  Board  which  was  to  be  managed 
by  practical  men  for  the  benefit  of  their  own  class 
and  the  public  at  large.-  Fishermen  were  not  in- 
terested in  sending  diseased  fish  to  market,  and  the 
absence  of  proper  laws  had  been  exceedingly  detri- 
mental to  their  interests.  He  hoped  that  when  the 
Board  was  established,  it  would  be  composed  of 
practical  men. 

Mr.  AVillis-Bund,  in  reply,  said  he  was  glad  ta 
hear  that  the  idea  had  been  taken  up  by  Mr.  Mun- 
della  to  have  a representative  council,  for  unless  this 
were  done,  the  system  of  fisheries  would  not  be  car- 
ried out  as  it  ought  to  be.  With  regard  to  the 
remarks  of  Professors  Lankester  and  Moseley,  he 
might  say  that  no  one  felt  more  strongly  than 
he  did  the  great  necessity  there  was  for  more  know- 
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ledge  as  to  the  habits  of  fish,  because  at  the 
present  time  nothing  was  known  about  them,  but 
he  thought  the  knowledge  would  be  better  collected 
through  independent  sources  than  through  State-paid 
officials.  He  might  be  wrong,  but  that  was  his 
opinion,  and  he  gave  it  for  what  it  was  worth.  As 
to  the  person  to  be  at  the  head  of  the  Board,  he  should 
prefer  one  whose  ideas  were  not  purely  theoretical 
but  acquired  from  practical  knowledge.  Scientific 
questions  of  great  nicety  were  decided  by  laymen  and 
judges  in  the  courts  of  law  after  listening  to  scientific 
evidence,  and  a Board  of  laymen  were  quite  capable 
of  valuing  at  their  true  worth  the  factsbrought  forward, 
and  therefore  he  thought  that  while  it  was  the  duty 
of  the  expert  to  collect  the  facts  and  put  them  in 
such  a shape  that  they  could  be  brought  before  the 
Board,  it  was  not  the  duty  of  the  experts  to  decide 
upon  those  facts.  Both  Professors  Lankester  and 
Moseley  seemed  to  think  there  was  no  contradic- 
tion between  the  two  statements  as  to  the  her- 
rings, and  probably  there  was  not ; but  he  did  not 
profess  to  understand  scientific  language  or 
theories  ; he  only  read  the  thing  as  any  plain 
Englishman  would  read  it,  and  he  maintained 
that  if  there  was  any  meaning  in  the  English  language, 
the  two  statements  were  directly  opposed  to  each 
other.  One  said  the  herring  did  not  feed  during  the 
spawning  season,  and  the  other  said  that  this  was 
followed  by  a period  during  which  the  fish  left  off 
feeding,  so  that  there  appeared  to  be  a direct  con- 
tradiction of  facts.  Gentlemen  who  held  strong 
opinions  should  say  what  they  meant,  and  not 
commit  themselves  to  loose  statements  in  contra- 
diction to  each  other.  He  hoped  that  in  the 
future,  thanks  to  Sir  Edward  Birkbeck,  they 
would  have  a central  Fishery  Department  which 
would  not  only  collect  scientific  information, 
but  endeavour  to  act  upon  the  information,  and 
promote  not  only  the  interests  of  fishermen  but  of 
the  public. 

On  the  motion  of  the  Chairman,  a hearty  vote 
of  thanks  was  accorded  to  Mr.  Willis-Bund  for  his 
interesting  paper,  and  the  meeting  adjourned. 


Miscellaneous. 

^ 

COLONIAL  AND  INDIAN  EXHIBITION. 

On  Wednesday,  her  Royal  Highness  the  Duchess 
of  Connaught,  accompanied  by  her  Royal  Highness 
the  Hereditary  Grand  Duchess  of  Oldenburg,  visited 
the  Exhibition,  and  was  conducted  over  the  various 
Colonial  and  Indian  Courts  by  Sir  Philip  Cunliffe- 
Owen. 

Congratulatory  telegrams^  on  the  opening  of  the 
Exhibition  have  been  received  by  his  Royal  Highness 
the  Prince  of  Wales  from  the  Viceroy  of  India  ; 


from  the  Governor- General  of  Canada;  from  the 
Governors  of  New  South  Wales,  Victoria,  South 
Australia,  Western  Australia,  New  Zealand,  Natal, 
the  Straits  Settlements,  Hong  Kong,  and  Malta  ; 
from  the  Administrators  of  Greenland  and  the  Cape 
of  Good  Hope ; and  from  the  High  Commissioner  of 
Cyprus. 

The  Honourable  Graham  Berry,  Agent-General 
for  Victoria  and  Executive  Commissioner  for  the 
colony  at  the  Exhibition,  has  arrived  in  London. 

The  total  number  of  visitors  to  the  Exhibition  for 
the  week  ending  May  8,  was  128,077. 


ELECTRIC  LIGHTING  ACT. 

The  following  petition  of  the  Institution  of  Civil 
Engineers,  against  “The  Electric  Lighting  Act, 
1882,  Amendment  (No.  3)  Bill,”  and  in  favour  of 
“The  Electric  Lighting  Act,  1882,  Amendment 
(No.  i)  Bin,”  was  presented  to  the  House  of  Lords 
by  the  Earl  of  Iddesleigh  : — 

To  THE  Right  Honourable  the  Lords 
Spiritual  and  Temporal  in  Parliament 
Assembled: 

The  Humble  Petition  of  the  Institution  of  Cm 
Engineers,  incorporated  by  Royal  Charter  “ for 
the  general  advancement  of  Mechanical  Science 
and  more  particularly  for  promoting  the  acquisi- 
tion of  that  species  of  knowledge  which  constitutes 
the  profession  of  a Civil  Engineer,  being  the  art  of 
directing  the  great  sources  of  power  in  Nature  for 
the  use  and  convenience  of  man,” 

Sheweth 

1.  That  in  the  year  1882  an  Act  of  Parliament  was 
passed  to  apply  to  all  Provisional  Orders  or  Acts  re- 
lative to  the  distribution  of  electricity  for  lighting 
and  other  purposes. 

2.  By  Section  27  of  the  said  Act  it  was  enacted 
that  at  the  expiration  of  twenty-one  years,  or  such 
shorter  period  as  might  be  provided  in  the  Special 
Act,  and  within  six  months  after  the  expiration  of 
every  subsequent  period  of  seven  years,  or  such 
shorter  period  as  might  be  provided  in  the  Special 
Act,  any  local  authority  within  whose  jurisdiction  the 
area  of  the  undertaking,  or  any  part  thereof,  was 
situated,  might  require  the  undertakers  to  sell  their 
undertaking,  or  part  thereof,  upon  the  terms  of  pay- 
ing the  then  value  of  all  lands,  buildings,  works, 
materials,  and  plant  suitable  to  and  used  for  the 
purposes  of  their  undertaking,  and  in  the  event  of 
non-agreement  the  price  was  to  be  determined  by 
arbitration  ; but  the  arbitrator  was  forbidden  to  allow 
any  payment  in  respect  of  compulsory  purchase,  or 
of  good-will,  or  of  any  profits  which  may,  or  might 
have  been,  or  be  made  from  the  undertaking,  or  of 
any  similar  considerations. 

3.  That  the  effect  of  the  foregoing  conditions  has 
been  entirely  to  stop,  during  the  four  years  since  the 
Act  has  been  passed,  the  application  of  private 
capital  to  the  distribution  of  electricity  from  a 
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central  station  to  householders,  manufacturers,  shop- 
keepers, and  others  desirous  of  receiving  it  as  a 
source  of  illumination,  it  being  impossible  to  find 
persons  of  means  who  would  embark  their  capital  in 
undertakings  subjected  to  such  conditions,  conditions 
which  must  of  necessity  when  enforced— as  they 
would  be  if  the  undertaking  were  prosperous— return 
to  the  shareholders  only  a small  portion  of  the  capital 
which  they  had  invested. 

4.  That  your  Petitioners  embrace  among  their 
members  persons  practising  in  every  branch  of  civil 
engineering,  which  is  defined  in  their  charter  to  be 
the  art  of  directing  the  great  sources  of  power  in 
nature  for  the  use  and  convenience  of  man,  thus  in- 
cluding electrical  engineering,  and  that  they  are 
desirous— in  the  interests  of  industry  and  of  the 
growth  of  a new  and  useful  appHcation  of  science  to 
the  purposes  of  daily  life— that  electrical  lighting 
should  have  a thoroughly  full  and  fair  trial. 

5.  There  are  now  before  your  Lordships’  House 
three  Bills,  numbers  1,2,  and  3,  each  of  which  pur- 
ports to  be  an  amendment  of  “ The  Electric  Lighting 
Act  of  1882.” 

6.  Number  3 Bill,  the  one  brought  in  by  Lord 
Houghton,  does  not  vary  the  Act  of  1882,  except  by 
an  extension  of  the  time  before  the  compulsory  right 
of  purchase  would  arise,  from  the  twenty-one  years  of 
the  Act  of  1882  to  thirty  years,  with  a further  period 
of  twelve  years  should  the  local  authority  agree,  and 
by  the  extension  of  the  recurrent  periods  of  option 
from  seven  years  to  ten  years. 

7.  Your  Petitioners  are  convinced  that  such  a 
measure  would  not  cure  the  defects  of  the  existing 
law,  and  would  not  be  successful  in  attracting  capital 
to  an  Electric  Light  undertaking,  which  must  be 
essentially  one  of  development.  Unlike  the  case  of 
the  construction  of  a railway  between  two  points,  of 
of  a canal  between  two  points,  or  of  the  making  or 
a dock,  cases  where  the  work  is  done  as  a whole  and 
where  the  capital  is  needed,  and  is  called  up  at  once  ; 
an  Electric  Light  undertaking  is  one  wherein,  at  the 
outset,  only  a comparatively  small  portion  of  the 
capital  can  properly  be  utilised,  and  it  would  not  be 
until  after  a lapse  of  years,  when  persons  had  been 
educated  to  use  the  electric  light,  and  are  \villing, 
for  the  sake  of  its  advantages,  to  discard  the  gas 
fittings  for  which  they  had  already  paid  and  to  incur 
the  expense  of  electric  light  fittings,  that  there 
would  be  such  a large  or  general  use  of  electricity 
for  lighting  purposes  as  to  need  the  expenditure  of 
further  capital. 

8.  That  with  such  a clause  as  that  proposed  by 
No.  3 Bill — a clause  which  merely  defers  the  time  of 
compulsory  purchase — it  would  be  impossible  to 
obtain  this  extra  capital  as  needed,  because  even  if, 
at  first,  persons  would  subscribe  for  a probable  enjoy- 
ment of  thirty  years,  no  one  would  be  found  to 
embark  money  after  the  lapse  of  a few  years  when 
the  term  was  so  much  shortened. 

9.  No.  2 Bill  ameliorates  Section  27  to  some 
extent,  but  the  BiU  (No.  i)  now  before  your  Lord- 


ships’ House  proposes  to  repeal  the  Act  of  1882 
altogether,  and  to  assimilate  the  legislation  in  respect 
of  Electric  Light  undertakings  to  that  legislation 
which  of  late  years  has  prevailed  in  respect  of  gas 
undertakings,  and  has  proved  so  beneficial  to  the 
public,  while  yielding  security  of  property  to  those 
who  embark  their  capital.  Bill  No.  i provides  that 
the  obligations  upon  the  distributors  of  electricity 
shall  be  the  same  as  those  which  are  imposed  upon 
gas  undertakings,  that  dividends  shall  be  regulated 
upon  the  sliding  scale,  by  which  there  is  a direct 
incentive  to  the  undertakers  to  sell  the  commodity  at 
the  lowest  possible  price  consistent  with  a profit, 
and,  further,  that  all  future  capital  shall  be  issued 
under  an  auction  clause,  thus  ensuring  that  the  con- 
sumers shall  not  be  liable  to  pay  any  greater  amount 
as  dividend  than  is  fairly  demanded  by  the  risk  of 
the  undertaking. 

10.  Your  Petitioners  desire  to  point  out  that  the 
new  industry  of  electric  lighting  has  been,  by  the 
Act  of  1882,  and  would,  by  the  Amended  Bill,  No.  3, 
if  it  were  passed  into  law,  be  subject  to  burdens 
which  render  it  impossible  to  give  a mode  of  lighting 
that  has  so  much  to  commend  it  a fair  chance  of 
development,  and  therefore  prevent  the  establish- 
ment of  an  industry  that  would  give  householders 
and  others  an  option  as  to  the  mode  of  lighting  from 
an  external  source  of  supply,  an  option  they  do  not 
now  possess. 

Your  Petitioners  therefore  humbly  pray  your  Lord- 
ships  that  the  said  Electric  Lighting  Act  (1882 
Amendment  (No.  3)  Bill  may  not  be  allowed  to 
pass  into  law,  but  that  the  Electric  Lighting  Act 
(1882)  Amendment  (No.  i)  Bill  may  pass  into  law,  and 
that  this  Petition  may  be  referred  to  the  Committee 
of  your  Pright  Honourable  House,  to  whom  those 
Bills  have  been  referred,  or  that  such  other  relief 
may  be  given  to  your  Petitioners  on  the  premises  as 
your  Lordships  shall  deem  meet. 

And  your  Petitioners  will  ever  pray,  &c. 

Sealed  with  the  Seal  of  the  Institution  \ — ^ 
of  Civil  Engineers,  this  29th  day  > (^l.s.  j 
of  April,  1886,  in  the  presence  of  ’ ^ 

(Signed) 

James  Forrest, 

Secretary  to  the  Institution. 


MEETINGS  OF  THE  SOCIE2Y. 
Ordinary  Meetings. 
Wednesday  evenings,  at  Eight  o’clock  : — 
May  19. — “ Watchmaking  by  Machinery.”  By 
Prof.LEONARD  Waldo,  D.Sc.  of  Yale  College,  U.S. 
Prof.  J.  Norman-Lockyer,  F.R.S.,  will  preside. 

Foreign  and  Colonial  Section. 

At  Eight  o’clock  : — 

Tuesday,  May  25. — “Cyprus  since  the  British 
Occupation.”  By  G.  Gordon  Hake.  Major- 
General  Sir  Robert  Biddulph,  K.C.M.G.,  C.B., 
will  preside. 
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Indian  Section. 

Friday  evenings,  at  Eight  o’clock  : — 

May  21. — “Everyday  Life  of  Indian  Women.” 
By  Capt.  Richard  Carnac  Temple.  James 
Gibbs,  C.I.E.,  will  preside. 

Cantor  Lectures. 

The  Sixth  Course  will  be  on  “Animal 
Mechanics.”  By  B.  W.  Richardson,  M.A., 
M.D.,  F.R.S. 

Lecture  III. — May  17. — Some  details  of  results  of 
construction. 

Lecture  IV. — May  24. — Some  special  Mechanisms. 

Lecture  V. — May  31. — Mechanisms  continued; 
and  Review  in  regard  to  practical  applications. 

Additional  Lectures. 

The  course  of  Elementary  Lectures  on 
“ Electricity  ” will  be  continued  by  Professor 
George  Forbes,  on  Saturday  afternoons,  at 
Three  o’clock : — 

Lecture  V. — May  15. — Induction. 

Lecture  VI. — May  22. — Electrical  Measurement. 

The  third  and  last  lecture  of  the  course  on 
“Japanese  Art  Work”  will  be  delivered  by 
Ernest  Hart,  on  Tuesday  evening.  May  18, 
at  Eight  o’clock  : — 

Lecture  III. 

Pictorial  Arts  of  Japan. — The  Buddhist 
school— Kanaoka  and  Chodensu,  9th  to  15th  century 
— The  Tosa  school  — Mitsunobo  — The  Sesshiu 
school,  Doan,  15th  and  i6th  century — Chinese 
school,  Shiubun  and  Sotan,  15th  century — The  Kano 
school,  Masanobu  Motonobu  and  Tanyu,  15th  to 
17th  centuries — Old  popular  school— Matahei  and 
his  followers,  i6th  to  i8th  century — Korin  and 
Kenzan  school,  17th  century — Naturalistic  school  of 
Ohio,  i8th  century — Colour  prints  of  the  Katsugawa 
school — Hokusai  and  his  pupils. 


^MEETINGS  FOR  THE  ENSUING  WEEK. 
Monday,  May  17.. .SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Dr. 
Richardson,  “ Animal  Mechanics.”  (Lecture  III.) 
British  Architects,  9,  Conduit-street,  W.,  8 p.m. 
Asiatic,  22,  Albemarle-street,  W.,  4 p.m.  Annual 
Meeting. 

Victoria  Institute,  7,  Adelphi- terrace,  W.C.,  8 pm. 
Tuesday,  May  18...  SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Special  Lecture.)  Mr. 
Ernest  Hart,  “Japanese  Art  Work.”  (Lecture  HI.) 
Royal  Institution,  Albemarle-street,  W.,  3 p.m. 

Prof.  A.  Gamgee,  “ The  Function  of  Circulation.” 
Civil  Engineers,  25,  Great  George -street,  S.W.,  8 
p.m.  Mr.  William  W.  Hulse,  “ Modern  Machine- 
Tools  and  Workshop-Appliances,  for  .the  Treat- 
ment of  Heavy  Forgings  and  Castings.” 

Statistical,  School  of  Mines,  Jermyn-street,  S.W., 
7.45.  Mr.  Charles  Booth,  “ Occupations  of  the 
United  Kingdom,  1801— 1881.” 

Pathological,  53,  Berners-street,  Oxford- street,  W., 
8^  p.m. 


Zoological,  II,  Hanover-square,  W.,  8j  p.m.  i.  Dr. 
A.  B.  Meyer,  “A  Male  Specimen  of  Rhipidcrnis 
gughehni-tertUR  2.  Mr.  Frank  E.  Beddard, 
“Descriptions  of  new  or  little-known  Earth- 
worms, together  with  an  Account  of  certain  Struc- 
tural Variations  exhibited  in  Peri'o7iyx  excavatus." 
3.  Mr.  Sclater,  “Remarks  on  the  Species  of  Wild 
Goats,  and  their  Distribution.” 

Wednesday,  May  19.. .SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Prof.  Leonard  Waldo,* 
“ Watchmaking  by  Machinery.” 

Meteorological,  25,  Great  George  - street,  S.W., 

7 p.m.  I.  Mr.  Charles  Harding,  “The  Severe 

Weather  of  the  past  Winter,  1885-6.”  2.  Mr. 

Louis  M.  Casella,  “ Description  of  an  Altazimuth 
for  Recording  the  Verticle  Angle  as  well  as  the 
Horizontal  Direction  and  Force  of  the  Wind.” 
3.  Mr.  William  Marriott,  “ Earth  Temperatures, 
1881-85.”  4«  Mr.  Arthur  W.  Clayden,  “Note  on 
the  After-Glows  of  1883-84.” 

Pharmaceutical,  17,  Bloomsbury-square,  W.C .,  8 p.m. 
Annual  Meeting. 

Patent  Agents,  55,  Chancery-lane,  W.C.,  3 p.m. 
I.  Annual  General  Meeting.  2.  Discussion  on  Mr. 
O.  Imray’s  paper,  “ Suggestions  as  to  the  Mainten- 
ance of  Permanent  Offices  and  a Library  for  the 
Institute.” 

Archseological  Association,  32,  Sackville-street,  W., 

8 p.m.  I.  Mr.  W.  de  Gray  Birch,  “ The  Sculptured 
Slabs  in  Chichester  Cathedral.”  2.  Mr.  E.  P. 
Loftus  Brock,  “ The  Prehistoric  Ship  Discovered  at 
Brigg.”  Mr.  Richard  Hewlett,  “ The  Asserted 
Destruction  of  Ancient  MSS.” 

Thursday,  May  20...  Association  for  Promoting  State-aided 
Emigration  (at  the  House  of  the  Society  of 
Arts),  3 p.m. 

Royal,  Burlington-house,  W.,  4^  p.m. 

Antiquaries,  Burlington-house,  W.,  8J  p.m. 

Chemical,  Burlington-house,  W.,  8 p.m. 

Society  for  the  Encouragement  of  Fine  Arts,  9, 
Conduit-street,  W.,  8 p.m.  Mr.  G.  A.  Storey, 
“ The  Meissoniers  at  Hertford-house.” 

Royal  Institution,  Albemarle-street,  W.,  8 p.m. 

Prof.  Dewar,  “ The  Alkaloids.” 

Historical,  ii,  Chandos-street,  W.  8Jp.m.  Rev.  W. 
Cunningham,  “ The  Formation  and  Decay  of  Craft 
Gilds.” 

Numismatic,  4,  St.  Martin’s-place,  W.C.,  7 p.m. 
Friday,  May  21  ...  SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 pm.  (Indian  Section.)  Capt, 
Richard  C arnac  Temple,  “ Everyday  Life  of  Indian 
Women.” 

United  Service  Institute,  Whitehall-yard,  S.  W.,  3p.m. 
Rear-Admiral  W.  Arthur,  “The  Defence  of  the 
Coast  and  Harbours  of  England,  Ireland,  and 
Scotland  in  case  of  War.” 

Royal  Institution,  Albemarle-street,  W.,  8 p.m, 
W^eekly  Meeting,  9p.m.  Sir  John  Lubbock,  “ The 
Forms  of  Seedlings  ; the  causes  to  which  they  are 
due.” 

Philological,  University  College,  W.C.,  8 p.m. 
Anniversary,  President’s  Annual  Address  by  the 
Rev  Prof.  Skeat. 

Saturday,  May  21. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  AV.C.,  3 p.m.  (Special  Lecture.)  Prof. 
George  Forbes,  “ Electricity.”  (Lecture  VI.) 
Physical  Science  Schools,  South  Kensington,  S.W., 

3 P-m. 

Botanic,  Inner  Circle,  Regent’s-park,  N.W.,  3|p.m, 
Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Prof.  Ernest  Pauer,  “ How  to  Form  a Judgment 
on  Musical  Works.”  (Lecture  III.)  With  Musical 
Illustrations. 
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All commun tea f tons  Jot  Ihe  Society  should  be  addressed  io 
the  Sectetary,  John-street,  Adelpht,  London,  JV.C. 


NOTICES. 

^ 

CON  VERSA  ZIONE. 

The  Society  of  Arts  Conversazione  will  be 
held,  by  permission  of  the  Royal  Commission, 
at  the  Colonial  and  Indian  Exhibition,  South 
Kensington,  on  Friday,  the  i6th  of  July  next. 

Each  member  will  receive  a card  for  him- 
self, which  will  not  be  transferable,  and  a card 
for  a lady.  In  addition  to  this,  cards  will  be 
sold  to  members  of  the  Society,  or  to  persons 
introduced  by  a member,  at  the  following 
prices  ; — Until  the  3rd  of  July,  7s.  each  ; after 
that  date  los.  each,  except  on  the  i6th  July, 
when  the  price  will  be  15s. 

The  Council,  however,  reserve  the  right  of 
stopping  the  sale  of  tickets  or  of  raising  the 
price,  if  it  is  found  necessary^  in  order  to  restrict 
the  number  of  visitors  within  reasonable  limits. 

Tickets  will  only  be  supplied  to  persons 
presenting  members’  vouchers  (forms  of  which 
can  be  obtained  from  the  Secretary),  or  a letter 
of  introduction  from  a member. 

Members  can  purchase  these  additional 
tickets  by  personal  application,  or  by  letter 
addressed  to  the  Secretary.  In  all  cases  of 
application  by  letter,  a remittance  must  be 
enclosed.  Each  ticket  will  admit  one  person, 
either  lady  or  gentleman. 

Light  refreshments  (tea,  coffee,  ices,  &c.) 
will  be  supplied  at  the  usual  buffets.  No  re- 
freshments can  be  obtained  by  purchase.  It 
will  greatly  facilitate  the  arrangements  if 
members  requiring  additional  tickets  will 
apply  for  them  at  as  early  a date  as  con- 
venient. The  members’  invitations  will  be 
issued  early  in  June.  Visitors’  tickets  can  be 
purchased  from  the  present  date. 

There  will  be  no  admission  to  the  Exhibition 
on  this  evening  except  by  special  ticket,  and 
no  tickets  can  be  purchased  at  the  Exhibition. 


Further  particulars  as  to  the  arrangements 
will  be  announced  in  future  numbers  of  the 
Journal. 


ORDINARY  MEETINGS. 

The  Council  have  decided  (in  consequence  of 
Mr.  W.  Anderson’s  absence  in  St.  Petersburgh) 
to  postpone  till  next  Session  the  reading  of  his 
paper  on  “The  Purification  of  Water,  &c.,” 
announced  for  Wednesday  next.  There  will, 
therefore,  be  no  meeting  of  the  Society  that 
evening.  The  next  meeting  for  the  election 
of  members  will  be  the  Annual  General  Meet- 
ing on  the  30th  June. 


ADDITIONAL  LECTURES. 

Professor  George  Forbes  delivered  the 
fifth  lecture  of  his  course  of  elementary  lec- 
tures on  “ Electricity  ” on  Saturday  afternoon, 
15th  inst.,  the  particular  subject  of  the  lecture 
being  Induction.  The  sixth  and  last  lecture 
on  the  practical  applications  of  electricity  will 
be  given  on  Saturday  afternoon.  May  22nd. 

The  third  and  last  lecture  of  the  course  on 
“Japanese  Art  Work”  was  delivered  by 
Mr.  Ernest  Hart  on  Tuesday  evening,, 
i8th  inst.  The  lecturer  described  the  Pictorial 
Arts  of  Japan,  and  illustrated  his  subject  by 
a large  number  of  pictures  by  Japanese  artists,, 
which  were  hung  on  the  walls. 

A vote  of  thanks  was  accorded  to  the 
lecturer  on  the  motion  of  the  Chairman  (Mr. 
Hyde  Clarke). 

The  lectures  will  be  printed  in  the  Journal' 
during  the  summer  recess. 


JAPANESE  EXHIBITION. 

The  Exhibition  of  Works  of  Art  by  the  great 
Japanese  masters,  lent  by  Mr.  Ernest  Hart, 
will  close  at  2 p.m.  on  Saturday,  22nd  inst. 

Copies  of  the  catalogue  can  be  had  by  mem- 
bers on  application  to  the  Secretary. 


APPLIED  CHEMISTRY  Sf  PHYSICS 
SECTION. 

Thursday,  May  13,  1886  ; Professor  James 
Dewar,  M.A.,  F.R.S.,  Vice-President  of  the 
Society,  in  the  chair. 

The  paper  read  was  “The  Scientific  Develop- 
ment of  the  Coal  Tar  Colour  Industry,”  by 
Prof.  R.  Meldola,  F.C.S. 

The  report  of  the  meeting  will  be  published 
in  the  next  number  of  the  Journal. 
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Proceedings  of  the  Society. 

O’ 

T TV  EXT  Y-SE  CO  ND  ORD I XA  R Y 

MEET  IX  G. 

Wednesday,  May  19,  1886;  Professor  J. 
Norman  Lockyer,  F.R.S.,  F.R.A.S.,  in  the 
chair. 

The  following  candidates  were  proposed  for 
-election  as  a member  of  the  Society  : — 

Armstrong,  John,  Mansion-house-chambers,  E.C. 
Gwyther,  William  Warlow,  43,  Lincoln’s-inn-fields, 
W.C.,  and  Reform  Club,  S.W. 

HolJick,  Thomas  Pratt,  26,  Shore-road,  Hackney,  E., 
and  Regent’s  Canal  Dock,  602,  Commercial-road 
East,  E. 

Matthey,  Edward,  78,  Hatton-garden,  E.C. 

Emith,  Dr.  L.  L.,  Victoria  Commission,  Colonial  and 
Indian  Exhibition,  South  Kensington,  S.W. 
Vickery,  George,  18,  Addle-street,  E.C. 

The  following  candidates  were  balloted  for 
and  duly  elected  members  of  the  Society  : — 

Faren,  D.  S.  M.,  47,  Holbcm- viaduct,  E.C. 

Gatty,  Charles  T.,  43,  Grosvenor-road,  S.W. 

Harrison,  Albeit,  Thames  Sugar  Refinery,  Silver- 
town,  E.  j 

Hodgkinson,  W.  R.,  29,  Pembroke- square,  W. 

Morris,  James  Archibald,  16,  Adamson-road,  South 
Hampstead,  N.W. 

Newton,  Arthur  Henr}',  Belsize  Couit,  Hampstead, 

N.W. 

Newton,  John,  Park-green,  AFacclesfield. 

Owen,  Richard  George,  40,  Warwick- road.  South 
Kensington,  S.W. 

Rathbone,  Frederick,  Ryssel,  Rydal-road,  Streat- 
ham,  S.W. 

■ Wimshurst,  James,  4.  The  Grove,  Clapham-common, 

S.W. 


The  paper  read  was — 

THE  MECHANICAL  ART  OF  AMERICAN 
WATCHMAKING. 

By  Dr.  Leonard  Waldo, 

Of  the  Yale  Observatorj-,  New  Haven,  U.S  A. 

The  study  of  the  evolution  of  a mechanical 
.art  in  any  country  is  a study  in  social  and 
political  as  well  as  in  mechanical  science. 
It  often  depends  for  its  rapid  and  pro- 
gressive growth  on  the  characteristics  of  the 
people  among  whom  it  is  planted.  Of  no 
art  is  this  principle  more  true  than  of  the 
art  of  machine  watch  and  clockmaking  in 
the  United  States.  Born  among  a people 


who  from  the  beginning  of  their  history  had  to 
construct  their  own  devices  and  machines  of 
all  kinds,  it  has  had  the  same  growth  and 
individuality  which  characterises  the  manu- 
facture of  locomotives,  agricultural  imple- 
ments, or  house  fittings  and  decorations. 
Unlike  these  classes  of  manufacture,  however, 
and  more  analogous  to  the  production  of  fire- 
arms, the  clock  and  watch  products  are  suited 
to  other  people  and  other  countries.  It  is  the 
economic  question  growing  out  of  these  facts 
which  has  led  to  my  appearance  before  you 
this  evening,  in  the  somewhat  unique  position 
of  a visitor  from  the  L'nited  States,  explaining 
to  an  English  audience  the  conditions  of 
growth  in  a great  industr}’’,  in  the  early  de- 
velopment of  w'hich  England  for  many  years 
maintained  the  leading  position. 

One  of  the  sayings  which  we  hear  more 
frequently  in  England  than  in  the  United 
States,  is  that  the  preliminary  training  for  a 
great  President  is  to  be  found  in  rail-splitting 
or  on  the  towpath  of  a canal.  The  truth 
underlying  this  homely  remark  is,  that  in  the 
United  States  the  freedom  from  supervision, 
the  assumption  of  tasks,  the  absence  of  help, 
the  necessity  for  doing  things  as  quickly  as 
possible,  the  great  variety  of  work  which 
comes  to  the  American  boy  early,  gives  him 
practice  in  solving  new  problems  without  con- 
sidering precedents.  He  is  obliged  to  face 
new  difficulties  constantly,  and  he  has  no  one 
to  appeal  to  for  help. 

Throughout  the  countr}^  I think  you  will 
often  be  struck  with  the  general  mechanical 
intelligence  of  artisans.  The  plumber  is 
pretty  apt  to  know  something  of  carpentr}’' 
and  metal  work ; the  metal  worker  can 
paint,  or  turn  from  iron  to  brass.  The  lines 
of  caste  in  the  mechanical  arts  are  so  loosely 
drawn,  that  the  artisan  of  one  trade  is  often 
found,  in  dull  time,  at  a “job”  in  quite 
another  department  of  labour.  This  versatility 
is  a characteristic  of  the  native  American  ; it 
is  less  true  of  the  Irish  or  the  German  emigrant 
who  settles  amongst  us.  The  presence  of  this 
pure  American  type,  the  abundant  use  of  water 
power,  the  impossibility  of  competition  in 
agriculture  with  the  other  sections  of  the 
United  States,  early  led  to  the  seclusion  of 
New  England  as  the  manufacturing  district. 
The  phrase  “as  inventive  as  a Connecticut 
Yankee  ” came  from  the  fact  that  in  Con- 
necticut and  the  rest  of  New  England  the 
artisan  class  grew  rapidly  in  numbers,  and  pro- 
tected by  wise  legislation  in  regard  to  the 
patenting  of  inventions,  every  artisan  feels 
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there  is  a possible  road  to  wealth  in  perfecting 
the  tools  he  is  working  with,  or  the  method  of 
production  of  the  thing  he  is  working  at  At 
any  rate,  patents  are  cheap  and  quickly 
obtained  ; he  will  take  the  risk,  he  thinks,  and 
work  in  his  own  line  to  better  his  con- 
dition. He  constantly  sees  his  fellows  trans- 
ferred from  the  ranks  of  workmen  to  that  of 
employer  and  manufacturer,  and  the  result  is 
that  he  cares  little  for  trade  practices,  for 
custom,  for  what  is  old ; he  is  only  anxious 
to  improve  the  present  modes,  to  attain  his 
own  success. 

It  was  a mind  of  this  type  which  showed 
itself  in  the  son  of  a shoemaker  (who  was  also 
colonel  in  the  State  Militia)  in  the  little  town 
of  Brunswick,  Maine.  Born  in  1812,  Mr.  Aaron 
L.  Dennison  had  the  training  which  might  be 
characterised  as  presidential,  for  he  carried  a 
mason’s  hod  at  the  age  of  ten,  and  changed 
his  occupation  to  that  of  caring  for  a herd  of 
cows  at  eleven.  At  thirteen  he  found  himself 
sawing  wood  and  strengthening  his  constitu- 
tion for  the  cares  of  later  life,  and  a year  or  so 
later  he  was  promoted  to  that  position  from 
which  so  many  bright  ideas  in  life  have  come, 
the  shoemaker’s  bench.  At  eighteen  his  dis- 
satisfaction with  this  bench  led  him  to  take  to 
another,  and  we  find  him  apprenticed  to  a 
clock  and  watchmaking  firm  in  his  native 
town,  where  he  stayed  till  he  was  of  age. 
He  left  the  town  of  his  birth  in  1833  to 
perfect  himself  as  a journeyman  watch  and 
clockmaker,  going  to  Boston,  where  were  then 
g’ood  facilities  for  learning  the  higher  branches 
of  the  horological  art.  His  thoughts  soon 
turned  upon  the  organisation  of  labour  in  the 
production  of  watches  looked  at  as  machines 
for  time-keeping,  and  independent  of  a value 
as  articles  of  jewellery  or  art.  It  is  to  be  borne 
in  mind  that  from  the  beginning  of  the  horo- 
logical art  it  had  been  associated  with  the 
workers  in  the  precious  metals.  The  prompt- 
ness of  the  driving  business  life  throughout 
the  civilized  world  was  but  beginning  to  be 
felt  in  its  modern  force.  Few  people  cared  for 
the  minutes  of  time  in  domestic  timepieces, 
still  fewer  for  the  seconds.  The  modern  ideas 
were  undeveloped,  of  synchronised  clocks,  of 
observ’atory  time-signals,  of  swift  trains,  of 
banking  hours,  and  stock  exchanges  in  which 
seconds  were  of  high  financial  value,  of  thou- 
sands of  miles  of  telegraph  wire  in  the  same 
clock  electric  circuits  once  or  twice  every  day, 
so  that  Greenwich  or  Washington  time  might 
befurnished  with  unerring  exactitude  to  railroad 
superintendent  or  guard  alike.  The  great 


public  yet  were  unfamiliar  with  modern  business 
competition  and  consequent  necessity  for  ex- 
treme uniformity  of  time  in  engagements, 
which  is  an  unconscious  accompaniment  of 
the  life  of  to-day.  But  it  was  all  dawning, 
and  to  the  mind  of  Dennison  it  seemed 
that  timepieces  should  be  made  simple  in 
pattern,  alike  in  parts,  so  that  pocket  watches 
could  be  made  in  enormous  numbers,  on 
principles  analogous  to  those  in  the  manu- 
facture of  firearms.  The  idea  haunted  him. 
He  writes : — 

“ The  principal  thinking  up  of  the  matter  was 
done  when  I was  in  business  at  the  corner  of  Brom- 
field  and  Washington-streets,  Boston;  and  many  a 
night,  after  I had  done  a good  day’s  work  at  the 
store  and  a good  evening’s  work  at  home  in  repairing 
watches  for  personal  friends,  I used  to  stroll  out 
upon  the  common  and  give  my  mind  full  play  upon 
this  project.  And  now  as  far  as  I can  recollect 
what  my  plans  then  were  as  to  system  and  methods 
to  be  employed,  they  were  identical  with  those  in 
existence  at  the  principal  watch  factories  at  the 
present  time.” 

In  1840,  Mr.  Dennison  predicted  “ that  with- 
in twenty  years  the  manufacture  of  watches 
would  be  reduced  to  a system  as  perfect  and 
expeditious  as  the  manufacture  of  firearms  at 
the  Springfield  armoury.”  Capital  was  not 
forthcoming,  however,  to  what  seemed  a 
visionary  scheme.  It  was  not  until  1849, 
when  a friend,  Mr.  Edward  Howard,  ap- 
proached him  for  his  advice  as  to  the  expe- 
diency of  setting  up  works  for  the  manufacture 
of  American  locomotives,  that  he  had  the 
opportunity  of  suggesting  the  probable  paying 
qualities  of  an  establishment  for  making 
watches  as  other  machinery  was  made  with 
interchangeable  parts,  in  large  quantities, 
and  with  the  principles  of  shop  management 
of  mechanicians  rather  than  of  the  watch- 
makers. This  proposal  impressed  Mr. 
Howard  more  favourably  than  his  own  plan 
for  building  locomotives.  Together  they  found 
a capitalist  willing  to  share  with  them  the 
risks  of  the  adventure.  I shall  use  Mr. 
Dennison’s  own  words  as  to  what  followed  the 
meeting  of  the  three  projectors  : — 

“ I suggested  that  the  first  money  spent  in  the 
undertaking  should  be  for  a tour  of  observation  in  the 
watchmaking  districts  in  England,  with  the  view  of 
ascertaining  whether  the  trade  of  watchmaking  was 
carried  on  there  on  the  system  represented  to  me  by 
English  workmen  I had  employed  from  time  to  time 
in  repairing.  Another  object  I had  in  view  was  to 
find  out  the  source  of  supply  for  the  necessary 
materials,  such  as  enamel  for  dials,  jewels,  &c.  ’ 
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Then  he  goes  to  England  on  the  proposed 
mission,  and  writes,  in  regard  to  it : — 

“I  found  that  the  matter  had  been  correctly  repre- 
sented, but  in  carrying  out  their  system  one-half  the 
truth  had  not  been  told.  How  that  the  party  setting 
up  as  manufacturer  of  watches  bought  his  Lancashire 
movements — a conglomeration  of  rough  materials— 
and  gave  them  out  to  A,  B,  C,  and  D,  to  have  them 
finished ; and  how  A,  B,  C,  and  D,  gave  out  the 
different  jobs  of  pivoting  certain  wheels  of  the  train 
to  E,  certain  other  parts  to  F,  and  the  fusee  cutting 
to  G.  Dial  making,  jewelling,  gilding,  motioning, 
&c.,  to  others,  down  almost  the  entire  length  of  the 
alphabet ; and  how  that  taking  these  various  pieces 
of  work  to  outside  work  people — who,  if  sober 
enough  to  be  at  their  places,  were  likely  to  be  engaged 
on  someone’s  work,  who  had  been  ahead  of  them, 
and  how,  under  such  circumstances,  he  would  take 
the  occasion  to  drop  into  a ‘ pub  ’ to  drink  and 
goss'p,  and,  perhaps,  unfit  himself  for  work  the 
remainder  of  the  day. 

“Finding  things  in  this  condition,  as  a matter  of 
course,  my  theory  of  Americans  not  finding  any 
difficulty  in  competing  with  the  English,  especially  if 
the  interchangable  system  and  manufacturing  in 
large  quantities  was  adopted,  may  be  accepted  as 
reasonable.” 

I cannot  omit,  in  this  connection,  a reference 
to  the  contemporary  art  of  the  application  of 
machinery  to  watchmaking  in  France  as  well 
as  to  England.  By  reference  to  documents,  now 
in  the  Guildhall  Library,  of  the  Clockmakers’ 
Company  in  London,  I find  that  the  Clock- 
makers’  Company  opposed  the  erection  of 
works  and  the  granting  of  a Charter  to  a com- 
pany, known  as  the  “British  Watch  and 
Clockmaking  Company.  (By  Royal  Letters 
Patent.)  Capital  ^250,000  in  10,000  shares. 
Deposit  £2  los.  per  share.”  In  a report  of  a 
committee  of  the  guild,  they  review  the  attempts 
of  Mr.  Ingold  to  establish  companies  for 
systematising  the  production  of  watches  and 
clocks  in  Paris  in  1835,  concerning  which  the 
committee  says : — 

“ The  committee  is  enabled  to  state  it  failed  en- 
tirely, without  realising  anything  to  the  parties  who 
embarked  their  money  on  the  speculation.  It  was 
scarcely  two  years  in  existence,  for  early  in  1838,  Mr. 
Ingold  was  in  London,  endeavouring  to  open  a door 
to  transfer  his  unsuccessful  project  to  the  shoulders 
of  the  British  public,  but  the  bait  at  that  time  was 
not  alluring,  and  the  project  for  a season  abandoned. 

“The  Parisian  Watchmaking  Company  having 
expired,  a similar  company,  with  similar  pretensions, 
without  the  name  of  Mr.  Ingold  attached  to  it,  made 
its  appearance  at  Versailles  in  the  year  1838.  By 
some  it  is  denied  that  Mr.  Ingold  belonged  to  this 
establishment,  but  it  -will  require  more  than  simple 


assertion  to  make  such  statement  credible.  The 
prospectus  of  this  company,  issued  in  1838,  contains 
the  following  : Manufacture  of  French  watches,  estab- 
lished at  Versailles,  under  the  special  protection  cf 
the  king.  The  manufactory  which,  from  its  com- 
mencement, has  obtained  the  powerful  patronage 
of  the  king,  has  been  in  full  operation  since 
2 1st  February,  1838.  It  already  employs  more 
than  200  workmen,  attracted  from  the  best  work- 
shops of  France  and  foreign  countries.  It  is  not  a 
matter  of  speculation — it  is  a thing  accomplished. 
A board  of  manufacturers,  including  the  principal 
watchmakers  of  Paris,  MM.  Lepante,  Lessine, 
Charles  Leroy,  Robin  Mathieu,  constantly  overlooks 
the  perfection  of  the  works. 

“ The  object  of  the  company  is  to  liberate  France 
from  the  tribute  she  pays  to  a foreign  country,  and  to 
restore  to  our  commerce  a part  of  the  thirty  millions 
at  least  which  are  drained  yearly  to  buy  more  than 
120,000  watches  from  Geneva.  The  company  is 
already  in  a position  to  satisfy  all  orders  for  watches 
from  200  to  600  francs  ; it  can  multiply  the  number 
of  its  productions  by  means  of  the  perfect  machines 
which  it  possesses.  By  the  aid  of  those  machines 
the  principal  parts  of  a watch  are  made  of  uniform 
size  and  great  quickness  ; the  precise  exactness  is  an 
invaluable  advantage,  which  alone  renders  the  estab- 
lishment without  a rival  of  its  kind. 

“ A watchmaker  who  visited  this  vaunted  establish- 
ment in  I §39,  has  given  the  committee  the  following 
particulars:— I was  introduced  into  spacious  premises  ; 
two  or  three  directors  received  me  with  much  courtesy. 
I was  shown  a large  room  containing  machinery  for 
escapement  making,  &c.,  but  of  the  two  hundred 
men  said  to  be  employed,  the  number  I saw  did  not 
exceed  six  or  eight,  these  were  occupied  in  making 
watches  without  the  aid  of  machinery,  employing 
only  the  tools  generally  in  use.  I did  not  see  a single 
complete  watch.  The  person  who  introduced  me  to 
this  establishment  called  at  my  house  in  London  in 
1840,  and  told  me  that  it  was  defunct.  It  is  remark- 
able that  coincident  with  the  periods  at  which  the 
formidable  machinery  of  these  companies  ceased  to 
move,  Mr.  Ingold  came  to  reside  in  London  and 
renewed  his  canvass  for  support  to  a ‘ British  Watch 
and  Clock  Making  Company  ’ which,  increasing  its 
pretensions,  has  put  forth  its  title  to  the  trade  of  the 
whole  world. 

“The  committee  has  in  vain  attempted  to  dis- 
cover the  names  of  those  ‘ most  experienced  makers 
of  watches  in  London,  those  men  prominent  in 
science,  not  one  of  whom  has  expressed  a doubt  of 
the  efficacy  of  the  machinery  to  facilitate  the  manu- 
facture of  watches,  or  of  the  fact  that  work  so  pro- 
duced will  be  incomparably  superior  to  that  done  in 
the  usual  way.’  On  the  contrary,  some  of  our  manu- 
facturers and  several  of  our  practical  and  scientific 
workmen  who  have  seen  the  machinery,  have  not  only 
directly  denied  the  possibility  of  its  success,  but  have 
rejected  advantageous  overtures  to  identify  them- 
selves with  the  company. 
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“ In  reference  to  the  objects  of  the  company,  and 
the  powers  it  assumes  to  possess,  the  committee,  as 
practical  men,  nurtured  in  the  watchmaking  business, 
explicitly  states  its  conviction  and  belief  that  they 
are  absurdly  and  fallaciously  stated.  It  has  given 
the  company  an  opportunity  to  prove  before  it 
the  powers  and  applicability  of  its  machines 
to  effect  the  miracles  that  have  been  ascribed 
to  them.  At  an  interview,  22nd  March,  1843, 
on  its  premises  at  75,  Dean-street,  Soho,  they  were 
then  requested,  urged,  and  challenged  to  exhibit 
proof  of  the  working  of  their  machinery  before  your 
committee.  The  favour  was  claimed  on  behalf  of 
the  trade  at  large.  This  request  was  refused  upon 
the  most  frivolous  and  contradictory  pretexts.  The 
committee  advisedly  declares  its  firm  persuasion 
that  the  company  is  not  in  a capacity  to  make  good 
its  assertion  upon  the  subject  of  letters  patent  which 
have  been  taken  out  to  secure  these  newly-invented 
machines  to  the  company,  the  committee  would 
remark  that  the  specifications  have  not  yet  been 
enrolled.  It  considers  the  features  of  the  case  to 
present  the  strongest  ground  for  a petition  to  Parlia- 
ment, praying  it  to  refuse  its  sanction  to  the  doubly 
concentrated  monopoly.  The  rise  and  progress  of 
this  adventure  has  been  thus  far  traced,  together 
with  the  career  of  its  founder ; he  has  failed  in 
carrying  out  a similar  object  in  Switzerland,  in  Paris, 
and  in  Versailles,  and  he  is  now  re-asserting  the 
same  pretentions,  the  stale  romance  of  twenty  years, 
upon  the  credulity  of  the  British  public. 

“ It  may  be  asked,  if  this  undertaking  be  founded 
on  such  a visionary  basis,  why  not  leave  it  unnoticed 
to  fall  piecemeal  into  ruin  ? 

“ The  reply  is  evident  and  conclusive.  At  the  same 
time  that  its  failure  is  most  confidently  predicted,  the 
consequences  involved  in  its  destruction  are  not  to 
be  lightly  regarded.  At  a time  when  the  watch  trade 
is  languishing  in  sympathy  with  every  branch  of  our 
national  industry,  the  uncontradicted  assertions  of 
the  company’s  prospectus  have  aggravated  the  de- 
pression; and  although  manufacturers  of  watches  are 
fearless  of  competition,  and  regard  as  impracticable 
the  success  of  the  company,  yet  they  cannot  conceal 
from  themselves  the  fact  that  a large  capital  worked 
against  them,  under  the  protection  of  monopoly 
legalised  by  Act  of  Parliament,  though  for  a limited 
period,  may  severely  prejudice  their  interests,  and 
involve  a large  body  of  industrious  workmen  in 
privation  and  distress.” 

The  Bill  for  the  formation  of  the  English 
company  was  thrown  out  by  the  House  of 
Commons  on  the  31st  of  March,  1843. 

It  has  been  stated  in  English  horological 
circles  that  Mr.  Dennison  had  the  benefit  of 
Mr.  Ingold’s  ideas  and  inventions  in  the 
formation  of  his  own  company  in  the  United 
States.  I cannot  find  any  evidence  that  this 
is  a fact;  and  in  this  connection,  as  a contri- 
bution to  the  history  of  the  early  American 


horology,  I will  give  Mr.  Dennison’s  own 
statement  of  his  knowledge  of  Mr.  Ingold  and 
his  schemes. 

“ I have  to  say  I never  heard  of  Mr.  Ingold  or  his 
operations  until  after  our  factory  was  built  at  Rox- 
bury,  and  were  hiring  our  workpeople.  An  applicant 
for  a situation,  a Frenchman  by  the  name  of  Boudet, 

I hired  to  do  the  facing  of  pinions,  as  that  work 
required  some  hand  manipulation  such  as  no  machine 
which  had  been  thought  of  at  that  time  could  do  it 
so  well  —so  far  as  I know,  the  thing  has  not  yet  been 
accomplished.  This  man  Boudet  told  me  that  he 
was  a son-in-law  of  Mr.  Ingold,  and,  I think  it  fair 
to  conclude,  had  worked  for  him  in  London ; but  I 
have  no  recollection  whether  he  told  me  so,  or 
whether  he  informed  me  of  the  connection  between 
himself  and  Mr.  Ingold  at  the  time,  or  after  he  had 
been  at  work  some  time.  I never  saw  Mr.  Ingold, 
but  I knew  of  his  being  about  in  Switzerland  during 
our  residence  there.  I never  knew  of  his  being  in 
America  until  a long  time  after  we  came  here  (Rox- 
bury)  to  live.  I always  had  the  impression  that  the 
British  Watch  Company  obtained  an  Act,  as  I was 
told  by  Boudet,  or  some  one  I thought  knew,  that  it 
cost,  to  obtain  the  Act,  ^^30,000 ; and  that  the 
machine  which  he  got  up  for  making  the  plates  alone 
cost  ^6,000.” 

The  first  company  formed  in  the  United 
States  was  not,  financially  speaking,  a success, 
neitherwas  the  second.  There  hadnot  thenbeen 
found  the  financial  ability  for  the  head  of  such 
a company,  and  it  was  not  found  until  May  of 
1867,  when  Mr.  Royal  E.  Robbins  bought  the 
factory  for  $56,000 — on  which  Mr.  Dennison, 
his  friends  and  successors,  had  expended  soma 
$250,000  — at  an  auction  sale. 

It  was  one  of  those  happy  assumptions  by  a 
man  who  had  great  capacity  and  a recognised 
financial  ability,  of  a great  manufacturing 

interest,  to  which  he  proposed  to  bring  the  new 
and  needed  element  of  business  sagacity.  It 
became  the  precedent  for  the  formation  of 
other  companies,  and  now,  instead  of  the 
single  company  at  Walthcm,  there  are  in  the 
United  States  its  great  and  well-managed 
rival  company  at  Elgin,  Illinois,  and  the 
smaller  companies  at  Rockford,  Aurora, 

Springfield,  111.,  and  Springfield,  Mass., 

Nashua,  N.Y.,  Columbus,  O.,  Fredonia,  N.Y., 
and  Thomaston,  Conn.,  and  I am  told  there  are 
nine  others  at  the  present  writing  in  process 
of  organisation.  The  combined  output 

of  these  factories,  which  produce  watches  of 
durability  and  a certain  excellence  of  manu- 
facture, is  not  far  from  4,000  per  day,  of 
which  the  parent  company  produces  about 
1,100,  with  a machine  capacity  for  500  more 
per  day. 
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The  total  population  interested  in  the  manu 
ncture  and  selling-  of  watches  and  clocks, 
'directly  and  indirectly,  in  the  United  States,  is 
not  far  from  100,000  people,  and  the  sales  of 
the  leading  company  during  the  year  1884 
amounted  to  goo, 000  of  products. 


To  give  some  idea  of  the  extent  of  the  entire 
industry  in  1880,  I quote  the  following  Table, 
made  up  from  the  returns  of  the  United  States 
Census  for  that  year,  remarking  that  the  in- 
dustry has  very  much  increased  since  that 
date  : — 


Table  showing  the  Statistics  of  Clock  and  Watchmaking  in  the  United  States  in  1880. 


No.  of 

Average  No  of  hands 
employed. 

Total  paid 

Value 

Value 

Subjects. 

establish- 
ments. 1 

Capital. 

Males 
over  16 
years 

Females 
over  16 
years 

Children 

or 

youths. 

in  wages 
per  year. 

of 

materials. 

of 

Products. 

Clocks  

22 

? ^ 
00 
0 
C 

2,807 

630 

503 

$ 

1,622,693 

$ 

1,908,411 

1 » . 
4,1 10,267 

! 

Watches  

II 

4.144.327 

2,127 

1,219 

— 

1,712,276 

982,224 

* 3.271. 24^ 

Watch  Cases  

27 

1.584.740 

1,418 

139 

201 

976,041 

2,812,922 

4.589.314 

Watch  and  Clock  | 

20 

117-550 

184 

45 

49 

86,050 

130,315 

j 300,195 

Materials ) 

Totals  

80 

8,321,517 

6,536 

2,033 

753 

4,397,060 

5.833.872 

1 

j 12,271,020 

i 

It  is  not  to  my  purpose  to  follow  out  the 
actual  making  of  individual  watches  by 
.machinery ; that  is  quite  impossible  in  an 
‘hour’s  paper.  The  study  of  a machine  for 
the  automatic  manufacture  of  screws  alone 
could  occupy  the  time.  The  ooject  is  rather 
to  analyse  the  broad  difference  in  the  require- 
ments of  the  industry  when  it  is  transferred 
from  the  journeyman’s  bench  to  the  well- 
appointed  machine  shop.  I shall  draw  my 
illustrations  from  the  great  company  to  which 
I have  already  referred,  having  its  location  at 
Waltham,  a little  town  some  twenty  miles  from 
Boston,  in  Massachusetts.  I do  this  because 
this  company  exhibited  a very  fine  array  of  its 
machines  at  the  Inventions  Exhibition,  and 
my  effort  now  will  be  to  add  to  your  know 
ledge  there  gained,  the  ideas  of  policy  and 
management  regulating  such  a great  establish- 
ment. 

A new  people  is  not  an  art  people.  It  takes 
age,  leisure,  and  accumulated  wealth  to  give 
masses  of  the  people  artistic  ideas.  The  first 
test  they  apply  to  any  new  machine  is  that  of 
utility.  In  the  United  States  this  is  a funda- 
mental element  of  the  early  success  of  the 
watch  companies.  Automatic  machines  are 


very  costly.  No  one  can  afford  to  make  auto- 
matic machines  for  a thousand  watches,  or  for 
a hundred  thousand.  It  is  only  when  a simple 
type  can  be  made  and  have  an  enormous  sale, 
that  machinery  can  be  extensively  applied.  In 
the  United  States  the  company  of  which  I speak 
barely  lived  until  the  Civil  War  broke  out- 
Immediately  there  was  a great  demand  for 
watches,  strong,  serviceable,  uniform  in 
quality ; there  was  an  opportunity  to  make  a 
simple  type.  The  buyers  were  not  critical  as  to 
finish,  if  only  the  watches  would  run.  They 
did  not  require  art  in  the  case,  so  long  as  it 
was  strong.  A minute  a day  was  accurate 
enough  for  their  use,  and  the  art  could  easily 
produce  such  timepieces.  There  was  the 
opportunity.  The  factory  which  paid  no  divi- 
dend at  the  beginning  of  the  war,  paid  4 per 
cent,  the  first  year,  ii  per  cent,  the  second,  22 
per  cent,  the  third,  and  two  dividends  of  60  and 
150  per  cent,  the  last  year  of  the  war.  It  would 
have  been  impossible  to  pay  any  such  dividends 
except  that  the  watches  were  of  simple 
types  — interchangeable  parts— screws,  plates, 
hands,  wheels,  and  dials,  all  manufactured 
by  machinists,  running  well-made  machines, 
under  the  supervision  of  mach’nist  foremen. 
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The  machinery  was  built  and  paid  for.  The 
great  questions  of  getting  homogeneous  raw 
material,  of  learning  the  capacity  of  machines, 
of  determining  what  kind  of  labour — whether 
of  boys  or  girls,  or  men  or  women— was  most 
efficient  in  any  giv^en  department,  had  been 
settled.  Through  the  simple,  cheap,  but 
efficient  work  of  the  years  from  1857  to  1865, 
the  whole  art  of  machinery,  as  applied  to 
making  watches,  was  being  studied  by  men 
of  the  highest  mechanical  and  business 
ability,  and  without  the  slightest  regard  to 
any  preconceived  trade  notions  or  customs 
or  traditions.  The  great  idea  was  that  millions 
of  now  ci  vilised  people  wanted  watches,  with 
China,  and  Japan,  and  India  and  Africa  yet 
to  be  heard  from. 

To  create  and  to  supply  any  such  possible 
demand  would  require  the  same  business 
organisation  as  the  supply  of  cottons  or  metal 
ware.  There  must  be  an  organisation  reach- 
ing from  the  selection  of  the  raw  material  to 
the  selling  of  the  product  in  distant  markets. 
To  secure  homogeneity  of  material,  uniform 
texture  of  the  metals  employed,  without  which 
machine-made  watches  would  be  of  temporary 
value,  the  most  recent  advances  in  physics  and 
chemistr}'  must  be  made  use  of.  To  time  the 
watches  properly,  not  only  are  the  observatory 
time  signals  from  Harvard  University  used, 
but  a separate  observatory^  fitted  up  with  a 
recording  chronograph  and  transit  instrument 
of  a refined  construction,  has  been  erected. 
A dark  room,  with  all  the  apparatus  for  experi- 
menting in  photographic  processes  of  re- 
producing dials,  &C.,  is  in  full  operation. 
Systematic  experimenting  in  tempering  steel, 
in  testing  metals  for  their  physical  properties, 
is  carried  on,  and  some  of  the  most  exquisite 
physical  apparatus  I have  ever  seen,  I have 
seen  in  these  measuring-rooms.  Those  of  you 
who  are  microscopists,  and  who  know  of  the 
extreme  accuracy  of  the  small  standards  of 
length  made  by  Professor  W.  A.  Rogers,  of 
Harvard  University,  need  only  be  told  that  the 
most  beautiful  of  his  smaller  machines  was 
built  and  used  at  the  Waltham  Watch  Factory, 
under  the  combined  direction  of  himself  and 
the  mechanical  superintendent. 

Given  a scientific  knowledge  of  the  raw 
materials,  a certainty  in  their  selection,  and  it 
becomes  possible  to  reproduce  the  hand  pro- 
cesses of  manufacturing  the  small  parts  of 
watches  by  automatic  machines.  This  requires 
the  fundamental  department  of  the  company — 
a well  appointed  machine  shop,  in  which  their 
machinery  can  be  constructed  and  repaired. 


This  machine  shop  occupies  the  three  stories 
of  a wing  150  feet  long.  The  operatives  from 
this  department  have  the  constant  supervision 
of  the  machines,  which  are  systematically 
arranged  along  the  three  and  a-half  miles  of 
work  benches  which  extend  over  the  nearly 
five  acres  of  floor  space  covered  by  the 
main  buildings.  For  driving  the  machinery 
throughout  the  factory,  a Corliss  engine  of  125 
horse-power  works  through  39,000  feet  of  belt- 
ing, 10,600  feet  of  main  shafting,  8,000  feet  of 
wall  rods,  and  4,700  pulleys.  The  number  of 
operations,  most  of  them  accomplished  by 
automatic  machinery,  which  is  “tended”  by 
a young  woman  or  man  having  no  special 
knowledge  of  horology  as  a whole,  in  the 
manufacture  of,  say,  the  common  “ 18-size 
full  plate,  keyless,  four  pair  jewels  ” watch 
movement  is,  by  count  of  the  twenty-five 
foremen  of  the  different  departments  in  which 
it  is  made  up,  about  3,746. 

The  American  system  of  manufacturing  by 
interchangeable  parts  means  much  more  than 
making  a part  under  the  roof  of  a factory, 
buying  other  parts  in  the  market,  and  obtain- 
ing other  parts  by  the  piece  from  workpeople 
who  live  in  their  own  cottages,  for  which  they 
are  paid  at  piecework  rate=.  It  means  the 
establishment  of  working  facilities  for  the 
entire  manufacture.  That  everything  is  made 
on  the  premises,  not  according  to  the  plans 
or  ideas  or  methods  of  work  of  individual 
workmen,  but  under  the  direct  supervision  of 
a company’s  foreman,  according  to  gauges 
the  company  furnish,  under  conditions  of  time,, 
cleanliness,  and  care  which  the  company  pre- 
scribe. The  operative  himself  is  a machine. 
There  is  as  little  as  possible  variation  in  the 
drill  of  a great  factory. 

The  results  of  this  are  shown  in  a prompt- 
ness of  delivery,  in  a uniformity  of  products, 
utterly  unattainable  under  the  prevalent 
methods  of  what  is  called  the  factory  system 
outside  of  the  United  States,  where  the  work 
of  operatives  is  collected  from  their  local 
habitations  to  be  made  up  into  timepieces  at 
a central  putting  together  establishment. 

A little  later  in  the  evening,  we  shall  see,  from 
the  photographs,  the  various  departments  of  a 
great  watch  factory,  and  I pass  now  to  other 
■considerations  of  interest  to  you.  It  is  already 
apparent  to  you  that  the  master-mind  of  such 
a company  is  to  be  chosen  for  his  general 
executive  qualities,  and  his  ability  to  conduct 
a manufacturing  business,  rather  than  his 
technical  knowledge  of  watches.  In  1884,  there 
were  2,500  operatives  in  the  factory  we  have 
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quoted.  Only  a few,  and  those  in  the  designing 
and  putting  together  departments  were  pro- 
fessional horologists.  There  are  machinists,  and 
draughtsmen,  and  die  sinkers,  and  steel  workers 
and  gilders,  and  enamellers  and  photographers, 
and  men  of  many  trades,  each  working  in  their 
own  departments.  Their  tools  are  found  by  the 
company,  they  work  on  the  company  ’ s premises, 
they  reportat  agiven  hour,  have  certain  intervals 
for  rest,  and  go  home  at  another  hour.  They 
are  exposed  to  the  strictest  supervision  during 
the  progress  of  their  work,  and  they  have  every 
attention  given  to  their  personal  comfort. 
Plenty  of  light,  plenty  of  fresh  air,  and  a 
comfortable  warmth  pervades  every  part  of 
the  enormous  buildings,  to  which  the  2,500 
(in  1884)  operatives  repair  every  morning  for 
their  duties.  Taken  all  in  all,  I believe  it  is  the 
most  intelligent  body  of  operatives  in  any  in- 
dustry known  to  me.  Making  up,  as  they  do,  the 
community  in  a very  cultivated  part  of  New 
England,  they  have  every  opportunity  in  the 
way  of  libraries,  literary  clubs,  church  life,  and 
social  advantages.  One  is  very  much  im- 
pressed with  the  intelligence,  taste,  and  general 
attractiveness  of  the  operatives  generally,  and 
the  women  in  particular,  as  they  sit  at  their 
benches  and  machines.  The  delicacy  of  their 
work  and  the  es;prit  de  C07'ps  of  the  entire  body 
are  the  two  conducing  factors  to  this  result. 
In  giving  employment,  a good  character  is 
insisted  on.  It  is  rather  a remaikable  fact 
that  almost  the  entire  number  are  native  born 
American,  with  very  few,  almost  none,  of  the 
Irish,  who  are  most  numerous  in  other  systems 
of  manufacturing.  The  morality  of  the  young 
women  is  on  a par  v/ith  their  general  intelli- 
gence. It  is  very  rarely  indeed  that  one  is 
found  against  whom  the  breath  of  scandal  is 
heard.  Marriage  amongst  the  operators  is 
frequent,  and  the  romance  of  life  is  not  ignored. 
Homes  are  made  as  well  as  watches.  There 
has  grown  up  in  the  factory  the  spirit  of  in- 
terest in  its  social  associations,  in  its  products, 
and  an  interest  in  its  reputation,  which  can 
only  come  of  a large,  industrious,  intelligent, 
well-fed  and  well-paid  community.  The  com- 
pany finds  it  to  their  interest  to  maintain  these 
feelings  among  the  operatives.  Parks  are  laid 
out  ; cottages,  which  are  both  tasteful  and 
healthful,  are  built ; good  drainage  and  venti- 
lation are  secured  ; trees,  flowers,  lawns  are 
used  to  beautify  the  homes,  streets,  and 
grounds  about  the  factory  buildings.  A large 
hotel  has  been  built  for  the  exclusive  use 
of  the  young  women  who  are  not  married,  and 
who  wish  to  live  in  it.  I had  the  pleasure 


of  dining  at  this  hotel,  in  the  dining- 
room at  the  tables  of  which  about  120 
young  women  were  seated.  The  meal  was 
nicely  served  and  consisted  of  roast  beef, 
roast  mutton,  potatoes,  corn  (maize),  turnips, 
with  apple  pie  and  coffee  and  cheese  for 
dessert.  The  charge  which  the  company 
makes  for  board  alone  is  $2  25c.  per 
week,  or  for  board  and  lodging,  $3  per 
week.  Breakfast  is  served  at  half-past  six 
in  the  morning.  Now  when  we  consider 
the  average  daily  pay  of  the  women  on  the 
rolls  is  $7  98c.  per  week,  it  can  be  understood 
that  they  have  a margin  for  dress  and  other 
things  which  makes  their  life  quite  attractive 
to  them.  With  their  general  intelligence 
there  is  born  the  natural  desire  to  be- 
come skilful  and  expeditious  in  their  work. 
They  become  specialists  with  the  new  ma- 
chines put  into  their  hands.  They  know 
machinery  to  be  their  friend,  for  anything 
which  will  make  two  watches  where  one  was 
made  before,  will  halve  the  cost  of  the  watch, 
but  will  not  halve  their  wages,  and  will  make 
their  services  still  more  valuable  to  the  com- 
pany. They  are  not  afflicted  with  trade  notions 
or  customs  ; they  are  thoroughly  malleable  in 
their  methods  of  work,  and  quick  to  do  any 
new  thing  required  of  them.  They  are  inven- 
tive and  suggestive. 

Under  the  administration  of  such  great 
establishments,  there  have  grown  up  com- 
pletely' new  methods  of  work.  The  claim 
that  the  machinery,  processes,  methods  of 
organisation  of  a great  American  watch  or 
clock  company  are  not  original,  is  as  ridiculous 
is  to  say  that  the  Falls  of  Niagara  are  not 
original.  The  one  is  as  much  a product  of  the 
inventive  genius,  the  disregard  of  trade  laws  and 
customs,  the  intelligence  and  necessity  of  pro- 
duction of  an  Anglo-Saxon  country  separated 
by  3,000  miles  of  water  from  any  other  Anglo- 
Saxon  country,  as  the  Falls  of  Niagara 
are  the  product  of  the  waters  of  the  lake 
basin,  and  the  topography  of  its  outlet.  The 
machines  of  these  places  are  unique.  They 
must  be  so.  They  are  made  on  the  premises 
to  suit  the  individual  needs  of  the  establish- 
ment. For  some  of  the  important  processes 
there  are  as  many  kinds  of  machines  as  there 
are  distinct  factories  in  the  United  States. 

So  far  we  have  been  referring  to  the  middle 
class  of  watches,  made  in  lots  of  many 
thousand  at  a time,  and  designed  for  general 
use.  But  it  is  evident  that  it  needs  only  the 
addition  of  the  adjuster’s  skill  to  produce 
on  the  same  system,  timepieces  of  a very 
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high  precision  of  running.  So  the  leading 
American  watch  companies  have  put  forward 
the  claim  that  it  is  only  necessary  for  them  to 
add  an  adjusting  department  to  their  factory 
organisation,  and  they  will  produce  timepieces 
which  will  be  much  less  in  price,  and  equal  in 
performance  to  the  timepieces  made  by 
the  very  best  foreign  producers  on  the 
old  systems.  So  such  adjusting  departments 
have  been  added  to  several  of  the  leading 
factories.  In  these  departments  a watch  is 
rated  and  adjusted  to  position  and  tempera- 
ture for  periods  ranging  from  a week  to 
six  months,  depending  on  the  price  at  which 
the  movement  is  to  be  sold.  The  watches  which 
are  meant  for  the  very  finest  time-keeping  are 
adjusted  at  two  extreme  temperatures,  and  in 
the  fine  positions  of  dial  up,  dial  down,  pendant 
up,  pendant  right,  and  pendant  left.  The 
adjustment  of  a watch  is  somewhat  analogous 


to  the  adjustment  of  sights  on  a rifle.  All  the 
parts  of  an  admirable  weapon  may  be  there, 
and  the  sights  may  be  approximately  right ; 
but  it  takes  actual  trial,  and  the  slight  adjust- 
ment of  the  sights,  to  make  any  given  rifle  do 
its  most  accurate  work. 

As  far  as  the  success  attained  by  the 
American  method  in  watches  of  the  very  highest 
class  is  concerned,  I can  do  no  better  than 
to  quote  the  results  of  the  trials  of  timepieces 
at  the  Observatory  in  Yale  College,  made  under 
the  direction  of  the  Corporation  of  the  College 
for  the  years  1881  and  1884  inclusive.  Their 
trials  are  conducted  at  the  Observatory  of  Yale 
College,  and  involve  the  daily  comparison  of 
watches  in  the  following  positions  and  tem- 
peratures, for  a total  period  varying  from  six 
weeks  for  watches  of  the  highest  class,  down 
to  twelve  days  for  watches  of  simpler  adjust- 
ment, according  to  the  following  schedule  : — ■ 


"A 

Position. 

Approximate 

Temperature. 

Number  of  days  trial  for  Class 
Certificates. 

I. 

II. 

III. 

IV. 

I Dial  vertical.  Pendant  up 

60®  to  70®  F. 

7 

8 

8 

12 

2 Dial  vertical.  Pendant  right 

60*^  to  70®  F. 

2 

2 

— 

— 

3 Dial  vertical.  Pendant  left  

60®  to  70®  F. 

2 

2 

— 

4 Dial  horizontal.  Dial  down  

lA 

0 

0 

0 

0 

0 

'.0 

2 

— 

— 

- 

5 Dial  horizontal.  Dial  up  

60®  to  70®  F. 

10 

8 

8 

or  12 

6 Dial  horizontal.  Dial  up  

34®  to  38® 

I 

T 

I 

— 

7 Dial  horizontal.  Dial  up  

95®  to  100® 

I 

I 

I 

— 

8 Dial  horizontal.  Dial  up  

60®  to  70® 

10 

— 

— 

— 

9 Dial  vertical.  Pendant  up 

60®  to  70® 

7 

— 

— 

— 

Total  number  of  days 

1 

42 

22 

18 

12 

The  conditions  excluding  watches  from  re- 
ceiving certificates  of  any  class  were  as 
follows  : — 

1 . When  the  variation  of  rate  with  the  dial 
vertical  and  pendant  up  in  classes  I.,  II.,  III., 
and  in  the  positions  indicated  in  class  IV., 
•exceeds  2s, 0 from  one  day  to  the  following  day. 

2.  When  the  variation  of  rate  between  the 
positions  of  “dial  up”  and  “dial  vertical” 
exceeds  lo^.o. 

3.  When  the  variation  for  1°  F.  exceeds 
0S.3  between  the  ordinar}'  temperature  and  the 
ov'en. 


4.  When  the  rate  is  greater  than  lo^.o  per 
day  in  any  position. 

The  number  of  watches  entered  for  the  period 
under  consideration  was  as  follows  * — 


1880- 81 219 

1881- 82 53 

1882- 83 41 

1883  84 87 


and  the  analysis  of  the  results  of  w'atches  of 
the  highest  class  for  the  four  years,  is  as 
follows : — 
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i88o-8r. 

1881-82. 

1882-83. 

1883-P4. 

Per-centage  of  watch  movements  receiving 

) 

certificates  of  any  kind,  excluding 

45 

38 

28 

77 

watches  entered  for  rate  records 

) 

Number  receiving  Class  I.  certificates  . . 

22 

12 

8 

42 

Average  mark  of  Class  I.  certificates  . . 

68-8 

68  6 

76-4 

74-4 

Average  mark  of  the  first  five  watches 

receiving  Class  I.  certificates  

J 79*4 

77'Q 

80-4 

85  8 

Highest  mark  received  during  the  year 

83 

82 

85 

90-4 

Makers’  name  of  watches  receiving  the 

[ American 

Barraud  & 

Vacheron  & 

American 

highest  mark  during  the  year  

1 Watch  Co. 

Lunds, 

Constantin, 

Watch  Co., 

\ Waltham. 

London. 

Geneva. 

Waltham. 

In  reference  to  these  “marks”  I would 
like  to  explain  that  they  are  affixed  to  certifi- 
cates on  a scale  of  100,  ofiwhich  40  are  awarded 
for  a perfect  position  adjustment,  40  for  the 
capacity  of  a watch  to  run  at  a uniform  rate 
from  day  to  day  in  any  given  position, 
and  20  for  a capacity  to  run  without 
a change  owing  to  ordinary  changes  of  tem- 
perature. The  Table  shows,  therefore,  that  in 
two  of  the  four  years’  trials  one  of  the  American 
companies  entered  watches  which  were  the 
very  best  in  performance  of  all  the  watches 
entered,  and  that  the  watch  showing  the 
highest  record  of  any  entered,  was  one  of 
American  manufacture.  I quote  these  results 
as  conclusive  evidence  that  by  the  American 
system  of  machine  watchmaking,  watches  may 
be,  and  are  produced,  having  all  the  fine 
running  qualities  of  the  best  watches  made 
under  the  ordinary  system  at  a much  greater 
cost. 

[At  the  end  of  the  paper  a series  of  views  of  the 
buildings  at  AValtham,  illustrating  the  various  pro- 
cesses of  manufacture  and  the  social  life  among  the 
operatives,  were  shown  on  the  screen  by  means  of 
the  electric  light.  A watch  movement,  made  at  the 
factory,  was  also  shown  in  motion  on  the  screen,  to 
illustrate  the  detailed  parts  of  a movement  as  made 
by  machinery.] 


DISCUSSION. 

Mr.  Whipple  said,  that  having  had  an  opportunity 
of  testing  some  of  the  watches  made  at  the  Waltham 
factory,  he  could  bear  out  the  statement  as  to  their 
excellent  going  qualities.  The  scheme  for  giving  marks 
indicating  the  value  of  watches  as  timekeepers  was  the 
same  at  Kew  as  at  Yale,  and  he  had  to  thank  Dr. 
Waldo  for  the  great  assistance  which  he  had  rendered 
in  the  elaboration  of  the  present  system.  He  be- 
lieved the  system  was  very  closely  analogous  to 


that  which  had  been  employed  for  many  years  at 
Geneva,  with  one  exception,  viz  , that  at  Geneva 
and  Neuchatel  monetary  prizes  were  awarded 
for  watches  which  obtained  the  highest  number 
of  marks.  In  England,  watchmakers  had  become 
alive  to  the  necessity  of  improving  the  manu- 
facture, and  they  had  come  to  the  conclusion  that 
there  was  some  little  good  in  rating  watches  and 
having  them  certified,  though  at  the  outset  they 
ridiculed  the  idea.  He  knew  of  an  instance  where 
a customer  had  been  told  that  a Kew  certificate  was 
worth  nothing  at  all,  as  it  did  not  mean  the  watcli 
would  go  well ; but  upon  the  customer  pressing  for  a» 
certified  watch,  he  found  that  the  certificate  added 
fifty  per  cent,  to  the  value.  Another  difference  be- 
tween the  Yale  and  Kew  rating  in  the  adjudication 
of  marks,  was  that  at  Geneva  a greater  proportion  of 
marks  were  given  to  accurate  compensation.  Dr. 
Waldo  and  several  horologists  had  given  it  as  their 
opinion  that  the  attainment  of  practically  correct 
temperature  compensation  was  comparatively  easier 
than  the  attainment  of  correct  rating  in  position, 
and  his  experience  tended  in  great  measure 
to  confirm  this.  Many  more  watches  failed 
to  obtain  certificates  on  account  of  their  not 
going  correctly  in  varying  positions  than  on  ac- 
count of  variation  in  temperature  ; and  the  art  and 
mystery  of  compensating  for  temperature  appeared 
to  be  very  well  mastered  by  the  makers  who  sent 
their  watches  to  Kew  to  be  certified.  With  regard 
to  making  watches  by  machinery,  he  might  mention 
that  this  was  now  done  at  Coventry,  though  whether 
saccessful  from  a financial  point  of  view  he  was 
unable  to  say.  He  had  been  told  by  one  of  the 
managers  that  in  one  wing  of  the  factory  watches 
were  being  made  by  hand,  and  in  another  by 
machinery,  with  a view  to  a comparison  being  made 
of  the  relative  cost  of  production  by  hand  and 
machinery.  Many  parts  of  a watch  must  of  neces- 
sity be  better  made  by  machinery  than  by  hand  ; but 
other  parts,  such  as  screws,  could  be  turned  out  at 
less  cost  by  hand  by  the  operatives,  as  the  number 
required  was  not  sufficient  to  pay  for  machinery.  As 
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the  escapement  wheel  required  to  be  made  to  the 
greatest  nicety,  it  could  in  all  probability  be  made 
much  better  and  more  cheaply  by  machinery  than  by 
hand.  Considering  the  large  number  of  persons  of 
the  lower  classes  who  were  out  of  employment,  and 
w'hose  services  could  be  obtained  at  a cheap  rate,  he 
doubted  whether  it  would  be  a profitable  specula- 
tion to  erect  machinery  in  England  for  turning  out 
screws. 

Mr.  H.  Ganney,  speaking  as  a practical  w-atch- 
maker  who  had  been  at  the  Waltham  factory  eighteen 
years  ago,  and  as  one  who  had  written  and  lectured 
on  the  subject,  said  he  hoped  the  outcome  of  the 
reading  of  this  paper  would  be  something  practical 
for  the  art  in  general,  and  also  to  watchmakers  in 
particular.  No  doubt  England  had  lost  a good 
trade,  and  for  this  they  had  to  thank  the  British 
Parliament,  which,  in  1843,  refused  to  grant  a charter 
to  a company  for  the  manufacture  of  watches  by 
machinery’.  Ingold,  to  whom  reference  had  been 
made  in  the  paper,  after  passing  his  time  between 
England,  America,  and  Switzerland,  died  almost 
unknown,  but  one  of  his  machines  was  still  to  be 
seen  at  the  factory  of  Messrs  Gillett  and  Bland,  at 
Croydon.  Watches  were  now  made  in  London  by 
Mr.  Nicholl,  by  means  of  machinery,  and  also  by 
!Mr.  Gee,  who  employed  over  200  men,  and  it  would 
be  many  years  before  the  Americans  w'ould  be  able 
to  turn  out  watches  to  equal  these.  There  were  two 
ways  of  looking  at  a watch,  first,  as  a work  of  art, 
and  next,  as  a piece  of  commerce,  and  his  own 
opinion  was  that  they  had  not  yet  seen  all  that  could 
be  done  in  this  direction.  However  great  the  success 
of  the  American  companies,  they  had  not  yet  sur- 
passed the  watchmakers  horologically.  Neither  did 
they  put  such  beautiful  work  into  their  watches  as 
would  be  found  in  an  English  watch.  He  could  not 
agree  with  Mr.  Whipple  that  it  would  not  pay  to 
make  screws  by  machinery  on  a large  scale  if  you 
only  wanted  a few  at  a time,  because  he  knew  as  a 
matter  of  fact  that  it  did  pay.  On  behalf  of  the 
Clerkenwell  watchmakers,  he  acknowledged  that  they 
were  under  great  obligation  to  the  Waltham  Com- 
pany for  what  they  had  taught  them,  and  thought 
that  if  they  were  sensible  they  would  take  the  lesson 
to  heart  and  endeavour  to  beat  the  company. 

Mr.  Bedford  begged  to  call  attention  to  the  fact 
that,  in  speaking  of  the  factory  at  Waltham,  Mr 
Ganney  was  speaking  of  what  he  knew  eighteen 
years  ago.  Of  course,  in  the  present  age,  eighteen 
years  was  almost  like  a century,  as  things  changed  so 
lapidly.  The  factory  and  machinery  which  was  there 
eighteen  years  ago  was  now  all  gone. 

Mr.  Ganney  said  that  Mr.  Dennison,  of  the 
Waltham  factory,  was  now  in  Birmingham,  and  had 
been  there  eighteen  years,  and  he  established  a factory 
in  England  sixteen  years  ago. 

Mr.  Robert  Bragge  (Secretary  of  the  English 
Watch  Company)  was  extremely  gratified  to  find 


that  thanks  were  given  to  those  to  whom  they  were 
due,  and  that  at  last  the  labours  of  Mr.  Dennison 
had  been  acknowledged.  The  reasons  given  by  Dr. 
Waldo  for  the  enormous  strides  that  machine  watch- 
making was  making  in  America  was  the  true  one, 
that  the  people  there  found  themselves  face  to  face 
with  necessity,  besides  being  unencumbered  by  tradi- 
tion. It  was  a new  field,  and  they  entered  upon  it 
and  went  ahead  ; but  in  England  they  were  not  so 
happily  placed.  If  there  was  one  disadvantage 
under  which  workmen  were  placed,  it  was  that  of 
holding  too  much  to  tradition,  from  which  it 
was  extremely  difficult  to  emancipate  them.  They 
made  watches  as  they  did  for  the  same  reason  that 
the  Dutch  built  their  boats,  viz.,  because  their  grand- 
fathers had  done  so  before  them.  In  Birmingham, 
there  was  a factory  which  turned  out  a consiJtrable 
number  of  watches  by  machinery ; and  it  was  only 
by  the  application  of  machinery,  and  following  on  the 
lines  that  had  been  indicated  that  evening,  that 
watchmaking  could  hold  its  own  in  England.  The 
company  with  which  he  was  connected  had  sent  a 
good  many  workpeople  to  America,  but,  up  to  <he 
present,  they  had  not  had  the  chance  of  sending  any 
watches,  owing  to  the  heavy  import  duty  ; but  he 
had  no  doubt  that  by  and  by  they  would  be  able  to 
do  even  this.  In  conclusion,  he  begged  to  offer  his 
tribute  of  admiration  for  the  extremely  fair  and 
candid  spirit  displayed  in  this  paper,  and  hoped  that 
it  would  spur  Englishmen  up  to  a spirit  of  emulation, 
and  lead  them  to  achieve  similar  feats  to  those  which 
had  been  accomplished  in  America. 

Mr.  G.  William  Frodsham  (Parkinson  and 
Frodsham)  thought  that  the  thanks  of  all  watch- 
makers were  due  to  Dr.  Waldo  for  having  given 
them  such  a clear  insight  into  the  industry  of 
watchmaking  by  machinery  in  America  ; but  the 
system  was  not  quite  unknown  to  English  manu- 
facturers. He  had  just  made  the  model  of  a machine 
for  making  ordinary  watches,  which  he  intended  to 
take  out  a patent  for  in  America  as  well  as  in  Eng- 
land. AVhen  American  watches  were  first  introduced 
into  England,  he  made  the  remark  that  he  was  very 
glad  the  Amencans  were  undertaking  to  supply  the 
millions,  because  it  would  give  English  makers  time 
to  devote  to  the  manufacture  for  the  hundreds,  th.it 
was  to  say,  the  aristocratic  watches,  and  he  saw  no 
reason  now  to  depart  from  this  view.  Reference  had 
been  made  to  an  English  company  which  did  not 
succeed  in  consequence  of  the  opposition  of  Parlia- 
ment ; but  this  was,  no  doubt,  owing  to  the  fact  that 
in  those  days  there  was  a strong  prejudice,  more 
particularly  on  the  part  of  workmen,  against  the 
introduction  of  the  machines  designed  by  Mr.  Ingold, 
so  much  so  that  at  one  time  this  gentleman  went  in 
fear  of  his  life,  and  no  doubt  the  views  entertained 
by  the  watchmakers  and  workmen  influenced  mem- 
bers of  Parliament,  who,  of  course,  had  no  technical 
views  upon  the  subject. 

Mr.  Liggins  said  that  for  a large  number  of  years 
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the  English  public  had  not  been  able  to  get  a well- 
made,  good  English  watch,  except  at  a high  price, 
and  therefore,  it  was  time  that  English  manufacturers 
began  to  bestir  themselves.  No  doubt  many  would 
recollect  that  some  forty  or  fifty  years  ago  a public 
company  was  attempted  to  be  got  up  for  the  manu- 
facture of  watches  by  machinery  by  Mr.  Barwise,  of 
St.  Martin’s-lane,  but  it  was  found  impossible  to 
work  the  company  owing  to  its  being  opposed  tooth 
and  nail  by  watchmakers  and  working  men.  He 
had  not  seen  a watch  factor}^  in’  the  United  States, 
though  he  had  in  other  countries,  and  he  could 
bear  testimony  to  the  correctness  of  the  statements 
made  with  regard  to  them.  He  considered  it  a dire 
misfortune  for  the  English  public  and  the  trade  of 
the  country  that  the  export  in  watches  was  falling  off. 
As  a rule  he  did  not  think  this  applied  to  high-class 
watches,  for  it  was  generally  found  that  when  a 
colonist  visited  this  country  he  took  back  with  him  a 
first-class  English  watch ; it  was  the  trade  in  cheap 
watches  that  was  being  lost.  For  rough  usage  a 
machine-made  watch  had  many  advantages  over  a 
hand-made  watch,  price  and  quality  being  considered. 

Mr.  Glasgow  thought  that  a good  many  of  the 
remarks  which  had  been  made  that  evening  had  been 
of  a personal  nature,  and  not  in  elucidation  of  the 
paper.  Dr.  Waldo  had  read  a paper  which  had 
been  highly  appreciated,  in  which  he  had  not  intro- 
duced any  controversial  subjects.  Having  done  the 
Horological  Institute  the  honour  of  calling  upon 
them  the  previous  evening,  he  said,  “This  is  what 
we  want  in  America,”  which  he  (Mr.  Glasgow)  took 
as  a compliment  to  England.  It  was  supposed  by 
some  people  that  watches  were  all  made  by  hand, 
but  this  was  a fallacy,  there  not  having  been  a watch 
made  entirely  by  hand  for  centuries.  The  question 
to  be  considered  was,  how  far  could  machinery  be 
adopted  with  advantage  to  the  great  watchmaking 
community  of  the  country.  If  there  had  been  as 
many  watchmakers  in  the  United  States  as  there 
were  persons  in  that  room,  watchmaking  by  machi- 
nery would  not  have  existed ; it  was  the  necessity 
that  caused  it.  On  behalf  of  the  watchmakers  in 
general,  he  expressed  his  gratitude  to  Dr.  Waldo  for 
his  interesting  paper.  There  was  one  remark  in  the 
paper  with  which  he  could  not  quite  agree,  viz.,  that 
the  workpeople  were  “machines.”  Was  it  by  machines 
that  watchmaking  had  been  brought  to  its  present 
state  of  perfection  ? Were  the  great  watchmakers  of 
France  “ machines.?  ” If  so,  watchmaking  would  not 
be  what  it  was  at  present.  They  must  not  conclude 
that  because  the  cheap  grade  of  watch  was  made  by 
machiner}%  that  machinery  would  do  everything.  He 
believed  that  watchmakers  were  very  much  pleased 
when  the  system  of  testing  watches  at  Kew  was  first 
established ; but  there  was  one  practice  which  they 
did  not  appreciate,  and  that  was  this,  that  when  a 
man  made  a first-class  watch,  and  received  a certifi- 
cate for  it,  the  certificate  could  be  changed  to  any 
other  person  on  the  payment  of  is.  This  practice 


he  thought  was  not  conducive  to  the  interests  of 
watchmaking. 

Dr.  Waldo  did  not  believe  there  was  anyone  who 
had  been  a student  of  theoretical  horology  who  had 
a higher  appreciation  than  himself  of  the  genius  of 
the  distinguished  men  to  be  found  in  the  list  of 
British  horologists.  There  was  no  finer  record  to  be 
found  than  the  names  of  Harrison,  Earnshaw,  Reid, 
Dent,  Frodsham,  and  others,  but  he  had  not  intended 
to  present  the  scientific  side  of  horology ; it  was 
merely  the  great  art  of  making  timepieces  for  a 
gradually  growing  civilisation  over  the  large  world 
that  he  came  to  speak  about.  That  was  the  question 
to  be  considered,  and  not  the  question  of  absolute 
science  of  precision  in  timepieces.  The  question 
which  the  Americans  were  facing  was  that  of  making 
watches  which  should  keep  time  at  the  lowest  possible 
price.  He  did  not  know  that  there  were  any  ques- 
tions which  required  an  answer  at  his  hands,  and  he 
would  conclude  by  thanking  the  meeting  for  the  kind 
way  in  which  it  had  received  him. 

The  Chaieaian,  in  proposing  a vote  of  thanks  to 
the  reader  of  the  paper,  referred  to  the  extreme  interest 
of  the  subject,  and  the  admirable  way  in  which  that 
interest  along  many  lines  had  been  developed.  The 
question  of  the  watch  was  realty  one  of  national  im- 
portance, and  there  were  even  interesting  side  issues 
which  almost  rose  to  the  height  of  political  economy,  in 
connection  with  the  manufacture  of  such  an  article 
under  new  conditions,  as  opposed  to  its  manufacture 
under  old  conditions.  It  was  clear  that  the  sense  of 
the  meeting  was  that  England  did  lose  once  upon 
a time  a very  fine  opportunity  of  expanding  the 
watch  trade,  when  the  indications  of  science  were 
pointed  out  a good  many  years  ago.  He  thought 
that  was  not  only  true  of  the  watch  trade  and  of 
England,  but  it  practically  must  be  true  of  aU  trades 
and  in  all  countries.  His  interest  in  the  paper  had 
come  from  the  very  great  interest  he  took  in  the 
more  scientific  side  of  the  subject,  of  absolutely 
accurate  time-keeping,  and  his  knowledge  of  the 
very'  great  interest  which  Dr.  Waldo  had  given 
to  this  matter.  They  must  not  forget  in  the 
large  political  questions  the  question  which 
always  ought  to  be  before  anyone  interested  in  a 
great  industry,  viz.,  what  can  science  do  to  improve 
it.  That  would  yield  to  no  question  in  importance. 
There  was  still  room  for  the  introduction  of  science 
into  watchmaking  in  this  country^  whether  the  estab- 
lishment of  large  companies  was  insisted  upon  or  not. 
One  of  the  most  interesting  parts  of  the  paper  to  his 
mind,  was  the  statement  of  the  different  scientific 
processes  carried  on  under  one  roof ; and  it  was  not 
only  the  watch,  but  science  generally  which  would 
gain  in  all  these  localities.  With  regard  to  the 
watchmaking  industry  at  Coventiy,  he  might  say 
that  many  years  ago  he  was  asked  to  distribute 
the  prizes  at  the  Science  Schools  in  that  town, 
and  he  then  had  to  tell  the  people  frankly,  that  if 
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there  was  a little  more  science  teaching  in  Coventry, 
it  would  be  belter  for  the  watchmaking  carried  on 
there.  That  lemark  did  not  apply  alone  to  Coventiy; 
it  was  applicable  to  many  other  places.  It  was  in 
this  direction  that  the  extreme  value  of  meetings  like 
the  present  would  be  found,  for  not  only  did  it  enable 
them  to  see  what  had  to  be  done,  but  it  furnished  the 
key  of  the  citadel  which  had  to  be  attacked  in  the 
future. 

The  vote  of  thanks  having  been  unanimously 
passed,  the  meeting  adjourned. 


Miscellaneous. 

♦ 

COLONIAL  AND  INDIAN  EXHIBITION 
The  British  Empire. 

The  fa9ade  of  the  southern  entrance  to  the  Central 
Annexe,  on  which  appears  information  with  regard  to 
the  extent  of  the  British  Empire,  has  already  proved 
a source  of  interest  to  visitors. 

Time. — Five  clock  faces,  whose  hands  are  moved  by 
one  set  of  works,  simultaneously  proclaim  the  time 
throughout  the  Empire.  When  the  Greenwich  clock  is 
at  midday,  we  see  that  it  is  6.57  a.m.  at  Ottawa ; 
1. 14  p.m.  at  Capetown  ; 5.54  p.m.  at  Calcutta  ; and 
10.5  p.m.  at  Sydney. 

Map. — Under  these  clocks  has  been  placed  a map  of 
the  two  hemispheres,  by  ^Messrs.  W.  and  A.  K. 
Johnston,  of  Edinburgh  and  London.  It  is  pro- 
bably one  of  the  largest  maps  ever  produced.  The 
diameter  of  each  hemisphere  is  over  twenty-one  feet. 
The  superficial  area  is  over  700  square  feet.  The 
canvas  on  which  it  is  painted,  manufactured  on  purpose 
for  it  by  a Kirkcaldy  firm,  was  made  the  whole  size  in 
one  piece  : as  it  was,  however,  found  to  be  too  large 
for  convenient  handling,  it  was  cut  into  four  pieces, 
joining  at  the  equator;  by  this  means  several  assistants 
were  enabled  to  proceed  with  the  work  at  the  same 
time,  eight  weeks  being  occupied  in  its  construction. 
The  British  Possessions  are  coloured  bright  scarlet, 
the  sea,  lakes,  and  rivers  blue,  and  the  various  con- 
tinents, states,  and  islands,  are  distinguished  by 
various  colours,  and  named.  As  the  map  is  to  be 
exposed  to  the  atmosphere  day  and  night,  it  has  been 
painted  in  solid  oil  colours. 

Area,  Population  and  Trade. 

Underneath  the  map  of  two  large  hemispheres 
have  been  painted  up  Tables  of  the  area,  population, 
and  trade  of  the  British  Isles,  the  Indian  Empire, 
and  the  British  Colonies,  which  together  make  up 
the  British  Empire. 

It  would  be  manifestly  impossible  to  compile  Tables 
like  these  in  such  a way  as  to  disarm  criticism  ; but. 


thanks  to  the  experienced  assistance  rendered  by  Mr. 
J.  S.  O’Halloran,  Secretary  to  the  Royal  Colonial 
Institute,  the  statistics  (see Table,  page  753),  have  been 
prepared  up  to  the  latest  possible  date.  Appended 
are  a few  explanatory  notes. 

Area. — With  the  exception  of  those  relating  to 
Burma  (which  is  included  in  the  Indian  Empire),  New 
Guinea,  Bechuanaland,  Ascension,  Port  Hamilton, 
British  North  Borneo,  Cyprus,  and  Heligoland,  the 
figures  in  this  Table  are  taken  from  the  Board  of  Trade 
Returns  for  1885.  These,  with  the  exception  of  those  of 
British  North  Borneo  (which  are  extracted  from  the 
British  North  Borneo  Official  Gazette),  are  given  on 
the  authority  of  the  “Statesman’s  Year  Book”  for 
1886.  Under  the  title  Indian  Empire,  are  included,  in 
addition  to  British  India  (868,314),  Feudatory  Native 
States,  with  an  area  of  509,730  miles;  Aden  and 
Perim  (which  are  dependencies  of  the  Empire) ; and 
Upper  Burma,  with  an  area  of  190,500  miles.  Since 
the  compilation  of  these  Tables,  which  give  the  area  of 
Canada  as  3,470,392  square  miles — as  indicated  by 
the  Board  of  Trade  Returns,  the  Colonial  Office  List, 
and  the  “ Statesman’s  Year  Book” — an  official  state- 
ment has  been  received  from  the  Dominion,  in  which 
the  area  is  computed  at  3,406,542. 

The  area  of  the  British  Empire  has  quite  recently 
been  increased,  to  a small  extent,  by  the  annexation 
of  the  Kermadec  Islands. 

Population. — The  returns  are  based  mainly  on 
the  Census  of  1881,  as  given  in  the  Board  of  Trade 
Returns ; but  in  the  case  of  Australasia,  South 
Africa,  Straits  Settlements,  and  British  Guiana,  they 
are  brought  down  to  1884.  The  population  of  the 
Gold  Coast  is  that  of  1871  only.  The  figures  for  New 
Guinea  (which  are  approximate  only),  Ascension, 
Cyprus,  and  Heligoland,  are  from  the  “ States- 
man’s Year  Book;  ” those  for  Port  Hamilton  are 
from  “ Whitaker’s  Almanac,”  and  those  for  British 
North  Borneo  (which  are  approximate  only)  are 
taken  from  the  British  North  Borneo  Official  Gazette  : 
all  the  rest  are  from  the  Board  of  Trade  Returns. 
The  Indian  Empire  includes  the  Feudatory  Native 
States  with  a population  of  55,191,742,  and  the  de- 
pencies  of  Aden  and  Perim ; but  the  population  of 
Upper  Burma,  which  at  present  can  merely  be 
guessed  at,  has  been  omitted  (the  “ Statesman’s 
Year  Book”  estimates  it  at  1,675,000).  The  figures  for 
Mauritius,  Gibraltar,  and  Malta  are  exclusive  of  the 
military  population;  and  those  for  New  Zealand  do 
not  include  the  Maoris,  who  were  estimated,  in  i88r, 
at  44,097. 

Trade.  — The  figures  relating  to  Cyprus  and 
Hong  Kong  are  taken  from  the  “ Statesman’s  Year 
Book ; ” those  for  British  North  Borneo  are  from 
the  British  North  Borneo  Offiicial  Gazette  ; all  the 
rest  are  from  the  Board  of  Trade  returns. 

At  first  sight  it  would  appear  that  the  total  exports 
from  the  British  Isles  to  the  Colonies  ought  to  be 
equal  to  the  imports  of  the  Colonies  from  the  British 
Isles,  and  that  the  imports  of  the  one  should  equa 
the  exports  of  the  other.  But  a moment’s  reflection. 


752 


JOURNAL  OF  THE  SOCIETF  OF  ARTS. 


[ l/aj  21,  1886. 


shows  that  they  cannot  tally  exactly,  for,  to  take  but 
one  example,  the  cargoes  of  all  vessels  calling  at 
Valetta  go  to  swell  the  returns  of  Malta  as  well  as 
those  of  the  colony  whence  they  came  and  whither 
they  go. 

In  the  Table  no  notice  has  been  taken  of  fractions. 


Additional  congratulatory  telegrams  have  been 
received  by  H.R.H.  the  Prince  of  Wales,  from  the 
Viceroy  of  India,  the  Governor  of  Tasmania,  and  the 
Governor  of  Malta. 

The  band  of  the  ist  West  Indian  Regiment  has 
arrived  in  London  from  the  West  Indies,  and  will 
play  for  the  first  time  in  public  at  the  Exhibition,  on 
JNIonday  next.  May  24th. 

The  number  of  visitors  to  the  Exhibition  for  the 
week  ending  May  15th  was  117,501,  making  a total 
since  the  opening  of  245,578. 

On  Friday,  May  13th  , the  Prime  Warden  (Mr. 
W.  T.  Brand),  and  the  Court  of  the  Fishmongers’ 
Company,  entertained  the  Duke  of  Cambridge  and 
many  members  of  the  Royal  Commission,  and  the 
Executive  Commissioners  of  the  Colonial  and  Indian 
Exhibition,  at  dinner  at  their  hall  at  London-bridge. 
H.R.H.  the  Duke  of  Cambridge  proposed  the 
toast  of  “ The  Colonies  and  our  Indian  Empire,”  to 
which  Sir  Charles  Tupper  (Canada),  Sir  Victor 
Houlton  (Malta),  and  Mr.  E.  Buck  (India),  responded. 
Sir  Philip  Cunliffe-Owen  proposed  the  health  of  the 
Executive  Commissioners,  to  which  Sir  Rutherford 
Alcock  (British  North  Borneo)  replied. 

On  Saturday  afternoon,  May  15th,  the  first  experi- 
ment in  washing  and  manipulating  the  “blue 
ground,”  imported  from  the  Griqualand  West 
Diamond  Mines,  took  place  under  the  direction  of 
Sir  Charles  Mills,  K.C.M.G.,  acting  Executive  Com- 
missioner for  the  Cape  of  Good  Hope,  in  the  Cape 
Court,  in  the  presence  of  a number  of  visitors, 
amongst  whom  were  the  Duke  of  Manchester,  the 
Right  Hon.  Osborne  Morgan,  M.P.,  Sir  John  Swin- 
burne, M.P.,  and  others.  Several  diamonds  were 
found  in  the  course  of  the  operation,  which  excited  an 
unusual  amount  of  interest.  The  process  will  be 
repeated  at  stated  times  during  the  period  of  the 
Exhibition. 

On  Monday,  May  17,  the  Prince  honoured  Mr 
Leonard  C.  Wyon  with  a concluding  sitting  for  his 
Royal  Highness’s  portrait  on  the  obverse  of  the 
commemorative  medal  of  the  Exhibition. 

On  Wednesday,  May  19th,  the  Mohammedan 
a iisans  were  granted  by  the  Royal  Commission  a 
holiday,  in  order  that  they  might  observe  their  great 
festival — the  Bakra-ui. 

An  interesting  feature  in  connection  with  the  Hong- 
kcng  Court  is  the  Hongkong  Bazaar,  which  is  located 
n two  rooms  in  the  Royal  Albert-hall  overlooking 
the  Conservatory,  and  which  illustrates  the  principal 
c rmmodities  which  constitute  the  stock-in-trade  of  a 
Chinese  retail  vendor  of  assorted  goods  in  Hongkong. 
Silks,  blackwood,  ivory  carvings,  fans,  screens, 
crockery,  and  other  commodities,  find  a place  in  this 


collection,  and  the  bazaar  is  presided  over  by  some 
Chinese  traders,  arrived  expressly  from  Hongkong 
for  the  purpose. 

Railway  Facilities  for  Colonial  and  Indian 
Visitors. 

For  the  purpose  of  enabling  hond-fide  visitors 
from  India  and  the  Colonies  to  obtain,  either  for 
themselves  or  for  their  wives,  female  relatives,  and 
children,  specially  arranged  and  prepared  tickets 
(single,  return,  or  tourist),  to  any  part  of  the  United 
Kingdom  beyond  the  distance  of  fifty  miles  from  the 
metropolis,  a “ Central  Railway  and  Tourist  Booking- 
office  ” has  been  established  in  the  “ Old  London” 
street,  opposite  the  church  tower. 

Before  a ticket  can  be  issued  the  applicant  must 
obtain  from  the  Commissioner  of  his  colony  a voucher 
of  his  hond-fides,  which  voucher  must  be  endorsed 
by  the  secretary,  assistant  secretary,  or  official  agent 
to  the  Royal  Commission.  Half-price  tickets  will 
be  issued  to  children. 

The  applicant  must  state  to  the  booking  clerks, 
before  the  purchase  of  a ticket,  the  specific  route 
by  which  he  desires  to  perform  the  outward  journey 
{i.e.,  that  from  London.)  The  booking  clerks,  whilst 
prohibited  from  recommending  a particular  route  in 
preference  to  any  other,  will  give  general  information 
as  to  routes,  places,  stations,  hours  of  train  departure, 
&c.  The  return  journey  may  be  made  by  any  route 
over  any  railway,  provided  it  be  a route  by  which 
ordinary  or  tourists  passengers  travelling  to  London 
are  permitted  to  return.  The  return  journey  may 
be  broken  at  any  place  on  the  direct  route  ; but  if 
any  divergence  is  made  therefrom  the  ticket  holder 
must  pay  the  ordinary  fare  in  each  direction  between 
the  point  of  divergence  and  the  place  reached  from 
thence.  Breaks  of  the  journey  may  in  fact  be  made 
at  any  station  on  the  outward  or  homeward  direct 
routes,  whether  such  station  be  named  in  tourist  pro- 
grammes or  otherwise  as  a station  where  ordinary 
passengers  may  stop.  The  applicant,  after  describing 
the  route  he  desires  to  take  on  his  outward  journey, 
wall  be  charged  for  his  ticket  to  the  furthermost 
point  to  which  he  intends  to  travel. 

Single  tickets  wall  be  available  for  one  calendar 
month  from  the  date  of  issue.  Return  tickets  will 
hold  good  to  the  31st  of  December,  1886.  The 
tickets,  which  must  not  be  used  more  than  once  in 
the  same  direction,  may  be  made  available  from  any 
of  the  following  stations: — Victoria,  Kensington 
(Addison-road),  Paddington,  Euston,  St.  Pancras, 
King’s-cross,  Liverpool- street.  Broad-street,  London- 
b;idge.  Cannon-street,  Ludgate-hill  (to  stations  north 
of  London),  Holborn  - viaduct,  Moorgate  - street, 
Charing-cross,  and  Waterloo. 

An  inquiry  office  and  waiting-room,  provided  with 
the  time-table  books  of  all  the  railway  companies, 
has  been  attached  to  the  railway  office  of  the  Royal 
Commission,  whereat  visitors  may  obtain  general 
railway  information.  The  office  is  open  daily  from 
10  a.m.  to  10  p.m. 
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Akea,  Population,  and  Trade  of  the  British  Empire. 


British  Isles 


Indian  Empire  

Dominion  of  Canada 

Newfoundland  

Australasia  : — 

New  South  Wales 

Victoria  

South  Australia 

Queensland 

AVcstern  Australia  , 

Tasmania  

New  Zealand 

Fiji 

New  Guinea  

South  Africa  : — 

Cape  of  Good  Htpc. 

Bechuanaland  

Natal 

St.  Helena  and  Ascension.. 

C»-ylon  

Mauritius 

Straits  Settlements  — 

Hong- Kong  

Port  Hamilton  

British  North  Borneo  .. 

I.abuan 

British  Guiana  

West  Indies : — 

Jamaica  

Trinidad  

AVindward  Islands 
Leeward  Islands  ...  . 
Bahamas 

Bermudas 

British  Honduras 

AVest  Africa  ; — 

Sierra  Leone  

Gambia 

flold  Coast 

I.agos  

Gibraltar 

Alalta  

Cyprus  

Heligoland  

Falkland  Islands  

Total  . 


Are  \. 

Population. 

Imports. 

E.xports. 

Square  Allies. 

Total. 

From 

Colonies. 

Total. 

To 

Colonies. 

£ 

£ 

£ 

120,832 

35,241,482 

390,018,569 

95,812,911 

295.967,583 

88,303.634 

From  Brit. 

To  Bri.i,h 

i 

Total. 

Isles. 

Total. 

1 Isles. 

1,574,51b 

253,982.595 

68,156,654 

49,711,562 

89,098,427 

I 36,984,034 

3.470.392 

4,324.810 

23,917,200 

8,921.510 

18,782,156 

, 8,986,897 

40,200 

179,509 

1 682.457 

642,528 

1.368,153 

■ 322, -27 

311,098 

921,26s 

22,826,985 

11,423.047 

18,251,506 

7,683,886 

; 87,88; 

961,-73 

19,201,633 

9,149,076 

16,0  0,465 

7,74  ,415 

903,690 

312,781 

5,749  353 

2,983,296 

6,623,704 

4,081,864 

6:8,497 

309,9 '3 

6,381,976 

2,520,863 

4,673,864 

1,715,391 

1,060,000 

31,700 

521,167 

222,940 

405.693 

279,660 

26,215 

130,541 

1,656,118 

642,102 

1,475,857 

3 9,708 

i°4>458 

564.304 

7,663,888 

4,934,493 

7,091,667 

5,158,078 

7.74'^ 

128,614 

434,522 

345,344 

35,542 

86.360 

3,255,942 

135.000 

3,495,397 

... 

219,700 

1,249,824 

5,260,697 

4 023  ,819 

7,031,744 

! 6,602,193 

185,000 

18,750 

423,450 

424.495 

1,674,319 

1,675,850 

1.310452 

9 7,918 

! 721,190 

i 

1 

82 

5,-24 

*63,786  1 

*27,931 

*23,406 

*1  164 

25,365 

2,763,984 

4,811,451 

1,315,345 

3,161,262 

1,8  2,828 

713 

377,373 

2,963,152 

692,430 

3.941,757 

508,331 

1.472 

540,000 

18,676,766  ! 

4, '82, 920 

17,260,138 

3,845,362 

30 

160,402 

4,000,000 

3,218,946 

2,000,000 

1,052,302 

5 

2,000 

30,000 

150,000 

96,282 

52.551 

3^ 

1 

j 

6,298 

84,869 

1,554 

85,741 

109,000 

264,061 

1,999,448 

1,099,504 

2,322,032 

1,777,376 

4 3ii2 

585  536 

1.595,262 

910,194 

1,518,024 

643,971 

1 754 

153. 12S 

3,083,870 

88;, on 

2,769,727 

863,290 

78  + 

311,413 

i,"ii,483 

670,955 

1,83;, 388 

797,194 

665 

119,546 

476,457 

207,637 

466,759 

160,903 

,5.300 

12,955  i 

4.1,521 

1,213,144 

181,494 

37,329 

122,351 

35,771 

1 

19 

13,948 

283,440  : 

75,416 

88,622 

2,557 

6,400 

27,452 

237,538 

127,602 

317,449 

205.032 

461 

60,5,6 

4-5,424 

323,572 

377,055 

156,730 

' 69 

14,150 

212,122 

87,099 

199,483 

18,753 

18,78; 

408,070 

537,339  1 

403,788 

467,228 

330,997 

1,069 

1 

20,390 

75,270 

558,036 

538,221 

338,318 

672,414 

249,794 

1 

2 

18,381 

! 

119 

149,782 

13,343,789 

122,899 

12,908,492 

3,1-0,319 

3,584  , 

185,173 

304,375 

287,521 

I 

2,001 

j 

1 

6,5<^o  , 

1 

1,55.3 

67,848 ' 

60,962 

ioi,3j8 

98,468 

£< 

■,126,909  I 

305,337.924 

1 

1 

These  figures  refer  to  St.  Helena  only. 
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Tickets  for  places  within  fifty  miles  from  the 
metropolis  can  be  obtained  by  visitors  under  the 
joint  booking  system  at  the  Subway  Booking-offices 
adjoining  the  south  court  of  the  Indian  galleries. 
In  this  case  the  vouchers  mentioned  above  are  not 
necessary.  Tickets  to  the  Continent  will  not  be 
issued  at  the  Exhibition. 

Fruit,  Flower,  and  Vegetable  Shows. 

The  Royal  Commission  has  arranged  with  the  Royal 
Horticultui'al  Society  for  the  following  fruit,  flower, 
and  vegetable  shows  to  be  held  in  the  Conservatory 
during  the  season.  They  will  be  open  free  to 
visitors  to  the  Exhibition  : — Pot  roses,  azaleas,  &c., 
Tuesday,  May  25th;  orchids,  Tuesday,  June  8th 
pelargoniums,  &c.,  Tuesday,  June  22nd;  National 
Rose  Society’s  show,  Tuesday,  July  6th  ; flowers  and 
fruit,  Tuesday,  July  13th;  National  Carnation  and 
Picotee  Society’s  show,  Tuesday,  July  27th;  plants 
and  flowers,  Tuesday,  August  loth  ; cottagers’  show, 
Tuesday,  August  24th ; grapes,  dahlias,  &c.,  Tues- 
day, September  7th,  and  Wednesday,  September 
8th  ; hardy  fruits,  Tuesday,  October  12th,  and 
Wednesday,  October  13th;  chrysanthemums  and 
vegetables,  Tuesday,  October  26th,  and  Wednesday, 
October  27th. 

On  the  dates  September  8th,  October  13th, 
October  27th,  the  hours  of  closing  will  be  10  p.m., 
so  as  to  allow  the  exhibits  to  be  seen  under  the  influ- 
ence of  the  electric  light. 


BUTTERINE  OR  OLEOMARGARINE. 

By  P.  L.  Simmonds. 

The  enormous  quantity  of  butterine  or  artificial 
butter  that  is  now  flooding  the  markets  of  Europe,  is 
awakening  public  attention  to  the  deception  which  is 
so  generally  practised,  of  passing  it  off  for  the  pure 
article  of  butter  churned  from  milk.  It  is  highly 
important  that  the  dairy  products,  milk,  butter,  and 
cheese,  should  be  obtainable  in  their  genuine  state  ; 
as  dietetic  articles  they  ai'e  of  the  greatest  importance 
for  nutrition,  and  yet  they  are  now  exceedingly  diffi- 
cult to  obtain  unadulterated.  The  last-named  article, 
cheese,  was  formerly  supposed  to  be  free  from 
adulteration  in  any  of  its  numerous  forms  and 
varieties,  but  the  skilful  Americans  have  lately  entered 
extensively  into  the  manufacture  of  lard  cheese  as  well 
as  lard  butter.  Stringent  measures  are  required  to 
detect  and  punish  those  concerned  in  these  shameful 
deceptions,  and  they  are  likely,  we  hope,  to  be  soon 
adopted,  so  that  all  food  articles  at  least  may  be 
branded  and  sold  under  their  proper  names. 

In  a printed  Parliamentary  paper  received  from 
our  Ambassador  at  Washington,  the  American 
Minister  of  Agriculture  reports  that  “one-half  of 
the  receipts  of  butter  in  New  York  is  classed  as 


butterine,  an  article  produced  by  the  admixture  of 
lard  and  good  butter,  half  and  half.  Suine  comes 
under  the  head  of  butterine,  and  is  similarly  made, 
only  having  a larger  portion  of  lard.  Oleomargarine 
is,  however,  manufactured  from  grease  of  any  and  all 
kinds.  For  this  purpose  tallow,  lard,  cotton-seed, 
pea-nut,  and  other  oils,  are  sought  for  and  obtained 
from  all  sources  and  from  all  countries.  These  fats 
are  deodorised  and  neutralised  by  treatment  with 
nitric  acid,  mixed  with  milk,  cream,  or  poor  butter, 
and  churned.  The  acid  in  this  composition  is,  of 
course,  very  deleterious,  and,  in  proportion  to  its 
, quantity,  is  the  resultant  injury.  Many  of  these 
products  can  scarcely  be  told  from  genuine  butter, 
even  by  experts,  and  tests  by  microscope  and  sul- 
phuric acid  are  essential  to  determine  their  true 
character.” 

AVfecn  people  come  to  know  that  rancid  butter  is  as 
certaiiilyToisonous  as  rancid  tallow,  they  will  be  more 
cautious  about  eating  it.  If  a mass  of  crude  animal 
fat  be  heated  to  a temperature  not  exceeding  120*^ 
Fahr.  the  whole  of  it  will  melt,  and  the  product  will 
be  perfectly  odourless  and  available  for  domestic  and 
cooking  purposes  ; but  it  has  neither  the  flavour  or 
qualities  of  pure  butter.  Microscopic  examination 
with  polarised  light  is  the  most  reliable  means  of 
distinguishing  pure  butter  from  that  which  contains 
an  admixture  of  other  less  palatable  fats.  Even  in 
its  pure  state,  under  its  right  name,  oleomargarine 
can  never  become,  however  perfect,  a successful  rival 
to  good  butter.  But  the  fraud  is  great  when  it  is  sold 
as  such,  or  even  to  adulterate  butter. 

Laws  are  in  force  in  many  of  the  States  of  the 
American  Union,  requiring  manufacturers  to  brand 
such  articles  according  to  their  composition  ; but, 
unfortunately,  when  the  products  reach  the  points  of 
distribution,  the  removal  of  the  brands  subjects  the 
consumer  to  deception. 

So  far  back  as  1877,  it  was  publicly  stated  in  the 
New  York  papers  that  there  were  more  than  fifty 
artificial  butter  factories  in  that  city.  The  cost  of 
manufacture  of  oleomargarine  was  then  about  66. 
per  lb.,  and  the  selling  price  to  wholesale  dealers  rs., 
so  that,  so  far  as  the  saving  is  concerned,  there  is 
very  little  over  the  cost  of  genuine  butter.  The 
manufacture  commenced  in  America  about  1873, 
when  the  Oleomargarine  Company  turned  out  one  or 
two  tons  daily,  and  were  then  enlarging  their  works  so 
as  to  produce  twelve  tons  per  day.  Large  shipments 
are  made  thence  to  Holland  and  France.  There  are 
also  factories  at  Baltimore,  Chicago,  St.  Louis, 
Cincinnati,  Boston,  Pittsburg,  Providence,  and  New- 
haven.  From  statistics  prepared  by  Mr.  Nimmo,  of 
the  United  States  Department  of  Agriculture,  it 
appears  that  more  than  one-third  of  the  American 
exports  of  butter  are  sworn  to  be  oleomargarine,  and 
there  is  a large  additional  quantity  which  goes  out  as 
butter  under  sworn  manifests. 

Four  years  ago  the  manufacture  of  oleomargarine 
in  the  States  was  estimated  at  500,000  lbs.  daily,  or 
1,397,321  cwt.  yearly,  and  one-half  the  butter  sold 
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in  New  York  is  bogus  butter.  Great  progress  has 
been  made  in  Europe  in  the  production  of  oleo- 
margarine. Large  quantities  are  manufactured  at 
Vienna,  and  of  a visibly  improved  quality,  so  that 
several  makes  of  the  Austrian  product  now  com- 
pete in  the  market  with  the  best  quality  of  American 
goods.  Paris  now  also  supplies  considerable  quanti- 
ties of  a good  quality  of  the  article,  which  is  usually 
selling  at  from  10  to  15  per  cent,  less  than  the 
American.  The  manufacture  of  oleomargarine  in 
Russia  is  also  of  some  importance,  but  generally  con- 
sists of  poor  quality. 

It  was  stated  some  four  or  five  years  ago,  by  a 
correspondent  in  the  Daily  Neios,  that  there  were 
then  twelve  large  factories  in  Holland  for  the  manu- 
facture of  butterine,  and  from  50,000  to  6o,oco  tubs 
(each  containing  about  30  lbs.)  were  required  weekly 
for  shipping  this  product.  The  raw  material  oleo- 
margarine was  received  from  the  States,  and  after 
purification,  when  mixed  with  a certain  quantity  of 
new  milk,  was  exported,  chiefly  to  England. 

The  American  Consul  at  Amsterdam  reported  to 
his  Government,  in  1882,  that  the  imports  of  oleo- 
margarine into  the  Netherlands  from  the  United 
States,  was  about  80,000  tierces  in  the  year. 

The  increase  in  ten  years  in  our  imports  of  foreign 
butter  is  remarkable.  The  principal  countries  from 
whence  we  drew  supplies,  are  shown  in  the  following 
figures  for  1874  : — 


cwts. 

Sweden 23,292 

Denmark  226,053 

Germany  135,027 

Holland 351,605 

713.251 

United  States 36,307 

Canada' 50,282 


1,535.817 


they  reached  184,640  cwt.,  in  1884  they  fell  to 
84,739  cwt. 

It  is  somewhat  singular  that  Holland,  which 
has  decreased  in  the  last  ten  years  in  the  number  of 
its  live  stock  (the  cows  formerly  averaging  about 
1,000,000),  should  have  nearly  quadrupled  its  export 
of  butter. 

One  of  the  Dutch  butterine  manufacturers,  who  is 
an  eminent  chemist,  in  his  trade  circular  boldly  takes 
credit  for  the  substitution,  asserting  that  “wherever 
through  the  progress  of  technieal  knowledge  a 
valuable  substanee  has  been  superseded  by  a surro- 
gate, publie  opinion  has,  after  a short  commotion, 
accepted  the  position  of  affairs,  when  it  was  obvious 
that  the  new  intruder  possessed  definite  identieal 
qualities.”  And  he  instanees  the  substitution  of 
artifieial  alizarine  for  madder,  beetroot  for  cane-sugar, 
vanilin  essence  from  fir  trees  for  vanila  pods,  &c. 

It  is  impossible  to  separate  butter  from  butterine 
in  the  aggregate  imports  from  the  two  eountries 
from  whieh  the  adulterated  or  artifieial  article  chiefly 
comes ; but  the  following  are  the  figures  of  the 
imports  from  eaeh  : — 


Holland. 

United  States. 

cwts. 

cwts. 

1880  ... 

...  810,509 

277,790 

i88r  ... 

I 74,246 

1882  ... 

c;  1,246 

00 

00 

C.M 

1884  ... 

. . . 1, 1 12,212 

. . . . loo,  15  I 

1885  ... 

...  1,080,334  .. 

....  78,245 

Imports  of  butter  and  butterine  into  the  United 


1861  992,772 

1871  1,334,783 

1881  2,047,341 

1885  2,400,565 


Taking  the  years  1884  and  1885,  the  foreign  coun- 
tries chiefly  supplying  us  with  butter  were  the  Scan- 
dinavian States,  Germany,  Holland,  France,  the 
United  States,  and  Canada.  The  respective  propor- 
tions being  : — 


Sweden 

1884. 

cwt. 

cwt. 

Nor  wav 

3CI56 

....  — 

Denmark  

. . 335.067 

....  377.596 

Germany  

....  145.948 

Holland 

— 1,080,334 

France  

..  509.715 

....  450,949 

United  States  . . 

..  100,151 

78,245 

Canada  

2,391.961 

2,133.072 

All  other  countries  contributed  less  than  100,000  cwt. 
Sweden,  Norway,  and  Canada  are  not  specified  in 
1885,  aggregate  exports  of  butter  from  the 

Dominion  of  Canada  have  declined  one-half ; in  1880 


The  average  annual  eonsumption  of  foreign  butter 
per  head  in  the  United  Kingdom  was  in 


lbs. 

lbs. 

1877  . 

...  5‘34 

1881  .... 

6-36 

1878  . 

...  5-82 

1882  .... 

672 

1879  . 

1880  . 

...  6-57 

...  7-42 

00 

00 

7'i8 

In  the  last  few  years  our  imports  of  foreign  butter 
and  butterine  have  steadily  increased,  as  the  follow- 
ing figures  will  show  : — 


cwts. 

i88r  2,047,341 

1882  2,169,717 

1883  2,334,473 

1884  2,475,436 

1885  2,400,565 


The  slight  falling  off  last  year  is  attributable  to  the 
depression  of  trade. 

As  we  pay  over  2,000,000  sterling  for  this  food 
substanee  annually,  it  is  but  fair  that  we  should  get 
what  we  expect,  viz.,  pure  butter  from  milk  instead 
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of  butterine.  The  effect  of  the  large  introduction  of 
these  mixed  compounds  has  been  to  reduce  the  whole- 
sale price  of  butter  los.  per  cwt.  since  1878. 


FORESTS  OF  yAPAN 

The  area  of  Japan  is  about  96,000,000  acres,  and 
the  forest  area,  exclusive  of  the  Loo  Choo  and  the 
Tonin  Islands,  is  about  29,000,000  acres.  The 
forests  are  held  in  nearly  equal  proportions  by 
Government  and  by  private  owmers.  Forestry  has 
long  been  made  a study  in  Japan,  and  it  is  stated  in 
a recent  report  of  the  United  States  Commissioner 
of  Agriculture  that  no  people  are  more  skilied  in 
grafting  and  dwarfing  trees  than  the  J apanese. 
The  Government  Forestry  Department  is  now  an 
important  branch  of  the  State.  The  head  office  is 
in  the  capital,  Tokio,  but  in  each  of  the  forty-four 
JCen  or  States,  into  which  Japan  is  divided,  there  is 
a branch  office  from,  which  the  respective  forests  and 
plantations  are  managed.  During  the  days  of  the 
■old  rulers,  each  lord  had  his  own  forestry  laws,  all  of 
which  were  very  strict ; one  of  these  made  it  a 
punishable  offence  to  be  found  in  the  forest  after 
nightfall.  Since  the  new  regi?7ie  the  forestry'  laws 
have  been  consolidated,  and  their  old  feudal  strict- 
ness somewhat  abated  ; but  the  existing  laws  are 
still  strict  enough  to  secure  the  due  preserration  of 
ihe  forests.  In  Tokio  there  is  a Government  school 
of  forestry  which  was  established  three  years  ago, 
and  is  now  attended  by  150  pupils.  Some  of  these 
pupils  are  preparing  themselves  for  practical  work  in 
the  State  forests ; others  are  the  sons  of  landowners 
and  farmers  acquiring  a scientific  knowledge  of 
arboriculture  in  order  to  qualify  themselves  for  the 
efficient  management  of  their  own  lands.  The  cur- 
riculum in  the  forestry  school  includes  botany,  the 
chemistiy’  of  the  soil,  a little  natural  philosophy,  sur- 
veying, and  the  practical  work  of  planting  and  rearing 
trees.  Illustration  is  given  to  the  pupils  by  Japanese 
officials,  who  have  themselves  studied  forestry  in  the 
schools  of  Germany.  Large  plantations  have  been 
formed  under  Government  auspices,  and  eveiy'  year 
the  area  of  forest  land  is  being  added  to — cedars, 
oaks,  spruces,  and  firs  being  the  trees  more  generally 
planted.  Within  the  last  few  years  an  important 
experiment  has  been  made  in  the  introduction  into 
Japan  of  the  seeds  of  trees  and  shrubs  from  other 
•countries.  Tea  is  extensively  cultivated,  but  it  was 
only  in  1879  that  the  first  coffee  berries  were  brought 
from  the  Sandwich  Islands  and  planted  in  Japan,  and 
great  hopes  are  entertained  of  the  success  of  this 
experiment,  from  a commercial  point  of  view.  The 
cinchona  tree  was  introduced  from  India  in  1878,  but 
the  climate  of  Japan  does  not  appear  to  be  favour- 
able to  it,  and  in  1880  large  importations  of  forest 
trees  were  made  from  Europe  and  America,  and 
planted  in  the  experimental  gardens  of  the  forestry' 


department  at  Tokio.  Some  were  failures,  and 
others  took  favourably  to  the  countiy’ — the  list 
including  several  firs,  oaks,  and  maples,  the  birch, 
the  German  larch,  lime,  ash,  pinus  'ujebbiana,  and 
other  trees,  wLich  will  in  time  form  an  important 
addition  to  the  timber  supply  of  the  country.  Ex- 
tending over  15  degrees  of  latitude,  and  with  high 
central  ridges  of  mountains  on  the  larger  islands,  the 
climate  of  Japan  differs  considerably  in  the  north 
and  south,  on  the  plain  and  in  the  mountains,  so 
that  the  vegetation  partakes  both  of  tropical  and 
temperate  zone  characteristics.  The  country  itself 
may  be  dirided  into  five  distinct  tree  regions  or 
zones.  In  the  first  the  temperature  is  high,  and  the 
forests  consist  of  broad-leaved  evergreen  trees,  then 
comes  the  zone  of  the  oak  and  the  beech,  and  other 
broad-leaved  deciduous  trees  ; next  that  of  the  family 
of  cedars,  among  others  the  Thuias  and  Retinosporas 
for  which  the  country  is  remarkable.  Higher 
stiU  is  the  region  of  the  firs  anl  pines,  the 
conifers  including  many  of  the  finest  specimens 
of  the  Abies  veitchii.  Chief,  however,  among  the 
trees  of  Japan  are  the  Cryptorneria  japonica  and 
Retinospo}-a  obtusa,  which  attain  to  a height  of  about 
120  feet,  and  a girth  of  20  feet.  The  United  States 
Commissioner  of  Agriculture  says,  that  to  those  who 
have  only  been  accustomed  to  see  small  dwarf  speci- 
mens of  the  Japanese  arbor  z'i/ces  and  conifers  used 
for  la\\m  decorations,  nothing  is  more  astonishing 
than  the  great  slabs  of  wood  which  such  trees  supply 
in  their  native  country’.  Of  such  slabs  many  speci- 
mens are  seen  in  Japan,  and  the  ornamental  woods 
are  also  very  numerous.  A very’  useful  Japanese 
hardwood  is  the  Keyeki,  which  has  a reddish  hue ; 
and  there  are  many  varieties  of  oak.  From  one  of 
the  trees  grown  in  Japan—  the  Bronsonetia  papy- 
rifera — the  inner  bark  is  taken  and  manufactured 
into  paper,  while  from  one  of  the  climbing  plants  the 
woodmen  make  their  clothing.  The  wood  is  steeped 
in  water,  then  beaten  with  hammers,  and  the  fibrous 
mass  thus  obtained  is  woven  into  cloth,  which  is 
dyed  a deep  blue  colour.  In  the  way  of  timber,  the 
Japanese  are  able  to  supply  the  greater  part  of  their 
own  wants,  and  as  the  houses  are  largely  built  of 
wood,  the  quantity  required  is  very  considerable.  A 
large  quantity  of  timber  is  exported  to  China,  and  a 
small  quantity  is  imported  from  America.  In  Japan 
there  are  large  numbers  of  ponds  in  which  timber  is 
preserv’ed.  These  are  usually  constructed  near  the 
mouth  of  a river,  and  into  them  fresh  and  sea  water 
is  allowed  to  flow,  in  the  proportion  of  six  parts  salt 
to  four  parts  fresh.  Should  there  be  a larger  pro- 
portion of  salt  w’ater,  the  timber  is  apt  to  become 
black ; if  a larger  proportion  of  fresh  water,  the  wood 
is  liable  to  attack  from  worms.  The  ponds  are  about 
five  feet  in  depth,  and  by  means  of  canals  many  of 
them  are  often  connected.  The  timber  is  piled  in  the 
form  of  a cube,  and  is  kept  in  the  pond  from  two  to 
five  years  before  being  used  ; the  trees  most  frequently 
treated  in  this  way  being  the  Retinosporas  and  Crypto- 
msri(z\  a part  of  the  preseiving  process  being  the 
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thorough  washing  and  re-arrangement  of  the  wood 
twice  a-year.  Some  of  the  ponds  are  made  large 
enough  to  contain  10,000  pieces  of  timber. 


Correspondence. 


LONDON  SEWAGE. 

Mr.  J.  Bailey-Denton  sends  the  following  note  in 
explanation  of  the  Table  printed  in  the  Journal  of 
the  7th  inst.  : — By  the  construction  of  Sir  Joseph 
Bazalgette’s  extension  of  the  metropolitan  outfalls, 
and  the  purchase  of  Canvey  Island  (4,500  acres), 
not  only  would  all  the  uncertainties  of  chemistry  and 
the  contradictions  of  chemists  (amply  illustrated  at 
the  recent  discussion)  be  avoided  by  removing  the 
■discharged  sewage  entirely  out  of  the  river  ; but  this 
desirable  and  complete  act  could  be  effected  for  a less 
charge  upon  the  ratepayers  than  the  experimental, 
incomplete,  and  unsatisfactory  proceedings  of  the 
Board.  It  appears  to  me  like  throwing  dust  in  the 
eyes  of  the  ratepayers  to  talk  of  the  great  expense 
involved  in  Sir  J.  Bazalgette’s  extension,  when  the 
interest  on  the  outlay  will  be  less  than  the  annual 
cost  of  chemicals,  whilst  the  permanent  works  at  the 
outfalls  will  certainly  not  cost  less  than  those  required 
on  the  island.  But  perhaps  the  most  important 
feature  in  favour  of  the  island  is  that  all  difficulty  in 
relation  to  the  sludge  will  be  overcome  by  its  acquisi- 
tion, for  if  the  Board  persist  in  chemical  precipitation 
at  the  outfalls — which  I cannot  think  possible— the 
island  will  be  found  a fit  place  for  the  pressed  sludge, 
seeing  that  no  possible  nuisance  can  occur,  and  the 
■island  itself  will  be  made  more  valuable  by  raising 
its  surface  above  tide. 


THE  PR  O POSED  FISHER  Y DEPAR  TMENT. 

Dr.  Francis  Day  writes  to  say  that  in  the  report  of 
2iis  remarks  in  the  discussion  on  Mr.  Willis- Bund’s 
paper  {ante  p.  734,  col  2,  line  9 from  bottom),  the 
words  “ to  practical  fishermen  ” should  be  added 
after  the  words  “ he  did  not  know  that  the  scientific 
station  at  Naples  had  been  of  much  use.” 


Notes  on  Books. 


I NTERNATIOXAL  EXHIBITION  OF  INDUSTRY, 

Science,  and  Art.  Edinburgh,  1886.  Official 
Catalogue. 

The  Book  of  Old  Edinburgh  and  Handbook 
TO  THE  Old  Edinburgh  Street,  designed  by 


Sydney  Mitchell,  Architect  for  the  International 
Exhibition  of  Industry,  Scitnee,  and  Art;  with 
Historical  Accounts  of  the  Buildings  therein,  re- 
produced by  J.  C.  Dunlop  and  A.  H.  Dunlop. 
Edinburgh : T.  and  A.  Constable. 

The  Exhibition,  which  was  opened  lately  by 
H.R.H.  Prince  Albert  Victor,  covers  seven  acres  of 
ground,  and  the  other  eighteen  acres  of  the  West 
Meadows,  where  the  building  is  situated,  have  been 
laid  out  as  a promenade.  The  cost  of  the  buildings 
has  been  about  £yd,ooo  ; in  addition  to  this  the  re- 
production of  the  “Old  Edinburgh  Street”  cost  about 
;^4,ooo.  The  installation  of  the  electric  light,  which 
cansists  of  upwards  of  3,200  lamps,  cost  ^5,000. 
The  exhibits  are  divided  into  nineteen  classes,  as 
follows  : — I.  Minerals,  mining,  quarrying,  and  metal- 
lurgy. 2.  Pottery,  glass,  and  kindred  industries. 
3.  Chemistry,  pharmacy,  and  food.  4.  Animal 
and  vegetable  substances  and  their  manufacture. 
5.  Paper  manufacture,  stationery,  printing  and 
bookbinding.  6.  Prime  movers.  7.  Manufactures 
in  metal.  8.  Railway,  tramway,  and  vehicular 
appliances.  9.  Civil  and  military  engineering, 
building  construction,  shipbuilding.  10.  Furni- 
ture and  decoration.  ii.  Scientific  appliances. 
12.  Educational  appliances.  13.  Sea  industries. 
The  “ Old  Edinburgh  Street,”  which  has  been 
planned  in  emulation  of  the  “ Old  London  Street” 
of  the  E.xhibitions  at  South  Kensington,  consists  of  a 
reproduction  of  some  of  the  most  historically  inte- 
resting buildings  existing  in  Edinburgh  before  the  end 
of  the  17th  century,  all  of  which  have  now  been 
swept  away.  “ The  Book  of  Old  Edinburgh”  con- 
tains an  account  of  the  homes  represented,  and 
anecdotes  of  the  inhabitants  of  the  old  town. 


Facsimile  of  the  Ancient  Book  of  the 
Weavers’  Company,  the  original  of  which  is  in 
the  possession  of  the  Company.  London  : Photo- 
lithographed  from  the  original  by  W.  Griggs. 

This  folio  volume  consists  of  an  exact  representa- 
tion of  the  pages  of  the  curious  volume  of  the 
Weavers’  Company,  which  contains  the  statutes, 
ordinances,  and  regulations  of  the  Company,  begin- 
ning with  the  reign  of  Henry  VH.  and  the  year  when 
Sir  Hugh  Clopton  was  Lord  Mayor.  The  late  Sir 
Thomas  J.  Nelson,  City  Solicitor,  projected  this 
work,  and  intended  to  prefix  a descriptive  intro- 
duction, but  this  was  prevented  by  his  death. 


General  Notes. 

^ 

Congress  of  Hydrology  and  Climatology. 
— The  first  international  Congress  of  Hydrology  and 
Climatology  will  be  held  at  Biarritz,  in  October, 
1886,  under  the  honorary  patronage  of  the  Minister 
of  Commerce,  and  the  presidency  of  Dr.  Duran  1- 
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Fardel.  The  Congress  will  last  eight  days  (from  ist 
to  8th  October).  At  the  close,  excursions  will  be 
made  to  the  different  thermal  and  sanitary  stations 
in  the  Pyrenean  district.  Communications  and  in- 
quiries should  be  addressed  to  M.  le  Dr.  Garrigou, 
Toulouse  (from  the  ist  November  to  the  31st  May) 
— Luchon  (Haute-Garrone),  from  the  ist  June  to  the 
31st  October. 

Inland  Navigation, — The  second  International 
Congress  on  Inland  Navigation  will  be  held  this  year 
at  Vienna  from  the  15th  to  the  19th  of  June.  All 
communications  should  be  addressed  to  the  Organis- 
ing Commission,  I.  Eshenbachgasse,  No.  1 1,  Vienna. 

Sugar  Refining  by  Lignite.— The  Annee 
8cienlifique  states  that  M.  Kleeman,  of  Schoeningen, 
has  discovered  a new  method  for  purifying  beetroot 
juice  by  lignite,  which  it  appears  possesses  the 
property  of  purifying  liquids.  If  pulverised  lignite 
is  mixed  with  a turbid  fluid,  or  with  one  having  a 
disagreeable  taste  or  odour,  a deposit  is  rapidly 
formed,  and  the  liquid  soon  becomes  clear  and  loses 
its  bad  smell.  Cane,  as  w^ell  as  beetroot  sugar,  may 
be  refined  by  lignite,  and  the  process  is  very  econo- 
mical. The  sugars  produced  in  this  way  have  an 
agreeable  taste,  and  the  syrups  completely  lose  their 
taste  of  beetroot. 


MEETINGS  OF  THE  SOCIE2Y. 

Foreign  and  Colonial  Section. 

At  Eight  o’clock  : — 

Tuesday,  May  25. — “ Cyprus  since  the  British 
Occupation.”  By  G.  Gordon  Hake.  Major- 
General  Sir  Robert  Biddulph,  K.C.M.G.,  C.B., 
will  preside. 


Indian  Section. 

Friday  evenings,  at  Eight  o’clock  : — 

May  21. — “Everyday  Life  of  Indian  Women.” 
(By  Capt.  Richard  Carnac  Temple.  James 
Gibbs,  C.S.I.,  C.I.E.,  will  preside. 


Cantor  Lectures. 

The  Sixth  Course  will  be  on  “Animal 
Mechanics.”  By  B.  W.  Richardson,  M.A., 
M.D.,  F.R.S. 

Lecture  IV. — May  24. — Some  special  Mechanisms. 
Lecture  V. — May  31. — Mechanisms  continued; 
and  Review  in  regard  to  practical  applications. 


Additional  Lectures. 

The  course  of  Elementary  Lectures  on 
“ Electricity  ” will  be  continued  by  Professor 
George  Forbes,  on  Saturday  afternoons,  at 
Three  o’clock  : — 

Lecture  VI. — May  22. — Electrical  Measurement. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  May  24. ..SOCIETY  OF  ARTS,  John-street, 
Adelpti,  W.C.,  8 p.m.  (Cantor  Lectures.)  Dr. 
Richardson,  “ Animal  Mechanics.”  (Lecture  IV. 

Geographical,  University  of  London,  Burlington- 
gardens,  W.,  2g  p.m.  Annual  Meeting. 

Linnean,  Burlington-house,  W.,  8 p.m.  Anniversary 
Meeting.  Election  of  Council  and  Officers. 
President’s  Address  and  postponed  communication 
on  “ Forms  of  Seedlings,  and  causes  thereof.” 

Tuesday,  May  25... SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Foreign  and  Colonial 
Section.)  IMr,  G.  Gordon  Hake,  “ C}'prus  since 
the  British  Occupation.” 

Royal  Institution,  Alberaarle-street,  W.,  3 p.m. 
Prof.  A.  Gamgee,  “ The  Function  of  Circulation.” 

Medical  and  Chirurgical,  53,  Berners-street,  Oxford- 
street,  W.,  8Jp.m. 

Civil  Engineers,  25,  Great  George -street,  S.W  , 8 
p.m.  Annual  General  Meeting. 

Anthropological,  3,  Hanover-square,  W.,  8 p.m. 
Mr.  Reginald  Stuart  Poole,  “The  Ancient 
Egyptian  Classification  of  the  Races  of  Man.” 

Horticultural,  .South  Kensington,  S.W.,  i p.m. 
Show  of  Pot  Roses,  Azaleas,  &c. 

Wednesday,  May  26. ..Geological,  Burlington-house,  W., 
8 p.m.  I.  Dr  Henry  Hit  ks,  “ Further  Proofs  of  the 
Pre-Cambrian  Age  of  Certain  Granitoid,  Felsitic, 
and  other  rocks  in  North-Western  Pembrokeshire.” 
2.  Prof.  T.  G.  Bonney,  “ Some  Rock-specimens 
Collected  by  Dr.  Hicks  in  North-western  Pem- 
brokeshire.” 3.  Mr.  Aubrey  Strahan,  “ The 
Glaciation  of  South  Lancashire,  Cheshire,  and  the 
Welsh  Border.” 

Royal  Society  of  Literature,  4,  St.  Martin’s-place, 
W.C.,  8 p.m. 

Thursday,  May  27. ..Royal,  Burlington- house,  W.,  4^  p.m. 

Antiquaries,  Burlington-house,  W.,  8g  p m. 

Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Prof.  A.  Macalister,  “ Habit  as  a factor  in  Human 
Morphology.” 

Telegraphic  Engineers  and  Electricians,  25,  Great 
George-street,  S.W.,  8 p.m.  i.  Capt.  P.  Cardew, 
“The  Telephone  as  a Receiving  Instrument  in 
Military  Telegraphy.”  2.  Capt,  H.  R.  Sanke}", 
“ A Problem  relating  to  the  Economical  Electro - 
lytic  Deposition  of  Copper.” 

Frid.\y,  May  28. ..Victoria  Institute  (at  the  House  of  the 
Sqciety  of  Arts),  8 p.m.  Annual  Meeting. 

Royal  Institution,  Albemarle-street,  W.,  8 p.m. 
Weekly  Meeting,  9 p.m.  Prof.  Oliver  Lodge, 
“ Electrical  Depositions  of  Dust  and  Coke.” 

English  Goethe  Society,  Westminster  Towm-hall, 
Caxton- street,  S.W.,  8 p.m.  Inaugural  Meeting, 
Address  by  the  President,  Professor  F.  Max 
Muller,  “ World-Literature,  illustrated  by  newly 
discovered  Letters  from  Goethe  to  Carlyle.” 

Quekett  Microscopical  Club,  University  College, 
W.C.,  8 p.m. 

Clinical,  53,  Berners-street,  W.,  8^  p.m. 

Browning,  University  College,  W.C.,  8 p.m.  Rev. 
H.  J.  Bulkeley,  “The  Reasonable  Rhythm  of 
some  of  Mr.  Browning’s  Poems.” 

Saturday,  May  29. ..Royal  Institution,  Albemarle-street, 
W.,  3 p.m.  Prof.  G.  G.  Stokes,  “ Light,  wiih 
special  reference  to  Effects  resulting  from  its 
Action  on  various  Substances.” 
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NOTICES. 

♦ 

CONFER  SA  ZIONE. 

The  Society  of  Arts  Conversazione  will  be 
held,  by  permission  of  the  Royal  Commission, 
at  the  Colonial  and  Indian  Exhibition,  South 
Kensington,  on  Friday,  the  i6th  of  July  next. 

Each  member  will  receive  a card  for  him- 
self, which  will  not  be  transferable,  and  a card 
for  a lady.  In  addition  to  this,  cards  will  be 
sold  to  members  of  the  Society,  or  to  persons 
introduced  by  a member,  at  the  following 
prices  : — Until  the  3rd  of  July,  7s.  each  ; after 
that  date  los.  each,  except  on  the  i6th  July, 
when  the  price  will  be  15s. 

The  Council,  however,  reser\-e  the  right  of 
stopping  the  sale  of  tickets  or  of  raising  the 
price,  if  it  is  found  necessary^  in  order  to  restrict 
the  number  of  visitors  within  reasonable  limits. 

Tickets  will  only  be  supplied  to  persons 
presenting  members’  vouchers  (forms  of  which 
can  be  obtained  from  the  Secretary),  or  a letter 
of  introduction  from  a member. 

Members  can  purchase  these  additional 
tickets  by  personal  application,  or  by  letter 
addressed  to  the  Secretar}\  In  all  cases  of 
application  by  letter,  a remittance  must  be 
enclosed.  Each  ticket  will  admit  one  person, 
either  lady  or  gentleman. 

Light  refreshments  (tea,  coffee,  ices,  &c.) 
will  be  supplied  at  the  usual  buffets.  No  re- 
freshments can  be  obtained  by  purchase.  It 
will  greatly  facilitate  the  arrangements  if 
members  requiring  additional  tickets  will 
apply  for  them  at  as  early  a date  as  con- 
venient. The  members’  invitations  will  be 
issued  early  in  June.  Visitors’  tickets  can  be 
purchased  from  the  present  date. 

There  will  be  no  admission  to  the  Exhibition 


on  this  evening  except  by  special  ticket,  and 
no  tickets  can  be  purchased  at  the  Exhibition. 

Further  particulars  as  to  the  arrangements 
will  be  announced  in  future  numbers  of  the 
Journal. 


CANTOR  LECTURES. 

The  fourth  lecture  of  the  course  on  “Animal 
Mechanics’’  was  delivered  by  Dr.  B.  W. 
Richardson,  F.R.S.,  on  Monday  evening, 
24th  inst. 

The  lectures  will  be  printed  in  the  Journal 
during  the  summer  recess. 


ADDITIONAL  LECTURES.  ■ 

Professor  George  Forbes  delivered  the 
sixth  and  last  lecture  of  his  course  of  ele- 
mentary lectures  on  “ Electricity  ’’  on  Saturday 
afternoon,  22nd  inst.,  when  he  dealt  with  the 
the  chief  practical  applications  of  electricity. 

The  lectures  will  be  printed  in  the  Journal 
during  the  summer  recess. 


EXAMINATIONS,  1886. 

The  list  of  successful  candidates  in  the 
Examinations  for  the  present  year  has  been 
printed,  and  is  forwarded  to  the  Institutions  in 
Union  with  the  present  number  of  the  Journal. 
Copies  will  also  be  sent  to  the  various  com- 
mittees for  the  successful  candidates. 


Proceedings  of  the  Society. 

♦ 

APPLIED  CHEMISTRY  Cf  PHYSICS 
SECTION. 

Thursday,  May  13,  1886  ; Professor  James 
Dewar,  M.A.,  F.R.S.,  Vice-President  of  the 
Society,  in  the  chair. 

The  paper  read  was — 

THE  SCIENTIFIC  DEVELOPMENT  OF 
THE  COAL  TAR  COLOUR  INDUSTRY. 

By  Prof.  R.  Meldola,  F.C.S.,  F.I.C. 

The  subject  on  which  I propose  to  address 
you  this  evening  has  been  brought  under  the 
notice  of  the  Society  of  Arts  on  former  occa- 
sions, and  was  only  last  year  thoroughly  treated 
of  by  Dr.  W.  H.  Perkin,  the  pioneer  of  this 
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branch  of  manufacture,  in  his  presidential 
address  to  the  Society  of  Chemical  Industry. 
It  has,  moreover,  quite  recently  furnished 
materials  for  a lecture  at  the  Royal  Institution 
by  Sir  Henry  Roscoe,  so  that  I feel  in  some 
measure  obliged  to  apologise  for  again  bring- 
ing forward  a topic  upon  which  it  may  appear 
to  chemists  that  nothing  particularly  new 
remains  to  be  said.  Having,  however,  been 
intimately  associated  with  this  branch  of 
chemical  industry  for  many  years,  I have  had 
exceptional  opportunities  of  watching  its  de- 
velopment, and  of  forming  ideas  upon  the 
causes  of  its  progress,  which  may  justify  my 
engaging  your  attention  upon  the  present 
occasion. 

The  manufacture  of  coal-tar  products  is  a 
subject  which  otfers  distinct  advantage  for 
popular  treatment,  both  on  account  of  the 
practical  utility  of  the  products,  and  the  strik- 
ing and  beautiful  colour  phenomena  which 
they  present.  But  I do  not  propose  now  to 
avail  myself  of  these  advantages,  because  I 
think  there  is  a more  serious  aspect  of  the 
subject  than  the  mere  enumeration  of  the 
names,  chemical  formula,  and  mode  of  pre- 
paration of  the  recently  discovered  products. 
I must  take  it  for  granted  that  those  present 
this  evening  are  familiar  with  the  fact  that  out 
of  coal  tar  there  are  obtained  series  of  hydro- 
carbons from  which  are  prepared  nearly  all 
the  dye-stuffs  at  present  in  use  ; that  the  intro- 
duction of  these  artificial  colouring  matters 
has  revolutionised  the  tinctorial  industries, 
and  that  the  tar  of  gas  works,  which  was 
formerly  a waste  product  and  a nuisance, 
is  now  a valuable  source  of  revenue  to 
the  gas  companies.  It  is,  doubtless,  known 
to  you  also  that,  besides  colouring  mat- 
ters, there  are  obtained  from  the  same 
hydrocarbons  artificial  perfumes,  and  drugs 
which  rival  quinine  in  efficiency;  and  that 
quite  recently  a substance  has  been  discovered 
by  Dr.  Fahlberg,  which  goes  by  the  name  of 
“ saccharine,”  and  which  is  stated  to  possess 
220  times  the  sweetening  power  of  cane  sugar.* 
But  I must  content  myself  by  merely  pointing 
to  such  discoveries  as  triumphs  which  the 
chemist,  by  his  “ so  potent  art,”  has  achieved 
in  recent  times,  because  I want  to  bring  home 
to  English  manufacturers  one  particular  point 
in  connection  with  this  industry,  and  the 
Chemical  Section  of  the  Society  for  the  En- 
couragement of  Arts,  Manufactures,  and  Com- 

• The  substance  referred  to  is  orthobenzoyl-sulphonimide, 
C6H4  ^ ^ NH.  For  details,  see  a paper  by  I.  Levin- 

stein, Journ.  Soc.  Chem.  Ind.,  Feb.  1886,  p.  75. 


merce  seems  to  me  to  be  the  right  place  for  so 
doing.  It  cannot  be  denied  that  the  coal  tar 
industry  has  for  some  years  past  been  migrating 
from  this  country,  the  land  of  its  birth,  to  the 
Continent  of  Europe.  Of  the  causes  of  this  de- 
cline assigned  by  Dr.  Perkin  and  others  who 
have  expressed  opinions  upon  the  subject,  I do 
not  now  propose  to  touch  upon  those  which  may 
be  considered  as  purely  politico-economical 
ones,  such  as  Free  Trade,  the  Patent-laws,  or 
the  available  energy  of  a British  as  compared 
with  a German  workman  under  the  stimulus  of 
a certain  amount  of  weekly  wage.  These  and 
kindred  questions — such  as  the  cost  of  railway 
carriage,  or  the  relative  ideas  of  “ making  a 
manufacture  pay  ’ ’ which  may  exist  in  the  British 
and  Teutonic  minds — have,  doubtless,  a most 
important  bearing  upon  the  main  subject,  but 
their  discussion  would  occupy  far  too  much 
time,  and  would,  moreover,  be  out  of  place  in 
this  Section.  I might  even  go  so  far  as  to 
express  a private  belief  that  if  this  portion  of 
the  subject  were  handed  over  for  legitimate 
treatment  by  economists,  the  conclusions 
arrived  at  (if  any)  would  hardly  be  commensu- 
rate with  the  amount  of  discussion  which 
would  be  evoked.  In  fact,  it  appears  to  me 
that  although,  in  a general  way,  each  of  the 
causes  mentioned  must  be  a factor  in  deter- 
mining the  success  of  any  branch  of  manu- 
facture, it  is  quite  impossible  to  assign  its  true 
value  to  each  of  these  factors  ; and  in  the  case 
of  the  present  industry  I am  persuaded  that  it 
is  now  a question  of  chemical  and  not  of 
economic  science  that  is  pressing  for  con- 
sideration. 

It  will,  I think,  be  conceded  that  the  manu- 
facture of  coal-tar  products  is  /ar  excellence 
the  most  scientific  of  the  chemical  industries. 
This  high  position  may  fairly  be  claimed  for 
the  industry  when  we  consider  the  number 
and  complexity  of  the  products,  the  delicacy 
of  many  of  the  reactions  employed,  the  special 
arrangements  of  plant  required,  and  the 
intimate  knovdedge  of  the  chemistry  of  the 
aromatic  compounds  which  the  colour  chemist 
must  at  the  present  time  possess.  Moreover, 
the  industry  is  of  comparatively  recent  growth 
— it  has  been  born  and  has  reached  its  present 
development  within  the  last  thirty  years,  so 
that  the  successive  phases  of  its  evolution  can 
be  clearly  traced.  For  these  reasons  the  subject 
is  well  calculated  to  throw  light  upon  the 
general  question  of  technical  chemical  educa- 
tion, a question  of  which  the  importance  to 
the  country  at  large  now  bids  fair  to  become 
duly  recognised. 
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In  treating  of  the  industrial  development  of 
a branch  of  chemical  manufacture,  it  is  im- 
portant that  we  should  begin  with  a distinct 
idea  of  the  products  themselves.  I must  claim 
the  indulgence  of  chemists  if  at  this  stage  I 
find  it  necessary  to  go  over  somewhat  old 
ground,  and  to  state  facts  with  which  so  many 
are  familiar.  It  would,  of  course,  be  quite 
impossible  to  give,  on  the  present  occasion, 
anything  like  a complete  chronological  list  of 
the  various  colouring  matters,  and  it  would  be 
equally  impossible  for  me  to  enter  into  the  dis- 
cussion of  the  chemical  structure  of  the 
beautiful  compounds  which  are  now  to  be  met 
with  in  the  market.  If,  later  on,  I find  it 
necessary  to  enter  into  questions  of  chemical 
constitution,  it  will  be  chiefly  with  the  object 
of  illustrating  general  principles  by  appealing 
to  particular  cases.  In  the  brief  historical 
sketch  which  I now  propose  to  lay  before  you, 

I shall  mention  only  those  discoveries  which 
may  be  considered  to  mark  distinct  commercial 
epochs  in  the  development  of  the  industr3^ 
The  successive  steps  in  this  development  will 
furnish  us  with  one  of  the  most  striking  illus- 
trations of  the  utilisation  of  scientific  discovery 
for  industrial  purposes,  and  the  reaction  of 
industry  upon  pure  science. 

Commencing  in  the  year  1856,  the  foundation 
of  the  coal-tar  colour  industry  was  laid  by 
Perkin,  by  the  discovery  of  mauve,  a violet  dye, 
obtained  accidentally  in  the  course  of  an 
investigation  having  for  its  object  the  pre- 
paration of  quinine  by  an  artificial  synthesis. 
In  i860,  magenta,  which  had  formerly  been 
made  in  small  quantities  by  expensive  pro- 
cesses, was  rendered  a product  of  the  first 
order  of  commercial  importance,  by  the  dis- 
covery of  the  arsenic  acid  process  by  Medlock 
and  E.  C.  Nicholson  simultaneously.  During 
this  same  year,  phenylated  blues  were  first 
produced  by  Girard  and  De  Laire,  by  the 
action  of  aniline  upon  magenta  base  at  a high 
temperature  These  blues  had  but  a limited 
application  owing  to  their  insolubility,  and 
their  value  was  enormously  enhanced  by 
Nicholson’s  discovery  in  1862,  that  these 
colours  could  be  converted  into  soluble  sul- 
phonic  acids.  The  first  azo-colour,  amido- 
azobenzene,  a basic  yellow  dye,  was  introduced 
in  1863,  by  the  firm  of  Simpson,  Maule  and 
Nicholson,  under  the  name  of  “ aniline 
yellow.”  In  this  same  year  the  methylic  and 
ethylic  derivatives  of  magenta  were  manufac- 
tured by  the  same  firm,  under  the  name  of 
“Hofmann  violets,”  in  honour  of  their  dis- 
coverer. “Azodiphenyl  blue,”  the  first  of  the 


colouring  matters  now  known  as  indulines,  and 
Manchester  yellow,  appeared  in  1864;  and  in 
1866  “ Bismarck  brown  ” (triamidoazobenzene) 
was  first  manufactured  at  Manchester.  The 
same  year  (1866)  was  marked  by  the  intro- 
duction of  Coupier’s  nitrobenzene  process  for 
the  manufacture  of  magenta.  In  1868,  Graebe 
and  Liebermann  gave  to  the  world  their  great 
discovery  of  the  chemical  constitution  of 
alizarin,  and  in  the  following  year  the  manu- 
facture of  this  colouring  matter  from  anthra- 
cene was  commenced.  The  first  members  of  the 
great  family  of  the  “ phthaleines,”  viz.,  gallei’n 
and  fluorescein,  were  discovered  by  Baeyer  in 
1871  ; and  the  first  technical  application  of  this 
discovery  was  made  in  1874  by  Caro,  who  intro- 
duced the  beautiful  pink  tetrabromfluorescein 
into  commerce,  under  the  name  of  “eosin.” 
Diamidoazobenzene  was  discovered  by  Caro 
and  Witt  independently  in  1875,  and  was 
introduced  into  commerce  by  the  latter  as 
“ chrysoi’dine.”  A great  impetus  was  given 
to  the  technical  production  of  azo-colouring 
matters  by  this  discovery,  the  napthol  oranges 
and  other  “ tropoeolines,”  fast-red,  the  pon- 
ceau scarlets,  &c.  appearing  in  1878.  Methy- 
lene blue  and  acid  magenta  were  introduced 
by  Caro  in  1877,  and  in  the  same  year  the  old 
and  fugitive  “ aniline  yellow  ” was  converted 
into  a valuable  acid  yellow  by  Grassier,  who 
patented  a process  for  converting  the  base 
into  a sulphonic  acid.  Malachite  green  was 
introduced  in  1878,  and  in  1879  the  first  mem- 
ber of  the  now  important  group  of  secondary 
azo-compounds  appeared  under  the  name 
of  Biebrich  scarlet.  It  is  these  secondary 
azo-scarlets,  and  especially  the  “ croceine 
scarlets”  (discovered  in  1881)  which  are  ex- 
terminating the  cochineal  industry.  The  year 
1880  was  marked  by  the  brilliant  discovery  of 
the  constitution  of  indigo,  and  the  synthesis 
of  this  colouring  matter  by  Baeyer,  a dis- 
covery which  is  none  the  less  a triumph  of 
synthetical  chemistry  because  the  manufac- 
ture is  not  at  present  successful  from  a com- 
mercial point  of  view.  Indophenols  were 
introduced  by  Koechlin  and  Witt  in  1881,  and 
in  1883  appeared  Caro’s  first  patent  for  the 
production  of  colouring  matters  of  the  ros- 
aniline  group  by  the  method  of  “condensa- 
tion” with  phosgene  gas,  in  the  presence  of 
suitable  condensing  agents. 

This  chronological  record  comprises  nearly 
all  the  chief  colouring  matters  from  coal-tar 
which  are  or  have  been  of  industrial  value. 
It  is  important  to  note  that  the  list,  even  as  it 
stands  in  the  form  of  a bald  statement  of  facts 
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in  chemical  history,  reveals  the  existence  of 
that  fundamental  law  of  the  “ survival  of  the 
fittest.”  Old  products  have  been  displaced 
by  newer  ones,  as  fresh  discoveries  were  made, 
or  processes  improved,  and  to  the  chemist  it 
is  of  interest  to  observe  how  this  development 
of  an  industry  has  gone  on  Jari  Jassic  with 
the  development  of  the  science  itself.  The 
moral  conveyed  to  the  manufacturer  is  suffi- 
ciently obvious.  If  we  are  to  recover  our  former 
supremacy  in  this  industry,  we  must  begin  by 
dispelling  conservative  ideas — we  must  realise 
the  fact  that  no  existing  process  is  final,  and 
that  no  product  at  present  sent  into  the 
market  is  destined  to  survive  for  an  unlimited 
period.  The  scientific  manufacturer  must  be 
brought  to  see  that  present  success  is  no 
guarantee  for  future  stability,  and  unless  he 
realises  this  position  in  its  fullest  significance, 
he  may  find  the  sale  of  his  standard  products 
gradually  falling  off,  or  be  compelled  to  wake 
up  to  the  unpleasant  fact  that  his  competitors 
are  underselling  him,  owing  to  improved 
methods  of  manufacture. 

It  may  appear  to  many  that  I am  here 
simply  preaching  the  doctrine  of  progress,  and 
that  the  remarks  which  I have  offered  are  mere 
truisms.  Unfortunately,  the  facts  of  the  case 
render  this  appeal  necessary.  It  must  never 
be  forgotten  that  the  coal-tar  colour  industry 
is  essentially  of  English  origin.  It  was 
Faraday  who  first  discovered  benzene  in  1825  ; 
it  was  Mansfield  who,  in  1847,  first  isolated 
this  substance  in  large  quantities  from  coal- 
^ar,  and  showed  how  nitro-benzene  could  be 
manufactured  therefrom.  The  beginning  of 
the  colour  industry  was  Perkin’s  discovery  of 
mauve  ; and  the  introduction  of  the  new  colour 
into  dyeing  establishments  was  due  to  the 
example  set  by  Messrs.  Pullar,  of  Perth,  in 
1856.  The  manufacture  of  magenta  on  a large 
scale  was  the  result  of  the  discovery  of  the 
arsenic  acid  process  by  Medlock  and  Nichol- 
son ; and  the  phenylic  blues  were  made  com- 
mercially valuable  by  Nicholson.  The  first 
azo-colours,  “ aniline-yellow  ” and  “ Man- 
chester brown,”  as  well  as  Manchester 
yellow  (dinitro-a-naphthol)  were  manufactured 
in  this  country.  We  may  thus  fairly  lay  claim 
to  have  given  to  the  commercial  world  the 
types  of  all  the  more  important  colouring 
matters  of  the  present  time.  If,  as  is  certainly 
the  case,  the  development  of  these  typical  pro- 
ducts has  been  allowed  to  take  place  in  other 
countries,  it  behoves  us,  as  a practical  nation, 
to  inquire  closely  into  the  cause  of  this  success 
abroad,  a success  which  will  appear  all  the 


more  remarkable  when  we  bear  in  mind  that 
we  are  the  largest  European  producers  of  the 
raw  material,  gas  tar,  out  of  which  the  colours 
are  manufactured,  as  well  as  being  among  the 
largest  consumers  of  the  dyes  themselves.  It 
is  estimated  that  the  amount  of  tar  distilled 
annually  in  this  country  is  about  500,000  tons, 
and  it  is  certain  that  we  distil  at  least  one  half 
of  the  whole  amount  of  tar  produced  in  Europe. 
The  present  state  of  affairs  is  that  our  com- 
petitors can  afford  to  import  the  raw  materials 
from  us,  to  manufacture  and  return  the  colours 
so  as  to  compete  with  us  successfully  in  our 
own  markets,  and  to  undersell  us  in  the  foreign 
markets.  The  bare  mention  of  these  facts  will 
be  sufficient  to  indicate  the  existence  of  some- 
thing requiring  radical  reform  in  our  manu- 
facturing system. 

Before  submitting  to  you  the  statistics  of  this 
industry  which  I have  been  able  to  collect,  I 
think  it  desirable  to  make  an  attempt  to 
show  the  inner  mechanism  by  which  chemical 
science  has  been  and  is  being  so  successfully 
adjusted  to  commercial  wants  by  our  Conti- 
nental neighbours.  I regret  exceedingly  that  my 
predecessors  on  this  and  other  platforms  have 
not  leftme  the  chance  of  giving  a general  sketch 
of  the  chemical  development  of  the  different 
groups  of  colouring  matters.  In  fact,  I find 
myself  suffering  here  from  several  distinct  dis- 
advantages, but  I hope,  with  your  forbearance, 
to  make  the  best  of  the  situation.  It  will  serve 
my  purpose  equally  well,  or  perhaps  even  better, 
to  confine  my  illustration  to  one  particular 
group  of  colouring  matters.  The  more  striking 
achievements,  such  as  the  syntheses  of  alizarin 
and  indigo,  are  now  so  familiar  to  chemical 
audiences,  that  their  repetition  would  be  un- 
necessary. Equally  instructive,  from  the  present 
point  of  view,  would  be  the  history  of  the  colour- 
ing matters  of  the  rosaniline  group,  and  I can 
only  express  a passing  regret  that  time  will 
not  permit  me  to  recapitulate  the  steps  in  the 
beautiful  series  of  investigations  which  led  to- 
the  establishment  of  the  structural  formula  of 
rosaniline  and  its  derivatives  by  E.  and  O. 
Fischer,  and  then  to  the  synthesis  of  these 
colours  by  Caro  from  ketone  bases.  The  prin- 
ciple which  I wish  to  bring  out  may  seem  a 
strange  one  to  a “practical  ” people,  but  I am 
convinced  that  the  whole  secret  of  success 
abroad  is  the  spirit  of  complete  indifference  to 
immediately  successful  results  in  which  the 
researches  are  carried  on.  I say,  “ immediately 
successful,”  because  it  would  of  course  be 
absurd  on  the  part  of  an  investigator  not  to 
take  advantage  of  any  discovery  which  hap- 
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pened  to  be  of  commercial  value.  But,  as  a 
general  principle,  the  question  of  practical 
utility  does  not  in  the  first  place  enter  into  the 
\York.  The  great  development  of  this  and 
many  other  industries  is  mainly  due  to  the 
complete  and  thorough  recognition,  on  the  part 
of  our  competitors,  of  the  vital  importance  of 
chemical  science.  In  this  country,  where  the 
word  “practical”  threatens  to  become  a 
reproach,  we  put  science  into  the  back- 
ground, and  attach  all  importance  to  the 
mere  technique  of  our  manufactures.  If  I 
might  venture  to  offer  an  aphorism  to  the 
English  manufacturer,  it  would  be  to  the  effect 
that  he  should  look  after  the  science,  and 
leave  the  tecluiiqiie  to  take  care  of  itself. 

After  these  considerations,  you  will  see  that 
it  is  a matter  of  perfect  indifference  whether  I 
take  by  way  of  illustration  products  which 
have  been  successful  from  a financial  point  of 
view  or  not.  In  order  to  give  greater  emphasis 
to  the  principle,  I propose,  however,  to  con- 
sider the  history  of  some  colouring  matters 
which  have  found  a market  value,  and  I select 
this  group  with  the  more  readiness  because, 
on  the  one  hand,  it  was  not  treated  of  last  year 
by  Dr.  Perkin,  and,  on  the  other  hand,  it 
furnishes  a splendid  illustration  of  the  way 
in  which  these  coal-tar  products  are  being 
scientifically  developed  in  the  foreign  labora- 
tories. 

In  1863,  Mr,  E.  C.  Nicholson  discovered  a 
basic  orange  colouring  matter  among  the  bye- 
products  formed  during  the  manufacture  of 
magenta  by  the  arsenic  acid  process.  The 
method  of  isolating  this  substance  in  a state 
of  purity  was  very  skilfully  worked  out  by 
Messrs.  Simpson,  Maule,  and  Nicholson,  and 
the  colour  was  introduced  into  the  market 
under  the  name  of  “phosphine.”  This  dye 
was  the  first  basic  orange  discovered,  and  the 
advantages  which  it  possessed  for  certain 
kinds  of  dyeing  enabled  the  manufacturers  to 
sell  it  at  a price  which  helped  to  cheapen  the 
cost  price  of  magenta  to  an  appreciable 
extent.  The  chemical  composition  of  the  sub- 
stance was  established  in  1863  by  Hofmann, 
who  assigned  the  formula  C20H17N3  . H2O, 
and  described  the  base  under  the  name  of 
chiy^saniline.  Although  other  and  cheaper 
basic  orange  colouring  matter  have  since  been 
discovered,  chiy'saniline  still  finds  a distinct 
use ; and  I am  informed  by  Messrs.  Brooke, 
Simpson,  and  Spiller  that  the  amount  of  this 
colour  now  sold  is  not  appreciably  less  than  at 
the  time  of  its  introduction  by  their  predeces- 
sors. The  chemical  constitution  of  chrys- 


aniline  remained  unknown  till  about  two  years 
ago,  when  the  problem  was  solved  by  O. 
Fischer  (“  Berichte,”  1884,  p.  203).  In  order 
to  be  able  to  follow  the  steps  in  the  in- 
vestigation, it  will  be  necessary,  in  the 
first  place,  to  go  back  to  the  discovery  of" 
another  colouring  matter,  called  flavaniline, 
of  which  the  existence  was  made  known  by  O.. 
Fischer  and  C.  Rudolph  in  1882  (“Berichte,’^' 

1882,  p.  1500).  Flavaniline  was  produced  by 
the  action  of  dehydrating  agents,  such  as 
zinc  chloride,  upon  acetanilide,  this  fact 
having  been  observed  by  Rudolph  in  1881,, 
and  the  practical  manufacture  of  the  colour 
having  been  carried  on  under  a patent  by 
Messrs.  Meister,  Lucius  and  Briining,  of  the- 
Hoechst  colour  works.*  Supplied  with  a large 
quantity  of  the  pure  crystalline  material  by 
the  manufacturers,  Messrs.  Fischer  amF 
Rudolph  established  the  formula  of  flavaniline, 
C16  H14  N2,  and  showed  that  its  formation 
from  acetanilide  might  be  expressed  by  the. 
equation  : — 

2 C6  H5.  NPI.  C2  H3  O — 2 OH2  = C16  H14  N2 

By  the  action  of  nitrous  acid  upon  flav- 
aniline a diazo- compound  was  produced  which 
by  the  usual  method  of  decomposition  by  water, 
gave  a phenolic  derivative  termed  flavenol,  and 
possessing  the  foimula  C16H12N.  OH,  thus 
proving  that  flavaniline  contained  a displace- 
able NH  group.  By  heating  flavenol  with 
zinc  dust,  a base  was  obtained  having  the 
formula  C16H13N,  and  termed  flavoline. 
This  base  had  an  odour  resembling  that  of 
quinoline,  and  all  its  properties  suggested  to^ 
the  authors  that  flavaniline  was  in  realit}?'' 
a quinoline  derivative.  That  flavaniline  was 
amido-flavoline  was  proved  by  nitrating  the 
latter  base,  and  reducing  the  nitro-compound„ 
when  flavaniline  was  obtained.  In  a later  pub- 
lication by  Besthorn  and  Fischer  (Berichte, 

1883,  P-  68)  it  was  announced  that  flavenol,  . 
when  oxidized  by  potassium  permanganate  irv 
an  alkaline  solution,  gave  an  acid  which,  on 
distilling  with  lime,  furnished  a base  having 
all  the  characters  of  lepidine.  By  the  con- 
tinued oxidation  of  flavenol  with  excess  of 
alkaline  permanganate,  another  acid  was- 
obtained,  which  proved  to  be  picoline-tricar— 
bonic  acid,  and  the  latter,  on  further  oxidatiorr, 
gave  picolinetetracarbonic  acid  (“Berichte,” 

1884,  p.  2925). 

So  much  for  the  facts  ; now  for  their  inter- 
pretation. The  production  of  flavenol  from. 

* I am  indebted  to  this  firm  for  having  kindly  supplied  mo- 
with  specimens  of  these  products  for  exliibitLou.. 
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flavaniline  by  the  diazo-reaction  shows  that 
the  respective  formulas  of  these  substances 
are : — 

C16  (NH)2N  C16  Hi2  (OH)  N 

Flavenol  gave,  as  the  first  product  of  oxida- 
tion, lepidinecarbonic  acid,  of  which  the  formula 
is  CioH8N(C02H)  and  by  further  oxidation 
it  gave  picolinetricarbonic  acid,  of  which 
the  formula  is  C6H4N(C02H)3.  Now  the 
C-atoms  oxidised  by  the  breaking  down  of  the 
16-carbon  atom  flavenol  into  1 1 -carbon  atom 
lepidinecarbonic  acid,  are  those  C-atoms  which 
in  flavenol  are  associated  with  the  hydroxyl 
group,  because  this  group  is  no  longer  con- 
tained in  the  product  of  oxidation.  Thus  the 
formulas  of  flavaniline,  flavenol,  and  flavoline 
are  better  expressed  as  : — 

C,oH3N.C,H,(NH,) 

C,,H3N.C3H,(0H) 


From  this  it  appears  thatflavanaline  is  amido- 
phenyl-lepidine,  flavenol  hydroxyphenyl-lepi- 
dine,  and  that  flavoline  is  phenyl-lepidine. 

The  central  nucleus  of  flavaniline  having 
thus  been  shown  to  be  lepidine  (which  is 
methylquinoline),  the  next  question  to  be 
settled  was  the  mode  of  formation  of  the  colour 
base  from  acetanilide.  The  authors  suggest 
that  at  the  high  temperature  of  the  reaction, 
acetanilide,  in  the  first  place,  becomes  trans- 
formed into  the  isomeric  orthoamidoaceto- 
phenone  : — 

CH3 

C : O 

NH3 

Acetanilide.  Amidoacetophenone. 


H CH3 

C3H,  . N . C : O CgH,  < 


By  the  condensation  of  two  molecules  of  the 
amidoacetophenone  with  the  elimination  of 
two  molecules  of  water,  flavaniline  would  be 
produced  in  a manner  analogous  to  the  forma- 
tion of  mesitylene  by  the  condensation  of  three 
molecules  of  acetone  under  the  influence  of 
dehydrating  agents  : — 


CH3 


io 

H2  i' 

:h. 

0 r=i, 

CH 


CH3 

C zr  CH 
C.H.<  I 


-f  2 OHj 


N =1  C — CgH^  . NH^ 


The  accuracy  of  this  suggestion  w^as  verified 
by  showing  that  orthoamidoacetophenone  is 
present  in  small  quantity  when  the  reaction  is 


arrested  as  soon  as  the  formation  of  colouring 
matter  commences ; and  conversely,  when  pure 
orthoamidoacetophenone  was  heated  with  zinc 
chloride,  flavaniline  was  produced  in  small 
quantity.* 

We  may  be  permitted  to  pause  at  this  stage 
of  the  investigation,  before  proceeding  to  con- 
sider the  connection  of  this  work  with  the  con- 
stitution of  chrysaniline.  These  results  cannot 
but  be  regarded  by  chemists  as  a very  beautiful 
piece  of  investigation  ; but  the  person  of  a 
“practical”  turn  of  mind  may  possibly  want 
to  know  what  bearing  they  have  upon  the  ques- 
tion of  market  value — the  question  which  the 
manufacturer  but  too  frequently  considers  as 
the  only  one  of  importance.  Now  it  is  the 
essence  of  chemical  science— as  indeed  of  all 
other  sciences— that  every  discovered  fact  is 
related  to  other  groups  of  facts,  and  although 
the  relationship  may  not  at  once  be  apparent, 
it  is  only  a matter  of  further  development  that 
is  necessary  in  order  to  reveal  relationships 
which  are  obscure  on  account  of  our  imperfect 
knowledge.  Thus,  the  policy  of  looking  at  a 
chemical  product  from  the  narrow  point  of  view 
of  immediate  utility  is  not  only  unscientific,  but 
it  is  detrimental  to  the  interests  of  the  manu- 
facturer himself.  Every  new  compound  or 
process  discovered — every  structural  formula 
established  by  legitimate  investigation,  may 
have  an  enormous  influence,  directly  or  in- 
directly, upon  the  market  value  of  products  at 
present  sent  into  commerce.  Our  manufac- 
turers must  realise  this  if  they  wish  to  recover 
their  position  in  the  coal-tar  industry,  or  in  fact 
in  any  other  chemical  industry.  There  is  no 
branch  of  manufacture  so  perfect  as  not  to  be 
open  to  further  improvement,  and  until  the 
broad  spirit  of  scientific  development  is  made 
to  replace  the  suicidal  policy  of  immediate 
utility,  our  position  as  a manufacturing  nation 
is  not  likely  to  be  improved. 

In  order  to  justify  this  digression  by  the 
particular  instance  now  under  consideration, 
we  must  return  to  the  work  of  Messrs.  Fischer 
and  Besthorn.  The  discovery  that  flavaniline 
was  a quinoline  derivative  was  of  importance 
as  a principle,  quite  apart  from  any  immediate 
value  attaching  to  the  dyestutf  itself.  Up  to 
the  time  of  this  discovery,  the  quinoline  deriva- 


* Just  after  writing  this  paper,  a new  contribution  to  the 
chemistry  of  flavaniline  was  published  by  O.  Fischer  (Berichte, 
1886,  p.  1036)  from  which  it  appears  that  the  condensation  is 
really  between  one  molecule  of  ortho-  and  one  molecule  of 
/i3m-amidoacetophenone,  the  latter  being  produced  by  the 
isomeric  transformation  of  the  ortho-compound  at  the  high 
temperature  employed.  The  constitution  of  flavaniline  is 
thus  definitely  established  as  para-amidophenyl-7-lepidine. 
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tives  had  been  practically  of  no  importance  in 
the  tinctorial  industries,  but  as  a consequence 
of  the  present  investigation,  the  question  at 
once  suggested  itself  whether  the  analogous 
bases  of  high  boiling  point,  which  are  present 
in  coal-tar,  such,  for  example,  as  acridine, 
might  not  be  utilised  as  sources  of  colouring 
matters.  I may  remind  you  that  the  fact  of 
quinoline  being  an  aromatic  compound,  was 
first  established  by  the  researches  of  our 
Chairman  this  evening,  Professor  Dewar, 
who  obtained  aniline  from  this  base.  In 
a subsequent  paper  on  chrysaniline  (O. 
Fischer  and  G.  Korner,  “Berichte,”  1884, 
p.  203),  it  was  pointed  out  that  in  the 
course  of  his  investigations  upon  rosaniline 
Fischer  had  observed  that  the  former  base, 
like  rosaniline,  was  capable  of  furnishing  a 
diazo-compound.  An  observation  made  by 
Claus  is  also  mentioned,  viz.,  the  conversion 
of  chrysaniline  into  a phenol  (chrysophenol) 
by  heating  to  a high  temperature  with 
hydrochloric  acid  in  accordance  with  the 
equation  : — 

. HC1  + H,0  = C,,H,,X,0  + NH,C1 

Chrysaniline  Chr}sophenol. 

hydrochloride. 

The  investigation  of  flavaniline  appears  to 
have  given  an  impetus  to  the  ideas  respecting 
chr}'saniline,  because  of  the  general  similarity 
in  the  properties  of  these  two  substances.  In 
confirmation  of  this  impression,  it  was  found 
that  by  the  oxidation  of  chrysophenol  an  acid 
was  obtained  which,  on  distillation  with  lime, 
gave  a pyridine  base.  I need  hardly  remind 
3'ou  that  picoline,  which  was  obtained  from  the 
acid  resulting  from  the  extreme  oxidation  of 
flavenol,  is  methylpyridine.  It  was  thus 
established  that  chrysaniline  was  a derivative 
of  a quinoline  base. 

The  next  step  in  the  investigation  is  a very 
important  one.  By  decomposing  the  diazo- 
compound  of  chrysaniline  with  alcohol  ac- 
cording to  the  Griess  reaction,  phenylacridine 
was  obtained.  Acridine  is  a base  belonging 
to  the  quinoline  series,  having  the  formula 
C13  Hg  N.  It  was  discovered  by  Graebe  and 
Caro  in  1872  in  crude  anthracene.  Phenyl- 
acridine accordingly  possesses  the  formula 
C13  Ha  N . C6  H5  ; and  chrysaniline  appears 
as  diamidophenylacridine  — C13  H7  (NH2)  N. 
C6  H|  (NH2),  because  two  amido  groups  are 
replaced  by  II  by  the  diazo  reaction.  Thus 
the  formula  C20  H17  N3  (first  assigned  by 
Hofmann  to  chrj^saniline)  is  really  the  formula 
of  the  higher  homologue,  chiy^sotoluidine. 


In  order  to  explain  the  formation  of  chrys- 
aniline during  the  oxidation  of  the  materials 
(aniline  and  toluidine)  in  the  “red  melt” 
still,  several  suggestions  were  put  forward,  of 
which  the  most  probable  appeared  to  be  that 
the  base  was  derived  from  triamidotriphenyl- 
methane,  the  latter  compound  resulting  from 
the  condensation  of  two  molecules  of  aniline 
with  one  of  orthotoluidine  : — 


C.H,< 


NHj 

CH, 


+ 2C,H,  . NH,  - 2H,  = 
HC  (C,H,NH2)3 

Triamidotriphenylmethane. 


N 

C.H,  < c 


H.  H 


C.H, 


Triamidotriphenylmethane. 

N 

C.H.  < I > C,H, 

c 


NH. 


CgH,  . NHo 

Diamidophenylacridine  = Chr3’saniline. 


The  relationship  of  chrysaniline  to  the  colour- 
ing matters  of  the  rosaniline  group  is  thus  in- 
dicated ; but  tempting  as  is  this  theme,  time 
will  not  admit  of  further  digression  into  this 
field.  The  main  point,  so  far  as  we  are  at 
present  concerned,  is  that  by  means  of  the 
present  investigation,  we  have  now  arrived  at 
a knowledge  of  the  parent  substance,  acridine, 
of  which  a colouring  matter  more  than  twenty 
years  old  proves  to  be  a derivative.  By  such 
results  new  fields  of  investigation  are  opened 
up,  and  direct  methods  for  the  production  of 
chrysaniline  suggest  themselves.  Even  the 
practical  requirements  would  be  satisfied  if 
it  could  be  shown  that  the  colour  could  be 
manufactured  cheaply  by  a direct  synthesis, 
instead  of  depending,  as  heretofore,  upon  the 
small  and  capricious  secondary  product  of  the 
magenta  manufacture.  As  a matter  of  fact 
several  syntheses  of  chrysaniline  have  been 
effected,  one  of  which  forms  the  subject  of  a 
patent  (German  Patent,  29142,  April,  1884)  by 
Messrs.  Ewer  and  Pick,  of  Berlin.  Into  the 
mode  of  preparation  by  this  patented  process 
I cannot  now  enter  any  further  than  by  merely 
stating  that  nitrodiphenylamine  and  nitro- 
benzoylchloride  form  the  starting  points,  and 
that  the  specification  bears  the  title — “pre- 
paration of  chrysaniline  and  other  colouring 
matters  of  the  phenylacridine  group.”  If  an 
elaborate  scientific  investigation  culminates  in 
a patent,  its  utility  will,  I know,  be  conceded 
by  many  for  whom  the  work  would  otherwise 
have  possessed  no  particular  interest. 
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The  illustration  which  I have  given  is  a 
typical  example  of  the  kind  of  scientific 
development  which  is  being  carried  on  by  our 
chemical  colleagues  abroad,  and  which  is  being 
taken  advantage  of  in  the  Continental  factories. 
I do  not  wish  to  give  you  the  impression  that 
the  particular  colouring  matters  dealt  with 
are  of  supreme  importance  industrially — they 
are  of  considerable  importance,  but  the  modern 
history  of  any  other  colouring  matters  would 
have  been  equally  instructive.  The  beautiful 
researches  of  Bernthsen  upon  the  constitution 
of  methylene  blue,  would  have  done  equally 
well  had  time  permitted  of  my  making  use  of 
them.  It  seemed  to  me  more  appropriate  to 
this  Section  of  the  Society  of  Arts  to  give  a 
somewhat  detailed  account  of  one  particular 
series  of  investigations,  rather  than  to  take  a 
skim  over  the  mere  surface  of  the  enormous 
field  which  the  coal-tar  colour  industry  now 
offers.  The  case  considered  at  any  rate 
presents  the  advantage  of  not  being  too 
hackneyed,  and  this  will  be  sufficient  excuse 
for  having  made  use  of  it. 

It  was  stated  at  the  commencement  of  this 
paper  that  there  is  reason  to  believe  that  our 
supremacy  in  the  coal-tar  colour  industry  has, 
for  some  years,  been  declining,  and  I have 
further  expressed  my  belief  that  the  chief 
cause  of  this  falling  off  is  the  subordinate 
position  given  to  chemical  science  in  this 
country  as  compared  with  the  status  of  this 
science  abroad.  Whether  this  explanation 
be  accepted  or  not,  the  fact  of  the  decadence 
of  the  manufacture  remains,  and  I am  in  a 
position  to  bring  this  unpleasant  truth  home 
to  our  countrymen  by  a strong  body  of  evidence. 
It  must  be  borne  in  mind  that  the  decline  of 
any  industry  cannot  be  measured  by  the 
absolute  weight  of  the  products  turned  out 
annually,  because  the  demand  for  the  pro- 
ducts in  question  may  be  on  the  increase,  and 
we  may  be  actually  producing  a greater 
weight  of  colours  now  than  we  were  during 
our  most  successful  period.  The  whole  ques- 
tion is  a relative  one — it  is  simply  how  much 
material  are  we  now  turning  out  as  compared 
with  the  amount  produced  by  our  competitors — 
what  proportion  of  coal-tar  products  do  we 
supply  for  our  own  and  foreign  consumption  ? 
In  order  to  answer  this  question  with  some 
approach  to  numerical  exactness,  it  occurred 
to  me  that  the  most  trustworthy  information 
could  be  obtained  from  the  consumers  them- 
selves ; and  through  the  kindness  of  Mr. 
Robert  Pullar,  of  Perth,  and  Mr.  Ernest 
Hicksor,  of  Bradford,  I have  been  enabled  to 


put  myself  into  communication  with  several  of 
the  representative  dyeing  and  printing  estab- 
lishments of  this  country.  The  facts  obtained, 
as  showing  the  actual  state  of  the  industry  at 
the  present  time,  appear  to  me  of  sufficient 
interest  to  be  given  here  in  some  detail.  I may 
take  the  present  opportunity  of  stating  that 
my  application  for  statistical  information  has 
been  most  courteously  responded  to  by  the 
various  firms,  to  whom  I have  great  pleasure 
in  returning  my  thanks. 

Edward  Ripley  and  Son,  of  Bradford,  per- 
haps the  largest  dyers  of  piece  goods  in  the 
kingdom,  inform  me  that  during  the  year 
1885  they  used  85J  per  cent,  of  foreign  coal- 
tar  colours,  and  13^-  per  cent  of  English  make. 

Walter  Walker  and  Son,  of  Dewsbury,  dyers 
of  wool  for  rugs,  mats,  carpet  yarn,  and 
blanket  stripes,  estimate  that  during  1885 
they  used  80  per  cent,  of  German  dyes.  They 
state  that  the  exact  proportion  is  difficult  to 
estimate,  so  that  the  figure  given  is  only 
approximative.  Referring  to  their  larger  con- 
sumption of  foreign  colour  they  state  : — “ It 
is  very  discouraging  to  have  to  do  this  and 
send  the  trade  out  of  our  country,  but  to  our 
own  interest  and  advantage  we  have  to  do  it.”" 

John  Newton,  silk  dyer,  Macclesfield.  Mr. 
Walter  Newton,  F.C.S.,  informs  me  that 
during  1885  they  used  80  per  cent,  of  foreign 
colour.  He  adds  : — “ The  rapid  advancement 
in  the  improved  manufacture  of  some  of  these 
dyes  by  the  Germans  is  the  only  cause  of  our 
desertion  from  the  English  colour  manufac- 
turer.” 

G.  W.  Oldham,  silk  dyer,  of  Nethertony 
near  Huddersfield,  informs  me  that  during 
1885  he  used  2,000  lbs.  of  German  dyes,  i,ioa 
lbs.  of  English  dyes,  and  800  lbs.  of  doubtful 
origin. 

James  Templeton  and  Co.,  of  Glasgow,  state 
that  they  dye  as  much  as  30,000  lbs.  of  yarn 
(chiefly  worsted)  weekly,  but  they  use  only  a 
small  proportion  of  coal-tar  dyes,  all  of  which 
are  of  German  manufacture. 

Messrs.  Leckie  and  MacGregor,  of  Paisley^ 
inform  me  that  in  the  west  of  Scotland,  in- 
cluding Glasgow  and  Paisley,  they  are  certain 
that  at  least  90  per  cent,  of  the  dyes  used  come 
from  the  Continent.  Their  own  consumption 
of  English  colour  only  reached  6'8  per  cent. 

Alexander  Harvey  and  Son,  of  Glasgow, 
yarn  dyers,  state  that  during  1885  they  used 
60  per  cent,  of  German  and  40  per  cent,  of 
English  dyes.  These  figures  do  not  include 
alizarin,  of  which  they  state  that  they  used 
about  equal  quantities  of  German  and  English 


May  28,  1886.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


make.  The  English  supply  is  chiefly  made  up 
of  one  article,  “ aniline  salt.”  They  add: — 
“We  find  the  German  makes  in  general  of 
better  value  than  the  British,  as  our  rule  is, 
ceteris  JaribuSy  to  give  the  home- make  the 
preference.” 

Messrs.  Manson  and  Henry,  Glasgow,  yarn 
dyers,  state  that  they  use  only  German  dyes, 
adding  that  they  find  it  to  their  advantage 
“ for  both  cheapness  and  quality.” 

Among  the  largest  consumers  of  coal-tar 
colours  in  this  country  are  the  jute  dyers.  As 
representing  this  department  of  the  tinctorial 
industry,  Messrs.  James  Stevenson,  of  Dundee, 
inform  me  that  during  1885  they  used  only  77 
per  cent,  of  English  colour.  They  have  been 
good  enough  to  supply  the  following  analysis 
of  their  consumption  : — 


Scarlet  37  per  cent.,  of  which  nothing  is  English. 

Crimson 16  ,,  6'4  ,, 

Blues ii'5  „ nothing  ,, 

Oranges 11  „ '05  „ 

Greens  7 ,,  nothing  „ 

Magenta  (residues)  6'5  ,,  ,,  ,, 

Maroon 5-5  „ „ 

Pink 2'75  „ „ „ 

Brown 1-25  „ 1-25  ,, 

Violet  I ,,  nothing  „ 

Various  0 5 „ „ „ 

100  o 7'7 


Messrs.  Cox  Bros.,  of  the  Camperdown  Jute 
Works,  Lochee,  state  that  practically  the 
whole  of  the  “ aniline  ” colours  used  by  them 
are  of  Continental  manufacture. 

With  reference  to  the  calico  printers,  the 
following  facts  have  been  collected  : — 

Messrs.  Z.  Keys  and  Sons,  of  Barrhead, 
state  that  during  1885,  they  used  over  10,000  lbs. 
weight  of  colours  (exclusive  of  alizarin)  of 
which  700  lbs.  only  were  of  English  make. 

Messrs.  James  Black  and  Co.,  of  Bonhill, 
Dumbartonshire,  state  that  in  their  belief 
more  than  one-half  of  the  colour  used  by 
calico  printers  is  of  foreign  manufacture. 

In  the  course  of  the  present  inquiry,  it 
seemed  desirable  to  obtain  information  con- 
cerning the  consumption  of  alizarin,  w’ith 
reference  to  which  the  following  statements 
have  been  received  : — 

Messrs.  Walter  Crum  and  Co.,  of  Thornlie- 
bank,  Glasgow,  are  of  opinion  that  “ the  great 
bulk  of  what  is  used  in  this  country  is  manu- 
factured in  Germany.”  They  do  not  profess 
to  be  able  to  give  actual  figures  having  any 
approach  to  accuracy. 

Mr.  John  Christie,  of  the  Alexandria  Turkey 
Red  Works,  Dumbartonshire  (John  Orr, 
Ewing,  and  Co.),  states  that  they  use  only 
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artificial  alizarin  in  their  establishment,  their 
consumption  being  considerably  over  two 
million  lbs.  weight  of  10  per  cent,  paste 
annually.  Their  consumption  was  in  : — 


1880. . 98  per  cent.  German 

i88r..  99  „ 

1882..  100  „ ,, 

1883..  77  „ 

1884..  56  „ 

1885..  47  „ 


2 per  cent.  English. 


I 

o „ 
23 

44 

53 


Messrs.  William  Stirling  and  Sons,  of  Glas- 
gow, state  that  their  relative  consumption  of 
English  and  German  alizarin  for  Turkey  red- 
dyeing  varies  so  much  from  year  to  year  that 
they  have  no  means  of  directly  supplying  use- 
ful data.  This  firm  has,  however,  been  good 
enough  to  make  inquiries  for  me  from  a com- 
petent authority,  who  has  furnished  the  follow- 
ing report : — 

“ In  1883  and  1884, 1 estimate  that  the  sales  in  the- 
United  Kingdom  amounted  to  a monthly  average  of 
about  530  tons,  10  per  cent,  (say  6,360  tons,  10  per 
cent,  per  annum).  Of  this  quantity,  I estimate  about 
30-33  per  cent,  was  manufactured  in  this  country. 
Taldng  1884  alone,  the  figures  are  estimated  at  566- 
tons,  10  per  cent,  per  month  (say  6,800  tons,  10  per 
cent,  per  annum).  Proportion  manufactured  in> 
Great  Britain,  say  about  30-35  per  cent.  In  1886,. 
the  consumption  may  be  estimated  at  550-600  tons,. 
10  per  cent,  per  month  (say,  6,900  tons,  10  per  cent, 
per  annum).  Proportion  manufactured  in  this 
country  probably  now  very  considerably  more  thau 
35  per  cent.” 

This  estimate  of  the  total  consumption  (sscr- 
to  600  tons,  10  per  cent,  per  month)  is  confirmed 
by  my  friend  Mr.  Thomas  Royle,  F.C.S.,  of 
the  British  Alizarin  Company’s  works  at 
Silvertown,  but  he  is  of  opinion  that  50  per 
cent,  of  this  is  of  English  manufacture. 

By  way  of  further  confirmation,  it  appeared 
to  me  to  be  desirable  to  get  the  opinion  of 
manufacturers  themselves,  and  although  this- 
has  been  a matter  of  considerable  difficulty,  I 
am  able  to  give  some  kind  of  an  estimate. 
Mr.  Ivan  Levinstein,  of  Manchester,  estimates 
that  Germany  produces  : — 

Colours  derived  from  benzene  and  toluene;^ 
six  times  m.ore  than  England. 

Colours  derived  from  naphthalene,  severs 
times  more  than  England. 

Colours  derived  from  anthracene,  five  times 
more  than  England. 

The  average  production  of  Germany  is  thus 
about  six  times  that  of  this  country.  Mr.  W- 
A.  Mitchell,  of  the  firm  of  W.  C.  Barnes  and/ 
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Co.,  Phcenix  Works,  Hackney-wick,  informs 
me  that  of  some  159  tons  of  “aniline”  dyes 
which  passed  through  their  hands  as  agents 
last  year,  95  per  cent,  were  of  Continental 
make.  With  reference  to  the  two  chief  raw 
materials,  benzene  and  aniline,  this  same  firm 
estimates  that  about  75  per  cent,  of  the  whole 
quantity  of  these  products  made  in  England 
goes  to  the  Continent.* 

The  facts  and  figures  which  I have  now 
laid  before  you  must  be  left  to  tell  their  own 
story— time  will  not  permit  me  to  attempt  any 
analysis  of  them.  The  evidence  collected 
will  at  any  rate  give  a much  more  forcible 
idea  of  the  true  state  of  the  coal-tar  colour 
industry  in  this  country  than  has 
hitherto  been  attempted,  and  if  this 
evidence  goes  against  us  as  a manufacturing 
nation,  it  is  all  the  more  desirable  that 
our  true  position  should  be  realised.  I find 
that  it  is  almost  impossible  to  give  a correct 
numerical  expression  in  pounds  sterling  for 
the  annual  value  of  this  industry  to  the 
country,  as  the  estimates  vary  within  very 
wide  limits.  According  to  Dr.  Perkin,  whose 
opinion  on  this  matter  will  perhaps  carry  the 
greatest  weight,  the  value  of  the  annual  out- 
put is  between  ;^3,ooo,ooo  and  ;^4,ooo,ooo. 
That  the  industry  is  one  of  considerable  im- 
portance on  the  Continent  may  be  gathered 
from  the  official  returns  relating  to  the  German 
exports.  For  the  following  figures  I am  in- 
debted to  Dr.  H.  Caro,  of  the  “ Badische 
Anil.n  and  Soda  Fabrik,”  Ludwigshafen  on 
Rhine  : — 

Exported  frojn  Germany,  from  January  1st  to  De- 
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Alizarin  paste  (?  per  cent.)  4>283  tons. 

Aniline  and  intermediate  products  ..  1,713  ,, 

Aniline,  &c.,  colours 4.645  ,, 


Dr.  Caro  adds  that  it  is  generally  believed 
that  about  4-5ths  of  the  entire  German  pro- 
duction are  exported. 

The  magnitude  of  this  branch  of  chemical 
industry  abroad  will  be  gathered  from  the  fact 
that  a German  factory  of  about  the  third 
magnitude  consumes  at  the  present  time  be- 
tween 500  and  600  tons  of  aniline  annually. 
According  to  information  recently  furnished 

* According-  to  a later  estimate,  kindly  supplied  by  Mr. 
Ivan  Levinstein,  the  quantity  of  benzene  and  toluene  used  in 
this  country  amounts  to  about  half  a million  gallons,  and 
that  used  in  Germany  to  about  two  million  gallons  annually. 
About  half  the  English  production  is,  however,  exported  as 
aniline,  toluidine,  and  aniline  salt,  while  Germany  converts 
into  colouring  matters  at  least  i,6oo,ooo  gallons  of  these 
hydrocarbons. 


to  me  from  the  two  largest  of  the  German 
factories,  the  Badische  Company  employ  2,500 
working  men  and  officials,  and  the  Hoechst 
Colour  Works  (formerly  Meister,  Lucius  and 
Briining)  1,600  working  men  and  fifty -four 
chemists.  It  must  of  course  be  borne  in  mind 
that  in  these  factories  the  products  are  not 
“aniline”  colours  only,  but  alizarin,  acids, 
alkalies,  and  all  chemicals  required  in  this 
branch  of  manufacture. 

The  industry  which  has  been  selected  for 
this  evening’s  topic  is  thus  not  only  an  im- 
portant one  in  itself,  but  for  us,  as  chemists, 
its  development  is  fraught  with  meaning  both 
scientifically  and  educationally.  In  taking  up 
this  subject  it  has  not  been  my  desire  to  exalt 
the  coal-tar  colour  industry  to  a position  of 
undue  importance,  nor  do  I wish  it  to  be 
inferred  that  the  remarks  which  I have  made 
concerning  its  decadence,  or  at  any  rate  stag- 
nation, in  this  country  are  applicable  to  this 
manufacture  only.  The  failure  on  our  part  to 
grasp  the  true  spirit  of  chemical  science  in  its 
relation  to  our  manufactures  makes  itself  felt 
in  every  industry  in  which  chemistry  is  con- 
cerned. The  strength  of  our  competitors  is  in 
their  laboratories,  and  not,  as  here,  upon  the 
exchanges.  It  is  only  by  showing  up  our 
weakness  in  each  industry  that  the  state  of 
affairs  can  be  remedied,  and  our  prestige  as  a 
manufacturing  country  restored.  If  each 
specialist  would  do  for  his  industry  what  I 
have  here  attempted  to  do  broadly  for  the 
coal-tar  colour  industry,  we  should  get 
together  a body  of  evidence  which  the  Royal 
Commissioners  on  the  depression  of  trade 
would  do  well  to  take  into  consideration.  We 
have  heard  a great  deal  of  late  years  about 
the  subject  of  technical  education,  but  the 
talk  has  been  rather  one-sided.  We  have  had 
utterances  from  those  who,  recognising  the 
enormous  importance  of  this  subject  to  the 
country,  have  munificently  endowed  those  in- 
stitutions for  the  promotion  of  technical  edu- 
cation which  are  springing  up  around  us  ; we 
have  had  all  kinds  of  schemes  from  those  who 
are  taking  upon  themselves  the  duties  of 
technical  educators,  but  it  appears  to  me  that 
we  have  not  heard  with  sufficient  distinctness 
the  voices  of  those  who  may  be  presumed  to 
suffer  most  from  the  want  of  technical  educa- 
tion, viz.,  the  manufacturers  themselves.  I 
have  heard  rumours  of  the  existence  of  a 
certain  class  of  manufacturer — let  us  hope  a 
rare  species— who  declares  that  science  is  no 
use  to  him,  and  that  he  can  get  along  better 
without  it.  I must  confess  that  I never  met 
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this  individual  in  the  flesh,  but  I know  that  he 
exists  in  some  of  our  manufacturing  centres. 
As  a species  he  is,  however,  doomed  to  ex- 
tinction in  the  struggle  with  his  competitors, 
and  we  may  consider  him  out  of  court  in  the 
discussion  of  schemes  of  technical  education. 
It  is  now  generally  admitted  that  the  days  of 
empiricism  have  passed  away,  and  most  manu- 
facturers admit  that  present  success  and  future 
development  depend  upon  a proper  recognition 
of  technical,  i.e.,  of  applied  science.  But 
unless  the  manufacturers  themselves  speak 
loudly  on  this  question,  the  voices  of  those 
who  wish  to  promote  scientific  education 
may  be  drowned  by  the  clamour  of  mere 
theorists. 

In  no  other  department  of  our  manufac- 
tures is  the  want  of  technical  science  more 
felt  than  in  the  chemical  industries.  We 
not  only  see  this  in  the  greater  development 
of  these  industries  abroad,  but  in  some  of 
our  most  successful  factories  here — and  this 
applies  more  especially  to  the  coal-tar  colour 
industry — foreign  chemists  are  employed,  and 
as  I have  lately  been  informed  by  a well-known 
manufacturer,  it  is  even  impossible  to  get  the 
necessary  plant  properly  made  in  this  country. 
There  is  no  doubt  that  the  recondite  character 
of  the  truths  of  chemical  science,  as  compared 
with  the  more  obvious  truths  of  mechanics 
and  physics,  has  much  to  do  with  the  want 
of  popularity  of  this  branch  of  knowledge,  and 
is  responsible  for  the  circumstance  that  our 
science  is  regarded  with  comparative  in- 
difference until  some  branch  of  manufacture 
is  in  extremis.  In  our  national  characteristic 
of  being  “practical,”  we  are  apt  to  become 
short-sighted  in  our  manufacturing  policy,  and 
to  recognise  only  actualities  to  the  exclusion 
of  the  potentiality  conferred  upon  a nation  by 
a broader  scientific  culture. 

In  conclusion,  I have  to  express  my  thanks 
to  Messrs.  Brooke,  Simpson,  and  Spiller  ; 
Messrs.  Burt,  Bolton,  and  Haywood  ; and  to 
the  British  Alizarin  Company  for  the  fine 
series  of  specimens  now  exhibited.  For  the 
beautiful  specimens  illustrating  the  Continental 
manufacture,  I am  especially  indebted  to  the 
Badische  Anilin  and  Soda  Fabrik,  of  Ludwig- 
shafen  on  Rhine,  and  to  the  Hoechst  Colour 
Works.  The  series  of  patterns  dyed  with 
known  weights  of  fifty  distinct  coal-tar  colours 
were  prepared  by  Mr.  Ivan  Levinstein  for  the 
lecture  recently  delivered  at  the  Royal  Institu- 
tion by  Sir  Henry  Roscoe,  to  whom  I am 
indebted  for  being  able  to  show  them  on  the 
present  occasion. 


DISCUSSION. 

Mr.  R.  J.  Friswell  had  listened  with  great 
pleasure  to  this  paper,  and  from  his  experience,  which 
now  extended  over  some  twelve  years,  in  connection 
with  the  coal- tar  industry,  he  could  confirm  every  word 
which  had  been  said.  The  great  difficulty  scientific 
men  had  to  encounter  was  to  persuade  those  whose 
money  interest  placed  them  at  the  head  of  large 
factories  that  scientific  work,  the  practical  outcome 
of  which  was  not  immediately  visible,  was  really  of 
value.  It  was  a long  struggle,  but  he  thought  they 
were  beginning  to  see  daylight  at  last.  A feeling  was 
beginning  to  be  awakened,  not  in  the  coal-tar  colour 
industry  alone  but  in  others  also,  and  he  thought  the 
coming  generation  of  manufacturers  would  take  to 
heart  the  lesson  which  Professor  Meldola  and  others 
had  so  strongly  enforced,  so  that  in  the  course  of  a 
few  years  a great  change  would  be  seen  in  this  direc- 
tion. What  had  been  said  with  regard  to  the  alizarine 
industry  showed  that  already  in  that  direction  a very 
marked  change  was  beginning  to  take  place,  and  he 
hoped  it  w’ould  not  be  many  years  before  they  saw 
a change  in  the  same  direction  in  other  coal- 
tar  colours.  Every  Englishman  must  feel  that  it 
was  a great  reproach  to  this  country  that  an  industry 
which  originated  here  should  so  far  have  slipped  out 
of  her  grasp.  They  ought  all  to  pull  together,  and 
endeavour  by  every  means  to  regain  the  position  once 
held. 

The  Chairman  said  this  was  a very  recondite 
subject,  and  he  desired  most  heartily  to  thank 
Professor  Meldola  for  the  very  admirable  manner  in 
which  he  had  brought  it  forward,  and  especially  that 
he  had  not  in  any  way  feared  to  tell  the  whole 
truth.  When  such  a statement  came  from  a man 
who  had  not  confined  himself  purely  to  the  scientific 
side  of  the  question,  but  who  had  had  practical 
experience,  who  had  been  himself  superior  chemist 
in  a large  works,  it  showed  that  he  was,  from  his 
thorough  knowledge  of  both  sides  of  the  question, 
entitled  to  speak  in  this  bold  and  straightforward 
way.  He  entirely  sympathised  with  what  had  been 
said,  because  he  had  some  considerable  experience 
himself,  but  feared  that  he  must  differ  with  the  writer 
of  the  paper  on  one  point,  where  he  said  he  had  never 
met  the  manufacturer  who  declined  to  say  that  science 
was  a great  benefactor.  On  two  occasions  in  his 
life  he  had  certainly  had  this  experience.  At  one 
time,  when  a young  man,  he  was  offered  the  same 
position  that  Professor  Meldola  held  for  several 
years,  and  the  difficulty  which  arose  was  entirely  with 
reference  to  supplying  the  laboratory.  On  another 
occasion  a similar  difficulty  arose  with  a very 
distinguished  man,  in  which  he  projected  some- 
thing of  the  same  kind,  but  the  moment  he  began 
to  ask  where  the  materials  were,  and  where 
the  laboratory  was,  the  engagement  was  abruptly 
broken  off,  as  this  gentleman  saw  no  reason  for 
having  a laboratory  in  connection  with  the  work 
at  all.  There  was  the  difference.  It  was  not  only 
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^;he  stimulus  in  the  large  German  laboratories,  where 
■active  research  was  going  on,  but  it  was  the  large 
.'Stimulus  now  existent  amongst  the  factories  them- 
tselves.  There  the  men  were  not  isolated,  but  as  they 
had  heard  there  were  something  like  fifty  chemists  in 
one  large  factory,  so  that  there  was  a little  scientific 
world  in  itself,  where  there  was  an  incentive  to  con- 
tinuous work.  With  reference  to  the  question  as  to 
«tlie  want  of  popularity  in  chemical  science,  he  admitted 
it  of  course,  but  the  question  was  what  was  the  full 
■•explanation  of  it.  He  thought  it  arose  in  a great 
degree  from  the  want  of  encouragement  of  chemistry 
in  the  older  universities.  He  said  so  not  because  the 
-older  universities  sent  out  a larger  number  of 
vnen  than  the  5mung  ones,  but  simply  because 
up  to  the  present  time  they  had  no  such  thing 
as  even  a creditable  chemical  laboratory.  Although 
Jie  held  the  chair  in  one  of  these  universities, 
ihe  was  always  ashamed  if  anyone  asked  to  see 
the  chemical  laboratory,  because,  in  truth,  there  was 
none.  It  was  in  the  same  condition  as  it  was  a 
-century  ago.  For  the  last  year  they  had  been  endea" 
wouring,  in  every  possible  way,  to  raise  money  to 
•build  a new  laboratory.  Of  course  the  outside  public 
imagined  that  the  universities  were  rolling  in  wealth, 
when,  in  fact,  they  were  in  a state  of  absolute  starva- 
tion. They  could  not  get  funds,  all  their  borrowing 
powers  were  exhausted,  and  they  were  bonded  to  the 
last  shilling  to  raise  this  new  laborator}\  It  was  this 
want  of  encouragement  which  was  the  great  obstacle, 
and  why  was  it  ? It  was  simply  because  the  public 
•could  not  understand  why,  if  you  built  this  new 
■Jaboratory,  if  it  were  to  cost  so  many  thousands, 
-and  you  had  a grand  palatial  building,  such  as 
those  to  be  found  in  Germany,  what  was  to  be 
done  with  it  after  it  was  built  } They  imagined 
that  if  you  once  put  in  the  gas  and  a few  glass 
retorts  that  v/as  all  that  the  chemist  needed.  That 
was  a gross  error  ; a chemist  required  a large  annual 
grant  to  carry  on  researches,  and  all  that  went  down 
•-the  sink  ; but  people  like  to  see  som.ething  for  their 
' money.  They  did  not  object  to  give  a fine  piece  of 
.apparatus  for  a physical  laboratory,  which  would 
remain  there  for  years  with  their  name  upon  it  on  a 
brass  plate ; but  if  it  was  to  go  down  the  sink,  they 
•thought  that  could  not  be  science.  That  was  the  ex- 
planation of  the  want  of  popularity.  No  doubt  it  was 
/reoondite,  but  the  fact  would  be  rather  attractive 
'to  certain  minds.  The  real  difficulty  -was,  that  if 
once  you  got  a pupil  out  of  the  mass  who  showed 
•some  originality,  you  found  you  could  not  entertain 
him,  and  had  not  the  materials  or  the  money, 
and  consequently  he  went  to  some  large  German 
laboratory  where  mateiial  was  to  be  had,  and 
'Where  his  work  was  encouraged.  As  long  as  that 
'Nvent  on  how  could  the  science  be  popular  ? 
Another  important  point  was  the  proof  here  of  the 
marvellous  result  of  action  and  re-action.  Of 
course,  as  a physical  principle,  that  was  admitted 
on  all  hands  to  be  an  elementary  truth,  but  all 
<these  facts  now  brought  forward  had  had  the 


most  remarkable  effect  as  a stimulus  on  the 
growth  of  the  more  recondite  scientific  investiga- 
tion ; every  new  success  connected  with  any  colour 
which  might  be  discovered  was  a stimulus  to  further 
investigation,  and  the  result  was  that  all  the  marvellous 
group  of  colouring  matters  were  now  to  be  had  in  such 
enormous  quantity  that  the  chemist  got  numerous 
new  foci  from  which  to  start  fresh  investigations.  Con  - 
sequently  all  this  industry  had  conversely  affected 
chemical  laboratories,  purely  scientific,  by  the  supply 
of  splendid  new  material.  In  conclusion,  he  begged 
to  propose  a hearty  vote  of  thanks  to  Professor 
Meldola  for  the  paper  he  had  given. 

Mr.  Liggins  asked  leave  to  second  the  motion,  n 
order  to  make  a few  remarks  from  a somewhat 
different  point  of  view.  It  was  impossible  to  over- 
estimate the  brilliancy  and  beauty  of  these  coal-tar 
dyes,  or  to  give  too  much  praise  to  those  chemists 
who  had  invented  the  processes  which  had  given  such 
brilliant  results,  and  as  an  artist  he  must  say  it  was 
impossible,  either  with  oil  or  water-colour,  to  even  pro- 
duce colours  of  such  beautiful  shades  as  some  of 
those  which  were  exhibited  ; but  there  were  two 
sides  to  every  question,  and  several  times  within  the 
last  few  weeks  the  most  thorough  condemnation  of 
aniline  dyes  had  been  pronounced  in  that  room 
by  able  men  and  scientific  men,  especially  in 
connection  with  the  artistic  work  of  Japan  and 
Hindostan,  The  carpets  of  India  ^\ere  said  to  be 
ruined  by  aniline  colours  which  were  used  in  dyeing, 
and  it  was  said  to  be  one  of  the  greatest  misfortunes 
for  India  that  these  colours  had  been  introduced,  as 
they  were  very  inferior  to  those  the  natives  had  been 
for  centuries  in  the  habit  of  using;  besides  that,  it 
was  very  commonly  supposed  that  the  colouring 
matters  of  various  articles  of  clothing  were  poisonous. 
A lady  he  knew  had  lately  been  laid  up  from  being 
poisoned  in  the  feet  with  what  was  said  to  be  a 
magenta  colour,  and  he  recollected  when  there  was 
a long  controversy  in  the  Tunes  upon  this  subject. 
It  was  no  doubt  the  fact  that  many  of  these  colours 
were  very  fleeting,  and,  therefore,  were  unsuitable  for 
expensive  fabrics,  such  as  carpets  and  drapery  for  de- 
coration, although  suited  for  dresses  which  were  used 
for  a short  time,  and  then  thrown  aside. 

The  motion  having  been  carried  unanimously, 

Professor  Meldola  said  he  was  perfectly  aware  of 
the  state  of  chemistry  in  the  University  of  Cambridge, 
but  his  respect  for  the  Chairman  compelled  him  to 
suppress  rather  more  than  he  should  have  done  had 
he  known  the  Jacksonian  Professor  was  going  to 
make  a clean  breast  of  the  situation.  With  regard 
to  the  fugitiveness  of  these  colours,  there  was  a great 
deal  of  misapprehension,  and  the  same  with  regard 
to  the  poisonous  character  of  the  dyes.  A great 
controversy  had  been  carried  on  lately  in  Bradford 
before  the  Society  of  Dyers  and  Colourists. 
Specimens  had  been  submitted  to  careful  analysis, 
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in  order  to  detect  arsenic,  because  it  was  known 
that  some  of  these  colours  were  made  by  means 
of  arsenic  acid,  and  it  was  thought  they  might 
retain  traces  which  rendered  them  poisonous ; 
but  the  amount  found  was  infinitesimal,  and  he  had 
not  the  slightest  hesitation  in  saying  that  it  would 
not  do  harm  to  eat  a considerable  quantity  in  an 
undiluted  state.  There  was  not  more  arsenic  in  well 
purified  magenta  than  could  be  got  out  of  an  average 
glass  of  Thames  water.  No  doubt  many  of  these 
colours  were  fugitive,  but,  on  the  other  hand,  there 
were  bad  dyers.  In  a great  many  fabrics  he  had 
seen,  the  colour  had  come  off  simply  because  they 
had  been  badly  dyed ; there  was  no  fault  in  the 
colouring  matter,  but  in  the  method  of  application. 
With  regard  to  carpet  yarns,  some  of  the  fastest 
which  existed  were  shown  on  the  walls,  some  of  these 
-ahzarine  colours,  which  -were  used  for  dyeing  carpet 
yam,  would  bear  exposure  to  light,  and  remain 
unaltered  long  after  the  old  vegetable  colours  had 
faded  completely  away. 


INEIAN  SECTION. 

Friday,  May  21,  1886;  Colonel  Yule,  C.B., 
in  the  chair. 

The  paper  read  was  — 

EVERYDAY  LIFE  OF  INDIAN  WOMEN. 
By  Capt.  Richard  Carxac  Temple. 

To  those  of  my  hearers  who  are  practically 
acquainted  with  India,  the  title  of  this  paper 
imay  sound  misleading.  At  any  rate,  it  may 
be  objected  that  it  is  quite  impossible  to  deal 
with  so  vast  and  varied  a subject  as  the 
feminine  daily  life  of  the  very  heterogeneous 
peoples  which  go  to  make  up  the  250,000,000  of 
the  Indian  population,  in  so  short  a time  as 
that  at  my  disposal.  I am,  of  course,  aware 
that  one  of  the  chief  characteristics  of  Indian 
domestic  polity  is  extreme  subdivision,  and 
that  the  tendency  among  all  classes  of  the 
natives  of  India  is  towards  the  social  isolation 
■of  groups  with  contracted  interests,  and  the 
consequent  accentuation  of  minute  differences 
in  habits  of  life.  The  results  of  this  are  what 
is  generally  known  as  “ caste,”  and  it  is  caste 
that  underlies  and  controls  all  social  matters 
that  are  peculiarly  Indian.  At  first  sight, 
therefore,  under  these  circumstances,  there 
-can  be  no  such  thing  as  a common  method  of 
life  among  the  women  of  a population  which 
is  an  ill-assorted  compost  of  wild  and  savage 
tribes  of  diverse  origin ; of  Brahmans  and 
orthodox  Hindus  ; of  heterodox  Hindus  and 
Brahmanists  by  conviction  and  birth ; of 


Buddhists,  and  Jains,  and  Parsis ; of  Mu- 
hammadans, and  Jews,  and  Christians  of  long 
standing  ; of  Aryan  and  Dravidian  races  ; of 
aboriginal  clans  of  Aryan  and  non-Aryan 
descent ; of  highly  cultivated  communities  and 
completely  ignorant  tribes  ; of  whole  peoples 
within  and  without  the  pale  of  Oriental  civilisa- 
tion. But,  nevertheless,  there  exists  a standard 
of  life  which  is  Indian,  and  to  which  all  the 
varieties  of  the  natives  of  India  are  drawn — 
just  as  there  is  a life  which  is  Oriental  in  the 
usually  restricted  sense  of  that  term,  habits 
that  are  Indo-Chinese,  and  manners  that  are 
European.  No  one  supposes  that  Norwegian 
and  Italian  ladies  live  exactly  in  the  same  way, 
or  that  English  and  Spanish  women  adopt 
precisely  the  same  mode  of  life  ; but  that  there 
is  a general  line  of  conduct  which  is  common  to 
all  European  countries  is  apparent  to  every 
one  who  observes  mankind.  So  it  is  in  India. 
And  the  overshadowing  influence  to  which 
every  true  native  of  the  great  peninsula  un- 
knowingly submits  is  that  wielded  by  the 
modern  Brahmans  through  their  staunch  hench- 
men, the  high-caste  Hindus.  In  describing, 
therefore,  in  very  general  terms,  the  aims  and 
habits  of  an  ordinary  Brahmani,  one  can  give 
a fair  notion  of  a life  to  which  every  Indian 
woman,  however  antagonistic  her  creed  and 
race,  is  unconsciously  led  on  by  instinct,  as  it 
were,  to  imitate,  and  which  is  her  invariable 
model. 

Habits  of  life  are  enormously,  if  not  mainly, 
influenced  by  religion,  and  this  leads  me  to 
say  a few  words  here  regarding  Brahmanism 
as  a living  and  active  faith,  though  it  has 
been  the  fashion  in  certain  authoritative 
quarters  to  look  on  it  as  dying,  if  not  already 
dead.  Granting  that  it  is  not  a proselytising, 
in  the  sense  of  being  a missionary,  religion, 
and  granting  that  its  fundamental  theory — it 
is  only  a theory  and  not  a practice  be  it  re- 
membered— is,  to  parody  a well-known  say- 
ing, that  Hmdu  nascitur  7to?i  Jit,  still  there 
can  be  no  doubt  that  it  manages  to  make  more 
converts  by  mere  assimilation  than  can  any 
other  religion  in  India  by  direct  missionary 
effort.  This  absorption  into  Brahmanism  is 
becoming,  under  they5<3'A  Britaimica,  day  by 
day,  a more  important  feature  in  Indian  social 
economy.  As  surely  as  the  English  bring 
fresh  uncultured  tribes  under  their  civilising 
influence,  so  surely  do  they  add  to  the  number 
of  the  Hindus  ; as  surely  as  the  iron  hand  of 
Anglo-Indian  law,  by  refusing  to  recognise 
any  difference  between  man  and  man,  causes 
the  upward  rise  in  the  social  scale  of  those 
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that  labour  to  good  purpose,  so  surely  is  the 
cause  of  Brahmanic  orthodoxy  advanced  and 
its  influence  widened.  I have  watched  the  first 
process  myself  in  the  case  of  the  recruits  to  our 
little  army  of  Gurkhas  ; the  wild  mountain  boy, 
on  joining  his  regiment,  is  taught  not  only  his 
drill,  but  also  the  Hindustani  language  as 
understood  in  military  circles,  and  with  it  his 
religion,  i.e.,  a smattering  of  current  Hinduism. 
The  second  can  be  seen  in  progress  any  day 
all  over  India,  by  an}^one  who  will  take  the 
trouble  to  observe  the  career  of  a successful 
handicraftsman,  or  small  trader.  At  first  an 
“outcaste,”  dealing  only  in  matters  of  religion 
with  his  tribal  soothsayer ; as  he  gathers 
money,  he  sets  up  a Brahman  priest,  and 
minds  the  orthodox  gods,  and  at  last,  when 
respectable  and  wealthy,  he  develops  into  a 
full-blown  Hindu  ; and  then,  since  in  all  Hindu- 
ism ceremonial  orthodoxy  is  synonymous  with 
social  respectability,  he  adopts  Hindu  manners 
to  the  full ; isolates  his  women,  prohibits  the 
re-marriage  of  widows,  marries  off  his  infant 
children  in  the  proper  quarters,  and  prac- 
tises the  thousand  and  one  customs  peculiar 
to  his  adopted  religion.  Of  course,  in  order 
to  be  able  to  thus  attract  to  itself  so  miany 
antagonistic  principles  of  custom  and  belief, 
the  modern  Brahmanism  can  have  no  hard  and 
fast  creed.  It  has,  in  fact,  no  creed  at  all, 
properly  so  called.  Nothing  in  the  shape  of 
“I  believe  in  God  the  Father  Almighty;” 
nothing  like  the  strict  Muhammadan  formula — 
/d  ildha  UP illdJm,  Muhamjnadi-'r-Raszllu' - 
lldJuz  (there  is  no  God  but  God,  Muhammad 
is  the  Prophet  of  God).  It  consists  rather  of 
a leading  principle,  viz.,  to  gather  together 
whatever  items  of  belief  may  come  to  hand,  in 
order  to  develop  them  in  a certain  definite 
direction,  under  the  control  of  its  own  priests, 
and  for  their  benefit ; and  while  the  process  of 
development  is  going  on,  it  naturally  engrafts 
its  own  customs  on  to  those  it  already  finds  in 
existence.  Herein  lies  its  wonderful  vitality 
and  strength,  its  capacity  for  digesting  any- 
thing that  it  gets  into  its  maw,  and  its  power 
of  resisting  internal  disruption.  The  ap- 
parently elastic  network  of  caste  and  family 
customs  that  it  invariably  twines  round  its 
victims  is  marvellously  cruel,  and  so  unen- 
durable that  revolt  after  revolt  has  been 
made  against  it ; but  the  result,  so  far,  has 
been  only  to  loosen  the  meshes  for  a time. 
.Slowly  and  surely  the  intangible  threads 
have  tightened  again,  as  by  degrees  the 
very  customs  created  by  the  schismatics 
are  adopted  by  its  priests,  and  made  to  con- 


form to  the  general  theory — all  the  harder  to* 
resist  because  it  is  never  formulated.  The 
mighty  rebellion  of  Guru  Nanak  may  be  said 
to  have  already  collapsed,  for  though  the  Sikhs 
are  still  to  be  numbered  by  the  million,  Brahman 
priests  now  habitually  control  those  domestic 
ceremonies  from  which  the  schism  was  mainly 
intended  to  exclude  them.  The  Raidasi 
Chamars  still,  perhaps,  keep  themselves  se- 
parate, but  signs  are  not  wanting  to  show  that 
they,  too,  will  go  whither  have  long  gone  the 
Kabirpanthis  and  the  free-thinking  followers 
of  Tuka  Ram  and  Namdev.  Again,  the  bulk 
of  the  Muhammadans  of  India,  being  descend- 
ants of  tribes  converted  wholesale  in  various 
ways  to  Islam  in  days  gone  by,  are  still  Hindus 
in  many  matters  of  thought  and  custom.  In 
fact,  if  we  extract  the  profession  of  faith  and  a 
few  formulae,  it  is  not  at  all  easy  to  say,  as 
regards  them,  where  Islam  begins  and  Hinduism 
ends  ; in  any  case  Brahmanism  overshadows 
their  lives.  The  Jains,  at  least  that  important 
section  of  them  known  as  the  Saraogis,  are 
separated  from  Hindus  proper  rather  in  senti- 
ment than  in  fact ; and  though  the  Parsis, 
Jews,  and  Christians,  have  greater  powers  of 
resistance,  yet  it  would  not  be  difficult  to  show 
how  greatly  the  all-pervading  faith  of  Hindustan 
has  influenced  them  too.  Many  a missionary 
could  tell  a tale  of  more  or  less  ineffectual 
battle  against  the  notion  of  the  existence  of  a 
Christian  “caste.”  Of  course,  I am  not  now 
speaking  of  the  tenets  deliberately  held  by  the 
authorised  exponents  of  the  several  rival  creeds, 
but  of  the  religious  ideas  of  the  unintelligent 
masses,  which  are  to  my  mind— and  here  I find 
myself  in  accord  with  the  best  credited  observers 
of  Indian  life — the  outcome  of  an  unthinking 
reverence  for  things  usually  held  to  be  holy, 
i.e.,  hagiolatry,  whatever  be  the  outward  ex- 
pression of  faith.  Of  such  a state  of  things 
Brahmanism  is  pre-eminently  adapted  to  take 
full  advantage,  for  it  presents  no  bold  front  to 
prejudices,  and  bends  no  man  to  its  wifi,  but 
rather  puts  forth  its  tender  tentacles,  gradually 
draws  to  itself,  and  quietly  absorbs  all  things. 

As  my  opening  sentences  wifi  have  shown 
you,  I would  not  have  it  inferred  from  what  has 
been  just  said  that  I hold  all  the  women  o 
India  to  lead  practically  identical  lives ; that 
the  secluded  banker’s  daughter  has  much 
in  common  with  the  scavenger’s  wife,  free  to 
go  where  she  pleases  and  to  speak  to  whom 
she  wifi ; or  that  the  worthy  spouse  of  the 
village  Maulavi  would  not  at  once  flare  up  and 
feel  highly  insulted  if  told  that  her  life  vjas 
conducted  on  much  the  same  lines  as  that  of 
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the  Panditani  over  the  way.  It  w’ould  be  more 
than  erroneous,  moreover,  to  state  that  a woman 
of  Kumaun  has  exactly  the  same  views  of 
propriety  as  she  of  Mahabaleshwar,  or  that 
the  grimy  Panjabi  has  manners  similar  to  the 
oiled  and  carefully  bathed  inhabitant  of 
Madras.  All  I wish  to  assert  is  that  a special 
w’ay  of  living  underlies  all  those  differences 
which  appear  so  great  to  the  casual  observer, 
and  that  beneath  the  chance-tossed  waves  on 
the  surface  there  lie  hidden  depths  of  female 
life  which  are  distinctly  Indian,  and  which 
can  be  best  sounded  by  a study  of  the  high- 
caste  Hindu  women.  The  Brahmani  is,  as  it 
were,  the  fashionable  beauty,  whom  all  of  her 
sex  in  India  follow,  each  in  her  own  way,  and 
with  the  varying  success  with  which  maids 
copy  their  mistresses  all  over  the  world. 

Enough  has  been  said  already  to  satisfy  you 
that  I cannot  on  the  present  occasion  enter 
into  the  details  of  the  life  of  orthodox  Hindu 
women.  Nothing  more,  indeed,  can  be  done 
now  than  to  indicate  its  merest  outlines  in 
order  to  show  of  what  it  mainly  consists, 
whither  it  tends,  and  how  it  affects  those  that 
lead  it.  In  endeavouring  to  go  through  the 
task  I have  been  invited  to  undertake  to-night, 
I am  bound  to  plead  that,  as  an  Englishman,  I 
cannot  do  more  than  speak  under  correction. 
Hindu  exclusiveness,  as  you  all  know,  abso- 
lutely prohibits  outsiders  from  personally 
observing  what  I am  about  to  describe,  and 
all  that  can  possibly  be  done  by  persons  such 
as  I,  IS  to  procure  our  facts  as  nearly  at  first 
hand  as  practicable.  Hence  the  necessity 
of  explaining  briefly  what  the  sources  of  my 
information  are.  Chiefly,  then,  I have  drawn 
upon  matters  which  have  come  to  me  as  the 
first  hearer  of  the  tale  ; partly  because  I am 
quite  sure  that  all  the  facts  thus  learnt  are 
straight  from  the  mouths  of  trustworthy  natives 
of  India,  and  partly  because  I should  be  sorry 
to  be,  by  any  mishap,  a misinterpreter  of  other 
people’s  writings.  Although  I shall  not  to- 
night be  wittingly  guided  by  any  of  them, 
there  are  several  works  of  original  information, 
more  or  less  directly  bearing  on  my  subject, 
which  all  who  are  interested  in  it  would  do 
well  to  study.  Among  these  are  “ Hindus  as 
they  are,”  written,  indeed,  by  a Christian 
convert  with  something  of  the  convert’s  pro- 
verbial asperity  towards  the  followers  of  the 
religion  he  has  discarded,  but  containing  much 
that  is  valuable  to  the  student;  “The  Hindu 
Family”  of  Balram  Malik,  a far  superior  work  to 
the  last,  by  the  well-known  J udge  of  the  Calcutta 
Small  Cause  Court,  who  has  treated  his  sub- 


ject as  only  he  can,  that  is  in  full  sympathy 
with  it,  and,  of  course,  with  complete  know- 
ledge; and  “The  Life  of  a Hindu  Woman,” 
by  the  celebrated  Brahmani  Ramabai,  who> 
was  driven  to  Christianity  at  last  by  the  perse- 
cution of  her  co-religionists.  This  latter  is  a 
mere  paper  hidden  away  in  the  “ Cheltenham 
Ladies’  College  Magazine,”  and  there  is  not 
much  of  it,  but  naturally,  as  far  as  it  goes,  it 
contains  the  confessions  of  one  who  has  herself 
been  through  the  mill.  For  Muhammadans,, 
there  are  Dr.  Herklot’s  “ Quanoon-e-Islam  ” 
and  “Notes  on  the  Indian  Musalmans,”  by  the 
wife  of  Mir  Ali  Hasan,  who  was  an  English- 
woman. And  then  there  are  several  collec- 
tions of  folk  songs,  — notably  Cover’s  from 
Southern  India,  and  Grierson’s  from  the 
North — which,  between  the  lines,  contain  facts 
about  Indian  women  that  none  can  gainsay. 
However,  I shall  now  confine  myself  to  state- 
ments based,  firstly,  on  notes  supplied  me  by 
natives  for  “Panjab  Notes  and  Queries,” 
which  I have  edited  from  the  commencement ; 
secondly,  to  the  late  Dr.  Fallon’s  splendid 
collection  of  “Hindustani  Proverbs,”  12,500^ 
in  number,  which  I commenced  editing  and 
translating  in  1883 — a work  still  in  progress  ; 
and,  thirdly,  to  the  various  collections  of  folk 
songs  I have  made  and  published  at  different 
times  within  the  last  eight  years. 

There  are,  of  course,  several  ways  in  which 
the  female  life  of  India  can  be  viewed.  For 
instance,  it  can  be  looked  at  from  a high 
moral  standpoint  of  the  European  sort,  or  an 
instructive  lesson  in  religion,  as  understood 
by  us,  might  be  taught  from  it  with  our  dusky 
Indian  sisters  as  the  “dreadful  examples.” 
Anything  of  this  kind  is,  however,  far  from 
my  present  purpose.  My  aim  is  rather  to  try 
and  grasp,  without  unduly  criticising  it,  what 
that  life  must  really  be,  and  in  roughly  de- 
scribing it,  to  bring  it  home  to  your  minds  ; 
and  though  I shall  touch  upon  matters  and 
notice  conditions  which  are  very  foreign  and 
even  shocking  to  our  ideas,  I shall  not  mention 
them  for  any  other  reason  than  that  they  are 
facts  which  cannot  be  blinked. 

Domestic  manners  are  everywhere  com- 
posed of  the  same  elements,  if  we  eliminate 
from  our  daily  life  the  occurrences  dependent 
on  chance,  and  those  circumstances  which, 
even  if  recurrent,  are  in  reality  occasional. 
All  the  world,  in  fact,  sings  the  same  tune, 
though  each  community  has  its  own  pet  varia- 
tion. Every  family  is  bound  to  evolve  a modus 
viveiidi : it  cannot  help  making  rules  of  con- 
duct for  eating,  and  drinking,  and  sleeping,  for 
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work,  and  intercourse,  and  recreation,  as  these 
are  matters  that,  happen  what  may,  must  be 
attended  to  every  day  of  our  lives.  Accord- 
ingly, wherever  we  go,  we  find  regulations 
upon  all  these  things,  and  the  point  we  have 
mow  to  consider  is  what  the  ideas  of  house- 
hold economy  are,  which  dominate  in  a general 
way  the  domestic  laws  of  the  most  orthodox 
of  the  Hindus,  and  through  them  the  whole  of 
the  Indian  communities,  and  then  how  they 
affect  the  women  subjected  to  them. 

An  Indian  woman’s  life  in  its  ordinary 
course  is  divided  into  two  clearly  defined 
parts,  which  are  quite  distinct,  though  sepa- 
rated from  each  other  only  by  the  fateful 
day  on  which  she  first  goes  to  take  up  her 
abode  within  her  father-in-law’s  family.  Note 
that  it  is  not  called  in  the  Indian  languages 
her  husband’s  family,  for  that,  under  the 
Indian  family  system,  it  can  seldom  be  in  the 
case  of  a bride.  Childhood  rather  than  girl- 
hood is  the  heyday  of  the  Indian  woman.  Free 
to  play  as  she  pleases,  with  plenty  of  com- 
panions, for  children  galore  can  hardly  ever 
be  wanting  in  a family  which  all  live  together, 
from  oldest  to  youngest ; free  to  run  in  and 
out  of  the  houses  of  friends,  never  bothered  to 
learn  anything  except  what  she  can  pick  up 
from  the  women  about  her,  never  worried  with 
caste  restrictions,  never  asked  to  do  more  in 
the  way  of  labour  than  to  help  in  the  house- 
work, petted  by  her  parents,  spoilt  by  her 
aunts  and  uncles,  and  beloved  by  her  brothers, 
an  Indian  girl-child  is  indeed  happy — as 
children  count  happiness.  And  then  suddenly 
the  curtain  falls.  At  about  ten  years  of  age — 
earlier  in  some  parts  and  later  in  others — our 
spoilt  child  is  old  enough  to  work  in  earnest, 
and  so  she  is  packed  off,  sorely  against  her 
will,  to  join  her  husband’s  family,  entering  it 
not  as  our  brides  enter  their  future  homes,  at 
the  head  of  the  female  community,  but  at  the 
bottom.  Child  though  she  still  is,  her  child- 
hood is  now  for  ever  past,  and  she  is  turned 
into  a young  woman,  only  too  often  into  by  no 
means  a happy  one. 

At  this  stage  it  is  necessary  to  consider  two 
matters,  so  far  as  they  affect  an  Indian  bride, 
viz.,  the  practice  of  infant  marriage,  and  what 
is  known  as  the  joint-family.  I need  hardly 
state  that  the  so-called  “ marriage  ” of  infants 
is  practised  among  all  classes  in  every  part  of 
India,  though  of  course  there  are  many  ex- 
ceptions to  the  rule.  The  term  “ marriage,” 
as  applied  to  this  ceremony  by  us,  is,  however, 
rather  misleading.  It  is  in  reality  an  irrevoc- 
able betrothal — a bargain  not  between  the 


infants  who  are  “married,”  but  between  those 
who  control  them,  being  often  nothing  else  than 
a purely  commercial  contract.  It  arises  out 
of  the  theory  that  a woman  is  for  life  under 
tutelage,  and  her  “marriage”  is,  there- 
fore, merely  a transfer  of  the  right  over  her 
to  another  party,  a transfer  naturally  very 
frequently  made  in  return  for  a pecuniary 
consideration.  After  this  marriage  or  be- 
trothal, the  girl  usually  remains  with  her 
parents,  in  trust  for  those  to  whom  she  is  to  be 
transferred,  until  the  home-coming  or  going  to 
her  husband’s  house,  which  may  be  looked 
upon  as  the  real  marriage,  as  we  Europeans 
use  the  word.  Until  the  second  ceremony 
takes  place  the  child- wife  is  still  a child  to  all 
intents  and  purposes,  and  treated  as  such,  and 
it  is  only  after  it  that  she  in  any  sense  enters 
on  the  duties  of  female  life.  The  family  she 
joins  is  exactly  like  that  she  has  left,  only  it  is 
that  of  another;  to  her  a vast  difference,  and 
one  which  she  never  forgets — indeed,  it  is  not 
unfrequently  made  painfully  apparent  to  her 
at  every  step.  What  I may  call  the  regulation 
Indian  joint-family  is  one  composed  of  the 
paterfamilias,  all  his  sons  and  brothers,  and 
various  extraneous  relatives,  such  as  nephews, 
cousins,  and  wife’s  kindred,  for  the  male  part; 
and  all  their  wives,  in  addition  to  his  own  wife 
and  daughters,  together  with  a sprinkling  of 
the  family  widows  for  the  female  part.  In  this 
patriarchy  there  are  grades  upon  grades,  both 
male  and  female,  dependent  chiefly  upon  age 
and  distance  by  blood  from  the  head  of  the 
family  ; and  as  everybody  is  married  in  India 
as  soon  as  the  time  for  it  comes,  the  chances 
are  that  the  last-made  bride  is,  in  the  nature  of 
things,  in  the  very  lowest  place. 

In  the  average  Indian  family  the  strictest 
domestic  economy  is  the  rule  of  life,  and  the 
household  work  is  done  by  the  women  of  the 
household,  not,  as  with  us,  by  paid  servants. 
Servants  there  are,  of  course,  in  all  Indian 
families,  but  they  are,  as  a rule,  on  a totally 
different  footing  to  the  European  domestic, 
being  for  the  most  part  independent  persons 
with  a clie7ztelle,  for  whom  they  perform  cer- 
tain customary  services  for  a customary  wage. 
The  distribution  of  the  daily  work,  down  to 
that  of  the  most  menial  kind,  lies  with  the 
materfamilias,  who  may  be  best  described  as 
the  oldest  woman  in  the  family  proper  under 
coverture,  for  widows  can  have  no  authority. 
The  cooking,  as  the  work  of  honour,  she 
keeps  to  herself,  but  the  house-cleaning,  the 
washing,  the  care  of  the  children,  the  drawing 
of  the  water,  the  making  of  the  beds,  and  so  on, 
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is  done  by  the  less  dignified  members  of  the 
household,  as  she  directs ; and  whatever  is 
most  menial,  most  disagreeable,  andthe  hardest 
work,  is  thrust  upon  the  bride.  She  is  the 
servant  of  the  very  servants,  and  must  obey 
everybody.  It  is  hardly,  therefore,  to  be 
wondered  at  that,  after  her  previous  training, 
it  is  by  no  means  an  uncommon  occurrence  that 
she  has  to  be  forcibly  broken  into  her  new  way 
of  life,  that  she  is  for  ever  sighing  after  the 
flesh-pots  of  her  father’s  house,  that  there  are 
various  “customs”  which  enable  her  to  revisit 
it  at  stated  times  after  the  marriage,  and  that 
the  law  is  often  invoked  to  oblige  brides  to 
return  to  their  husband’s  families  after  the 
customary  term  of  such  visits  has  expired. 

Xot  on]}'  is  our  bride  thus  turned  into  a 
drudge,  often  unmercifully  overworked,  but 
from  the  day  she  gives  up  her  childhood  to  the 
day  of  her  death — it  may  be  for  sixty  years — 
she  is  secluded,  and  sees  nothing  of  the  world 
outside  the  walls  of  the  famil}'  enclosure.  It 
should  always,  therefore,  be  borne  in  mind 
when  trying  to  realise  Indian  female  life,  what 
n.  very  important  thing  the  domestic  economy 
is  to  a woman  ; how  largely  the  petty  alfairs  of 
the  household  loom  upon  her  horizon.  Her 
happiness  or  misery  indeed  entirely  depend  on 
the  manner  in  which  the  affairs  of  the  family 
are  conducted.  Now,  considering  that  the 
female  mind  has  for  centuries  been  mainly 
directed  to  this  all  important  matter,  it  is  not 
astonishing  to  find  that  such  questions  as  the 
proper  method  of  eating  and  drinking,  and  of 
domestic  propriety  generally — the  intercourse, 
that  is,  which  is  permissible  and  right  between 
the  various  members  of  the  household,  male 
and  female — have  long  been  regulated  with  the 
utmost  minuteness.  To  us  who  roam  the  world 
at  will,  and  whose  interests  are  often  fixed  far 
more  outside  than  inside  our  homes,  it  ma}'’ 
seem  remarkable  that  such  infinitesimal 
restrictions  and  numberless  customs  as  are 
found  in  full  swing  in  an  orthodox  Hindu  house- 
hold should  be  remembered  and  carried  out 
with  the  exactitude  demanded  of  the  women- 
kind  ; but  if  we  consider  that  these  make  up 
their  whole  life,  and  that  they  are  called  upon 
to  pay  attention  to  nothing  else,  their  capacity 
for  recollecting  when  to  veil  and  unveil,  whom 
to  address  and  av’oid,  when  they  must  run 
away,  and  when  they  may  speak,  ceases  to  be 
extraordinar}\  And  regarding  these  customs 
of  social  propriety,  I must  say  that  the  more 
one  studies  them  the  more  one  is  impressed 
with  their  per\’erted  ingenuity.  They  seem 
purposely  invented  to  make  the  unfortunate  1 


victim  of  them  as  uncomfortable  as  possible. 
The  Indian  w'oman,  isolated  from  the  outer 
world  by  custom,  is  again  by  custom  isolated 
as  far  as  practicable  from  all  the  male  members 
of  that  little  inner  world  to  which  she  is  con- 
fined. Free  intercourse,  even  with  her  own 
husband,  is  not  permitted  her  while  yet  her 
youthful  capabilities  for  joyousness  exist.  No 
wonder  then  that  absence  of  jollity  is  a charac- 
teristic of  the  Indians  generally,  for  the  happy 
laughter  of  a home  is  denied  them  by  custom 
in  the  most  persistent  manner.  I cannot  go  into 
all,  or  nearly  all,  the  customs  by  which  the  ortho- 
dox Brahmanists  have  succeeded  in  rendering 
themselves  a sombre  people  incapable  of  see- 
ing a good-natured  joke,  and  whose  young 
men  and  maidens  never  laugh  for  laughter’s 
sake.  A few  will  suffice  to  bring  home  to  you 
how  completely  the  women  are  in  sympathies 
and  life  separated  from  the  men,  and  how  the 
members  of  the  sexes  again  are  far  from 
mixing  freely  with  each  other.  Very  small  is 
the  world  within  the  four  walls  of  an  Indian 
house,  and  it  is  really  pitiable  to  see  how 
greatly  it  is  divided  within  itself. 

Every  person  belonging  to  the  European 
races,  an  Englishman  especially,  well  knows 
how  much  common  meals  tend  to  social 
sympathy  ; how  powerful  a factor  they  are  in 
promoting  pleasurable  family  existence,  and 
in  educating  the  young  to  good  manners. 
There  is  nothing  of  this  sort  in  Indian  upper 
class  society.  There  the  men  and  women 
dine  strictly  apart,  the  women  greatly  on  the 
leavings  of  the  men,  and  that,  too,  in  messes 
of  degree,  very  like  those  in  a royal  naval  ship. 
Paterfamilias  dines  by  himself,  then  the  other 
men  together  in  groups,  according  to  standing, 
waited  on  by  the  women  under  fixed  rules ; 
and  lastly  the  women,  when  the  men  have 
done,  our  poor  young  bride  coming  last  of  all, 
obliged  often  to  be  content,  I need  hardly  tell 
you,  with  the  roughest  of  the  fare.  In  the 
British  Navy  separate  dining  was  adopted  for 
strong  reasons  of  discipline  ; in  an  Indian 
family  it  is  the  rule  of  life  to  wffiich  all  are 
subjected  alike. 

Such,  then,  is  one  of  those  customs  which  go 
to  make  an  Indian  woman’s  existence  less 
happy  than  it  might  be.  Let  me  tell  you  an- 
other, this  time  as  to  family  intercourse.  The 
rule  may  be  roughly  stated  thus.  No  imported 
w'oman  may  have  any  relations  with  those 
males  who  are  her  seniors.  Every  bride  is 
such  an  imported  woman,  and  all  the  house- 
hold which  she  enters,  who  are  the  seniors  of 
her  husband,  are  her  seniors.  This  at  first 
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generally  includes  nearly  the  whole  family, 
and  must  necessarily  for  a long  while  include 
the  major  part  of  it.  In  all  her  life  she  never 
speaks  to  her  husband’s  father,  uncles,  or  elder 
brothers,  though  dwelling  under  the  same  roof, 
or,  to  speak  more  correctly,  within  the  same 
enclosure,  for  an  Indian  house  is  what  we 
should  call  a courtyard  surrounded  by  sets  of 
apartments.  On  the  other  hand,  paterfamilias 
has  not  only  never  spoken  to,  but  technically 
never  even  seen,  by  any  of  the  younger  women  of 
his  varied  household,  except  those  born  within 
it,  though  they  all  dwell  under  his  protection 
and  at  his  expense.  You  will  perceive,  there- 
fore, that  the  women’s  lives  are  contracted  to 
within  even  a smaller  sphere  than  that  limited 
by  the  boundaries  of  the  common  family 
dwelling. 

What  would  seem  to  us  to  be  intolerable 
restrictions  by  no  means  end  here.  In  many 
places  it  is  not  proper  for  a young  father  to 
fondle  his  own  children  in  the  presence  of  his 
parents,  and  highly  improper  for  a wife  to  be 
seen  holding  converse,  or  appearing  unveiled, 
or  sitting  down  before  her  own  husband,  until 
she  has  become  a mother.  It  is  hard  for  us  to 
realise  how  artificially  lonely  a life  hedged 
about  in  this  way  must  be,  and  how  it  must 
affect  the  temperament.  Native  writers  tell 
us  that  breaking  the  spirits  of  the  brides  is 
looked  upon  by  materfamilias  as  an  essential 
part  of  education.  Who  can  w'onder  at  it ! 

There  is  another  custom  regarding  which  it 
is  useless  to  pretend  that  it  does  not  lead  to 
endless  misery  and  family  squabbling — the 
absolute  subjugation  of  the  women  to  the 
materfamilias.  The  mother-in-law  is  indeed 
an  awful  personage  in  the  eyes  of  her  sons’ 
wives,  one  against  whose  will  and  caprice  it  is 
hopeless  to  rebel.  I can  hardly  describe  her 
power  better  than  by  noticing  a daily  ceremony 
which  symbolises  it.  It  really  amounts  to 
wishing  ‘‘good  morning,”  is  called  in  Upper 
India  mdthd  teknd,  and  consists  of  bowing 
down  to  the  ground  and  touching  it  with  the 
forehead.  All  the  women,  except  her  own 
daughters,  perform  it  daily  to  the  mater- 
familias when  they  first  see  her,  and  a bride 
must  do  it  practically  to  everybody. 

An  Indian  woman’s  happiness  in  life  im- 
mensely depends  on  her  becoming  the  mother 
of  a son.  This  at  once  raises  her  in  the 
family  estimation,  which  is  all  in  all  to  her; 
insures  her  against  the  greatest  bitterness  of 
widowhood,  in  case  that  befall  her;  and 
procures  her  domestic  authority  should  she 
survive  to  mature  years  under  coverture. 


Materfamilias  is  a veritable  queen  in  her 
own  little  world,  often  coercing  her  husband, 
commanding  her  sons,  and  ruling  the  rest 
as  she  pleases.  From  what  has  come  under 
my  observation,  I have  long  felt  assured  that, 
speak  contemptuously  of  the  opposite  sex  as 
they  choose,  lock  them  up  as  they  may,  and 
treat  them  as  mere  breeders  of  sons  as  they  will, 
the  natives  of  India  are  far  more  henpecked  than 
they  care  to  admit.  Outside  their  homes  the 
men  live  a life  of  their  own,  untrammelled 
by  considerations  of  the  fair  sex  ; within  them 
they  have  little  control,  and  it  must  be  borne 
in  mind  that  it  is  the  women  that  have  come  to 
be  such  sticklers  for  the  continuance  of  the 
state  of  things  I have  above  endeavoured  to 
describe.  The  remarks  just  made  apply,  as 
above  said,  to  the  mothers  of  sons  only. 
Should  a woman  be  so  unfortunate  as  not 
merely  to  be  barren,  but  to  be  simply  the 
mother  of  daughters,  life  goes  much  harder 
with  her,  especially  as  this  is  so  liable  to  bring 
upon  her  that  which  (if  their  songs  and  sayings 
are  to  be  trusted)  the  Indian  women  dread 
more  than  all  things  except  widowhood — the 
advent  of  the  co-wife.  There  are  proverbs 
innumerable  to  show  how  very  badly  co-wives 
get  on,  but  “ a fairy  for  a co-wife  is  a devil,”” 
exhibits  the  mutual  relation  forcibly  and  clearly 
as  it  usually  is.  And  when  the  rival  wife 
brings  forth  the  long-desired  son,  the  barren 
woman’s  cup  of  bitterness  is  full,  and  all  her 
hatred  towards  him  is,  to  those  who  know  the 
circumstances,  well  expressed  in  that  most 
sarcastic  of  sayings  in  any  language,  “The 
son  of  the  co-wife.”  No  more  words  are 
wanting  to  the  Indians  to  convey  the  expression 
of  all  uncharitableness,  and  indeed  even  the 
kindliest  of  them  will  admit  that  among  them 
women  and  their  step-children  never  do  hit  it 
off. 

As  to  the  hard  lot  of  the  childless  widow,  so 
much  has  been  said  elsewhere,  and  so  often, 
that  I do  not  feel  inclined  to  enlarge  upon  it  to- 
night, especially  as  enforced  widowhood  is  not 
nearly  so  general  as  is  usually  made  out  by 
those,  who  would  deduce  a moral  from  Indian 
manners  to  the  glorification  of  the  habits  of 
Christians.  It  is  often  not  prevalent  among 
classes  who  conform  generally  to  the  customs 
I have  been  mentioning,  and  circumstances 
make  it  impossible  among  many  that  are  not 
comparatively  wealthy ; but  where  it  is  the  rule 
nothing  can  be  more  cruel,  and,  I feel 
justified  in  using  the  strong  term,  more 
revolting.  Take  the  case  of  the  widow 
from  infancy  : shorn  of  all  that  women  vala 
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anywhere  in  the  world,  dressed  in  coarse 
clothing,  deprived  of  her  ornaments,  com- 
pelled to  fast  till  health  breaks  dowm,  made  to 
subsist  on  the  coarsest  of  food,  kept  out  of 
what  amusements  come  in  the  way  of  the  rest 
of  the  household,  forced  into  being  the  unpaid 
drudge  of  the  family,  held  to  be  the  legitimate 
I butt  of  the  ill-nature  of  all,  considered  fit  only 
to  amuse  the  children,  openly  called  and 
taught  to  think  herself  a creature  of  ill-omen 
— this  being  the  cause  of  all  the  rest  of  her 
I sorrow’s — superstition  has  indeed  nowhere  else 
‘ shown  more  clearly  its  powder  to  pervert  the 
reason  of  man.  How  much  the  w’omen  dread 
widow’hood  is  exhibited  to  the  full  in  the  fact 
that  to  call  a woman  a wddow  is  to  offer  her 
a dire  insult,  and  from  her  earliest  childhood 
a girl  is  taught  to  pray  that  she  may  die 
while  yet  the  red  spot  of  coverture  remains  on 
her  forehead.  In  any  case  the  fear  of  widow- 
hood overshadows  the  Hindu  lady’s  life,  even 
though  she  hate  her  lord  ; just  as  it  has  often 
seemed  to  me  that  the  picture  of  the  death  in 
front  of  them  must  always  be  before  the  minds 
of  the  orthodox  Bengalis.  We  all  know  how 
dearly  cherished  is  the  idea  of  a death  with 
loving  hands  about  us  to  soothe  our  pains,  and 
the  sound  of  loving  w’ords  to  comfort  our  last 
thoughts  ; w’ell,  what  has  the  Bengali  before 
him  As  soon  as  he  is  pronounced  incurable, 
rightly  or  wrongly,  by  the  local  quack,  he  is 
carried,  still  living,  out  of  his  house,  amid  the 
screams  of  his  widow  to  be  and  the  w’ails  of 
his  kindred,  down  to  a river  or  pond  to  die, 
and  there  in  all  his  misery  kept  half  immersed, 
whatever  be  the  w’eather,  until  death  releases 
him,  it  may  not  be  for  days.  I do  not  know 
how  it  strikes  those  who  must  expect  it  as 
their  most  probable  end,  but  the  vision  of  that 
last  agonising  journey  and  the  pain  and 
suffering  of  it,  the  view  of  that  muddy  bank 
and  the  darksome  water  and  the  horror  of  it, 
would  be  ever  before  my  eyes  w’ere  I in  such  a 
position. 

However,  it  is  no  part  of  my  business  to- 
night to  tell  a sensational  tale,  nor  do  I wish 
to  convey  an  impression  that  an  Indian 
woman's  life  is  necessarily  all  unhappiness. 
Human  nature  in  her  case  is  as  capable  of 
adapting  itself  to  circumstances  as  elsewhere, 
and  since  the  ultimate  gauge  of  permanent 
individual  happiness  is  suitability  of  tempera- 
ment to  immediate  surroundings,  many  a 
, W’oman  in  India  must  be  so  constituted  as  to 
be  quite  content  with  the  life  she  is  called 
upon  to  lead,  and  in  fact  to  enjoy  it.  When  a 
girl  is  naturally  sedate,  yielding,  and  good- 


natured,  of  blunt  susceptibilities,  limited 
aspirations,  and  strong  religious  emotions,  she 
will  give  into  her  mother-in-law,  avoid  quarel- 
ling  without  effort,  follow  the  course  of  life  laid 
down  for  her  without  demur,  thoroughly  believe 
it  to  be  the  only  desirable  life  to  lead,  find  the 
innumerable  restrictions  imposed  upon  her  not 
unwelcome,  and  become  contented  with  her 
contracted  sphere  ; and,  if  those  about  her 
happen  to  be  kind,  be  quite  as  happy  as  any 
girl  in  the  world.  But  the  potentialities  for 
misery  involved  in  her  surroundings  are 
enormous,  and  where  such  is  the  case,  to  argue 
that  misery  is  not  the  frequent  result  would  be 
to  argue  against  human  nature.  At  all  events 
the  purview  of  her  life  is  limited  to  a degree 
which  it  is  difficult  for  us  to  realise.  It  resolves 
itself  daily  into  this  : the  strict  performance  of 
petty  religious  ceremonies,  feeding,  bathing, 
dressing,  cooking,  and  household  drudgery, 
all  so  hedged  round  with  minute  regulations  as 
to  make  each  a special  occupation,  and  to 
these  must  be  added  visiting  and  gossip  during 
her  afternoon  leisure.  How  petty  that  gossip 
must  be  can  be  inferred  from  the  facts  already 
laid  before  you.  Remember  that  the  great 
majority  of  these  ladies  are  all  together  un- 
educated, that  ever  since  they  have  been  old 
enough  to  observe  and  think  they  have  been 
shut  out  from  the  world,  that  they  have  no 
knowledge  of  any  person  or  thing  beyond 
those  immediately  around  them  except  what 
they  can  pick  up  from  their  menials,  and 
then  you  will  have  no  difficulty  in  understand- 
ing that  their  interests  are  centred  in  their 
jewels  and  ornaments,  their  food,  their  per- 
sonal concerns  and  troubles,  the  peculiarities 
of  the  members  of  their  households,  and 
lastly  and  chiefly,  in  what  social  ceremonies 
and  feasts  happen  to  come  their  way,  the 
widows  being  shut  out  from  even  these.  If  a 
marriage,  a death,  or  a birth  among  their 
kindred  were  the  only  landmarks  in  English 
ladies’  lives,  we  should  soon  have  these 
occasions  erected  into  as  lengthy  family  cere- 
monies as  they  are  in  India.  If  the  observance 
of  Ash  Wednesday,  Shrove  Tuesday,  Candle- 
mas, Michaelmas,  Lady-day,  May-day,  and 
what  not  of  our  standard  religious  and  secular 
feasts  were  the  main  opportunities  for  breaking 
the  monotony  of  an  imprisoned  life,  how  care- 
fully they  would  be  kept,  and  how  anxiously 
looked  forward  to.  This  is  why  all  the 
innumerable  shankrdiits,  ekddshis,  ash- 
thamis,  ndumis,  and  other  queer  fasts  and 
feasts  are  so  regularly  attended  to  in  India. 
Indeed,  female  ingenuity  has  there  long  ago 
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seized  upon  the  many  other  opportunities  for 
diversion  afforded  by  occurrences  incidental 
to  human  existence,  and  there  are  ceremonies 
to  be  gone  through  on  every  possible  excuse. 
No  phase  of  life  escapes — childhood,  puberty, 
pregnancy,  maternity,  widowhood,  all  come  in 
for  a share.  The  first  tying  of  a rag  round  a 
boy’s  loins  occasions  a family  feast,  and  so 
does  the  first  time  his  hair  is  cut,  the  first 
time  he  puts  on  the  janeu,  or  sign  of  caste ; 
and  so  on  all  through  life.  Before  he  is  a man 
he  has  gone  through  sixteen  sacraments,  each 
a notable  occasion  in  the  eyes  of  his  women  folk. 
Babies  are  put  through  all  sorts  of  ceremonies, 
on  the  first,  the  fifth,  the  seventh,  the  fortieth, 
and  other  days  after  birth.  They  cannot  even  see 
the  sun  for  the  first  time,  and,  of  course,  can- 
not be  given  a name,  without  a feast  being 
held  over  the  fact.  As  to  the  women’s  special 
ceremonies,  they  are  just  as  numerous,  and, 
though  before  a mixed  audience  .1  am  heie 
treading  on  delicate  ground,  it  would  be  giving 
an  incomplete  picture  of  the  native  woman  if 
all  allusion  to  them  were  avoided.  Of  their 
tenor  and  effect  I shall,  however,  have  pro- 
bably said  enough  in  telling  you  that  many  of 
them  are  meant  to  give  prominence  to  domestic 
occurrences  of  such  a nature  as  to  render  in- 
nocence impossible  to  an  Indian  girl. 

I must  ask  your  leave  here  to  digress  a 
moment  into  controversial  regions,  and  to  com- 
ment on  a matter  regarding  which  interested 
natives  and  imperfectly  informed  Europeans 
are  fond  of  throwing  much  undeserved  blame 
on  the  Anglo-Indians,  and  that  is,  as  to  their 
not  mixing  socially  with  the  natives.  Espe- 
cially is  this  reproach  levelled  at  the  English 
ladies,  whose  lot  is  cast  in  India.  Now  there 
are  two  sides  to  this  question,  and  I will  take 
that  one  on  which,  as  a close  and  long 
observer  of  Indian  character  and  habits,  I 
have  formed  a strong  opinion ; and  I will  say 
at  once  that  this  charge,  though  plausible,  is 
very  unfair.  Granting  that  coldness  is  the 
besetting  sin  of  the  English,  our  manners  are 
effusiveness  itself  when  compared  with  those 
of  the  Indians.  How,  I ask,  are  we  to  be 
socially  friendly  with  a people  who  will  not 
eat  or  drink  with  us  ? To  offer  to  whom  such 
a simple  and  natural  kindness  as  a cup  of 
water  to  quench  thirst,  or,  it  may  be,  to 
alleviate  pain,  is  an  offence  against  religious 
feelings  ? To  be  on  terms  of  friendliness  or 
of  mutual  respect  is,  even  under  these  circum- 
stances, easy,  and  I may  say  that  such 
relations  are  common  enough  in  India ; but 
is  it  possible  for  true  sociability . to  exist  ? 


It  is  not  making  use  of  exaggeration  to 
say  that  it  does  not  obtain  between  natives 
themselves,  unless  they  happen  to  be  of 
the  same  caste.  Again,  all  the  world  over, 
to  admit  a man  to  the  society  of  wife  and 
children  is  to  acknowledge  inferiority,  unless 
such  courtesy  is  mutual ; and  does  not  the 
Englishman  in  India  know  full  well  that  if  he 
introduce  a native  to  his  home  the  compliment: 
will  never  be  returned  ? I will  go  further,  and 
say  that  to  refuse  food  at  another  man’s  hands 
as  being  polluted  by  contact  with  him,  is  to 
place  him  in  an  inferior  position.  It  is  all  very 
well  to  assert  that  the  native  is  bound  to  act 
with  this  insulting  incivility  by  his  religious 
customs,  but  every  nationality  must  reasonably 
take  the  consequences  of  any  peculiarities  of 
custom  it  chooses  to  adopt,  and  the  Indian 
cannot  fairly  blame  the  Englishman  for  think- 
ing that  proper  self-respect  makes  it  impossible 
for  him  to  hold  familiar  intercourse  with  those 
that  cannot  allow  social  equality.  The  fact  is, 
the  European  who  knows  the  country  will  not 
stand  the  galling  claim  to  racial  superiority 
conveyed  in  Indian  manners,  and  while  these 
remain  what  they  are,  he  will  hold  aloof  from 
those  who  practice  them.  This  is  natural, 
and  though  religious  susceptibilities  have  un- 
doubtedly a strong  claim  to  consideration, 
human  nature  has  a claim  that  will  not  brook 
being  passed  over.  The  argument  that 
superior  civilisation  should  cause  the  English 
to  sink  their  feelings,  can  be  met  by  the  more 
cogent  and  practical  one,  that  where  masses 
of  people  are  concerned,  nature  will  always 
keep  the  upper  hand,  with  the  result  in  this 
case  that  so  long  as  the  Indian’s  ways  con- 
tinue to  be  offensive,  the  masterful  Englishman 
will  resent  them.  It  may  be  said,  however, 
that  women  are  not  excluded  from  Indian 
harems,  and  that  if  the  Anglo-Indian  is  him- 
self prevented  from  doing  so,  his  wife  and 
daughters  might  at  any  rate  visit  the  Indian 
ladies.  As  to  this,  I dare  to  say  that 
education  and  free  intercourse  with  the 
world  at  large  has  rendered  English  ladies 
so  immeasurably  superior  to  those  of  India, 
that  association  of  any  kind  except  of  a cere- 
monial nature  is  impracticable.  It  is  not  fair 
to  ask,  and  but  questionably  prudent  to  en- 
courage, a pure-minded  and  well  brought  up 
English  girl  to  be  on  intimate  terms  with  an 
average  specimen  of  the  zenana,  until  the 
latter  is  rendered  more  fitted  for  her  society. 
The  truth  is  that  the  want  of  companionship 
so  observable  between  dark  and  fair  in  India  is 
due,  firstly,  to  Indian  customs,  and,  secondly, 
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to  the  low  mental  and  moral  condition  of  the 
well-bom  female  population,  and  not,  as  is 
usually  asserted,  to  British  exclusiveness. 

With  reference  to  the  rough  sketch  I have 
given  you  to-night  of  what  I may  term  the 
normal  state  of  things  in  India,  I would  again 
draw  your  attention  to  the  fact  that  I am  far 
from  saying  that  such  is  the  invariable  rule,  or 
from  denying  that  there  are  whole  castes  whose 
women  are  not  secluded,  and  that  many  are 
educated.  I feel  compelled  to  repeat  that 
minute  and  endless  variation  is  the  chief 
characteristic  of  Indian  society,  in  case  it  may 
still  be  thought  that  my  analysis  of  a high  caste 
Hindu  woman’s  life  is  exactly  applicable  to 
that  of  every  woman  one  meets  in  the  roads 
and  fields.  The  fact  is  there  is  no  subject  on 
which  it  is  easier  to  speak  to  generalities  from 
isolated  facts,  and  it  is  so  wide  and  compli- 
cated, that  one  can  hardly  make  a broad 
assertion  without  with  perfect  truth  being  con- 
tradicted as  to  the  specific  custom  at  any  given 
spot.  I merely  say  that  the  above  description 
is,  as  fairly  as  I can  make  it,  applicable  to  the 
life  actually  led  by  millions  of  Indian  women, 
and  it  is  the  style  of  life  towards  which  nearly 
all  of  them  unconsciously  gravitate. 

We  naturally  turn  from  the  consideration  of 
the  life  itself  to  that  of  the  best  method  of 
changing  or  improving  it.  Many  attempts 
are,  of  course,  being  made  both  by  natives  and 
Europeans  to  bring  about  a happier  and  more 
rational  state  of  things.  Among  these  may 
be  reckoned  the  Zenana  Mission,  as  to  the 
good  work  of  which  many  high  hopes  have 
been  raised  ; but  there  would  seem  to  be  a fatal 
flaw  in  the  theory  on  which  the  system  is 
based.  English  ladies,  often  apparently  com- 
pletely ignorant  of  Indian  ways,  are  sent  out 
to  mix  as  best  they  may  with  those  of  the 
Indian  seraglios,  in  order  to  teach  them  the 
beauties  of  civilisation,  and,  I suppose,  convert 
them  to  Christianity.  Now,  considering  that 
the  key  to  the  seraglio  is  absolutely  in  the 
power  of  the  owner  thereof,  it  seems  impossible 
to  believe  that  he  would  admit  outsiders  within 
its  walls  if  he  thought  that  they  would  in  any 
way  be  likely  to  influence  the  religion  of  his 
women.  The  heads  of  native  families  are  far 
from  being  simple-minded,  and  most  of  them, 
if  not  bigots  themselves,  are  sure  to  have 
bigoted  wives ; and  since  what  access 
English  ladies  can  have  to  the  women 
generally  rests  entirely  with  these  two  autho- 
rities, I cannot  quite  understand  how  the 
members  of  the  Zenana  Mission  differ  in 
their  action  from  those  of  any  other  missionary 


body.  They  may  get  into  the  houses  of  the 
native  gentlemen  who  sympathise  with  the 
movement,  but  these  must  be  the  very  few 
who  have  probably  already  themselves  done 
much  towards  elevating  the  female  members 
of  their  families  ; and  how  about  the  vast 
majority  who  have  no  desire  for  change  ? 
Either,  it  appears  to  me,  the  Zenana  Mission 
ladies  do  not  find  their  way  inside  their  harems 
at  all,  or  they  do  so  purely  as  ordinary  visitors. 
I would  not,  therefore,  be  inclined  to  place 
much  faith  in  the  efforts  of  these  well-inten- 
tioned persons  as  likely  to  result  in  anything 
of  practical  value. 

As  regards  the  efforts  of  the  natives  them- 
selves, there  are  societies  started  all  over 
India,  notably  the  orthodox  Arya  Samaj  of 
the  late  Swami  Dayananda  Saraswati,  which, 
though  not  nearly  so  “advanced”  as  the 
well-known  Brahma  Samaj  of  Keshab  Chandar 
Sen,  is  doing  much  useful  work  in  a quiet 
sober  way  towards  the  discontinuance  of  in- 
fant marriage,  the  promotion  of  the  re- 
marriage of  widows,  and  the  advancement 
of  female  education.  I need  hardly  remind 
my  hearers  that  now-a-days  neither  infant 
marriage  nor  perpetual  widowhood  has  the 
sanction  of  what  the  Hindus  rather  hazily 
regard  as  their  Scriptures  ; a fact  loudly  pro- 
claimed in  Madras  by  Sir  Madhava  Rao,  in 
Bombay  by  Mr.  Malabari,  in  Northern  India 
by  Swami  Dayananda,  and  in  Bengal  by  the 
characteristically  noisy  Brahma  Samaj.  The 
effect  of  these  societies  is  mainly  visible  on 
the  surface  in  funny  advertisements,  in  the 
style  of  the  Alatrimonial  News,  by  young 
gentlemen  willing  to  meet  with  widowed 
virgins  possessed  of  certain  qualifications. 
Ridiculous  as  their  accounts  of  themselves 
are,  and  queer  as  appears  to  be  their  ideal 
of  womanhood,  the  advertisers  act  in  all 
earnestness,  and  their  announcements  are  the 
outcome  of  an  important  social  movement. 
Besides  these,  many  cases  have  come  under 
my  personal  notice  of  literate  Hindus  in  all 
ranks  of  life,  who — setting  their  faces  against 
child  marriage,  often  in  the  teeth  of  painful 
opposition,  in  a manner  which  does  them  all 
the  more  credit  because  they  are  in  too  humble 
a station  to  gain  any  notoriety  thereby — are 
steadily  educating  their  girls  avowedly  in  the 
hope  that  those  they  hold  dear  may  be  saved 
from  that  life  of  empty  superstition  I have 
to-night  endeavoured  to  bring  before  you.  In 
education  you  will  at  once  see  lies  the  real 
remedy  against  nearly  every  evil  to  which 
Indian  women  at  the  present  day  are  by> 
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custom  liable.  However,  in  considering  the 
work  of  these  reformers,  we  must  not  lose 
sight  of  those  efforts,  to  which  I alluded 
in  the  earlier  part  of  my  discourse,  on  the 
part  of  the  low  out-  caste  Hindus  to  be  included 
within  the  pale  of  the  orthodox  by  imitating 
their  imperfections.  Taken  woman  for  woman, 
for  the  present  at  least,  there  is  no  doubt  that 
there  are  far  more  women  at  the  bottom  of  the 
tree  who  are  being  newly  obliged  to  undergo 
seclusion  and  the  miseries  of  Hindu  widow- 
hood, than  there  are  at  the  top,  whom  growing 
■enlightenment  is  releasing  therefrom.  Let  us 
sincerely  hope,  nevertheless,  that  it  is  a race 
between  the  hare  and  the  tortoise. 

It  is  almost  superfluous  to  add  that,  as  one 
favourite  panacea,  our  hot  Indian  reformers  have 
urged  repressive  legislation,  taking  th e abolition 
of  sail,  in  1829,  as  their  example.  It  would  be 
flogging  a dead  horse  to  argue  now  the  use- 
lessness of  making  laws  about  social  customs  ; 
but  a case  has  been  lately  before  the  Bombay 
Courts  which  seems  to  show  that  something  can 
be  done  by  legislation,  or  rather  by  the  absence 
of  laws,  to  help  to  cure  the  evil  of  infant 
marriage.  The  cause  known  as  Rukmini  Bai’s 
case  has  so  gone  to  the  heart  of  the  question  as 
to  have  created  a profound  sensation  in  India, 
and  simple  though  the  issue  is,  it  is  likely  to 
reach  the  Privy  Council.  From  it,  whatever 
be  the  final  result,  I suggest  that  we  can  learn 
a lesson.  Briefly,  the  case  is  this:  — Ruk- 
mini  Bai,  a Brahman  lady,  now  of  high  educa- 
oation,  was  married  as  usual  in  her  childhood 
to  a boy  of  her  own  caste,  who  has  turned  out, 
in  her  opinion,  to  be  an  unfit  companion  for 
her,  and  she  refuses  to  go  to  him  ; he  accord- 
ingly sues  for  his  conjugal  rights.  In  pre- 
English  days  he  would  have  had  nothing  but 
the  force  of  custom  and  the  right  arms  of  his 
partisans  to  enable  him  to  prosecute  his  claims, 
but  under  British  rule  the  law  steps  in  and 
enforces  all  contracts,  and  so  far  Rukmini 
Bai  is  likely  to  lose  her  cause.  If,  however, 
our  laws  were  not  to  recognise  betrothal,  or 
marriage  if  you  wish  to  call  it  so,  as  a con- 
tract legally  entered  into  in  their  behalf  by 
their  lawful  guardians,  which  infants  were 
bound  to  fulfil  on  attaining  puberty,  a 
fatal  blow  would  be  struck  at  the  custom. 
Parents  and  guardians  would  soon  cease  to 
enter  into  much  expense  over  weddings,  or  to 
permit  money  to  pass  out  of  their  hands  over 
betrothals,  which  the  infants  would  hereafter 
complete  only  to  the  extent  their  own  inclina- 
tions or  the  persuasions  of  their  friends  might 
urge  them. 


Though  we  may  not  doubt  that  such  endea- 
vours as  those  just  discussed  to  ameliorate  the 
condition  of  the  women  will  succeed  in  the  end, 
we  can  hardly  hope  for  much  from  them  for  a 
long  while  to  come,  and  some  of  them  may, 
after  all,  prove  to  be  but  a means  towards  the 
end ; but  there  is  one  attempt,  which  is  being 
made  in  the  same  direction,  that  is  so  practical 
and  so  certain  to  yield  immediate  good  fruit, 
that  I cannot  better  conclude  my  remarks  this 
evening  than  by  a reference  to  it — I mean 
the  movement  whose  short  title  is  Lady 
Bufferin’ s Fund.  It  will  have  been  perceived 
that  the  essence  of  the  life  I have  been  to- 
night describing  is  confinement  to  the  house — 
a life  from  which  all  healthy  bodily  exercise  is 
under  any  circumstances  absent.  Now,  this  is 
bad  enough  in  a palace,  even  where  the  palace 
consists  of  a collection  of  apartments  inside  a 
high-walled  garden  ; but  in  India,  as  every- 
where else,  palaces  are  very  few  and  far 
between,  and  space  in  towns  is  limited  and 
valuable.  There  the  common  courtyard  is 
contracted  to  a few  feet  square,  forming  a sort 
of  well,  round  which  the  dwelling  rooms  run 
up  several  stories  into  the  air,  just  as  they  do 
in  London,  and  for  the  same  reason.  All 
native  conservancy,  too,  regulates  itself,  except 
where  the  English  interfere,  and  wherever 
their  intervention  is  exercised  native  ingenuity 
is  directed  mainly  towards  the  best  means  of 
thwarting  their  well-intentioned  efforts.  The 
true  Indian  has  a deeply  rooted  conviction, 
born  of  Brahmanism,  that  water,  as  such,  puri- 
fies all  things,  a theory  that  causes  him  im- 
measurable suffering  in  the  present,  and  of 
which  it  is  to  be  hoped  for  his  own  sake  he  will 
in  the  early  future  realise  the  terrible  fallacy. 
If  female  life  be  necessarily  unhealthy  in  the 
palaces,  as  undoubtedly  it  is,  what  must  it  be 
in  the  cramped  imitations  of  the  same  to  be 
counted  by  the  thousand  in  the  Indian  town- 
ships ? But  these  many-storied  town  dwell- 
ings are  the  mansions  of  the  relatively  rich, 
and  are  as  very  palaces  in  comparison  with  the 
much  more  numerous  houses  of  the  respect- 
able possessors  of  small  incomes.  It  has 
often  been  my  duty,  for  various  reasons,  to  in- 
spect these  humbler  houses,  and  I will  say 
that  callous  indeed  must  be  the  heart  of 
him,  that  can  mark  the  tumble- down  mud 
hovels  doing  duty  for  the  rooms,  the  sodden 
floor  of  the  ten-foot  square  of  bare  earth 
that  answers  to  the  garden,  the  dingy, 
tattered  rag  that  curtains  off  the  zenana, 
the  horrible  half-hidden  corner  that  is  the 
family  privy,  and  find  no  place  for  pity  for 
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those  whom  custom  shuts  up  for  life  within 
the  dilapidated  mud  walls  that  surround 
this  apology  for  a home.  High  caste  Hindus’ 
houses  are  indeed  often  exquisitely  clean, 
but  many  a Muhammadan  dwelling  I have 
entered  is  very  much  the  reverse,  and  in  either 
case  the  laws  of  sanitation  are,  to  put  it  gently, 
not  understood.  Under  such  circumstances 
health  is,  as  a matter  of  course,  feeble,  and 
disease  of  the  respiratory  and  digestive  organs 
rampant.  Parturition,  too,  is,  for  reasons 
that  will  be  readily  understood,  dangerous,  and 
exceedingly  painful.  How  important  a point 
this  last  is  may  be  explained  by  the  fact  that 
every  woman,  except  the  infant  widow,  is 
married,  and  that  the  most  cherished  desire  of 
the  sex  is  the  bearing  of  a son.  We  are 
accustomed  to  be  told  that  women  have  better 
chances  of  longevity  than  men  ; but  look  over 
the  female  death  statistics  in  India,  between 
the  ages  of  15  and  30,  and  you  will  find  that 
circumstances  can  locally  reverse  a natural 
law.  It  was,  then,  with  the  object  of  prevent- 
ing some  at  least  of  the  unnecessary  suffering 
caused  by  prejudice  and  custom— and,  it  must 
be  added,  by  Indian  midwifery  — that  the 
Countess  of  Dufiferin  took  in  hand  her  scheme 
of  female  medical  aid  for  the  women  of  India. 

Lady  Dufiferin  has  herself,  in  the  Asi.itic 
Quarterly  Review,  so  clearly  and  in  so 
practical  a manner  described  the  origin, 
objects,  and  prospects  of  this  beneficent  move- 
ment, and  the  difficulties  in  the  way  of  it,  that 
it  is  needless  for  me  to  do  more  here  than  run 
over  the  heads  of  her  statement,  in  order  to 
show  3’ou  what  is  being  done.  First  comes 
medical  tuition,  next  medical  relief,  and,  lastly, 
the  supply  of  trained  female  nurses  and  mid- 
wives. The  immediate  aims,  you  will  perceive, 
are  not  very  lofty,  nor  are  they  complicated ; 
but  in  practice  the  idea  underlying  them  goes 
to  the  root  of  the  mischief  it  is  sought  to 
eradicate  ; for,  where  direct  or  implied 
missionary  effort  might  for  ever  fail,  attempts 
at  the  alleviation  of  purely  physical  suffering 
may  well  succeed  ; and  it  is  a happy 
feature  of  the  particular  endeavours  now 
being  made  that  they  must  necessarily 
elevate  the  tone  of  the  Indian  female  mind, 
because  they  include  education  of  a right  sort. 
When  once  they  are  entered  upon,  tact  and  a 
proper  understanding  of  the  questions  involved 
will  ensure  ultimate  success,  and  it  is  more 
than  satisfactory  to  observe  that  both  these 
qualifications  are  abundantly  present  in  the 
authoress  of  this  great  movement.  The  care- 
ful readers  of  Lady  Duflferin’s  modest  article. 


written,  by  the  way,  I am  told,  against  time 
during  her  late  journey  up  the  Irrawaddy, 
cannot  fail  to  perceive  that  she  is  as  practical 
as  she  is  philanthropic,  and  that  her  scheme 
is  born  of  no  mere  emotional  haste  to  do  good, 
but  is  the  result  of  a calm  survey  of  the  end  to 
be  desired,  a clear  mind  as  to  how  it  is  to  be 
attained,  a full  appreciation  of  the  difficulties 
before  her,  and  a firm  determination  to  sur- 
mount them  all.  That  all  this  augurs  success 
it  is  needless  to  say,  and  if  she  succeeds — 
what  a splendid  achievement  will  be  hers ! 
In  no  part  of  the  world  is  the  saying  that  the 
history  of  the  people  is  a thing  apart  from  the 
record  of  politics  so  true  as  it  is  in  India. 
There  kings  come  and  go,  empires  and 
systems,  and  faiths  arise  and  disappear,  but 
the  development  of  the  domestic  economy 
proceeds  along  a path  of  its  own  ; and  it 
needs  no  great  gift  of  prophecy  to  foresee 
that,  if  she  succeeds  in  relieving  the  Indian 
women  of  all  unavoidable  suffering,  and  in 
giving  a useful  impetus  to  that  right  education 
on  which  their  ultimate  emancipation  from 
unnecessary  trammels  depends,  the  name  of 
Harriot  Dufiferin  will  stand  in  affectionate 
remembrance  in  many  thousands  of  house- 
holds as  among  the  greatest  benefactors  that 
the  land  has  ever  seen — long  after  the  current 
political  storms  have  vanished  into  the  regions 
of  history  ; long  after  the  highest  of  living 
reputations  has  died  a natural  death  ; and,  it 
may  be,  longer  after  the  British  Empire  in  the 
East  has  become  a thing  of  the  past. 


DISCUSSION. 

Surgeon-Major  Pringle  said  that  having  seen 
thirty  years’  service  in  India,  the  last  twenty  of  which 
were  spent  in  wandering  from  station  to  station  in 
the  sanitary  department,  he  had  probably  seen  as 
much  of  native  life  as  most  people.  It  was  impossible 
to  over-estimate  the  importance  of  this  paper.  The 
secret  of  the  rise  and  progress  of  India  lay  in  the 
family,  and  not  in  the  school ; and  until  this  was 
realised,  all  their  efforts  would  be  like  beginning 
a building  at  the  top,  there  would  be  no  solid 
foundation.  In  education,  as  regarded  aptitude 
of  hand  or  head,  undoubtedly  the  native  of  India 
was  capable  of  it  to  a very  high  degree.  A 
nation  which  could  calculate  an  eclipse  long 
before  England  had  the  vestiges  of  civilisation, 
only  required  to  have  a fair  chance  to  show  that 
knowledge  was  still  in  the  East.  The  real  point  to 
aim  at,  however,  was  the  moral  elevation  of  the 
people,  and  education  alone  could  not  do  this. 


782 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


[Afaj'  28,  1880. 


They  must  go  to  the  home,  and  begin  with  the 
mother.  It  was  a terrible  story  they  had  heard  ; it 
might  be  a little  strongly  drawn,  but  perhaps  the 
freedom  and  brightness  of  our  own  homes  might 
make  it  appear  darker  in  contrast.  In  any  point  of 
view  it  was  a sad  story,  yet  there  might  be  in  that  home 
something  which  would  send  a boy  out  into  the  world 
with  high  moral  principle  to  guide  and  direct  hi.n, 
but  he  feared  it  was  but  too  rarely  to  be  found.  They 
were  told  education  was  to  do  it,  but  how  was  educa- 
tion to  be  got  there.  After  many  years’  labour  by  the 
ladies  who  had  worked  in  the  Zenana  Mission,  it  was 
now  beginning  to  tell.  He  had  no  wish  to  detract 
in  anyway  from  the  scheme  of  Lady  Dufferin ; no 
one  who  had  seen  the  misery  he  had  witnessed, 
or  who  had  examined  the  mortuary  statistics  as  he 
had  done,  and  had  seen  a birth  and  a death  along- 
side of  one  another  too  often  appearing  down  long 
columns  of  figures,  would  ever  think  of  doing  any- 
thing which  could  possibly  throw  any  difficulties  in 
the  way  of  such  a noble  work,  but  it  must  be 
carried  on  in  the  only  way  in  which  such  a work 
could  be  carried  on,  viz.,  in  a spirit  of  self- 
devotion,  even  though  the  relief  of  human  suffer- 
ing was  alone  aimed  at.  Any  one  who  had 
seen  and  known  what  a native  house  was,  who 
had  had  to  attend  on  native  women,  and  seen  their 
rooms  and  surroundings,  would  feel  assured  that 
nothing  short  of  devotion  to  the  work  could  carry  a 
woman  through  it,  and  that  devotion  must  arise  from 
a higher  principle  than  the  hope  of  pecuniary  reward. 
He  knew  the  intention  was  to  educate  a certain  class 
of  women  professionally,  and  send  them  out,  but  this 
was  the  outcome  of  work  which  had  been  going  on  for 
years,  though  perhaps  it  was  not  much  known.  There 
were  many  districts  where  ladies  had  visited  the 
zenanas,  and  had  taught  the  girls  to  read  so  that  they 
could  read  to  others,  and  though  the  beginnings 
were  smalJ,  if  the  fruit  were  good,  it  would  go  on. 
What  they  had  heard  to-night,  related  to  but, 
comparatively  speaking,  a small  portion  of  the  millons 
of  females  in  India.  There  were  a few  people 
under  these  conditions,  but  there  were  millions 
who  knew  nothing  of  this  seclusion,  amongst 
whom  often  the  mothers  were  little  better  than 
beasts  of  burden.  Such  was  their  lot  in  the  hills. 
He  had  seen  every  class  of  women  in  India,  from  the 
leaf  woman  in  Bengal,  who  wore  nothing  but  leaves, 
up  to  the  poor  victim  of  polyandry  in  the  North- 
W est  Provinces,  and  he  knew  what  the  misery  of  their 
lives  was.  They  too  often  looked  sickly  and  weak, 
and  the  reason  was  simply  insufficient  food ; they 
only  got  the  leavings,  and  not  much  of  them. 
There  was  another  thing  which  had  not  been 
touched  upon.  He  had  lived  for  years  in  a country 
where  the  awful  practice  of  female  infanticide  had 
been  carried  on ; but  it  had  been  prohibited,  and  the 
children  were  now,  up  to  a certain  age,  carefully 
counted.  When  he  first  vaccinated  in  those  countries, 
twenty-five  years  ago,  the  people  brought  out  their 
girls  in  the  hope  that  this  would  carry  them  off,  but 


when  it  was  found  that  the  boys  were  carried  off  by 
small-pox  and  the  girls  lived,  they  changed  their 
minds,  and  would  not  have  the  girls  vaccinated.  They 
felt  it  a hardship  that  they  were  forbidden  to  kill  the 
female  infants,  for  they  said  it  was  less  of  a pang  to 
lose  a child  before  they  got  to  love  it,  than  to  have 
to  part  with  it  when  a little  older  and  had  twined 
itself  round  their  hearts;  here,  surely,  is  room  for 
moral  elevation.  What  was  the  origin  of  Suttee  ? 
It  was  simply  a desire  to  suffer  death  by  burning 
at  once,  to  escape  a worse  fate  for,  it  may  be,  years 
to  come.  He  could  endorse  all  that  had  been  said, 
but  it  only  related  to  a handful  of  the  female  popula- 
tion. 

Mr.  Hyde  Clarke  said  he  should  like  to  call 
Captain  Temple’s  attention  to  one  circumstance  which 
might  throw  some  light  on  the  main  part  of  the 
paper.  He  began  by  describing  the  Hindu  woman’s 
girlhood  as  a period  of  joy  in  many  cases,  but  when 
It  came  to  the  period  of  womanhood  or  wifehood, 
that  joy  seemed  to  disappear  altogether.  But  he 
thought  that  if  the  presence  of  the  children  in  the 
household  were  borne  in  mind,  that  must  be  some 
alleviation  of  the  dark  picture  which  had  been 
drawn.  Probably  Captain  Temple’s  evidently  accu- 
rate description  required  to  be  read  through  its  text 
by  the  light  of  all  that  had  been  stated.  A girl 
did  not  enter  on  life  with  such  dismal  hopes.  She 
believed  her  apprenticeship  was  to  lead  to  the 
splendid  prize  of  female  chief  of  the  family.  Our 
point  of  view  of  a wife  was  our  own,  it  might  be 
childless.  Over  the  main  part  of  the  world,  the 
mother  and  not  the  wife  was  the  female  centre.  In 
those  countries  where,  according  to  our  notions,  the 
women  were  enslaved — in  China,  India,  and  Turkey 
— there  ruled  that  great  female  despot,  the  mother 
or  mother-in-law.  It  must  also  be  remembered 
that  the  condition  he  had  described  existed 
in  other  parts  of  the  world,  and  human  nature 
was,  as  he  had  said,  much  the  same  throughout. 
What  he  had  said  with  regard  to  the  time  ab- 
sorbed in  religious  ceremonies  was  a description 
of  what  would  apply  to  the  women  of  Southern 
Europe,  particularly  of  Spain  and  Portugal,  and,  to 
a great  extent,  of  Southern  Italy.  With  regard  to 
seclusion  from  general  society,  the  same  thing  might 
be  noticed  amongst  the  Eastern  Jews.  The  practice 
to  which  he  had  referred,  of  separate  eating,  was 
particularly  kept  up  by  many  of  the  Jewish  com- 
munities. He  had  had  servants  of  his  own  eating 
food  part  of  which  he  had  eaten  himself,  but  they 
had  to  go  a certain  distance — to  the  end  of  the 
compound — in  order  to  be  able  to  do  so  ; they 
were  not  allowed  to  eat  in  strange  society.  He 
would  rather  dwell  on  the  part  of  the  paper  in 
which  it  was  said  that  this  sad  society  was  capable 
of  improvement,  than  draw  the  conclusion  that  it 
necessarily  meant  that  the  life  of  the  women  in  India 
was  all  sorrow.  Captain  Temple  had  warned  them 
indeed  that  the  circumstances  of  society  varied  in 
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different  classes  and  in  different  places.  Dr.  Pringle, 
who  was  a high  authority,  said  they  must  not  take 
too  gloomy  a view,  and  this  was  another  reason  why 
they  might  look  with  some  hope  on  the  efforts  of 
Lady  Dufferin.  It  would  be  totally  impossible  that 
she  should  accomplish  in  her  time  all  that  was  re- 
quired for  the  relief  of  the  enormous  population,  but 
they  might  feel  assured  that  what  had  been  devised 
by  her,  following  on  the  experience  of  men  like  Dr. 
Pringle  himself,  was  calculated  to  achieve  great 
practical  good.  He  believed,  too,  from  what  he  had 
seen  in  other  places,  that  far  more  good  would  be  done 
under  Lady  Dufferin’s  system  than  by  the  Zenana 
Mission.  Captain  Temple  had  very  well  described 
the  difficulties  of  that  system,  which  he  had  seen 
attempted  to  be  introduced  amongst  Mussulman 
populations ; it  had  never  achieved  much  success, 
nor  >vas  it  likely  to  do  so.  The  women  in  any 
country  in  the  world  were  those  most  attached  to 
the  religion  of  that  country.  The  attempt,  there- 
fore, to  introduce  persons  amongst  them,  under  the 
idea  of  converting  them,  was  unfortunately  but  too 
well  calculated  to  prevent  much  good  being  achieved. 
Dr.  Pringle  had  given  evidence  of  the  intelligence 
of  the  native  population,  but  he  did  not  under- 
stand him  to  claim  that  capacity  for  the  boys 
alone.  They  might  well  believe  that  the  girls  were 
cleverer  than  the  boys,  for  they  were  generally 
found  so  in  most  parts  of  the  world,  and  it 
appeared  there  might  be  opportuniiies  even  in 
the  life  of  a Hindu  girl  to  obtain  sufficient  instruction 
to  be  able  to  read,  so  that  she  might  be  able  to  do  as 
he  said  had  already  been  done  by  some  of  the  mis- 
sionaries of  the  zenana — give  a girl  enough  knowledge 
of  reading  to  enable  her  to  read  not  only  to  herself 
but  to  her  companions.  He  had  himself  seen  amongst 
Mussulman  populations,  where  it  was  obligatory  on 
the  girls  to  go  to  school  with  the  boys,  that  in  a short 
time  they  had  obtained  a sufficient  amount  of  instruc- 
tion to  enable  them  to  read  much  that  was  useful  to 
themselves  and  entertaining  to  their  companions.  He 
made  these  observations  not  by  way  of  criticism,  but 
rather  in  confirmation  of  what  Captain  Temple  had 
said.  It  was  very  difficult  to  understand  the  real 
habits  of  the  population,  or  the  real  condition  of 
women  in  India  or  elsewhere,  according  to  their  own 
notions.  It  by  no  means  followed  because  a 
woman  carried  heavy  burdens  that  she  was  degraded 
to  the  position  of  a beast.  That  was  a condition 
which  was  often  undertaken  voluntarily  by  the  women 
themselves.  A woman  was  proud  that  her  husband 
should  be  thought  a gentleman,  and  that  he  should 
walk  about  in  all  his  finery,  and  she  submitted  to 
sacrifices  in  that  way  just  as  many  a woman  in  this 
country  submitted  to  the  greatest  sacrifices  for  the 
benefit  of  their  families,  if  not  of  their  husbands.  He 
remembered  on  one  occasion  having  a contract  with 
some  Turcomans,  and  when  the  troop  came  in 
the  mules  were  all  attended  to  and  unloaded  by 
women,  while  the  men  were  decked  out  in 
all  kinds  of  ornaments.  The  Europeans  about 


him  said,  “ You  see  how  the  women  are 
treated,”  thinking  no  doubt  it  was  very  barbarous; 
but  when  he  had  paid  the  chiefs,  he  caused  a question 
to  be  put  to  them,  whether  they  or  their  wives  would 
keep  the  money.  Of  course,  if  he  had  asked  them 
himself,  the  answer  would  have  been,  as  in 
India,  whichever  they  thought  would  please  him 
best ; and  as  it  was,  the  first  reply  was — “ What 
answer  do  you  want On  being  informed  that 
he  simply  wanted  to  know  what  was  the  real 
fact,  the  answer  was,  “The  money  will  go  to  our 
wives ; we  shall  merely  have  a small  sum  out  of  it  for 
tobacco.”  He  was  not  surprised,  because  on  holidays, 
he  had  seen  these  ladies  covered  with  gold  ornaments, 
and  in  rich  dresses.  It  was  evident  that  they  con- 
sidered it  a matter  of  dignity  that  their  husbands 
should  appear  in  this  way,  as  his  equals,  although  at 
the  expense  of  some  trouble  to  the  women,  which 
after  all  was  perhaps  more  of  a pleasure  than  a 
trouble.  Many  ladies  in  England  would  understand 
this,  for  although  they  were  not  in  the  habit  of  load- 
ing or  unloading  mules,  or  physically  carrying  burdens 
for  their  husbands,  they  often  knew  what  it  was 
morally  to  bear  a burden  for  the  sake  of  their  husbands 
and  families. 

Captain  Temple,  in  reply,  said  Dr.  Pringle  thought 
his  picture  was  somewhat  gloomily  drawn,  but  his 
impression  was  that  he  had  drawn  it  as  brightly  as 
possible.  Nothing  but  a gloomy  picture  could  be 
drawn  of  Indian  life  of  the  sort  he  had  been  describ- 
ing. If  he  had  read  extracts  from  the  books  he  had 
named  as  being  worth  study,  it  would  have  been 
found  that  things  written  by  the  natives  about  them- 
selves were  infinitely  more  gloomy  than  anything  he 
had  said;  and,  in  fact,  he  thought  Dr.  Pringle’s  own 
picture  was  much  more  so.  He  said  the  life  he  had 
described  applied  fully  to  only  a very  few,  but  he 
had  twice  repeated  in  the  paper  that  it  was  impossible 
in  so  large  and  heterogeneous  a country  to  describe 
the  life  of  any  class  which  would  not  be  found  to  clash 
with  that  of  some  other  class  in  some  part  of  India, 
but  was  the  model  upon  which  Indian  female  life 
generally  was  conducted.  He  fully  endorsed  Mr. 
Hyde  Clarke’s  statement  that  the  kind  of  life  he  had 
been  describing  was  capable  of  explanation  by  the 
study  of  anthropology,  and  no  doubt  if  the 
subject  were  studied  by  the  aid  of  parallel  cus- 
toms in'  other  parts  of  the  world,  it  would  be 
found  that  there  was  a reason  for  the  way  in 
which  Indian  female  life  had  been  developed. 
He  did  not  think  Lady  Duffeiin  had  ever  pre- 
tended to  be  the  originator  of  the  system  of  medical 
aid  for  women  ; her  merit  was  in  having  given  such  an 
impetus  to  the  movement  as  was  likely  to  make  it  a 
success.  As  to  the  Zenana  Mission  he  did  not  mean 
to  say  it  had  done  no  good,  but  there  was  a flaw  in 
the  system  upon  which  it  was  conducted.  It  was 
impossible  for  an  English  lady,  or  any  English  person 
at  all,  to  get  inside  a Muhammadan  or  any  other  house 
where  there  was  a zenana,  unless  the  owner  of  the 
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house  gave  his  consent,  and  that  made  him  think  that 
4he  Zenana  Mission  could  not  differ  much  from  any 
other  mission,  except  in  name. 

The  Chairman  said  he  had  been  called  upon 
rather  suddenly  to  occupy  that  position  in  the  place  of 
Mr.  Gibbs,  and  he  was  not  prepared  to  say  much  upon 
this  very  important  and  interesting  paper.  To  those 
who  knew  what  Captain  Temple’s  work  had  been,  there 
•could  be  no  doubt  that  he  would  not  come  forward  with- 
out a great  deal  of  well  sifted  matter;  for  he  (the  Chair- 
man) knew  no  man  in  the  Indian  service  who  had  so 
large  a variety  of  knowledge  of  Indian  life,  and  customs, 
and  languages,  as  was  shown  in  the  many  publica- 
tions which  he  directed.  This  was  not  merely  a paper 
produced  by  a clever  man  who  could  turn  on  a stream 
■of  talk  on  any  given  subject ; it  was  a careful  and 
diligently  compiled  statement,  arrived  at  with  great 
labour  after  long  study.  The  end  to  which  it  was 
directed  was,  he  should  gather,  to  stimulate  interest  in 
Lady  Dufferin’s  scheme,  and  this  was  a most  desirable 
object.  It  was  not  merely  to  give  curious  de- 
tails upon  the  life  of  the  zenana  women  in 
India,  but  it  had  a practical  bearing.  He 
must  say,  however,  that  in  one  point  which  had  been 
already  glanced  at  by  Dr.  Pringle,  Captain  Temple 
had  not  spoken  with  that  accurate  knowledge  which  he 
had  shown  in  the  remainder  of  his  paper.  He  seemed 
to  speak  of  the  Zenana  Missions  merely  out  of  his  inner 
consciousness,  and  of  what  he  thought  a priori 
would  be  the  result  of  them,  but  here  he  thought  his 
inner  consciousness  had  led  him  astray.  The  results 
of  the  operations  of  the  Zenana  Missions  were  exceed- 
ingly remarkable.  Captain  Temple  had  spoken  of  the 
rarity  and  difficulty  with  which  English  ladies  entered 
the  zenanas  and  formed  any  acquaintance  with  the 
inmates.  It  was  exceedingly  difficult  and  exceedingly 
rare,  and  in  his  own  small  experience  in  former  days 
he  had  hardly  even  known  an  instance  of  it ; but 
since  the  establishment  of  these  societies,  of  which 
there  were  at  least  two  great  societies  and  some 
minor  ones,  there  were  scores  of  intelligent  and 
devoted  English  ladies — probably  not  less  than  two 
hundred— engaged  in  making  intimate  acquaint- 
ance with  the  ladies  of  zenanas  to  which  they  had 
admission  ; and  admission  to  those  zenanas  was  not 
regulated  by  that  a priori  judgment  which  Captain 
Temple  had  formed.  He  could  not  account  for  the 
motives  of  men,  nor  could  he  regulate  them  by 
a prio7'i  considerations,  but  it  was  a fact  that  a great 
many  Hindus  especially,  but  also  some  Mohammedans, 
did  give  free  access  to  these  ladies  to  the  interior  of 
their  homes,  and  that  access  was  never  sought  without 
the  distinct  intimation  that  the  Scriptures  should  be 
read,  and  Christian  teaching  given.  Erom  time  to 
time,  doubtless,  doors  were  closed  against  these 
ladies,  but  others  were  opened.  And  the  result  was 
that  they  were  doing  a great  work  in  mitigating 
the  unhappy  condition  which  had  been  so  graphic- 
ally pictured.  Lady  Dufferin’s  scheme  was  a great 
one,  and  the  eloquent  conclusion  of  the  paper  only 


did  justice  to  what  she  was  endeavouring  to  do  so  ener- 
getically. But  what  was  the  origin  of  it  } He 
would  not  say  the  work  would  not  have  come  about  in 
other  ways,  any  more  than  one  could  say  that  if 
Columbus  had  never  lived  America  would  not  have 
been  discovered,  or  that  without  Guttenberg  print- 
ing would  not  have  been  invented,  or  that  the  steam- 
engine  could  never  have  been  perfected  but  for 
James  Watt ; but,  as  a matter  of  fact,  the  origination 
of  this  medical  care  of  the  women  of  India  lay 
directly  with  the  Zenana  Missions.  It  was  owing  to 
a medical  lady  of  one  of  those  missions  having  had  a 
message  to  Her  Majesty  the  Queen  from  a certain 
Maharani  in  Bundelkund,  whom  the  lady  had  at- 
tended in  illness,  that  the  first  discussion  in  the 
Press  on  this  subject  of  female  attendance  on 
women  originated,  and  that  discussion  distinctly  gave 
rise  to  Lady  Dufferin’s  project  for  the  large  exten- 
sion of  the  system  apart  from  religious  teaching. 
Captain  Temple  had  spoken  correctly  of  the  gloomy 
character  of  Indian  life,  especially  on  the  Bengal 
side  of  India  (for  he  believed  that  in  the  west 
things  were  somewhat  different) ; and  no  one 
could  look  back  to  a long  residence  in  the 
valley  of  the  Ganges  without  reflecting  on  the  ex- 
tremely uncheerful  character  of  the  people.  It  had 
been  his  fortune  to  visit  Burmah  and  Java,  and  also 
to  live  amongst  the  hill  people  on  the  eastern  frontier 
of  Bengal,  and  the  contrast  in  this  respect  was 
certainly  wonderful.  There  was  an  habitual  cheerful- 
ness amongst  those  'eastern  populations  which  one 
missed  entirely  in  Gangetic  India.  Some  of  the 
agitators  who  were  so  busy  nowadays  in  the  dis- 
paragement of  the  British  government  of  India 
would  say  that  was  the  cause  of  it,  but  he  was  certain 
this  would  be  an  entire  mistake.  No  such  consequences 
were  found  in  Burmah,  part  of  which  had  been  fifty 
years  under  British  rule ; nor  in  Java,  which  had  been 
nearly  three  centuries  under  the  government  of 
another  European  nation,  whose  rule  was  certainly, 
to  say  the  least,  not  more  considerate  towards  their 
subjects  than  that  of  the  English.  He  believed  that, 
in  fact,  the  domestic  system  which  had  been  des- 
cribed, and  which  was  in  entire  contrast  to  the 
manners  of  those  people  further  east,  had  a good 
deal  to  do  with  the  exceedingly  uncheerful  character 
of  the  people.  He  concluded  by  proposing  a hearty 
vote  of  thanks  to  Captain  Temple,  which  was  carried 
unanimously. 


According  to  the  statistics  recently  published 
by  the  Minister  of  Agriculture  and  Commerce,  it  ap- 
pears that  the  quantity  of  olive  oil  produced  lastyear,  in 
the  various  provinces  throughout  Italy,  was  52-34  per 
cent,  below  the  average  annual  yield,  which  is  calcu- 
lated at  3,405,500  hectolitres  (74,921,000  gals.),  it 
being  only  1,782,400  hectolitres  (39,212,800  gals.)  ; 
II  per  cent,  of  this  total  amount  was  of  superior 
quality,  73  good,  and  16  per  cent,  mediocre. 
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Miscellaneous. 

♦ 

COLONIAL  AND  INDIAN  EXHIBITION. 

Conferences. 

The  following  are  the  arrangements  for  meetings 
previous  to  \VTiitsuntide.  The  days  given  below 
are  subject  to  revision.  The  meetings  are  open  to 
all  visitors  to  the  Exhibition  : — 

Friday,  May  28. — Conference  of  the  Royal  Colonial 
Institute.  Paper  by  F.  B.  LabiUiere,  “ Imperial 
Federation.”  3.0  p.m. 

Monday,  May  31.  — P.  L.  Simmonds.  Paper, 
“Our  Colonial  Wool  Supplies.”  4.0  p.m. 
Tuesday,  June  i.  — Conference  of  the  Anthropo- 
logical Institute.  4.0  p.m.  “Native  Races  in 
British  Possessions  in  Africa.” 

F.  W.  Pennefather,  Lecture,  “ A Tour  through  New 
Zealand”  (with  limelight  illustrations).  8.30  p.m. 
Wednesday,  June  2.— S.  B.  L.  Druce.  Paper, 
“ Importation  of  Grain  and  Bread-Stuffs  from  the 
Colonies  and  India.”  4,0  p.m. 

Thursday,  June  3.  — Arnold  White.  Paper, 
“ South  Africa  as  a Field  for  the  Emigration  of 
the  Industrial  Classes.”  4.0  p.m. 

Friday,  June  4. — Conference  of  the  Royal  Colonial 
Institute.  Paper  by  J.  D.  Wood,  “The  System 
of  Land  Transfer  adopted  by  the  Colonies.”  3.0  p.m. 
Saturday,  June  5. — Conference  of  the  Geologists’ 
Association.  Paper,  Prof.  Valentine  Ball,  F.R.S. 
“ The  Mineral  Resources  of  India.”  3.0  p.m. 
Monday,  June  7. — Conference  of  the  Anthropological 
Institute.  “ Native  Races  in  British  Possessions 
in  America  and  the  West  Indies.”  4.0  p.m. 
Tuesday,  June  8. — Conference  of  the  National 
Association  for  Promoting  State-directed  Colonisa- 
tion. 2.0  p.m. 

Alexander  Begg,  Lecture,  “The  Canadian  North- 
West.”  8.30  p.m. 

Wednesday,  June  9. — L.  J.  Shand,  Paper,  “British- 
Grown  Teas.”  4.0  p.m. 

Thursday,  June  10. — F.  W.  Pennefather,  Lecture, 
“ The  Industries  of  New  Zealand.”  8.30  p.m. 
Friday,  June  ii. — Conference  of  the  Royal  Colonial 
Institute.  Paper  by  F.  Young,  “Emigration  to 
the  Colonies.”  3.0  p.m. 

The  Papers  will  be  followed  by  discussion.  There 
will  be  no  discussion  after  the  Lectures. 

Royal  Visit. 

On  Friday  morning  (May  21st)  her  Majesty  the 
Queen  visited  the  Exhibition.  Her  Majesty — accom- 
panied by  H.R.H.  Princess  Beatrice,  and  attended 
by  Lady  Southampton,  General  Lynedoch  Gardiner, 
and  Sir  Henry  Ponsonby  — arrived  at  the  India 
Museum  entrance  of  the  Exhibition  at  a quaiter  to 
eleven  o’clock,  where  she  was  received  by  H.R.H. 
the  Prince  of  Wales,  K.G.,  the  Executive  President 
of  the  Royal  Commission,  and  by  Sir  Philip  Cunliffe- 


Owen,  K.C.M.G.,  C.B.,  C.I.E.,  Secretary  to  the 
Royal  Commission.  Colonel  Teesdale,  V.C.,  C.B., 
was  in  attendance  on  H.R.H.  the  Prince  of  Wales. 
Her  Majesty  was  joined  at  the  entrance  by  H.R.H. 
the  Duchess  of  Albany,  attended  by  Miss  Collins. 
In  the  West  Indian  Court  the  band  of  the  1st 
West  Indian  Regiment  was  drawn  up  and 
played  a selection  of  music.  Lieutenant  Norris, 
who  is  in  charge  of  the  band,  had  the  honour  of 
being  presented  to  her  Majesty.  The  Queen  pro- 
ceeded through  the  West  Indian  Court,  where  she 
was  received  by  the  Executive  Commissioner, 
Mr.  A.  J.  Adderley,  C.M.G.,  to  the  British 
Guiana  Section,  where  she  was  received  by  Mr. 
Hawtayne,  the  Executive  Commissioner ; and  to 
the  Hong  Kong  Section,  where  she  was  received 
by  Mr.  Wodehouse,  the  Special  Commissioner 
from  Hong  Kong.  Her  Majesty  next  visited 
the  Straits  Settlements  Section,  where  she 
was  received  by  Mr.  Swettenham,  the  Executive 
Commissioner ; and  then  proceeded  to  inspect 
the  agricultural  trophy  in  the  Canadian  Section, 
where  she  was  received  by  Sir  Charles  Tupper, 
G.C.M.G.,  and  Lady  Tupper,  who  had  the  honour  of 
presenting  to  her  Majesty  a bouquet.  The  Queen 
proceeded  through  the  Queensland  Court,  where  she 
was  received  by  Mr.  Garrick,  C.M.G.,  the  Executive 
Commissioner,  and  through  the  Western  Australian 
Court,  where  she  was  received  by  Mr.  Malcolm 
Fraser,  C.M.G.,  the  Executive  Commissioner,  and  Mr. 
Alpin  Thomson,  the  Assistant  Commissioner.  In  the 
New  South  Wales  Court  her  Majesty  was  received 
by  Sir  Alexander  Stuart,  K.C.M.G.,  the  Executive 
Commissioner,  and  by  Captain  Loftus,  the  Secretary 
to  the  Commission.  On  entering  the  Victorian 
Section,  her  Majesty  was  received  by  Mr.  Graham 
Berry,  Executive  Commissioner,  Mr.  Bosisto,  Presi- 
dent of  the  Commission,  and  by  Mr.  James  Thomson, 
Secretary  to  the  Commission.  The  Queen  then 
entered  the  “ Old  London  Street,”  and  proceeded 
thence  to  the  Indian  Palace,  and  inspected  the  natives 
at  their  work.  Dr.  Tyler,  who  is  in  charge  of  the 
natives,  was  in  attendance,  and  explained  the  various 
manufactures.  Returning  through  the  “ Old  London 
Street,”  the  Queen  passed  through  another  section 
of  the  Victorian  Court,  into  the  Fiji  Section,  where 
she  was  received  by  Mr.  James  Mason,  the  Executive 
Commissioner ; and  then  entered  the  South  Australian 
Section,  where  she  was  received  by  Sir  Arthur  Blyth, 
K.C.M.G.,  the  Executive  Commissioner,  and  Sir 
Samuel  Davenport,  the  Commissioner  in  charge  of 
exhibits.  Her  Majesty  then  le-entered  Canada,  and 
inspected  the  furs  and  the  hunting  trophy,  and  made 
a few  purchases  of  furs.  The  Queen  inspected 
the  geological  collection  of  the  Canadian  Section ; 
the  various  specimens  were  explained  to  her  by  Dr  > 
Selwyn,  who  is  in  charge  of  this  department.  After 
eaving  Canada,  her  Majesty  entered  the  New  Zealand 
Court,  where  she  was  received  by  Sir  Francis  Dillon 
Bell,  K.C.M.G.,  the  Executive  Commissioner,  and  by 
Dr.  Von  Haast,  C.M.G.,  the  Commissioner  in  charge 
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of  exhibits.  In  the  Cape  of  Good  Hope  Court,  her 
Majesty  was  received  by  Sir  Charles  Mills,  K.C.M.G., 
the  acting  Executive  Commissioner,  and  by  Mr.  Sydney 
Cowper,  the  Secretary  to  the  Commission.  Her 
Majesty  inspected  the  diamond  washing  and  cutting 
machinery,  as  well  as  the  Cafirs,  Bushmen,  andMalays. 
Her  Majesty  then  visited  the  Natal  Section,  where 
she  was  received  by  Sir  William  Charles  Sargeaunt, 
K.C.M.G.,  the  Executive  Commissioner;  and  from 
there  proceeded  to  the  West  African  Court,  where 
she  was  received  by  Sir  James  Marshall,  the  Execu- 
tive Commissioner.  Her  Majesty  left  the  Exhibition 
by  the  Queen’s-gate  entrance,  at  a quarter-past  twelve 

o’clock.  

The  number  of  visitors  to  the  Exhibition  for  the 
week  ending  May  22nd,  was  140,533  ; making  a total 
since  the  opening  of  386,111. 


Obituary. 


Mr.  J.  T.  Stanesby. — John  Tatam  Stanesby, 
a member  of  the  Society  of  Arts  since  1870,  died  on 
March  loth.  Mr.  Stanesby  was  born  in  London 
on  January  7th,  1819,  and  at  an  early  age  received 
medals  from  the  Society  for  his  engravings.  In  1835, 
he  obtained  the  silver  Isis  medal  “for  a wood  en- 
graving copied  from  a print,”  and  in  the  following 
year  a large  silver  medal  “fora  wood  engraving  of 
figures.”  He  wrote  several  articles  for  the  “ Penny 
Cyclopaedia,”  and  for  other  publications  of  the  late 
Mr.  Charles  Knight. 


-MEETINGS  OF  THE  SOCIE2Y. 

Cantor  Lectures. 

The  Sixth  Course  will  be  on  “Animal 
Mechanics.”  By  B.  W.  Richardson,  M.A., 
M.D.,  F.R.S. 

Lecture  V. — May  31. — Mechanisms  continued; 
and  Review  in  regard  to  practical  applications. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

VMonday^  May  31. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  "W.C.,  8 p.m.  (Cantor  Lectures.)  Dr. 
Richardson,  “ Animal  Mechanics.”  (Lecture  V.) 
Colonial  and  Indian  Exhibition,  South  Kensington, 
S.W.,  4 p.m.  Mr.  P.  L.  Simmonds,  “Our  Colonial 
Wool  SupplieSi” 

British  Architects,  9,  Conduit-street,  W.,  8 p.m. 
Tuesday,  June  i... Colonial  and  Indian  Exhibition,  South 
Kensington,  S.W.,  4 p.m.  Conference  of  the 
Anthropological  Institute.  “ Native  Races  ' in 
British  Possessions  in  Africa.”  8^  p.m.  Mr.  E.W. 
Pennefather,  “A  Tour  through  New  Zealand” 
(with  Lime-light  Illustrations). 

Royal  Institution,  Albemarle-street,  W.,  3 p.m. 

Prof.  A.  Gamgee,  “ The  Function  of  Circulation.” 
Central  Chamber  of  Agriculture  (at  the  House  of 
THE  Society  of  Arts),  ii  a.m.  Special  General 
Meeting. 


Zoological,  II,  Hanover-square,  W.,  83  p m.  i.  Dr. 
Gunther,  “ Exhibition  of  a Specimen  of  a Fish 
Embedded  in  a Pearl  Oyster.”  2.  Mr.  F.  E. 
Beddard,  “ Note  on  the  Trachea  of  a Curassow  ” 
(Nothocrax  u7-umutum).  3.  Mr.  W.  F.  Kirby, 
“A  Collection  of  Dragonflies  from  Murree  and 
Campbellpore  (N.W.  India)  received  from  Major 
J.  W.  Yerbury.” 

Wednesday,  June  2. ..Colonial  and  Indian  Exhibition,  South 
Kensington,  S.W  , 4 p.m.  Mr.  S.  B.  L.  Druce, 
“ Importation  of  Grain  and  Bread-Stuffs  from  the 
Colonies  and  India.” 

Entomological,  ii,  Chandos-street,  W.,  7 p.m. 

I.  Dr.  J.  S.  Baly,  “ Descriptions  of  uncharacterised 
species  of  Diabrotica^'  2.  Mr.  Arthur  G.  Butler, 
“ Descriptions  of  new  genera  and  species  of 
Lepidoptera  - Heteroce7‘a,  from  the  Australian 
Region.” 

Archaeological  Association,  32,  Sackville-street,  W., 
8 p.m.  1.  Mr.  A.  Brent,  “Notes  on  Ancient 
Seals.”  2.  Mr.  Geo.  R.  Wright,  “Recent  Dis- 
covery of  a Roman  Villa  at  Reims.”  3.  Mr.  E. 
Walford,  “ Painted  Glass  at  OrielCollege,  Oxford.” 

Obstetrical,  53,  Berners -street,  8 p.m. 

United  Service  Institute,  Whitehall-yard,  S.  W.,  3 p .m . 
Major  E.  T.  H.  Hutton,  “Mounted  Infantry: — 
(i.)  An  Adjunct.  (2.)  An  Auxiliary  to  Cavalry. 
(3.)  The.Vofunteer  Force  in  its  relation  to  Mounted 
Infantry.  (4.)  Remounts  for  an  Improvised 
Mounted  Force.” 

Thursday,  June  3. ..Colonial  and  Indian  Exhibition,  South 
Kensington,  S.W.,  4 p.m.  Mr.  Arnold  White* 
“ South  Africa  as  a Field  for  the  Emigration  of 
the  Industrial  Classes.” 

Linnean,  Burlington-house,  W.,  8 p.m. 

Chemical,  Burlington-house,  W.,  8 p.m. 

Society  for  the  Encouragement  of  Fine  Arts,  9, 
Conduit-street,  W..,  8 pm.  Mr.  Brodie  Innes, 
“ The  Origin  and  Development  of  the  English 
School  of  Poetry.” 

South  London  Photographic,  (at  the  House  of  the 
Society  of  Arts),  8 p.m. 

Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Prof.  A.  Macalister,  “ Habit  as  a Factor  in  Human 
Morphology.” 

Archaeological  Institution,  16,  New  Burlington- 
street,  W.,  4 p.m. 

Friday,  June  4. ..Royal  Institution,  Albemarle-street,  W., 
8 p.m.  Weekly  Meeting,  9 p.m.  Dr.  W.  H. 
Gaskell,  “ The  Sympathetic  Nervous  System.” 

Geologists’  Association,  University  College,  W.C., 
8 p.m. 

Colonial  and  Indian  Exhibition,  South  Kensington, 
S.W.,  3 p m.  Conference  of  the  Royal  Colonial 
Institute.  Mr.  J.  D.  Wood,  “ The  System  of  Land 
Transfer  adopted  by  the  Colonies.” 

Philological,  University  College,  W.C.,  8 p.m. 
Dr.  W.  Stokes,  “ The  Independent  and  De- 
pendent Forms  of  the  Old  Irish  Verb.” 

Saturday,  June  5 ...  Royal  Institution,  Albemarle  - street 
W.,  3 p.m.  Prof.  G.  G.  Stokes,  “Light,  with 
special  reference  to  Effects  resulting  from  its 
Action  on  various  Substances.” 

Colonial  and  Indian  Exhibition,  South  Kensington, 
S.W.,  3 p.m.  Conference  of  the  Geologists’  Asso- 
ciation. Professor  Valentine  Ball,  “The  Mineral 
Resources  of  India.” 

Actuaries,  The  Quadrangle,  King’s  College,  W.C., 
3 p.m.  Annual  Meeting. 


Correction. — Page  724,  col.  i,  lines  26  and  31, 
for  1,200,000,000,000  read  1,200,000,000,000,000. 
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FRIDAY,  JUNE  4,  1886. 


A ll  communtcahons  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelpht,  London,  JV.C. 


NOTICES. 

♦ 

ALBERT  MEDAL, 

The  Council  of  the  Society  of  Arts  have 
(with  the  approval  of  the  President,  H.R.H. 
the  Prince  of  Wales)  awarded  the  Albert 
medal  to  Mr.  Samuel  Cunliffe  Lister,  “for  the 
services  he  has  rendered  to  the  textile  in- 
dustries, especially  by  the  substitution  of 
mechanical  wool-combing-  for  hand-combing^ 
and  by  the  introduction  and  development  of  a 
new  industry — the  utilisation  of  waste  silk.” 


MEDALS. 

The  Council  have  awarded  the  Society’s 
Silver  Medals  to  the  following  readers  of 
papers  during  the  Session,  1885-6  : — 

To  Prof.  Franxis  Elgar,  LL.D.,  for  his  paper  on 
“ The  Loadlines  of  Ships.” 

To  Henry  Davey,  for  his  paper  on  “ Machinery  in 
Mines.” 

To  Prof.  W.  C.  LTxwin,  for  his  paper  on  “The 
Employment  of  Autographic  Records  in  Testing 
Materials.” 

To  C.  V.  Boys,  for  his  paper  on  “Calculating 
Machines.” 

To  Prof.  Leonard  Waldo,  D.Sc.,  for  his  paper 
on  “ Watch-making  by  ^^lachinery.” 

To  John  Mackenzie,  for  his  paper  on  “ Bechuana- 
land  and  Austral  Africa.” 

To  Edward  Combes,  C.M.G.,  for  his  paper  on 
“ The  Industries  and  Commerce  of  New  South 
AVales.” 

To  G.  Gordon  Hake,  for  his  paper  on  “ Cyprus 
since  the  British  Occupation.” 

To  Prof.  W.  X.  Hartley,  F.R.S.,  for  his  paper 
on  “ Photography  and  the  Spectroscope  in  their 
Application  to  Chemical  Analysis.” 

To  Prof.  R.  Meldola,  for  his  paper  on  “ The 
Scientific  Development  of  the  Coal  Tar  Colour  In- 
dustiy.” 

To  B.  H.  Baden  Powell,  C.I.E.,  for  his  paper  on 
“Indian  Manufactures  from  a Practical  Point  cf 
View.” 


To  Capt.  Richard  Carnac  Temple,  for  his  paper 
on  “ Everyday  Life  of  Indian  Women.” 

Thanks  were  voted  to  the  following  members 
of  the  Council  for  the  papers  read  by  them  : — 

To  Capt.  Douglas  Galton,  D.C.L.,  C.B.,  F.R.S., 
for  his  paper  on  “Results  of  Experiments  on 
Mechanical  Motors  for  Tramways  made  by  the 
Commission  at  the  Antwerp  Exhibition.” 

To  W.  H.  Preece,  F.R.S.,  for  his  paper  on 
“Domestic  Electric  Lighting.” 


CON  VERSA  ZIONE. 

The  Society  of  Arts  Conversazione  will  be 
held,  by  permission  of  the  Royal  Commission, 
at  the  Colonial  and  Indian  Exhibition,  South 
Kensington,  on  Friday,  the  i6th  of  July  next. 

Each  member  will  receive  a card  for  him- 
self, which  will  not  be  transferable,  and  a card 
for  a lady.  In  addition  to  this,  cards  will  be 
sold  to  members  of  the  Society,  or  to  persons 
introduced  by  a member,  at  the  following 
prices  : — Until  the  3rd  of  July,  7s.  each  ; after 
that  date  los.  each,  except  on  the  i6th  July, 
when  the  price  will  be  15s. 

The  Council,  however,  reserve  the  right  of 
stopping  the  sale  of  tickets  or  of  raising  the 
price,  if  it  is  found  necessary,  in  order  to  restrict 
the  number  of  visitors  within  reasonable  limits. 

Tickets  will  only  be  supplied  to  persons 
presenting  members’  vouchers  (forms  of  which 
can  be  obtained  from  the  Secretary),  or  a letter 
of  introduction  from  a member. 

Members  can  purchase  these  additional 
tickets  by  personal  application,  or  by  letter 
addressed  to  the  Secretary.  In  all  cases  of 
application  by  letter,  a remittance  must  be 
enclosed.  Each  ticket  will  admit  one  person, 
either  lady  or  gentleman. 

Light  refreshments  (tea,  coffee,  ices,  &c.) 
will  be  supplied  at  the  usual  buffets.  No  re- 
freshments can  be  obtained  by  purchase.  It 
will  greatly  facilitate  the  arrangements  if 
members  requiring  additional  tickets  will 
apply  for  them  at  as  early  a date  as  con- 
venient. The  members’  invitations  will  be 
issued  early  in  June.  Visitors’  tickets  can  be 
purchased  from  the  present  date. 

There  will  be  no  admission  to  the  Exhibition 
on  this  evening  except  by  special  ticket,  and 
no  tickets  can  be  purchased  at  the  Exhibition. 

Further  particulars  as  to  the  arrangements 
will  be  announced  in  future  numbers  of  the 
Journal. 

CANTOR  LECTURES. 

Dr.  B.  W.  Richardson,  F.R.S.,  delivered 
the  fifth  and  last  lecture  of  his  course  on 
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“Animal  Mechanics”  on  Monday  evening, 
May  31st.  A vote  of  thanks  was  passed  to 
the  lecturer  on  the  motion  of  the  Chairman 
(Mr.  B.  F.  Cobb). 

The  lectures  will  be  printed  in  the  journal 
during  the  summer  recess. 


Proceedings  of  the  Society. 


FOREIGN  df  COLONIAL  SECTION. 

Tuesday,  May  25,  1886;  Major-General  Sir 
Robert  Biddulph,  K.C.M.G.,  C.B.,  in  the 
chair. 

The  paper  read  was — 

CYPRUS  SINCE  THE  BRITISH  OCCU- 
PATION. 

By  G.  Gordon  Hake. 
Introduction. 

The  title  of  this  paper  indicates  the  object 
I have  had  in  view  in  preparing  it,  viz., 
to  briefly  recapitulate  the  improvements  in 
the  commerce  of  the  island,  and  the  con- 
dition of  the  people  since  they  have  been  under 
English  administration  ; and  in  order  to  do 
this  it  will  be  necessary  to  pass  in  review  their 
social  condition,  laws,  and  government  pre- 
vious to  our  occupation.  Having  done  this,  I 
propose  to  offer  some  suggestions  as  to  wfliat 
still  remains  to  be  accomplished  in  order  to 
develop  fully  the  great  resources  of  the  island. 

I trust  that  I shall  not  be  considered  wanting 
either  in  courtesy  to  my  audience  or  respect 
for  my  subject  because  I have  only  brought  a 
few  maps  and  statistical  diagrams  with  me  ; 
but  as  you  all  know,  Cyprus,  though  not 
exactly  a colony,  has  been  allotted  a court  in 
the  Colonial  and  Indian  Exhibition  at  South 
Kensington— and  I would  ask  you  to  supple- 
ment this  paper  by  a visit — where  a very  fair 
sample  of  the  industries  and  products  of  the 
island  can  be  seen  ; and  for  detailed  informa- 
tion about  the  island  generally,  no  better 
reference  can  be  made  than  to  the  list  of  Blue- 
books  which  I have  appended  to  this  paper. 

Geography. 

It  may,  however,  be  as  well  at  the  outset  to 
give  a few  particulars  of  the  geography  of  the 
island,  as  this  will  assist  to  a better  under- 
standing of  the  various  questions  touched  upon. 
The  island  of  Cyprus  is  situated  in  the  eastern- 
most basin  of  the  Mediterranean  Sea,  with 


Asia  Minor  to  the  north  of  it  and  Syria  to  the 
east,  at  distances  of  60  and  41  miles  re- 
spectively. The  port  of  Larnaca,  on  the 
southern  coast,  is  258  miles  from  Port  Said, 
and  1,117  Biiies  from  the  harbour  of  Valletta, 
in  Malta.  Cyprus  is  the  third  largest  island 
in  the  Mediterranean,  and  its  area  is  3,584 
square  miles.  Its  greatest  length  is  about 
140  miles,  and  its  breadth  60.  In  shape  the 
ancients  compared  it  to  the  outspread  skin  of 
a deer.  Its  main  topographical  features  are 
the  northern  and  southern  mountain  chains, 
and  the  great  plain  of  the  Mesaoria  extending 
from  the  Bay  of  Morphou  to  Famagusta.  The 
rivers  are  nearly  all  mountain  torrents,  dry  in 
summer. 

Population. 

The  population  is  186,173,  of  whom  the 
Moslems  form  about  one-fourth,  the  rest  being 
nearly  all  Christians  of  the  orthodox  Greek 
Church.  Their  natural  disposition  is  loyal 
and  orderly,  and  they  evince  satisfaction  and 
contentment  with  their  lot. 

History. 

Few  countries  possess  a more  singular  and 
romantic  history  than  the  island  of  Cyprus. 
Its  original  discovery  is  merged  in  the  gloom 
of  the  heroic  ages,  but  it  was  probably  peopled 
from  Lycia,  although  the  Phoenicians  were  the 
first  colonists  of  whom  we  have  authentic 
records.  It  belonged  at  different  periods  to  the 
Egyptians,  Assyrians,  Persians,  and  Romans,, 
besides  being  independent  at  various  periods 
of  its  history.  On  the  breaking  up  of  the 
Roman  Empire  it  fell  into  the  hands  of  the 
Byzantine  EmpOrors,  who  retained  it  till  the 
i2th  century.  In  the  year  1184,  independent 
sovereignty  was  established,  which,  however,, 
only  lasted  till  1195,  when  Richard  I.  of 
England  conquered  the  island,  and  soon  after 
bestowed  it  on  Guy  de  Lusignan,  King  of 
Jerusalem,  whose  dynasty  continued  in  power 
for  over  three  centuries.  The  Genoese  and  the 
Venetians  succeeded  the  Lusignan  monarchs, 
and  they  in  turn  succumbed  to  the  Turks,  who, 
after  experiencing  a protracted  and  sanguinary 
resistance,  became  masters  of  Cyprus  in  1571 - 
Rather  more  than  300  }^ears  of  Turkish  rule 
followed,  the  next  change  being  effected  by 
the  Anglo-Turkish  Convention  of  1878,  by 
which  the  island  was  practically  ceded  to 
Britain,  the  terms  of  Convention  being  that 
England  engagedto  join  the  Sultan  in  defend- 
ing his  Asiatic  possessions  against  Russia  in 
certain  contingencies,  and  the  Sultan,  in  order 
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to  enable  England  to  make  necessary  provision 
for  fulfilling  her  engagements,  consented  to 
assign  the  island  of  Cyprus  to  be  occupied 
and  administered  by  England.  The  British 
Government,  on  their  part,  agreed  to  pay  the 
excess  of  revenue  over  expenditure  in  the 
island,  to  be  calculated  upon  and  determined 
by  the  average  of  the  five  years  preceding  the 
date  of  the  Convention,  to  be  verified  hereafter. 
I shall  refer  to  this  subject  later  on,  but  may 
here  state  that  this  payment  amounts  to 
;^92,8oo  yearly. 

Throughout  the  whole  period  of  its  history 
previous  to  the  conquest  by  the  Turks — a period 
embracing  more  than  2,000  years— the  island 
w^as  a place  of  great  importance,  and  flourished 
to  an  extent  almost  incredible,  when  viewed  in 
the  light  of  its  present  condition.  The  greatest 
warriors  fought  for  its  possession,  to  which 
they  attached  an  exceptional  value,  as  being 
the  key  to  the  East,  its  proximity  to  Egypt, 
Greece,  and  Asia  Minor  rendering  it  of  the 
utmost  consequence  in  determining  the  balance 
of  power  in  the  wars  that  were  so  frequently 
waged  between  the  various  dynasties  of  the 
East.  Nor  was  its  situation  in  the  Mediter- 
ranean the  only  reason  for  the  jealous  eye  so 
frequently  cast  upon  it.  Anciently  covered 
with  the  most  valuable  timber,  and  endowed 
with  a soil  rich  in  mineral  wealth,  as  in  native 
fertility,  it  furnished  vast  numbers  of  ships  for 
the  fleets  of  its  rulers,  as  well  as  metal  for  the 
manufacture  of  swords,  armour,  and  other 
articles  in  bronze,  which  formed  the  staple 
trade  of  Cyprus  from  the  earliest  times.  The 
mineral  for  which  it  was  especially  famous  was 
copper,  the  name  of  which,  indeed,  is  traced 
to  the  island  from  its  Latin  designation  — 
cypriu?7i,  or  cupriuin.  Although  much  of  the 
timber  must  have  been  used  in  early  times  for 
the  construction  of  ships,  and  in  connection 
with  the  smelting  of  ores,  without  serious 
detriment  to  the  forests,  it  is  held  that  the 
great  and  indiscriminate  demand  for  material 
for  shipbuilding,  &c.,  made  during  the  earlier 
centuries  of  the  Lusignan  dynasty,  was  the  first 
step  towards  their  impoverishment.  Three 
centuries  of  utter  neglect  and  wasteful  felling, 
and  to  this  must  be  added  the  ravages  due  to 
uncontrolled  pasturage  of  goats  during  the 
Turkish  administration,  completed  the  ruinous 
state  in  which  we  found  the  forests  on  our 
occupation  in  1878. 

Mussulman  dominion  has  seldom  proved 
advan^geous  to  the  conquered  race,  and  there 
are  several  reasons  why  Cyprus  formed  no 
exception  to  this  rule.  The  stubborn  resist- 


ance offered  to  the  invader,  who  only  achieved 
victory  after  a year  of  hard  fighting,  with  the 
loss  of  thousands  upon  thousands  of  troops, 
and  by  the  exercise  of  perfidy  towards  a 
courageous  foe,  engendered  a spirit  of  revenge 
which  the  Turk  was  not  slow  to  act  upon. 
Then,  again,  for  a time,  Cyprus  was  an 
appanage  of  the  Grand  Vizier,  who  obliged 
the  governor,  by  measures  the  most  oppressive, 
to  remit  an  annual  revenue  much  exceeding 
the  resources  of  the  inhabitants.  Annual 
emigration  of  large  numbers  was  the  natural 
consequence,  while  of  the  remaining  popula- 
tion, Dr.  Sibthorp,  the  naturalist,  who  visited 
the  island  about  the  end  of  last  century,  re- 
marks that,  “ induced  at  first,  perhaps  from 
necessity,  to  practise  some  low  tricks  of  lying 
and  knavery,  these  may  at  length  from  frequent 
repetition  have  become  habitual  among  many^ 
of  them.”  The  same  authority  describes  Fama- 
gusta, at  the  time  of  his  visit,  as  a “melan- 
choly picture  of  Turkish  desolation,”  and  as 
“ almost  depopulated,  although,  in  the  time  of 
the  Venetians,  the  finest  city  in  the  island, 
and  renowned  for  its  brave  defence  against 
the  infidels.”  He  adds,  “the  desolation  we 
observed  at  Famagusta  extended  itself  along 
the  country.  We  passed  by  the  ruins  of  several 
Greek  villages.”  Another  traveller,  Dr.  Clarke, 
also  gives  a sad  account  of  Cyprus  at  a rather 
later  date.  “The  island,”  he  says,  “was 
formerly  one  of  the  richest  and  most  fertile  in 
the  world.  It  is  much  exposed  to  the  ravages 
of  locusts.  On  their  approach,  every  kind  of 
verdure  disappears,  and  they  , even  gnaw  the 
very  bark  off  the  trees.  The  Turks  will  not 
permit  their  destruction,  because  they  consider 
them  as  sent  by  the  Almighty.” 

OxTOiiAN  System  of  Administratione 
The  vast  deterioration  of  the  physical  re- 
sources of  the  island  while  in  Turkish  hands 
may  be  traced  primarily  to  the  neglect  of  the 
forests,  and  the  wholesale  destruction  of 
timber.  That  again  reflects  back  upon  the 
people,  whose  condition,  however,  was  very 
much  due  to  the  system  of  Government  under 
which  they  lived.  Yet  in  theory,  the  system  of 
administration  followed  by  the  Ottoman  autho- 
rities in  Cyprus  was  one  of  extreme  symmetry. 
The  island  formed  a sandjak,  or  arrondisse- 
ment,  in  the  vilayet  or  province  of  the  isles  of 
the  White  Sea  ; and  was  itself  divided  into 
six  cazas,  or  districts,  which  were  again  sub- 
divided into  sixteen  7iahiehs,  or  sub-districts. 
Each  caza  was  administered  by  an  officer 
called  a kamiakan.  Beneath  the  kaunakan 
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a.nd  in  charge  of  each  nahieh,  was  a mudir, 
while  every  village  had  a mukhtar,  or  head- 
man, This  mukhtar  was  the  local  collector 
of  taxes,  and  it  was  his  business  to  carry  his 
-collections  direct  to  the  caza  treasury,  the 
.kaimaka7t  periodically  remitting  the  proceeds 
-obtained  from  his  entire  district  to  the  head- 
•quarters  at  Nicosia,  The  revenue  was  derived 
from  the  following  classes  of  imposts  : — 

(1.)  Verghi.,  which  maybe  roughly  stated  as 
.a,  property  and  income  tax. 

I2.)  Military  exemption  tax. 

^(3.)  Sheep  tax. 

(4.)  Customs  and  Excise,  the  former  being, 
broadly,  8 per  cent,  on  all  imports,  and  i per 
cent,  on  all  exports,  while  the  latter  included, 
besides  licenses  on  the  sale  of  wine  and  tobacco, 
a.  duty  of  10  per  cent,  on  the  value  of  all  wine 
manufactured  in  the  country. 

.(5.)  Salt,  which  was  a strict  monopoly  of  the 
Turkish  Government,  yielding  about  7,000 
per  annum. 

(6.)  There  were  also  a variety  of  minor  taxes. 
The  bulk  of  the  revenue,  however,  was  obtained 
from  the 

(7.)  Tithes  or  Government  share  of  the  pro- 
duce of  land,  and  to  the  maladministration  of 
this  branch  of  revenue  collection  was  due,  in 
large  part,  the  steady  decline  in  the  prosperity 
<of  the  people. 

Tithe  Farming. 

It  was  the  custom  of  the  Turkish  Govern- 
ment to  farm  the  tithes  to  merchants  and 
-speculators  in  the  spring  of  each  year,  when 
the  ripening  crops  enabled  all  concerned  to 
-estimate  the  extent  and  quality  of  the  year’s 
produce ; the  sales  of  tithes  commencing  in 
March  and  ending  in  June.  When  these  sales 
were  effected,  the  tithe  farmer  was  required  to 
sign  a bond  for  the  amount,  payable  in  six 
monthly  instalments,  beginningon  ist  August. 
After  conclusion  of  the  agreement,  the  tithe 
.farmer  proceeded  at  once  to  watch  the  fields  in 
which  he  was  interested,  and  to  estimate  the 
yield.  He  saw  the  grain  cut,  threshed,  and 
-heaped,  and  insisted  on  its  remaining  on  the 
floor  until  his  claim  was  satisfied — the  claim 
always  exceeding  the  stipulated  tenth.  For 
wheat,  barley,  and  other  grain,  arrangements 
had  to  be  made  by  the  cultivators  for  transit  to 
fhe  nearest  port  of  embarkation,  on  terms  more 
or  less  unfavourable  to  themselves.  Their  cattle 
were  taken  away  for  transport  when  most 
required  in  their  own  fields  ; and  they  had  to 
bear  all  the  expenses  of  transit  except  the 
expense  of  the  first  mile,  which  was  paid  by  the 


tithe  farmer.  For  fruit,  vegetable,  and  other 
perishable  articles,  the  tithe  was  commuted 
for  a money  payment,  respecting  which  there 
were  usually  disputes,  determinable  by  the 
kaimaka7i,^'\\o^Q.QAd,Q,^,  as  a rule,  in  favour  of  the 
tithe  farmer,  the  latter  being  usually  a member 
of  the  administrative  council  and  a person  of 
some  influence.  Later  in  the  year — about  the 
middle  of  August — the  vineyards  were  similarly 
visited  by  the  tithe  farmer  or  his  representative, 
and  estimates  of  the  produce  made  by  them 
and  by  the  cultivators.  These  estimates  always 
differed,  and  were  the  subject  of  constant 
disputes,  which  were  again  referred  to  the 
kaimaka7t,  whose  award  was,  of  course,  in 
favour  of  the  tithe  farmer.  As  the  grapes 
could  not  be  removed  until  the  claim  was 
settled,  the  cultivator  would  submit  to  the 
exactions  of  the  tithe  farmer  rather  than  risk 
the  deterioration  or  loss  of  his  stock,  being 
thus  practically  mulcted  in  proportions  far 
exceeding  a tenth  of  the  entire  produce. 

But,  though  keen  in  their  dealings  with  the 
peasantry,  the  tithe  farmers  were  slow  enough 
in  their  own  payments  to  the  Government. 
These  were  often  delayed  on  various  pretexts, 
and  remissions  frequently  obtained  through 
collusion  with  the  local  kaimakaTts.  Thus, 
while  recovering  far  more  than  the  actual  tithe 
directly  the  crops  were  gathered,  the  tithe 
farmer  often  indefinitely  postponed,  and  some- 
times evaded  altogether,  his  obligation  to  the 
State  treasury. 

This  extraordinary  system  had  its  natural 
results  in  a loss  of  revenue  to  the  State,  and 
the  impoverishment  of  the  cultivator,  whom  it 
involved  in  the  toils  of  the  money  lender,  as 
well  as  the  tithe  farmer,  and  thus  checked  the 
productiveness  of  the  island  to  an  enormous 
extent.  The  land,  falling  out  of  cultivation, 
became  the  breeding  ground  of  locusts.  The 
cultivators  of  the  soil  in  many  cases  gave  up 
•their  calling  in  despair,  and  obtained  a living 
by  cutting  down  and  selling  trees,  and  the 
collection  of  resin.  The  wholesale  destruction 
of  trees  reacted  on  the  climate,  and  restricted 
the  rainfall ; so  that  between  locusts,  tithe 
farmers,  and  neglect  of  the  forests,  the  island 
at  the  time  of  the  occupation  was  rapidly 
becoming  more  like  a barren  rocky  desert  than 
a fertile  and  naturally  favoured  country. 

These,  then,  were  the  chief  evils  to  be  remedied 
by  the  English  on  their  arrival  in  Cyprus. 

Currency. 

One  of  the  first  questions,  however,  that 
was  forced  on  the  consideration  of  Lord 
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Wolseley  was  that  of  the  currency.  The 
currency  generally  in  circulation  was  caime, 
in  which  250  piastres  went  to  the  Turkish 
pound;  copper  requiring  160  piastres,  and 
metalliques  120  piastres,  to  make  up  the  same 
amount.  The  great  fluctuations  to  which 
Turkish  currency  is  liable  made  it  evident  that 
the  continued  use  of  these  media  of  exchange 
would  end  in  the  utmost  confusion,  and  possibly 
in  financial  disaster ; and  there  was  substituted 
without  delay,  though  by  no  means  too  soon, 
as  the  event  proved,  an  English  copper  piastre, 
W'ith  shillings  and  pounds  sterling,  nine  piastres 
going  to  the  shilling  and  180  to  the  pound. 
This  established  on  a firm  basis  the  currency 
of  the  island,  and  fixed  the  way  for  the  other 
improvements  necessary. 

Tithe  Reform. 

While  many  of  the  taxes  I have  mentioned 
were  subjected  to  alteration  so  as  to  fall  less 
heavilyuponthepeople,the  more  drastic  remedy 
was  in  the  tithe  portion  of  the  revenue.  It  was 
at  once  made  plainly  known  that  no  farming  of 
tithes  w’ould  be  allowed  under  British  rule ; 
and  it  was  decided  to  adopt  the  following 
course  in  regard  to  the  same.  The  Turkish 
plan  of  assessment  was  to  be  followed,  but, 
instead  of  collecting  the  tithes  in  kind,  they 
were  to  be  valued,  and,  leaving  the  peasant 
free  to  deal  with  his  crop  as  he  pleased,  the 
money  value  was  to  be  collected  as  an  ordinary 
tax  later  in  the  year.  The  sole  exceptions  to 
this  were  the  tithes  on  silk  and  carobs.  The 
greater  portion  of  these  two  products  being 
exported  from  the  island,  it  was  arranged  to 
collect  the  tithe  on  export,  and  so  save  the 
cost  of  assessment ; and  the  result,  besides 
being  successful  from  the  imperial  point  of 
view,  has  given  great  satisfaction  to  the 
agriculturists. 

^ Locusts. 

Two  crying  evils,  those  of  currency  and 
tithe  farming,  were  thus  remedied  ; but  the 
locust  and  timber  questions  remained  to  be 
dealt  with.  The  Cyprus  locust  is  indigenous 
to  the  island,  and  its  presence  is,  without 
doubt,  largely  due  to  past  mismanagement 
and  neglect  of  the  soil,  inasmuch  as  it  is  only 
on  rocky  waste  ground  that  the  female  insect 
will  lay  her  eggs.  The  locust  plague  is  there- 
fore the  result  of  inadequate  cultivation  of  the 
soil,  consequent  upon  a deficiency  of  popula- 
tion, coupled  with  an  insufficiency  of  trees, 
though  their  increase  may  be  largely  attributed 
to  the  Mussulman  theory  of  resignation,  which 
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would  not,  in  former  times,  permit  their  de- 
struction on  account  of  the  belief  that  they 
were  sent  by  the  Almighty.  For  some  years 
prior  to  1862,  the  destruction  of  crops  from 
this  cause  was  very  large,  and  the  plan  of  egg 
collection  was  then  tried,  without  success,  by 
the  Turkish  Government.  This  led  Mr.  Richard 
Mattei,  a landowner  of  Cyprus,  to  commence 
a series  of  experiments,  which  resulted  in  the 
invention  of  his  system  of  traps  and  screens. 
Mr.  Mattei  had  the  good  fortune  to  secure  the 
assistance  of  the  Turkish  governor.  Said  Pasha,, 
a man  of  exceptional  intelligence  and  energy, 
and  in  1870,  after  long  elfort,  the  locusts^ 
^ were  by  this  means  almost  exterminated. 
Not  wholly,  however,  for  in  1875  they  re- 
appeared, and,  another  governor  being  in 
power,  they  were  allowed  to  increase  until  the 
time  of  the  British  occupation.  Early  in  1879-, 
measures  were  adopted  by  the  English  Govern- 
ment, both  by  the  employment  of  Mr.  Mattel’s 
trap  and  screen  system,  and  by  encouraging 
the  collection  of  locust  eggs,  for  which  they 
offered  a considerable  price.  These  measures 
resulted  in  the  collection  of  37^  tons  of 
eggs,  but  next  year  showed  greater  numbers 
to  combat  with.  Again  the  traps  were  resorted 
to,  and  there  was  likewise  temporarily  enforced 
a Turkish  law  rendering  every  male  liable  to 
contribute  a certain  quantity  of  locust  eggs. 
The  ensuing  destruction  of  eggs  amounted  to 
236  tons,  but  still  the  following  spring  revealed 
no  diminution  but  rather  an  increase  in  the- 
number  of  insects.  The  succeeding  autumn^ 
and  winter  witnessed  the  collection  of  1,330 
tons  of  eggs,  and  in  the  spring  of  1882  over 

6.000  screens  were  employed  for  the  destructiont 
of  the  locust  swarms.  This  was  the  turning 
point  of  the  battle,  195,000,000,000  of  insects 
being  estimated  as  destroyed.  Precautions, 
however,  were  not  relaxed.  During  the  next- 
two  years  immense  numbers  of  locusts  were 
destroyed,  and  the  system  of  trapping,  together 
with  the  organisation  of  the  necessary  labour, 
brought  to  a state  of  perfection  by  Mr.  Samuel 
Brown,  the  Government  engineer.  There  are 
now  available  for  use  over  1 1,000  screens  and 

13.000  traps,  the  former  representing  an  aggre- 
gate length  of  about  315  miles,  that  is,  not  far 
short  of  the  total  coast  line  of  the  island.  Ther 
more  recent  operations  have  been  completely 
successful,  as  the  locusts  that  appeared  last 
year  were  comparatively  few  in  number,  andf 
did  no  appreciable  damage,  and  any  future- 
visit  may  be  looked  forward  to  with  com- 
placency. A full  account  of  the  improved 
system  will  be  found  in  the  pamphlet  published 
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by  Messrs.  Sprague  and  Co.,  entitled.  “The, 
Locust  War  in  Cyprus,”  and  written  by  Mr. 
Brown,  the  Goyernmeat  engineer.  There  is, 
also  a model  and  full-sized  trap  in  the  Cyprus, 
Court. 

Forests. 

But  the  forests  of  the  island  also  demanded 
attention.  The  long-continued  ignorance  and 
indifference  of  both  the  people  and  their  rulers 
had  been  attended  by  such  a wholesale 
destruction  of  trees,  as  already  had  the 
most  baneful  effects  on  the  agricultural 
prosperity  of  the  island.  Under  such 
treatment  the  splendid  pine  forests  were 
gradually  disappearing.  A careful  examina- 
tion of  the  best  preserved  parts  of  the  forests 
showed  that  for  every  hundred  trees  which 
were  standing,  seventy-two  had  been  felled, 
and  allowed  to  lie  rotting  on  the  ground,  while 
there  were  only  twenty-five  seedlings  to  the 
same  proportion.  The  soil  of  the  hills  in  which 
they  formerly  flourished,  was  gradually  washed 
down  to  the  plains,  where  it  choked  the  rivers, 
and  became  transformed  into  malarious 
swamps.  The  hills,  becoming  bare  and  barren 
rocks,  were  taken  possession  of  by  the  locust, 
with  the  result  we  have  already  seen.  This 
was  the  process  which  we  found  going  on  when 
we  arrived  in  Cyprus.  Evidently  no  time  was 
to  be  lost  in  the  adoption  of  remedial  measures. 

The  attention  of  the  Government  was  at 
once  given  to  the  subject.  The  forests  were 
placed  under  control,  and  the  destruction  of 
wood  prohibited,  moderate  supplies  being  per- 
mitted for  native  wants.  Two  English  super- 
intendents were  immediately  appointed,  with 
a number  of  men  to  take  their  instructions, 
and  the  reports  of  experts  were  obtained  with 
all  possible  speed.  Mr.  A.  E.  Wild,  Deputy- 
Conservator  of  Forests,  from  India,  surveyed 
the  forests  on  the  south  and  west  of  the  island, 
and  made  an  interesting  report  on  the  subject, 
in  which  he  recommended  among  other  things 
the  introduction  of  the  eucalyptus  plant.  In 
1880,  the  services  of  M.  Madon,  of  the  French 
Forest  Department,  were  placed  at  the  disposal 
of  the  authorities  by  the  French  Government^ 
and  this  gentleman,  who  possesses  an  accurate 
and  extensive  knowledge  of  forest  science, 
has  furnished  a valuable  report  with  regard 
to  their  conservation.  M.  Madon  ascribes 
the  chief  dangers  to  the  forests  to  arise 
from  the  reckless  customs  of  the  people,  the 
prevalence  of  the  practice  of  clearing  tracts  by 
firing  the  timber,  and  the  uncontrolled  pastur- 
age  of  goats.  The  system  of  prosecutions 


adopted  by  the  authorities  will,  in  time,  prevent 
damage  by  either  of  the  two  first  contingencies,- 
' while  a heavy  impost  on  goats  was  recom- 
mended for  the  purpose  of  checking  the  depre- 
dations of  these  animals  which  are  found  most 
destructive  of  young  trees,  and  are  much  com- 
plained of  for  the  injuries  they  cause  to  the 
vine  and  the  wild  carob.  But,  further,  the 
delimitation  of  State  forests  is  now  progressing 
rapidly,  the  indiscriminate  pasturage  of  goats 
has  been  stopped,  the  forest  area  enclosed 
being  divided  into  blocks  in  which  plantations 
are  to  be  reared  in  such  an  alternation  that 
young  trees  may  grow  high  enough  to  preserve 
them  from  destruction  before  animals  are 
allowed  to  graze  in  their  midst.  And,  mean- 
while, all  forest  produce  is  admitted  into  Cyprus 
free  of  import  duty.  A large  number  of  trees 
have  also  been  planted  at  considerable  cost,  the 
chief  species  being  Aleppo  pine,  cypress, 
carob,  celanthus,  oak,  mimosa,  eucalyptus,  and 
Pimcs  ;pinea.  The  eucalyptus,  so  desirable 
from  a sanitary  point  of  view,  has  met  with  very 
uncertain  success.  A new  introduction  is  the 
mango  seed,  never  before  planted  in  the  open 
air  in  the  Mediterranean.  The  recuperation  of 
forests,  however,  is  a work  of  time,  but  so  far, 
this  branch  of  the  administration  has  had  the 
careful  attention  of  the  authorities,  the  good 
results  of  whose  efforts  will  be  more  and  more 
manifest  in  each  succeeding  year. 

What,  then,  was  the  condition  of  the  island 
at  the  time  of  the  occupation  ? We  found  an 
incompetent  and  to  a great  extent  an  irre- 
sponsible government,  a vexatious  and  ruinous 
system  of  taxation,  an  unstable  currency,  an 
utter  neglect  of  forest  cultivation  which 
threatened  to  convert  the  island  within  a very 
short  time  into  a desert  tract,  inasmuch  as  the 
rainfall,  which  is  so  largely  influenced  every- 
where by  the  cultivation  or  neglect  of  arbori- 
culture, had  been  steadily  decreasing ; an 
increase  in  the  locust  pest  which  had  assumed 
alarming  proportions,  and  a population  in- 
debted and  despairing.  But  there  was  one 
blot  in  the  administration  of  the  island  which 
perhaps  was  more  detrimental  to  its  future 
progress  than  any  other,  and  that  was  the 
condition  of  the  courts  of  law.  Although  the 
Turkish  law,  founded  as  it  is  on  the  Code 
Napoleon,  is  admirable  in  theory,  it  is  utterly 
inefficient  in  practice.  Most  appeals  to  justice 
were  decided  not  on  the  merits  of  the  case 
but  on  the  length  of  the  purse  strings,  and  the 
members  of  the  various  law  courts  were,  as  a 
rule,  totally  unfitted  for  their  position.  It  is 
only  fair,  however,  to  say  that  bribery  ii 
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Cyprus,  as  in  the  East  generally,  was  an 
understood  thing  in  legal  transactions  as  in 
all  others,  and  the  wretchedly  insufficient  pay 
of  the  officers  formed  some  excuse  for  them. 

The  Courts. 

The  courts  were  four  in  number,  viz.,  the 
Medjliss  Temyiz  and  the  Medjliss  Daavi,  the 
Tribunal  de  Commerce  of  Larnaca,  and  the 
Mekkeme-i-Sheri,  or  Mussulman  Religious 
Court.  Of  these,  the  two  former  fall  properly 
under  one  head,  the  Daavi  being  the  inferior 
while  the  Temyiz  was  the  Superior  Court  and 
Court  of  Appeal.  In  each  district  there  was  a 
Medjliss  Daavi,  the  court  being  composed  of 
a.  cadi  as  president  and  four  members — two 
Moslem  and  two  Christians— and  having  a 
civil  jurisdiction  without  appeal  up  to  5,000 
piastres,  and  a criminal  to  the  extent  of  passing 
sentence  for  as  much  as  three  months’  imprison- 
ment. The  Temyiz  held  at  Nicosia  consisted  of 
a cadi  and  six  members,  three  Moslem  and  three 
Christians.  This  was  the  Superior  Court. 
The  fountain  of  justice  was,  however,  centred 
in  the  person  of  the  Governor.  An  action  in 
the  inferior  court  could  not  be  initiated  without 
the  fiat  of  the  kaimakan,  nor  could  the  judg- 
ment be  enforced  except  by  consent  of  the 
same  authority.  The  Temyiz,  in  like  manner, 
only  adjudicated  on  causes  remitted  them  by 
the  mutessaf'i/t  and  their  decision  also  was 
subject  to  his  control.  True,  this  permission  to 
litigate  was,  as  a rule,  easily  obtainable,  the 
stamp  duty  being  only  one  piastre,  but  it 
illustrates  curiously  the  despotic  theory  of 
Turkish  government.  In  criminal  cases 
sentences  of  the  Temyiz,  when  involving  im- 
prisonment for  over  three  years,  required  con- 
firmation by  the  Governor-General  of  the 
Vilayet  or  at  Constantinople.  With  the 
exception  of  the  cadis,  the  inferior  judges 
were  illiterate  men  They  were,  in  ad- 
dition, wretchedly  paid,  and  the  administra- 
tion of  the  law  was  a matter  of  much 
complaint  among  the  natives.  A field 
for  reform  was  therefore  open  in  this 
direction  which  speedily  engaged  attention. 
After  lengthened  correspondence  and  dis- 
cussion between  the  representatives  of  the 
Queen  in  the  island  and  the  authorities  at 
home,  a complete  reorganisation  of  the  de 
partment  of  law  and  justice  was  resolved 
on,  and  carried  into  effect  in  1882,  following 
upon  an  Order  in  Council.  The  most  salient 
features  of  the  scheme  were  the  formation  of  a 
Court  of  Appeal,  composed  of  two  qualified 
English  judges,  the  appointment  of  an  English 


judge  to  preside  in  every  district,  and 'the 
establishment  of  a number  of  village  judges  to 
deal  with  petty  civil  cases.  It  included  also 
the  adequate  payment  of  the  native  judges, 
although  their  number  was  gradually  reduced 
to  a considerable  extent,  and  likewise  estab- 
lished a system  of  jail  deliveries  by  judges 
on  circuit  similar  to  that  which  prevails  in 
this  country. 

By  special  provision  in  the  Convention,  the 
Mussulman  Religious  Court  was  allowed  to 
remain.  Its  proceedings  were,  however,  re- 
stricted to  purely  religious  questions  affecting 
Moslems  alone. 

This  reform  of  the  law  has  been  attended  by 
a great  decrease  in  the  number  of  vexatious 
prosecutions  and  trivial  actions,  with  which,  in 
the  former  uncertain  state  of  affairs,  the 
Courts  were  very  frequently  troubled. 

I may  here  quote  the  words  of  Sir  Robert 
Biddulph  ; — 

“ The  change  that  was  effected  in  the  judicial 
system  in  1883  may  be  truly  characterised  as 
stupendous.  It  was  effected  without  friction  or  any 
material  difficulty,  and  has  placed  the  courts  of 
Cyprus  on  a footing  hitherto  uuattained  in  the 
eastern  parts  of  the  Mediterranean.  Not  the  least 
satisfactory  result  is  that  the  judgments  of  the  courts 
are  received  by  the  people  with  implicit  confidence, 
whilst  the  best  testimony  to  their  efficiency  may  be 
found  in  the  fact  that  their  work,  which  is  heavy  and 
continuous,  proceeds  smoothly,  and  hardly  attracts 
public  attention.” 

These,  then,  were  the  great  reforms  brought 
about  by  English  administration.  Still  it  is 
only  right  to  mention  that  a great  deal  has 
been  done  to  open  up  the  country  by  the 
making  of  roads,  which  practically  did  not 
exist  before,  by  the  erection  of  piers,  jetties, 
and  bridges,  by  improved  irrigation  works 
and  by  affording  education  as  well  as  proper 
medical  treatment  to  the  people  ; and  by  the 
establishment  of  an  efficient  police  and  proper 
jail  accomodation  ; by  a complete  survey  of 
the  island,  of  which  a map  hanging  on  the 
wall,  prepared  by  Colonel  Kitchener,  is  the 
result,  and  by  many  other  minor  reforms  which 
I might  refer  to,  had  I time. 

Products  and  Industries. 

Let  us  now  consider  the  products  and  indus- 
tries of  Cyprus.  As  regards  its  minerals,  for 
which  in  former  times  it  was  so  famous,  we 
must  await  a more  detailed  investigation  be- 
fore speaking  confidently  about  them.  There 
is  a very  fair  show  of  these  in  the  Cyprus 
Court.  At  the  present  time  several  concessions 
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have  been  granted  for  working  the  copper  and 
other  mines  in  the  western  and  south-western 
portions  of  the  island.  I may,  however,  quote, 
as  a proof  of  the  excellence  of  these  minerals, 
that,  since  they  have  been  on  view  in  the  Cyprus 
Court,  we  have  had  an  order  for  fifty  tons  of 
terra  timbra  from  a gentleman  who  declared 
that  it  was  of  exceptionally  fine  quality. 

The  wealth  of  the  island,  such  as  it  is,  con- 
sists in  its  agricultural  produce,  chiefly  corn, 
cotton,  carobs  or  locust  beans,  olives,  silk,  or 
wine.  When  we  remember  that  not  much 
more  than  a third  of  the  island  is  under 
cultivation,  and  that  even  the  rocky  barren 
portions,  where  the  locusts  are  w^ont  to  breed, 
are  specially  adapted  for  the  cultivation  of  the 
carob  tree,  it  can  easily  be  realised  that  all 
these  products  are  capable  of  being  largel}'’ 
increased,  and  consequently  of  enriching  the 
people.  It  should  also  be  borne  in  mind  that 
the  system  of  agriculture  in  use  is  still  of  an 
extremely  primitive  character.  So  rich  is  the 
soil,  especially  in  the  great  Mesaorian  plain, 
that  it  never  needs  manuring,  is  scratched 
rather  than  ploughed,  and  yet  produces  wheat 
of  the  finest  quality,  and  very  often  double  the 
quantity  of  that  yielded  by  good  English  land. 
The  average  rainfall  not  being  much  more  than 
twelve  inches  in  the  year,  the  success  of  the 
grain  crops  depends  to  a large  extent  upon  the 
overflowing  of  the  rivers  into  the  irrigation 
canals  once  or  twice  during  the  season.  These 
so-called  rivers  are  merely  dried-up  beds, 
running  only  after  the  heavy  rains  that  occa- 
sionally fall  in  the  mountain  ranges.  Bearing 
these  facts  in  mind,  let  us  examine  into  the 
statistics  of  exports  and  imports,  expenditure 
and  revenue,  and  see  whether  the  island  shows 
any  moral  and  material  progress  since  the 
British  occupation. 

In  1878,  out  of  a total  export  trade  in  the 
hands  of  the  island  of  about  ;^i57,ooo,  20  per 
cent,  consisted  of  carobs,  and  nearly  the  same 
quantity  of  wine,  the  corn  crops  of  that  year 
being  exceptionally  good,  and  accordingly 
yielding  an  export  of  almost  equal  per-centage, 
although  next  year  they  diminished  by  five- 
sixths.  Under  the  favouring  auspices  of  British 
rule,  almost  every  industry  began  to  show  very 
perceptible  increases.  The  abolition  of  the 
tithe  farming  system,  and  the  adoption  of  the 
more  generous  as  well  as  more  politic 
measure  whereby  the  agriculturist  was  per- 
mitted to  deal  with  his  crop  as  he  pleased, 
the  collection  of  the  tax  being  delayed  till  a 
later  season,  when  he  should  have  had  ample 
time  for  the  conversion  into  money  of  the 


produce  of  his  holding,  had  a most  favourable 
influence  on  the  particular  industries  affected, 
and  consequently  on  the  trade  of  the  island 
generally.  The  volume  of  foreign  trade, 
which  in  Turkish  times  was  estimated  at 
I os.  per  head  of  the  population,  amounted, 
in  1879,  to  £2  ; in  1880,  to  R2  los.. ; and  in 
1881,  to  ;^3  per  head,  since  which  time  steady 
increases  have  oeen  recorded.  Both  imports 
and  exports  for  the  year  following  the  British 
occupation  were  largely  augmented.  A dimi- 
nution in  the  exports  which  occurred  in  i880’ 
was  due  to  the  want  of  rain  and  consequent 
failure  of  the  crop,  and  does  not  affect 
the  general  statements  as  to  the  beneficial 
results  of  the  new  system.  From  that  time 
till  the  present  remarkable  strides  have  been 
made  in  both  branches  of  commercial  activity 
but  it  is  worthy  of  note  that,  alike  in  imports- 
as  in  exports,  there  appears  a decrease  for  the 
year  1884-85.  The  decrease  in  the  exports, 
which  is  very  small,  may,  however,  be  looked 
upon  more  as  a matter  of  figures  than  of 
reality,  for  the  wine  crop  in  that  year,  to  take 
an  instance,  was  the  largest  yet  known,  show- 
ing an  increase ; but  the  price  realised  was 
exceptionally  low,  and  the  same  may  be  said 
with  regard  to  the  values  of  the  cereals.  The 
decrease  in  imports  nearly  amounted  ta 
;,^40,ooo,  and  though  the  gross  amount  was 
less  than  that  for  either  of  the  two  years 
immediately  preceding,  yet  it  shows  a con- 
siderable balance  over  the  imports  for  1881^ 
It  would  therefore  seem  that  it  must  be 
attributed  to  the  overstocking  of  the  market, 
a state  of  matters  which  will  in  course  of 
time  provide  its  own  remedy.  The  nett  result 
of  British  occupation  to  Cypriot  commerce 
may  be  very  fairly  estimated  by  a comparison 
of  the  respective  imports  and  exports  for  1878, 
the  last  year  of  Ottoman  rule,  with  those  of 
1884-85.  The  imports  for  1878  were  ^^177, 651  ; 
for  1884-5,  ;i^304,375.  The  exports  in  1878- 
were  ;^i57,328;  last  )^ear  they  amounted  to 

287,52 1 ; and  the  figures  were  still  higher 
the  year  before,  especially  as  regards  the 
imports. 

A glance  at  the  progress  made  in  one  or  two- 
of  the  different  articles  of  export  may  still 
further  accentuate  the  change  for  the  better 
that  has  taken  place  within  the  last  seven 
years.  In  1878,  the  exports  of  carobs  amounted 
to  ^29,971  ; the  following  year,  through  an 
abnormally  good  harvest,  a large  increase  was 
recorded,  bringing  the  exports  up  to  ;^85,345. 
In  1884-5,  however,  they  reached  ;^92,5i6, 
being  the  best  crop  known  as  yet.  The  wine 
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export  of  1878  was  slightly  over  half  a million 
gallons,  valued  at  about  125,500.  The  returns 
for  1884-5  give  an  amount  exported  of  1,396,847 
gallons,  representing  a value,  notwithstanding 
a considerable  fall  in  prices,  of  over  ;^45,ooo. 
It  is  interesting  to  note  that  the  quantity  of 
wine  manufactured  in  the  same  year  was  not 
much  under  2,200,000  gallons.  The  exports 
of  cotton,  raw  and  manufactured,  worth  in 
1878  something  over  ^13,000,  are  now  more 
than  doubled. 

While  the  trade  of  the  island  generally  has 
thus  increased,  the  trade  with  the  United 
Kingdom  has  likewise  been  augmented.  At 
the  present  time  it  is  more  than  double  what  it 
was  in  1879.  The  exports  from  this  country 
include  copper  manufactures,  rice,  cotton  yarn 
and  piece  goods,  iron  and  steel,  and  silk  and 
woollen  manufactures. 

Revenue. 

When  the  trade  and  commercial  economies 
of  a country  are  in  a flourishing  condition,  its 
contributions  to  the  Imperial  Revenue  may  be 
expected  to  share  in  the  general  weal.  Since 
the  British  occupation  of  Cyprus,  where  altera- 
tion has  taken  place  in  the  various  imposts, 
it  has  always  been  for  the  benefit  of  the  tax- 
payer, yet  the  revenue  has  steadily  risen  year 
by  year,  only  excepting  last  year,  when,  in 
common  with  Cypriot  commerce  generally,  it 
showed  a decrease,  accounted  for  by  the  dull- 
ness of  trade,  the  low  price  of  cereals,  and 
the  abolition  of  the  grape  tithe.  In 
each  year  the  Government  accounts  have 
shown  a surplus,  which  was  as  low  as 
16,000  in  1881-2,  but  reached  ^82,000  in 
1883-4.  These  surpluses,  however,  have  hither- 
to proved  inadequate  to  meet  the  payment  of 
the  tribute  to  the  Porte,  Lg2,8oo,  and  it  seems 
hard  that  a fertile  and  prosperous  island  should 
be  saddled  with  a burden  of  this  description. 
Formerly,  when  in  Turkish  hands,  Cyprus  was 
governed  by  an  administration  headed  by  a 
pasha,  at  a total  cost  less  by  two-thirds  than 
Great  Britain  has  found  it  possible  to  expend, 
dealing  justly,  but  not  by  any  means  too 
generously,  with  the  people.  On  the  other 
hand,  by  the  exercise  of  extortion  and  oppres- 
sion, coupled  with  what  can  only  be  called 
administrative  senility,  the  Ottoman  Treasury 
extracted  from  an  impoverished  population  a 
revenue  considerably  less  than  the  people, 
under  a proper  system,  have  shown  themselves 
able  to  pay.  But  to  rule  the  country  well,  for 
the  good  of  its  inhabitants  and  in  accordance 
with  the  traditions  of  Great  Britain,  and  in 


addition  to  pay  to  the  Sublime  Porte  the  full 
amount  of  surplus  which  it  in  former  times 
was  able  to  obtain,  is  certainly  at  present  too 
much  for  the  resources  of  the  island. 

In  comparing  the  amount  of  revenue  and 
expenditure,  one  thing  more  should  be  taken 
into  account.  On  the  transfer  of  a province: 
from  Mussulman  to  British  hands,  much  would 
naturally  require  to  be  done  on  the  score  of 
what  may  be  classed  as  public  works.  The 
locust  war,  the  timber  precautions,  and  tree  cul- 
tivation I have  already  alluded  to,  but  in 
addition  roads,  bridges,  and  jetties  have  been, 
constructed,  public  buildings,  prisons,  and 
hospitals  have  been  erected,  and  a trigono- 
metrical survey  has  now  been  completed ; but 
the  cost  of  all  these  improvements,  save  one,, 
has  been  included  in  the  ordinary  expenditure,, 
and  still  leaves  the  noteworthy  surplus  to  which 
I have  referred.  The  single  exception  was 
due  to  the  very  heavy  expenses  connected  with 
the  locust  campaign,  which  demanded  an 
advance  from  the  Imperial  treasury.  But  this 
necessary  debt  is  now  in  course  of  rapid 
liquidation. 

If  we  compare  the  trade  statistics  of  the 
various  British  Colonies  for  the  last  ten  years,^ 
we  find  that,  whereas  in  many  important 
Colonies  there  is  a decrease,  in  the  case  of 
Trinidad  alone  does  the  increase  exceed  that 
recorded  in  respect  of  Cyprus,  which  for  seven 
years  shows  an  increase  of  76  per  cent.,  while 
Trinidad  for  a period  of  ten  years  shows 
86  per  cent. ; and  we  may  confidently  expect 
that,  with  improved  methods  of  grape  cultiva- 
tion and  in  the  making  of  wine,  as  well  as  in 
agriculture,  and  a constantly  increasing  area 
under  cultivation,  this  per-centage  will  grow 
higher  every  year. 

It  is  true  that,  in  order  to  meet  the  burden  of 
the  payment  to  the  Porte,  and  the  expenses  of 
first  installation,  grants  in  aid  have  been  made 
to  Cyprus,  amounting  to  about  a quarter  of  a 
million  of  money  during  the  last  six  years  ; but 
in  view  of  the  steadily  increasing  prosperity  of 
the  island,  and  the  remarkable  decrease  in  the 
amounts  of  these  grants  with  each  succeeding 
year,  we  may  reasonably  hope  that  the  time  is 
not  far  distant  when  they  will  not  be  required 
at  all.  In  1882-3,  ;^90,ooo  was  granted.  In 
the  next  year  ^30,000,  and  in  the  last  two  years 
only  ;^i5, 000  each  year.  Were  it  not  for  the 
fact  that  the  payment  to  the  Porte  represents  a 
tax  equal  to  half  the  average  revenue,  grants  in 
aid  would  never  be  required. 

Let  us  for  the  moment  forget  that  the  island 
has  to  pay  ;^92,8oo  out  of  its  revenue,  and 
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compare  the  total  amount  of  revenue  and  ex- 
penditure for  the  last  six  years  ; and  we  shall 
find  that  the  proportion  of  revenue  to  expendi- 
ture is  for  that  period  ;^i,023,644  to  ;^738,939, 
or,  roughly,  as  100  to  70,  giving  an  average 
surplus  of  ;^47,450,  and  in  no  case  has  the  ex- 
penditure exceeded  the  revenue,  but,  on  the 
contrary,  even  in  bad  years  been  considerably 
under  it.  And  in  good  years  the  revenue  has 
borne  the  proportion  of  8 to  4J,  or  very  nearly 
double.  These  figures  are,  to  my  mind,  ex- 
tremely significant,  in  view  of  the  resources 
and  capabilities  of  the  island,  hitherto  but 
partially  developed. 

In  what  I have  said  this  evening,  I have 
endeavoured  to  stimulate  inquiry  and  attention 
rather  than  to  satisfy  them,  the  limited  time 
at  my  disposal  rendering  an  exhaustive  treat- 
ment of  the  subject  out  of  the  question.  It 
seems  to  me,  however,  that  it  would  be  as  well 
that  I should  state  what  in  my  opinion  remains 
to  be  done,  in  order  to  enable  the  island 
once  more  to  return  to  its  former  wealth  and 
prosperity;  and  in  any  discussion  that  may 
arise  on  the  paper,  I trust  that  you  may  have 
the  benefit  of  the  views  of  men  far  more  ex- 
perienced than  myself.  Putting  aside  all 
minor  improvements  in  developing  such 
industries  as  cereals,  grapes  and  carobs, 
it  seems  to  me  that  there  are  three  things 
which  yet  remain  to  be  done.  The  first  is  to 
become  the  purchasers  of  the  fee  simple  of 
the  island,  instead  of  being  tenants  at  will,  as 
we  are  at  present.  The  second  is  to  spend 
money,  even  to  the  extent  of  getting  into  debt, 
in  order  to  plant  the  mountain  ranges,  and 
especially  the  northern  one  that  runs  down  the 
Mesaorian  plain ; and  the  third  is  (again 
getting  into  debt  if  necessary),  the  establish- 
ment of  a railway  from  Morphou  to  Famagusta, 
leaving  its  after  development  to  time,  and  to 
put  the  harbour  of  Famagusta  into  proper  repair 
for  mercantile  use,  both  of  which  latter  schemes 
could  be  done  at  an  expenditure  which  would 
be  trifling  in  comparison  with  the  advantages 
that  would  almost  immediately  result.  If  the 
first  of  these  could  be  done,  viz.,  the  doing 
away  with  the  payment  of  the  tribute  by  the 
purchase  of  the  island  outright ; the  second 
could  be  effected  out  of  the  current  revenue ; 
and  the  third,  viz.,  the  railway  and  port,  by 
means  of  a loan,  about  which  there  would  be 
no  difficulty,  inasmuch  as  the  position  of  the 
island  would  be  assured  instead  of  uncertain 
as  it  is  at  present.  It  matters  not  whether 
some  of  us  regret,  whilst  others  applaud,  the 
acquisition  of  Cyprus.  One  thing,  however,  is 


certain,  and  that  is  that  we  can  never  leave  it. 
We  have  done  a great  moral  good  to  an 
oppressed  and  long-suffering  people,  and 
under  no  circumstances  could  we  now  retire 
without  committing  a great  moral  wrong. 
Supposing  that  we  bought  the  island  at 
sixteen  years’  purchase  we  should  have  to 
pay  ;^i,484,8oo.  Now  I have  already  pointed 
to  the  fact  that  the  surplus  of  revenue  over 
expenditure  during  the  last  six  years  has 
amounted  to  ^^284, 705,  or  an  average  of 
;^47,45o  per  annum,  which  represents  a capital 
of  ;^i,486,200,  in  other  words  about  £2,000 
more  than  the  supposed  purchase  money,  so 
that  the  island  Government  would  be  justified 
on  past  experience  in  raising  the  loan  even 
if  they  did  not  rely  upon  the  strides  that  would 
resultfrom  the  removal  of  the  burden  of  payment 
to  the  Porte.  But  there  is  another  aspect  to 
this  question,  and  on  this  point  I should  parti- 
cularly like  to  have  the  opinion  of  men  like 
Sir  Robert  Biddulph  and  Mr.  Hamilton  Lang. 
Have  we  not  a right  to  ask  for  a considerable 
reduction  in  the  purchase  money  as  compensa- 
tion for  improvements  in  the  widest  interpre- 
tation of  the  phrase,  and  also  in  view  of  the 
circumstance  that  the  amount  of  tribute  we 
have  been  annually  paying  was  over-estimated, 
to  say  nothing  of  the  fact  that  it  did  not  repre- 
sent good  money,  but  paper  and  debased 
coinage  ? The  saying  that  he  who  goes 
a-borrcwing  goes  a-sorrowing,  though  true  of 
persons,  is  certainly  not  true  of  peoples.  Where 
would  the  world  be  if  the  principle  had  been 
followed  out  ? 

With  regard  to  the  second  point,  I am  sure 
you  will  bear  me  out  that  it  is  now  an  estab- 
lished axiom  that  climate  is  influenced  to  an 
extraordinary  extent  by  the  presence  or  absence 
of  forests.  I need  only  refer  to  the  remarkable 
changes,  not  only  in  the  seasons  but  in  the 
direction  and  character  of  the  wind  and  the 
amount  of  rainfall,  within  the  memory  of  man 
even,  in  the  United  States,  as  an  illustration; 
or,  again,  to  the  replanting  of  the  Alps  by  the 
French  Government,  by  which  the  floods  that 
devastated  the  country  at  uncertain  intervals 
have  ceased  and  a steady  rainfall  taken  their 
place.  As  an  illustration  on  a small  scale 
may  be  cited  the  cutting  down  of  the  forests 
round  Ravenna,  which  resulted  in  the  appear- 
ance of  the  khamsin  or  desert  wind,  which 
had  never  blown  before,  and  which  again  dis- 
appeared when  the  forests  were  replanted. 
M.  Madon,  under  whom  I worked  in  the 
Forest  Department  when  he  was  principal 
Forest  Officer  in  C3^prus,  and  who  is  one  of  the 
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ablest  and  most  scientific  officers  in  the  French- 
service,  assured  me  that,  for  a comparatively 
small  expenditure  spread  over  the  time,  he 
could  double  the  rainfall  in  Cyprus  in  twelve 
years.  This  fact  speaks  for  itself,  and  would 
justify  a loan,  though  I do  not  think  it  would 
be  required  supposing  my  first  proposition  was 
carried  out.  A railway  could  be  laid  down  at 
ver^'  little  cost,  as  the  great  plain  is  as  level 
as  the  plains  of  Saxony,  and,  as  will  be  seen 
by  reference  to  Mr.  Ormiston  and  Mr.  Brown’s 
reports,  very  little  w'ould  be  required  in  com- 
parison with  the  benefits  accruing  to  bring  the 
harbour  of  Famagusta,  which  is  double  the  size 
of  Valletta,  into  good  working  condition. 

In  thanking  you  for  the  attention  which  you 
have  given  to  my  paper,  I can  only  express  a 
hope  that  the  progress  achieved,  which  is 
almost  entirely  due  to  the  untiring  energy  and 
administrative  ability  of  Sir  Robert  Biddulph, 
w’ill  bear  fruit,  by  awakening  an  interest  in  the 
Island  of  Cyprus  in  the  minds  of  the  British 
public,  and  so  leading  them  to  add  one  more 
colony  to  those  w'e  already  possess. 


APPENDIX. 

Cyprus  Parliamentary  Papers. — 1878-1884. 


1878. 

C.  — 2057 Anglo -Turkish  Convention. 

C. — 2090 ,,  further  correspondence. 

1879. 

C. — 2223 Public  Works  Ordinance  (freed 

labour). 

C. — 2224 Anchorages. 

C. — 2229 Correspondence. 

H.  of  C. — 151 Troops  and  sickness, 

H.  of  C. — 169 Health  of  troops  report. 

Second  part  of  151 . .Further  as  to  health  of  troops. 

C. — 2324 Complaints  against  the  local 

government. 

C. — 235 r Certain  ordinances. 

C, — 2355 Complaints.  Further  corres- 

pondence. 

C. — 2394 Estimates  of  revenue  and  ex- 

penditure. 

C, — 2398 Treatment  of  prisoners  at  Fama- 

gusta. 

C. — 2425 Public  works  aud  English  e7ti- 

ployes. 

C. — 2427 Forests. 

1880. 

C. — 2542 Public  works. 

C. — 2543 Annual  reports. 

C. — 2544 Famagusta  harbour. 

C. — 2628 Payments  to  the  Porte. 

C.  — 2629 Financial  state  of  the  island. 

C. — 2699 Lists  of  employes. 


.'w  ■ f ' 

' ■ ;;  * i88r-.  ■ 'n  1 :v~‘  ' t 

C.— 293Q , . „ . 

, . , . Correspondence.  , j Affairs 

; Cyprus. 

C.— 299I....-, 

(tribute). 

C.— 3005 

C.— 3091 

C.— 3092 .... 

1882. 

C.— 3211 

C.— 33«3..... 

c.— 3384 

C.-3385..-. 

1883. 

C.— 3661 

Fairfield’s  mission). 

C. — 3662 

c.— 3772...., 

C.— 3791 

1884. 

C. — 4120 

C.--4I88 

C. — 4189. . . . , 

C.— 4264 

1885. 

C.-4435 

C.-4438 

c.— 4471  • • • • 

C.-4585 

1886. 

C. — 4620 

C. — 4694. . . . , 

DISCUSSION. 

Mr.  Hyde  Clarke  remarked  that  it  was  not 
desirable  to  criticise  too  closely  the  political  portions 
of  Mr.  Gordon  Hake’s  paper,  as  such  were  matters 
of  controversy,  and  there  were  other  topics  of  more 
importance  treated  by  Mr.  Hake  which  more  imme- 
diately affected  the  objects  of  the  Society.  At  the 
same  time  he  might  say  he  was  not  able  to  confirm 
some  of  the  doctrines  of  Mr.  Hake,  Andalusia  fur- 
nished an  historical  example  of  a country  in  a condition 
of  prosperity  under  Mussulman  government,  so  that 
Mussulman  government  was  not  to  be  taken  as  an 
infallible  and  necessary  indication  of  ruin.  His  own 
connection  with  Cyprus  being  in  the  capacity  of 
Councillor  for  Cotton  Culture,  he  could  not  recognise 
that  any  doctrine  of  fatality  prevented  the  extirpation 
of  locusts  in  the  Fast.  The  extirpation  of  locusts 
was  an  ancient  institution  in  China,  imitated  in 
Turkey  and  Russia.  The  United  States  imitated 
the  Russian  system,  but  it  had  been  found  lately 
that  a mixture  of  bran,  syrup,  and  arsenic  was 
effective.  It  did  not  appear  that  the  failure  of 
timber  in  a country  was  any  cause  for  creating 
locust -breeding  grounds,  either  in  Asia  or 
America.  The  destruction  of  forests  in  Cyprus  is 
not  more  a cause  of  reflection  on  a Government  than 
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is  that  of  the  destruction  of  forests  in  India  on  our 
Government,  and  that  of  the  neglect  of  timber  in 
our  own  islands.  Government  forestry  has  only 
lately  been  taken  up  by  our  administration,  or  by  the 
Turkish.  The  true  lesson  to  be  derived  from  the 
valuable  paper  of  Mr.  Gordon  Hake  is  that  each 
administration  should  depend  on  its  own  merits,  and 
every  effort  should  be  made  by  our  present  Govern- 
ment in  Cyprus  to  apply  every  measure  of  progress 
for  the  advancement  of  the  island  of  Cyprus  and  its 
population,  not  forgetting  that  the  Government 
should,  so  far  as  is  possible,  conduct  the  adminis- 
tration in  conformity  with  the  habits  and  wishes 
of  the  population.  Mr.  Hake  had  referred  to  the 
conquest  of  Cyprus  by  King  Richard  as  an  incident 
in  English  connection;  but  it  was  curious  that  at 
that  epoch  the  intercourse  was  not  so  restricted. 
Beside  the  history  of  the  Waranghian  guard,  which 
was  an  English  body,  there  were  many  English 
crusaders  who  visited  the  island.  The  ruins  of  the 
English  church  still  remain,  and  the  establishment  of 
a new  English  church  may  be  regarded  as  an  indi- 
cation of  the  resumption  of  this  hereditary  inter- 
course. It  would  be  interesting  if  monuments  were 
put  up  in  that  church  to  De  Ros  and  other  English 
crusaders. 

Mr.  Hamilton  Lang  said  that  he  had  listened 
with  much  interest  to  the  paper  of  Mr.  Hake,  having 
spent  ten  years  in  Cyprus.  The  progress  which  had 
been  described  by  Mr.  Hake  was  considerable,  the 
chief  features  being,  the  destniction  of  the  locusts, 
the  establishment  of  a good  system  of  justice,  and  the 
restriction  on  the  destruction  of  the  forests.  The 
difficulties  of  the  work  imposed  on  our  administrators, 
in  the  first  years  of  the  administration,  could  only  fully 
be  realised  by  one  who  had  been  obliged  to  master  the 
details  of  administration  in  an  Eastern  country,  details 
which  they  could  only  get  through  interpreters  incom- 
petent to  give  them,  and  on  subjects  totally  novel  to 
the  Western  mind.  When  he  visited  the  island  last 
year,  after  fourteen  years’  absence,  nothing  gave  him 
greater  pleasure  than  to  notice  the  progress  which 
had  been  made  in  one  direction  which  Mr.  Hake  had 
not  alluded  to,  being  an  example  of  it  himself,  and 
that  was  in  our  officials  becoming  able  to  do  their 
work  without  the  aid  of  interpreters.  He  found 
a large  number  of  British  officials,  especially  those 
engaged  in  the  administration  of  justice,  who  had 
acquired  sufficient  knowledge  of  the  language  to  treat 
directly  with  the  natives  ; this  was  an  immense  step, 
the  results  of  which  would  be  seen  in  the  future. 
It  was  only  through  direct  relations  that  you  could 
enkindle  sympathy  between  the  governed  and  the 
governing,  and  only  in  that  way  could  the  higher 
officials  use  the  more  economical  materials  around 
them  for  the  subordinate  offices  of  the  Govern- 
ment. No  people  were  more  susceptible  to  these 
direct  influences  than  the  Cypriots.  When  a peasant 
could  tell  his  tale  in  his  own  language  to  his  superior, 
he  felt  he  had  a fair  hearing.  He  was  delighted 


to  hear,  in  Cyprus,  encomiums  passed  on  the  ad- 
ministrators who  were  able  to  talk  directly  with  the 
natives,  and  through  them  the  natives  got  to  under- 
stand the  honesty,  impartiality,  and  devotion,  which 
characterised  the  English.  The  Chairman  must  ex- 
cuse his  repeating  in  his  presence  what  he  had  often 
said  before,  that  in  his  six  years’  administration  of  the 
island  he  gave  the  highest  example  of  these  qualities. 
The  men  who  worked  there  so  laboriously  deserved  the 
utmost  sympathy  and  honour,  all  the  more  because 
of  the  exceptional  difficulties  in  their  way,  and  the 
ungrateful  character  of  their  work,  on  account  of  the 
heavy  burden  of  tribute.  They  were  a good  deal 
like  the  Israelites  in  Egypt,  who  had  to  make  bricks 
without  straw.  To  show  how  heavy  was  the  burden 
of  taxation,  he  would  compare  it  with  that  of 
one  of  our  own  colonies.  In  New  South  Wales 
the  export  trade  was  about  13,000,000  sterling 
per  annum,  while  its  taxation  amounted  to 
7^3,000,000.  In  other  words,  the  taxation  was 
about  one-fourth  of  the  money  received  from  abroad 
through  its  exports.  In  Cyprus,  7^180,000  was  taken 
out  of  the  island  in  taxation,  and  the  export  trade  was 
only  7^280,000.  Thus,  over  and  above  every  7^1  of 
taxation  taken  from  New  South  Wales,  £1  was  re- 
ceived from  abroad ; whereas  in  Cyprus,  over  every 
7^1  of  taxation  only  iis.  was  received  by  the  island. 
The  consequence  was  that  capital  did  not  accumulate; 
if  it  was  not  killing  the  goose  which  laid  the  golden 
eggs,  it  was  starving  her  so  that  she  could  hardly  lay 
an  egg  at  all.  The  great  benefit  of  this  paper  was 
that  it  showed  the  necessity  of  doing  something  to 
ameliorate  this  condition.  The  three  remedies  sug- 
gested were  the  purchase  of  the  fee  simple,  the  con- 
struction of  a railway  and  harbour,  and  the  extension 
of  forests.  He  quite  agreed  that  something  should 
be  done  to  relieve  the  island  of  some  portion 
of  the  tribute  to  the  Porte,  but  with  regard 
to  the  purchase  proposed  he  feared  great  difficulties 
would  be  raised  by  the  British  Treasury.  The  tribute 
was  not  paid  to  the  Sultan,  but  was  retained  as  part 
payment  of  the  loss  sustained  by  England  and  France 
in  paying  the  deficiency  on  the  guaranteed  Turkish 
loan  of  1855,  of  five  millions.  That  loan  required 
7^160,000  per  annum  for  interest  alone  without  any 
sinking  fund  ; 7^70,000  was  obtained  from  Egypt,  and 
the  remaining  7^90,000  had  to  be  paid  by  England 
and  France  ; and  to  meet  this  the  tribute  from  Cyprus 
came  in.  Therefore  not  only  England  but  France 
would  object  to  giving  the  Sultan  anything  as  an 
equivalent  for  the  tribute  of  Cyprus.  He  had  thought 
a good  deal  on  this  subject,  and  the  plan  he  should 
prefer  was  this.  To  pay  off  the  7^3,700,000  remain- 
ing of  the  Turkish  loan,  by  borrowing  a similar 
amount  at  3 per  cent.,  plus  | per  cent,  for  a 
sinking  fund;  7^130,000  per  annum  would  be  all 
that  was  thus  required.  Towards  that  there 
would  be  the  7^70,000  received  from  Egy'pt, 
leaving  only  7^60,000  to  come  from  Cyprus,  or  an 
economy  of  7^30,000  a year,  which  would  be  a great 
relief  to  her,  and  also  to  the  British  taxpayer,  because 
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at  present  Cyprus  could  not  pay  the  ^^92,000,  and  a 
grant  in  aid  had  to  be  made  every  year.  With  regard 
to  the  construction  of  a railway  and  harbour,  they 
were  both  very  desirable,  especially  the  latter,  for  at 
present  you  could  never  be  sure  of  getting  into  or 
from  the  island.  Last  autumn  some  friends  of  his 
•were  coming  from  Beyrout  to  Lamaca  by  a French 
steamer  ; they  arrived,  but  could  not  land,  and  were 
■carried  off  to  Alexandretta,  where  they  had  to 
pay  £^0  to  a little  English  steamer  to  bring 
them  to  Lamaca  three  days  later.  A harbour 
existed  at  Famagusta  almost  ready  to  hand,  it 
was  nearly  as  large  as  that  of  Valetta,  and 
eould  be  cleared  out  for  ;i^6o,ooo.  With  regard  to 
the  railway,  it  could  be  easily  made,  of  a narrow 
gauge,  for  ^140,000,  so  that  the  two  works  could  be 
undertaken  for  ;^200,ooo.  But  he  thought  private 
enterprise  was  more  economical  and  succeeded  better 
in  these  matters  than  Government  administration, 
and  he  should  prefer  that  the  Government  of 
Cypms  merely  gave  a guarantee  of  4 per  cent,  on 
the  capital.  The  whole  burden  would  be  £8,000, 
even  assuming  nothing  was  got  out  of  it,  which  was 
not  possible.  He  looked  more  and  more  to  see 
British  capital  interested  in  the  island,  as  that  which 
was  most  of  all  required.  With  regard  to  the  ex- 
tension of  the  forests,  as  Mr.  Hake  had  said,  that 
would  increase  the  rainfall,  which  was  the  greatest 
desideratum.  When  he  was  in  the  island,  the  largest 
rainfall  was  i6  inches,  and  one  year  it  was  only 
6 inches.  Under  such  circumstances,  there  was  not 
much  prospect  for  agriculture.  But  even  without 
planting  on  a large  scale,  he  had  not  much  fear  of 
the  extension  of  the  forests,  especially  since  his  last 
■visit,  when  on  one  hillside  he  was  shown  by  a 
peasant  that  half  of  the  trees  were  of  four 
or  five  years’  growth,  which  he  told  him  would  not 
have  been  there  but  for  the  restrictions  imposed  by 
the  Government.  The  extension  of  a forest  was  like 
the  growth  of  compound  interest,  one  seedling  gave 
in  a few  years  a dozen,  they  gave  a hundred,  and 
so  you  soon  got  to  thousands,  if  nature  was  not  inter- 
fered with.  In  the  past  she  had  been  interfered 
with,  both  by  goats  and  by  man,  but  the  natural 
growth  would  now  increase  year  by  year,  and  soon 
produce  an  effect  on  the  rainfall.  The  growers  of 
grain  especially  suffered,  because  not  only  had  prices 
fallen,  which  had  been  equally  a source  of  great  loss 
in  England,  Ireland,  and  all  European  countries, 
but  in  C)q)ms  the  value  of  labour  had  been  rising  at 
the  same  time.  There  would,  therefore,  be  a great 
advantage  in  relieving  the  burdens  on  the  culture  of 
grain,  and  this  could  only  be  done  by  reducing  the 
tribute.  If  this  were  done,  the  protection  of 
the  forests  persevered  in,  and  efforts  made  to 
stimulate  useful  public  works,  in  ten  years  time  Cyprus 
would  be  a dependency  of  which  all  Englishmen 
might  be  proud. 

Mr.  J.  H.  Kerry  Nicholl.S  said  he  had  visited 
Cyprus  during  a yachting  cruise  in  the  Mediterranean 


a few  months  before  it  was  taken  over  by  Great  Britain. 
Of  its  fertility  and  mineral  resources  there  could  be  no 
doubt,  in  the  past,  and  he  ventured  to  think  they 
would  exist  also  in  the  future.  The  very  name  of  the 
island  linked  her  to  the  great  empires  of  the  East, 
and  took  one  back  to  the  golden  age  of  mythological 
romance.  In  fact  the  moment  one  landed  one  was 
reminded  of  the  beautiful  words  of  the  poet — 

“ Poetic  scenes  encompass  me  around, 

And  still  I seem  to  tread  on  classic  ground. 

For  here  so  oft  the  muse  her  harp  hath  strung. 

That  not  a mountain  rears  its  head  unsung ; 
Renowned  in  verse  each  shady  thicket  grows, 

And  every  stream  in  heavenly  memory  flows.” 

Every  visitor  could  see  the  remains  of  its  ancient  cities 
and  ruined  temples,  and  the  traces  of  its  past  mag- 
nificence and  wealth.  In  a journey  from  Lamaca  to 
Nicoseia  he  was  much  stmck  with  the  apparent  want 
of  energy  of  the  people,  but  they  were  not  then  under 
the  influence  of  Great  Britain.  The  fields  were  unculti- 
vated, though  the  soil  appeared  to  be  rich,  and  though 
the  forests  had  been  denuded,  the  remaining  trees 
showed  a strong  and  vigorous  growth.  He  was 
much  surprised  to  hear  that  the  eucalyptus  did 
not  do  well  there,  as  he  had  found  it  in  all  parts  of 
the  world,  in  Egypt,  Ceylon,  Japan,  China,  the 
United  States,  and  in  France,  Spain,  and  Italy. 
The  mines  he  thought  would  be  found  worthy  of 
more  examination  and  development.  The  locust 
pest  was  found  in  various  parts  of  the  world, 
notably  in  some  districts  of  Australia,  where  the 
bush  turkey  had  been  found  useful  in  destroying  it. 
The  question  of  purchasing  the  fee  simple  of  the 
island  was  a very  important  one,  and  he  thought  the 
British  Treasury  would  always  open  its  coffers  where 
there  was  a distinct  advantage  to  be  gained.  The 
importance  of  the  island  to  Great  Britain  could  hardly 
be  over-estimated.  It  formed  the  guardian  to  the 
Suez  Canal ; it  commanded  the  important  isles  of 
theHigean  Sea  ; and  with  those  islands  in  the  posses- 
sion of  a maritime  power  she  could  hold  the 
Dardanelles,  and  thus  command  almost  the  heart  of 
Europe.  But  the  safety  of  the  canal  was  quite  in- 
ducement enough,  and  considered  in  connection  with 
Malta  and  Gibraltar,  the  final  acquisition  of  Cyprus 
by  Great  Britain  was  of  the  greatest  importance. 
Then  there  was  another  consideration.  The  constmc- 
tion  of  a railway  by  the  valley  of  the  Euphrates  was 
not  altogether  a chimerical  idea,  and  for  such  an 
undertaking  Cyprus  was  an  important  d'appui. 
At  no  distant  time,  he  believed  the  Euphrates  rail- 
way would  be  linked  with  one  in  Asia  Minor,  and 
thence  to  the  railways  in  Europe,  and  it  would 
finally  pass  through  Beluchistan  to  India,  and  from 
there  to  Cape  Comorin.  The  time  would  come  when 
Australia  would  be  linked  to  Cape  Comorin  by  a 
line  of  steamers,  and  in  this  way,  by  one  continuous 
route,  Australia  would  be  within  three  weeks’ 
journey  of  England.  With  regard  to  the  cultivation 
of  grain,  he  thought  that,  owing  to  the  competition 
of  America  and  India,  the  days  in  which  grain  could 
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be  profitably  grown  in  Europe  had  passed,  but  it  struck 
him  that  Cyprus  was  a magnificent  country  for  the 
cultivation  of  the  vine.  In  former  ages  Cyprus  gave 
wine  to  the  gods,  and  why  should  it  not  continue 
to  give  wine  for  man. 

Captain  Talbot  Harvey,  bearing  in  mind  the 
example  of  the  Ionian  Islands,  feared  that  even  if 
the  fee  simple  of  Cyprus  were  purchased,  pressure 
would  at  no  distant  date  be  brought  to  bear  to  hand 
it  over  to  the  Greeks.  He  thought  the  feeling  of 
uncertainty  on  such  grounds  had  a great  deal  to  do 
with  the  reluctance  to  invest  capital  there.  If  the 
fee  simple  were  acquired,  England  could  deal  with 
Cyprus  as  she  liked,  and  the  question  with  him  was 
whether  it  was  not  better  to  let  things  remain  as 
they  were,  when  nothing  of  the  sort  could  take  place 
without  the  consent  of  Turkey,  which  she  was  not 
likely  to  give.  So  long  as  we  retained  possession  of 
the  island,  and  went  on  developing  its  resources  and 
improving  the  condition  of  the  people  it  was  all 
right,  but  if  we  had  unlimited  control  over  it,  some- 
body might  want  to  hand  it  over  to  Greece,  and  he 
thought  the  last  speaker  must  know  the  immense 
difference  between  the  state  of  the  Ionian  Islands 
now  and  when  they  belonged  to  England. 

Mr.  Trelawny  Saunders  said  he  should  like  to 
refer  to  a point  which  had  not  yet  been  touched 
upon,  namely,  one  of  the  conditions  in  the  treaty  by 
which  Cypnis  was  handed  over  to  Britain.  By  that 
treaty  Turkey  undertook  to  reform  its  government  on 
the  mainland ; but  though  we  had  been  so  long  in 
the  occupation  of  Cyprus,  and  our  administration 
had  been  so  successful,  and  though  a number  of 
highly  qualified  gentlemen  under  Sir  Charles 
Wilson  had  been  sent  to  Asia  Minor  to  report 
on  the  state  of  the  administration,  the  only  result 
had  been  the  reports  which  were  duly  pigeon- 
holed in  the  Foreign-office.  The  country  was 
as  deeply  interested  in  the  good  administration 
of  Asia  Minor  now  as  it  was  when  the  treaty  was 
signed,  and  it  was  not  a question  merely  of  sentiment, 
it  affected  the  material  prosperity  and  trading  in- 
terests of  our  people.  It  was  a loss  to  the  world  at 
large  that  the  provinces  of  Turkey  were  mal- 
administered.  The  result  of  our  experiment  in  Cyprus 
showed  that  good  administration  alone  was  required 
to  restore  to  the  various  parts  of  the  Turkish  Empire 
the  fruitfulness  they  formerly  possessed.  Turkey  swept 
away  the  marble  cities  of  Asia  Minor,  and  left  them  in 
ruins,  and  so  they  remained.  It  was  a serious  question 
for  all  Governments  which  had  an  industrial  popula- 
tion to  look  after,  what  should  be  done.  He  hoped 
the  engagements  of  Turkey,  under  the  treaty,  would 
not  be  lost  sight  of.  Liberal  politicians  in  England 
thought  everybody  was  qualified  for  representative 
Government.  He  would  not  ask  the  Chairman 
whether  he  had  advised  the  introduction  of  repre- 
sentative institutions  into  Cyprus,  but  he  should  like 
to  know  whether  the  experiment  had  been  satisfactory. 


He  thought  our  administration  of  Cyprus  had  been, 
undeniably  successful,  but  it  was  the  fashion  with 
some  to  say  we  should  retire  from  everything,  and 
in  fact  do  nothing  whatever  except  through  the 
agency  of  missionaries.  His  view  was  that  we 
had  done  more  good  in  Cyprus  than  had  been 
done  by  missionaries  all  over  the  world.  The 
public  were  not  entirely  blind  to  what  had  taken 
place  in  Cyprus,  and  the  results  which  followed  our 
occupation  would  have  a great  effect  on  our  influence 
in  the  East.  All  these  advantages,  however,  had 
taken  place  under  a military  governor,  and  Cyprus 
was  occupied  primarily  as  a military  measure  ; but 
now  he  much  regretted  to  see  that  he  had  been  re- 
placed by  a civil  governor. 

The  Chairman,  after  remarking  on  the  valuable 
character  of  the  paper,  said  there  were  one  or  twO’ 
important  points  prominently  brought  forward,  on 
which  he  might  be  expected  to  say  a word.  First 
with  regard  to  the  purchase  of  the  fee  simple  of 
Cyprus  ; that  was  not  a very  good  expression,  nor  was 
there  any  probability  of  its  being  carried  out ; if  any 
such  idea  took  shape,  it  would  rather  consist  in  com- 
muting the  tribute.  In  this  case,  the  island  would 
remain  Ottoman  territory,  but  in  the  other,  it  would 
become  British,  and  the  great  objection  to  this  was 
that  the  Turks  never  would  agree  to  it,  except  under 
some  extraordinary  combination,  such  as  a war  with 
Russia,  in  which  we  were  the  allies  of  Turkey.  He 
had  reason  to  know  that  the  Sultan  was  extremely 
jealous  of  his  dominions,  and  that  he  had  some 
regrets  at  having  alienated  Cyprus.  The  commuta- 
tion, or  capitalisation  of  the  tribute  was  another 
thing ; it  would  not  affect  the  sovereignty  of  Turkey, 
nor  her  right  to  have  back  the  island  in  certain 
eventualities,  contemplated  in  the  Convention  of 
1878.  This  subject  had  engaged  his  attention  a 
good  deal,  though  he  could  not  say  it  had  much 
engaged  the  attention  of  the  British  Government. 
He  thought  sixteen  years’  purchase  would  be  too 
large  a sum  to  pay,  and  Mr.  Hake’s  figures  proved 
it,  as  they  showed  that  the  average  surplus  would 
be  just  sufficient  to  pay  the  interest,  so  that  the 
island  would  not  be  appreciably  benefited.  Mr. 
Lang  had  had  great  experience  in  the  East,  but  the 
difficulty  which  suggested  itself  in  the  way  of  dealing 
with  the  matter  in  the  way  he  had  suggested,  was 
that  when  the  Turkish  loan  of  1855  was  extinguished 
by  the  operation  of  the  sinking  fund,  the  rights  of 
the  Turks  would  revive,  and  they  would  again  call 
for  the  payment  of  the  tribute. 

Mr.  Lang  said  he  should  be  quite  willing  to 
abandon  the  sinking  fund,  which  would  be  a further 
relief  to  the  island. 

The  Chairman  said  the  1855  loan  had  no  neces- 
sary connection  with  Cyprus  ; it  was  a mere  coinci- 
dence that  the  tribute  was  devoted  to  paying  the 
dividends  upon  it,  and  he  did  not  see  why  Cyprus 
should  not  stand  on  its  own  basis  and  make  a 
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bargain  \nth  Turkey,  commuting  the  tiibute  at  ten 
or  twelve  years’  purchase,  and  with  a moderate  sink- 
ing fund  the  whole  thing  might  be  cleared  off  in 
thirty  years.  The  difficulty  of  course  was  to  upset 
any  arrangement  once  made,  and  at  present  w'e  paid 
half  to  France,  as  joint  guarantor  of  the  loan,  but  if 
we  chose  to  say,  as  guardians  of  Cyprus,  that  we 
would  not  do  this  any  longer,  and  that  we  must  get 
the  dividends  as  best  we  could  from  the  Smyrna 
customs  or  Eg}’ptian  tribute,  he  did  not  see  that 
France  would  have  any  right  to  object.  It  was  said 
that  if  the  loan  were  once  paid  off  the  question  of 
cession  to  Greece  w’culd  be  sure  to  be  raised,  and  no 
doubt  there  would  be  a certain  amount  of  pressure 
put  on  from  time  to  time  in  that  direction,  because 
the  island  once  free  would  be  a valuable  possession  ; 
there  would  be  a surplus  which  would  be  very 
valuable  to  any  nation  which  did  not,  like  England, 
leave  her  colonies  to  their  own  resources,  but  took 
any  surplus  revenue  there  might  be  from  them. 
Whether  the  British  Government  would  entertain 
any  such  idea,  it  was  not  necessary  to  discuss. 

Captain  Talbot  Harvey  asked  whether  there  was 
not  a feeling  of  uncertainty  on  this  point  in  the 
island,  which  prevented  the  investment  of  capital. 

The  Chairman  said  there  had  been  a certain 
feeling  of  uncertainty,  not  so  much  wdth  regard  to 
Greece,  as  because  it  was  not  British  territoiy'. 
English  capitalists  felt  that  it  was  Ottoman  territory, 
and  they  did  not  know  what  might  happen.  It  was 
almost  impossible,  he  thought,  under  the  conditions 
of  the  Convention  of  1878,  that  the  island  should 
ever  be  retroceded  to  Turkey,  because  the  principal 
Article  was  that  this  should  take  place  if  Russia 
gave  back  Batoum,  Kars,  &c.,  which  was  extremely 
unlikely.  On  the  other  hand,  by  another  Article, 
Turkey  undertook  to  reform  the  government  of  her 
Asia  Minor  provinces,  which,  as  they  all  knew,  had 
not  been  carried  out.  The  Consuls  were  withdrawn 
for  the  simple  reason  that  they  could  do  nothing, 
and  it  was  no  use  keeping  them  there  to 
send  the  same  reports  year  after  year.  With 
regard  to  the  representative  government  given  to  the 
island,  there  was  no  doubt  that  some  measure  of  the 
kind  was  necessary,  not  only  to  satisfy  the  people 
themselves,  but  also  to  satisfy  public  feeling  in  Eng- 
land. It  was  open  to  question  whether  it  was  noj- 
carried  too  far,  and  too  large  a majority  given  to  the 
elected  members  of  the  council.  There  were  six 
official  members  and  twelve  elected,  and  perhaps  it 
had  not  been  sufficiently  considered  that  Cyprus 
was  not  a homogeneous  country,  like  other  colonies, 
where  the  electorate  was  in  entire  sympathy 
with  the  Government.  The  governors  consisted  of 
a small  body  of  Englishmen,  and  the  Electorate  con- 
sisted of  the  natives  who  had  only  known  them  for  a 
few’  years.  Under  such  circumstances  it  w’as  not  to 
be  wondered  at  that  they  should  form  a party  by 
themselves,  and  try  to  carry  any  measure  which  they 


thought  best  suited  to  the  country.  It  might  be  said 
they  would  know  what  w'as  best  suited  to  the  countiy 
better  than  Englishmen,  and  in  many  respects  they 
did,  and  their  advice  w^as  extremely  valuable,  but  on 
the  other  hand  what  would  become  of  the  reforms 
which  were  necessary.  A nation  could  not  remain 
for  centuries  under  the  deadening  effect  of  the  Turkish 
rule,  and  still  retain  their  power  of  thinking  and  acting 
for  themselves  ; if  they  did  it  wmuld  show  that  the 
system  of  government  had  not  been  so  bad  as  was 
supposed.  At  the  same  time  the  establishment  of 
the  Legislative  Council  had  had  a very  good  effect  in 
many  w’ays.  It  had  brought  the  elected  members  face 
to  face  with  the  Government,  had  opened  their  eyes 
and  made  them  feel  more  respect  for  and  confidence  in 
the  English  than  they  did  before.  It  acted  as  a 
safety  valve,  and  though  there  were  difficulties  they 
had  not  proved  insurmountable.  Mr.  Saunders  had 
alluded  to  the  fact  of  his  having  been  succeeded  by  a 
Civil  governor ; as  to  which  he  could  only  say  that 
her  Majesty’s  Government  had  been  actuated  by  a 
desire  to  select  the  best  man  for  the  place,  and  he 
was  sure  his  successor  would  do  his  best  for  the  good 
of  the  island.  He  was  a man  of  high  quality,  and 
his  previous  history  in  the  service  of  the  Crown  had 
been  such  as  to  justify  every  expectation  that  the 
interests  of  Cyprus  wmuld  not  suffer  in  his  hands. 
He  heartily  endorsed  Mr.  Lang’s  remarks  on  the 
value  of  English  officials  being  able  to  communicate 
with  the  natives  in  their  own  language.  At  the 
beginning  the  difficulties  from  this  cause  were 
enormous.  Occasional  mistakes  were  of  course 
made,  and  there  was  no  one  to  explain  them ; but 
natives  soon  found  out  that  these  mistakes  were  not 
wilful,  and  they  were  more  astonished  at  the  in- 
dustry and  zeal  of  the  English  than  at  anything  else. 
He  was  much  indebted  on  this  account  to  that  body  of 
officials  who  worked  with  him  in  overcoming  those 
preliminary  difficulties.  Every  document  was  written 
in  Turkish,  uhich  was  not  an  easy  language,  and 
even  of  those  who  spoke  it  few  could  read ; they 
were  therefore  entirely  dependent  on  interpreters  of 
Eastern  extraction.  And  besides  this,  the  Turks 
had  carried  away  nearly  all  the  documents,  though  in 
some  respects  perhaps,  that  facilitated  a new  de- 
parture. The  replanting  of  the  forests  could  not  be 
accomplished  without  a great  expense ; but  with 
careful  conservation  of  the  remaining  forests  that 
was  not  necessary.  This  was  proceeding  favourably, 
the  main  point  being  to  keep  the  higher  ranges  from 
being  denuded,  for  when  this  was  accomplished,  the 
soil  was  soon  washed  away,  and  there  was  nothing  to^ 
replace  it.  The  difficulties  to  contend  with  were,  in 
many  cases,  raised  by  the  inhabitants  themselves,  who 
thuoght  their  rights  were  interfered  with,  for  though 
the  Turks  had  good  laws  on  the  subject,  they 
were  never  carried  out.  It  was  only  by  judicious 
management,  tact,  and  perseverance,  that  they  were 
able  to  preserve  the  forests  at  all ; but  when  he  left, 
things  were  getting  into  a fair  state  ; all  the  disputes 
had  been  settled  in  favour  of  the  Government,  which 
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ihad  shown  itself  generous  towards  its  opponents,  and 
thus  avoided  any  bad  feeling.  A small  port  at 
Famagusta  could  be  made  for  ^50,000,  and  this 
would  be  well  worth  doing,  but  with  regard  to  the 
railway,  he  very  much  doubted  whether  it  would 
pay  its  working  expenses,  and  under  such  circum- 
stances the  Government  could  not  be  expected  to 
guarantee  a dividend.  The  island  was  small  and 
sparsely  populated,  and  there  was  practically 
nothing  for  a railway  to  carry.  The  question 
was  carefully  considered  last  year,  when  they  were 
offered  the  Suakim  railway  for  nothing,  but  the 
conclusion  come  to  was  that,  even  if  laid  down,  it 
would  not  pay  its  working  expenses.  The  railway 
must  wait,  he  thought,  until  the  island  was  more 
populous  and  there  was  more  traffic.  The  establish- 
ment of  the  law  courts  had  been  a great  success,  and 
the  quotation  Mr.  Hake  had  made  from  his  report  did 
not  at  all  exaggerate  his  estimate  of  their  importance. 
His  great  reason  for  urging  this  matter  was,  that  as 
we  had  been  for  years  urging  through  our  ambas- 
sador the  reform  of  justice  in  the  Turkish  tri- 
bunals, it  would  have  been  extremely  illogical  not 
to  undertake  the  same  thing  ourselves  where  we 
had  the  power.  There  was  some  unavoidable  delay 
at  first,  but  the  reform  was  all  the  more  com- 
plete and  successful  when  carried  out.  The  Chief 
Justice  of  the  island,  who  had  now  been  there  more 
than  six  years,  had  every  reason  to  feel  gratified  with 
the  complete  success  of  the  measure.  He  drafted 
the  Order  in  Council,  which  was  signed  by  her 
Majesty,  and  this  had  been  admitted  by  lawyers 
to  be  not  only  a credit  to  the  draftsman,  but  such  a 
piece  of  work  as  had  rarely  been  sent  home  from 
any  colony.  As  regards  public  works,  they  did  not 
exist  prior  to  the  occupation,  and  there  were,  of 
•course,  immense  arrears  to  make  up.  First-class 
roads  could  not  be  attempted  as  }et,  on  account  of 
the  expense.  All  they  could  do  was  to  make  them 
fairly  passable,  but  even  this  had  led  to  an  enormous 
increase  in  the  number  of  carts.  The  only  road 
when  they  went  there  was  from  Larnaca  to  Nicosia, 
and  that  had  now  been  made  a first-class  road,  well 
metalled,  and  with  improved  gradients,  with  the 
.result  that  the  fare  by  a vehicle  had  been  reduced 
from  3s.  6d.  to  2s.  6d.,  and  the  cost  of  transport  by 
bullock  cart,  from  los.  or  12s.  to  8s.,  besides  which 
much  heavier  loads  could  be  carried.  The  locust 
pest  had  been  now  practically  put  an  end  to,  thanks 
to  the  thorough  carrying  out  of  Mr.  Mattei’s  system, 
and  the  constant  watch  which  was  kept.  After 
describing  Mr.  Mattei’s  system  of  screens,  and  the 
incident  which  had  led  him  to  devise  them,  the 
Chairnian  said  much  satisfaction  had  been  given  in 
Cyprus  by  her  Majesty  bestowing  the  Order  of  St. 
Michael  and  St.  George  on  that  gentleman,  and  he 
concluded  by  moving  a vote  of  thanks  to  Mr.  Hake. 

The  motion  having  been  carried  unanimously, 

Mr.  Hake,  in  reply,  said  he  fully  agreed  with  the 
Chairman  that  the  inhabitants  of  Cyprus  had  nothing 


to  do  with  the  Turkish  loan,  and  it  was  very  unfai 
that  the  money  should  be  taken  out  of  the  island  on 
that  account.  Still  he  should  not  advocate  anything 
which  could  be  in  any  way  be  considered  a breach  of  an 
equitable  arrangement.  Mr.  Nicholl’s  suggestion  of 
the  introduction  of  the  bush  turkey  might  be  worth 
considering,  but,  practically,  the  locusts  in  Cyprus 
were  exterminated,  the  damage  done  by  them  last 
year  not  being  more  than  ^10.  Captain  Harvey  sug- 
gested that  after  all  Cyprus  might  be  handed  over  to 
Greece ; of  course  there  was  that  danger,  but  we 
ought  to  go  forward,  trusting  in  the  future,  and  not 
being  held  back  by  these , uncertainties.  He  was 
very  glad  to  find  that  he  had  the  sympathies  of 
gentlemen  who  knew  the  island,  and  if  he  had 
been  too  sanguine  in  proposing  reforms,  some 
of  his  suggestions  at  any  rate  had  met  with 
approval.  With  regard  to  replanting,  he  had  re- 
ferred particularly  to  some  portions  of  the 
northern  range,  which  was  now  almost  entirely 
denuded,  and  he  still  thought  money  might  be 
judiciously  expended  in  planting  there.  Natives  had 
told  him  they  remembered  when  the  whole  of  that 
range  was  covered  with  trees,  where  now  there  was 
not  one  to  be  seen.  The  rainfall  would  not  be  im- 
proved as  quickly  as  it  might  be  without  some  re- 
planting, but  he  was  glad  to  know  that  the  Govern- 
ment was  doing  all  it  could  to  conserve  the  forests. 


Miscellaneous. 

^ 

COLONIAL  AND  INDIAN  EXHIBITION. 

The  Conferences  at  the  Exhibition  were  commenced 
on  Friday  last,  28th  May,  and  several  meetings  have 
already  been  held,  which  were  well  attended.  1 ^ On 
Friday  afternoon  was  held  the  first  Conference  of  the 
Royal  Colonial  Institute,  when  a paper  was  read  by  Mr. 
F.  B.  Labilliere,  on  “ Imperial  Federation.”  On 
Monday,  31st  May,  Mr.  P.  L.  Simmonds  delivered  a 
lecture  on  “ Our  Colonial  Wool  Supplies.”  On  Tues- 
day afternoon,  ist  June,  the  first  Conference  of  the 
Anthropological  Institute  was  held,  the  subject  being 
the  “ Native  Races  in  British  Possessions  in  Africa.” 
In  the  evening  of  the  same  day  Mr.  F.  W.  Penne- 
father  delivered  a lecture  entitled  “A  Tour  through 
New  Zealand,”  which  was  illustrated  by  views 
thrown  on  the  screen  by  means  of  the  limelight. 
On  Wednesday  Mr.  G.  B.  L.  Druce  read  a paper 
on  the  “ Importation  of  Grain  and  Bread  Stuffs 
from  the  Colonies  and  India,”  and  on  Thursday,  Mr. 
Arnold  White  read  a paper  on  “ South  Africa  as  a 
Field  for  the  Emigration  of  the  Agricultural  Classes.” 
Each  paper  was  followed  by  a discussion. 


The  number  of  visitors  to  the  Exhibition  for  the 
week  ending  May  29th,  was  160,170  ; making  a total 
since  the  opening  of  546,281. 
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ANIMAL  FOODSTUFFS  OF  EGYPT. 

The  diet  of  the  inhabitants  of  modem  Egypt  and 
the  Nile  valley  does  not  embrace  a great  variety  of 
meats.  The  consumption  of  butchers’  meat  is  mostly 
restricted  to  mutton,  and  that  only  in  small  quantity. 
The  flesh  of  the  camel  is  eaten  only  by  the  peasants 
and  desert  Arabs,  being  unlawful  for  the  Copts. 
Buffalo  meat  is  tough,  coarse,  and  seldom  consumed. 
Pigeons  and  poultry  are  reared  everywhere,  and 
quails  and  partridges  occur  wild. 

Fish  figures  largely  in  the  maritime  and  fluviatile 
districts,  the  annual  value  of  the  fisheries  of  the 
countiy  being  placed  at  25,000.  The  salt  fish  is 
prepared  after  the  manner  of  cod ; the  smoked  fish 
by  the  method  adopted  with  herring.  Small  salted 
fish,  known  as  “ kishr  ” {Perea  nilotica),  are  sold  in 
barrels  in  the  bazaars,  and  consumed  in  immense 
quantities.  Another  important  item  in  the  piscatorial 
harvest  is  “ boutarge,”  a kind  of  caviare  prepared 
from  the  roes  contained  in  the  two  oblong,  mem- 
branous pouches  in  the  mullets  common  to  Lake 
Menzaleh.  The  Nile  fishes  are  insipid  as  compared 
with  the  sea  kinds,  though  the  “ bultee  ” {Labrus 
niloticus),  the  “kishr”  {Perea  nilotiea),  and  the 

binnee  ” {Cyprinus  hynni)  are  delicate  flavoured. 
The  natives  have  an  objection  to  fishes  which  are 
<inpro\nded  \rith  scales. 

In  Upper  Egypt,  crocodiles  are  taken  in  the  Nile  by 
means  of  traps,  or  by  harpoons  fixed  in  hollow  bamboo 
handles,  and  secured  by  a cord  which  unwinds  with 
the  struggles  of  the  wounded  beast.  This  cord 
is  made  from  the  vascular  tissue  of  the  “ochar” 
\Aselepias proeera),  remarkable  for  the  solidity  of  its 
fibre,  of  which  is  made  all  the  cordage  used  on 
the  Upper  Nile.  Honey  is  obtained  from  domesti- 
rcated  bees,  and  is  generally  clarified  before  being 
eaten. 


BEETROOT  SUGAR  IN  BOHEMIA. 

Consul  Hiining,  of  Prague,  says  in  his  last  report 
on  the  trade  and  industries  of  Austria,  that  there  are 
•few  countries  in  Europe  of  the  same  extent  and  popu- 
lation, for  which  the  beetroot  sugar  industry  has 
equal  importance  and  significance  as  Bohemia.  The 
Bohemian  sugar  industry  is  greater  than  that  of  all 
the  other  provinces  of  the  Empire,  Hungary  included. 
Official  statistics  show  that  during  the  year  1883-4 
the  entire  number  of  sugar  factories  in  Austria- 
Hungary  was  230,  of  which  152  were  located  in 
Bohemia,  and  that  of  the  entire  quantity  of  41,845,679 
metrical  centners  of  beets  on  which  a tax  was  levied 
before  they  were  manufactured  into  sugar,  26,178,845 
■metrical  centners  were  worked  up  in  Bohemia.  The 
bounty  paid  by  Government  in  1884  for  sugar  exported 
from  the  countries  represented  in  the  Reichsrath 
amounted  to  23,313,468  florins,  for  sugar  exported 
from  Hungary  to  1,011,877  florins,  and  from  Bohemia 
alone  to  19,977,000  florins,  of  which  sum,  5,406,000 
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florins  were  for  refined,  and  14,576,000  florins  for 
powdered  sugar;  while  in  1883  the  amount  paid  for 
bounties  for  exports  from  Bohemia  was  17,184,000 
florins.  During  the  year  1884-5  there  were  in  operation 
in  the  entire  Austrian  Empire  249  sugar  factories,  of 
which  number  165  were  situated  in  Bohemia.  Of 
these  50  were  owned  by  joint-stock  companies, 
3 by  large  corporations,  2 by  the  Bohemian  Sugar 
Industrial  Society,  60  by  the  nobility,  3 by  the 
emperor,  and  the  remainder  by  private  individuals. 
During  the  year  1883-84  the  number  of  persons  em- 
ployed in  the  sugar  manufactories  of  Bohemia  was 
30,580  males,  and  11,332  females,  and  in  those  of 
the  entire  empire  of  Austria-Hungary  46,683  males, 
and  20,024  females,  whose  daily  wages  average  from 
35  kreuzers  to  i florin  (the  florin  being  equivalent  to 
IS.  8d.).  The  Government  tax  on  beets  for  the  same 
period  amounted  to  20,942,535  florins  for  Bohemia, 
and  to  33,476,543  florins  for  the  whole  of  the  empire. 
The  extraction  of  the  juice  in  the  152  factories  of 
Bohemia  was  effected  by  the  diffusion  process,  while 
the  old  method  of  employing  grinding  and  powerful 
pressure  was  adopted  at  12  factories  situated  in  other 
parts  of  the  empire.  When  sugar  first  became  an 
article  of  export,  the  Government  paid  a certain  bounty 
or  drawback  which,  in  i860,  was  5*16  florins  on  the 
centner  of  refined,  and  4-20  florins  on  the  centner  cf 
powdered  sugar  (the  centner  being  equivalent  to 
220 lbs.).  In  1864,  the  bounty  was  increased  to  6*5 1 
florins  on  refined,  and  5 ’30  florins  on  powdered  sugar, 
and  the  bounty  paid  at  present  is  8*4  florins  on  the 
metrical  centner  of  sugar  containing  from  88  to  92 
per  cent,  of  saccharine  matter ; 9-4  florins  on  the 
metrical  centner  of  sugar  containing  from  92  to 
per  cent,  of  saccharine  matter,  and  ii‘55  florins  on 
the  metrical  centner  containing  more  than  99^  per 
cent.  The  annual  consumption  of  sugar  in  Austria 
is  estimated  to  average  twelve  pounds  per  head,  but 
in  Bohemia,  where  coffee  is  in  great  demand,  it  is 
rather  above  this  amount.  The  greater  part  of  the 
sugar  exported  from  Bohemia  is  sent  by  way  of  the 
Elbe  to  Hamburg,  and  from  there  to  England. 


Correspondence. 


INDUSTRIES  AND  COMMERCE  OF  NEW 
SOUTH  WALES. 

In  the  instructive  paper  by  Edward  Combes, 
C.M.G.,  in  the  Jouriial  of  the  Soeiety  of  Arts, 
May  14,  1886,  reference  is  made  to  “ the  remains  of 
a struthious  bird,  named  Dinorsis  Australis  by  Pro- 
fessor Owen  ” (p.  686).  The  name  given  by  me  is 
Dromornis  australis.  I should  not  have  noticed  so 
trifling  an  error  had  it  not  been  repeated  at  p.  688 
and  afforded  no  clue  to  readers  wishing  to  refer  to 
the  original  description  of  this  extinct  bird.  My  first 
paper  thereon  is  given  in  vol.  viii , “ Transactions 
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of  the  Zoological  Society,”  p.  381,  plates  62,  63 ; a 
second  account  of  additional  discoveries  of  remains 
oi  Dromornis  in  New  South  Wales  is  recorded  in 
vol.  X.  of  the  same  “Transactions,”  p.  186,  plate  33. 
The  substance  of  both  papers  form  an  appendix  to 
the  work  entitled  “ Memoirs  on  the  Extinct  Wingless 
Birds  of  New  Zealand,”  4to,  2 vols.,  1878. 

Richard  Owen. 

Sheen  -lodge,  Richmond-park,  East  Sheen, 

2ist  May,  1886. 


General  Notes. 

❖ 

Population  of  Rome. — According  to  the  latest 
statistics  the  population  of  Rome  at  the  31st  Decem- 
ber, 1885,  was  345,036;  at  the  31st  March  of  the 
present  year  it  had  risen  to  349,921,  showing  an 
increase  of  4,885  inhabitants. 

International  Congress  for  Protection  of 
Industrial  Property. — The  third  International 
Congress  for  the  protection  of  industrial  property 
was  inaugurated  at  Rome  on  the  30th  April. 
The  Minister  of  Foreign  Affairs,  General  Di 
Robilant,  in  his  opening  address,  referred  to 
the  Convention  of  Paris  of  1883  as  not  only 
of  particular  importance  as  the  first  concluded 
between  the  various  countries  of  Europe  for  this 
purpose,  but  also  because  it  may  be  considered  as 
the  first  step  towards  the  unification  of  the  existing 
laws  respecting  patents. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  June  7. ..Colonial  and  Indian  Exhibition,  South 
Kensington,  S.W.,  4 p.m.  Conference  of  the 
Anthropological  Institute.  “ Native  Races  in 
British  Possessions  in  America  and  the  West 
Indies.” 

Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
5 p.m.  General  Monthly  Meeting. 

Engineers,  Westminster  Town-hall,  S.W.,  72  p.m. 
Mr.  R.  P,  Spice,  “ Some  Modern  Improvements 
in  the  Manufacture  of  Coal  Gas.” 

Geographical,  University  of  London,  Burlington- 
gardens,  W.,  8g  p.m. 

Victoria  Institute,  7,  Adelphi- terrace,  W.C.,  8 pm. 
Annual  Meeting. 

Tuesday,  June  8. ..Colonial  and  Indian  Exhibition,  South 
Kensington,  S.W.,  2 p.m.  Conference  of  the 
National  Association  for  Promoting  State- Directed 
Colonisation.  ' 8g  p.m.  Mr.  Alexander  Begg, 
“ The  Canadian  North-West.” 

Society  for  the  Protection  of  Ancient  Buildings  (at 
the  House  of  the  Society  of  Arts),  3 p.m. 
Annual  Meeting. 

Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Prof.  A.  Gamgee,  “ The  Function  of  Circulation.” 

Medical  and  Chirurgical,  53,  Berners-street,  Oxford- 
street,  W.,  8Jp  .m. 

Gas  Institute,  25,  Great  George  street,  S.W., 
io|  a m.  Annual  Meeting.  Inaugural  Address  by 
the  President.  Reading  of  papers  and  discussion. 

Photographic,  5A,  Pall-mall  East,  S.W.,  8 p.m. 


Anthropological, ' 3,  Hanover-square,  W.,  8^  p.m. 

1.  Mr,  C.  H.  Read,  “ The  Ethnological  Exhibits 
in  the  Colonial  and  Indian  Exhibition.”  2.  Miss 
Buckland,  "‘Indian  Shell-work.”  3.  Mr.  C.  W. 
Rosset,  “ Ethnological  Objects  from  Ceylon  and 
the  Maidive  Islands.” 

Horticultural,  South  Kensington,  S.W.,  i p.m. 
Show  of  Orchids. 

Chemical  Industry  (London  Section),  Burlington- 
house,  W.,  8 pm.  Dr.  Me}"mott  Tidy,  “The 
Chemical  Treatment  of  Sewage.” 

Wednesday,  June  9.. .Colonial  and  Indian  Exhibition,  South 
Kensington,  S.W  , 4 p.m.  Mr.  L.  J.  Shand, 
“ British  Grown  Teas.” 

Geological,  Burlington-house,  W.,  8 p.m.  i.  Mr. 
James  Buchan,  “The  Volcanic  Rocks  of  North- 
eastern Fife,”  with  an  Appendix  by  the  Prcsident- 

2.  Mr.  Frank  Rutley,  “ Some  Eruptive  Rocks  frora 
the  neighbourhood  of  St.  Minver,  Cornwall.”  3. 
Mr.  H.  W.  Monckton  and  Mr.  R.  S.  Herries, 
“The  Bagshot  Beds  of  the  London  Basin.”  4. 
Mr.  Edwin  Gilpin,  jun.,  “ The  Geology  of  Cape- 
Breton  Island,  Nova  Scotia.” 

Gas  Institute,  25,  Great  George-street,  S.W.,  10.30 
a.m.  Reading  of  Paper  and  Discussion  continued. 

2 p.m.  Visit  to  Colonial  and  Indian  Exhibition. 
Microscopical,  King’s  College,  W.C.,  8 p.m.  i.  Mr. 

F.  R.  Cheshire,  “ Device  for  the  better  examination 
of  Bacteria  iu  culture  tubes.  2.  Dr.  E.  M.  Crook- 
shank,  “ Photomicrography.” 

Royal  Literary  Fund,  10,  John-street,  Adelphi, 
W.C.,  3 p.m. 

Royal  Society  of  Literature,  4,  St.  Martin’s-place, 
W.C.,  8 p.m. 

Thursday,  June  10. ..Colonial  and  Indian  Exhibition,  South 
Kensington,  S.W.,  82  p.m.  Mr.  F.  W.  Pennefather, 
“ The  Industries  of  New  Zealand.” 

Royal,  Burlington-house,  W.,  42  p.m. 

Antiquaries,  Burlington-house,  W.,  8J  p.m. 

Gas  Institute,  25,  Great  George-street,  S.W., 
loj  a m.  Reading  of  papers  and  discussion  con- 
tinued. 

Society  for  the  Encouragement  of  Fine  Arts,  8 pm. 
Conversazione  at  the  Galleries  of  the  Institute  of 
Painters  in  Water  Colours,  Piccadilly,  W. 

Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Prof.  A.  Macalister,  “ Habit  as  a Factor  in  Human 
Morphology.” 

Mathematical,  22,  Albermarle- street,  W.,  8 p.m. 
Friday,  June  ii... Colonial  and  Indian  Exhibition,  South 
Kensington,  S.W.,  3 pm.  Conference  of  th& 
Royal  Colonial  Institute.  Mr.  F.  Young, 
“ Emigration  to  the  Colonies.” 
UnitedServiceInstitute,Whitehall-yard,  S.W.,  3p.m. 

Colonel  F.  G-  Ravenhill,  “A  Reserve  of  War 
Horses.” 

Royal  Institution,  Albemarle-street,  W.,  8 p.m. 
Weekly  Meeting,  9 p.m.  Professor  Dewar,. 
‘ ‘ Meteorite  Problems.  ” 

Gas  Institute,  25,  Great  George-street,  S.W.  Visit 
to  Woburn  Abbey. 

Astronomical,  Burlington-house,  W.,  8 p.m. 

Quekett  Microscopical  Club,  University  College, 
W.C. ,8  p.m. 

New  Shakspere,  University  College,  W.C.  8 p.m.. 
Paper  by  Mr.  Frank  Marshall. 

Saturday,  June  12. ..Royal  Institution,  Albemarle  - street,. 

W’^.,  3 p.m.  Prof.  G.  G.  Stokes,  “Light,  with 
special  reference  to  Effects  resulting  from  its- 
Action  on  various  Substances.” 

Physical  Science  Schools,  South  Kensington,  S.W., 

3 p.m.  Mr.  Walter  Emmott  and  Mr.  Wm. 
Ackroyd,  “ Electric  Light  Fire-damp  Indicators.’^ 

Botanic,  Inner  Circle,  Regent’s-park,  N.W.,  3|p-ni. 
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^joiinint  oJ  the  ^ocietit  of  g^vts. 

No.  i,rsr.  VoL.  XXXIV. 

^ 

FRIDAY,  JUNE  ii,  1886. 


All  commumcations  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelphi,  London,  W.C. 


NOTICES. 

♦ 

CON  VERSA  ZIONE. 

The  Society  of  Arts  Conversazione  will  be 
held,  by  permission  of  the  Royal  Commission, 
at  the  Colonial  and  Indian  Exhibition,  South 
Kensington,  on  Friday,  the  i6th  of  July  next. 

Each  member  will  receive  a card  for  him- 
self, which  will  not  be  transferable,  and  a card 
for  a lady.  In  addition  to  this,  cards  will  be 
sold  to  members  of  the  Society,  or  to  persons 
introduced  by  a member,  at  the  following 
prices  : — Until  the  3rd  of  July,  7s.  each  ; after 
that  date  los.  each,  except  on  the  i6th  July, 
when  the  price  will  be  15s. 

The  Council,  however,  reserve  the  right  of 
stopping  the  sale  of  tickets  or  of  raising  the 
price,  if  it  is  found  necessary,  in  order  to  restrict 
the  number  of  visitors  within  reasonable  limits. 

Tickets  will  only  be  supplied  to  persons 
presenting  members’  vouchers  (forms  of  which 
can  be  obtained  from  the  Secretary),  or  a letter 
of  introduction  from  a member. 

Members  can  purchase  these  additional 
tickets  by  personal  application,  or  by  letter 
addressed  to  the  Secretary.  In  all  cases  of 
application  by  letter,  a remittance  must  be 
enclosed.  Each  ticket  will  admit  one  person, 
either  lady  or  gentleman. 

Light  refreshments  (tea,  coffee,  ices,  &c.) 
will  be  supplied  at  the  usual  buffets.  No  re- 
freshments can  be  obtained  by  purchase.  It 
will  greatly  facilitate  the  arrangements  if 
members  requiring  additional  tickets  will 
apply  for  them  at  as  early  a date  as  con- 
venient. The  members’  invitations  will  be 
issued  in  the  couise  of  next  week.  Visitors’ 
tickets  can  be  purchased  from  the  present 
date. 


There  will  be  no  admission  to  the  Exhibition 
on  this  evening  except  by  special  ticket,  and 
no  rickets  can  be  purchased  at  the  Exhibition. 

Further  particulars  as  to  the  arrangements 
will  be  announced  in  future  numbers  of  the 
Journal. 


Proceedings  of  the  Society. 

♦ 

CANTOR  LECTURES. 
PETROLEUxM  AND  ITS  PRODUCTS. 
By  Boverton  Redwood,  F.I.C.,  F.C.S. 

[The  right  of  reproducing  these  lectures  is  reserved.!’, 

Lecture  I, — Delivered  March  2>th,  i886._ 

In  considering  historically  the  subject  of 
these  lectures,  it  will  be  convenient  to  accept 
the  name  petroleum  (which  is  obviously  derived 
from  the  two  Latin  words  Jetra,  rock,  and 
oleum,  oil)  in  its  broadest  signification,  as. 
embracing  not  only  the  liquid  oils  which  flow 
from  the  earth  in  various  localities,  but  also  the 
solid  or  semi-solid  forms  as  well  as  the  gaseous 
forms ; and,  in  addition,  the  similar  products 
obtained  by  the  distillation  of  Boghead  coal,., 
bituminous  shales,  brown  coal  and  peat. 

Probably  the  earliest  descriptive  mention  of 
petroleum  was  made  by  Herodotus  wdio,  about 
450  B.c.  gave  an  account  of  the  pitch  lakes  of' 
the  Island  of  Zante,  and  referred  to  the  use  of 
bitumen  which  had  been  brought  down  by  the 
waters  of  the  Is  into  those  of  the  Euphrates,  in 
the  building  of  the  walls  of  Babylon.  This 
writer  describes  a well  at  Arderrika,  thirty-five 
miles  from  Susa,  which  produced  asphalt,  salt, 
and  oil,  the  mixture  being  drawn  from  the  well 
in  half  a wine  skin,  and  poured  into  a receptacle, 
when  the  asphalt  and  salt  became  solid,  and 
the  oil,  which  was  black  and  emitted  a strong: 
odour,  separated. 

A distinct  reference  to  the  use  of  petroleum> 
occurs  in  the  account  of  the  building  of  the 
tower  of  Babel  in  the  Book  of  Genesis,  for  the 
word  “ slime  ” in  the  English  version  is 
as<pa\Tos  in  the  Septuagint  and  bitumen  in  the 
Vulgate. 

Sir  Lyon  Playfair  is  of  opinion  that  some 
form  of  petroleum  is  more  than  once  referred 
to  in  the  Old  Testament,  under  the  generic 
name  of  salt,  and  he  hazards  the  conjecture 
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that  Lot’s  wife  was  converted  into  a pillar  of 
asphalt,  as  this  would  constitute  an  enduring 
monument  which  might  have  been  seen  by 
Josephus,  and  his  contemporary,  Clement  of 
Rome,  both  of  whom  declared  that  they  saw 
it,  while  a pillar  of  common  salt  w’ould  have 
been  washed  away  by  the  first  shower  of 
rain. 

Travellers  to  Persia  and  India,  before  the 
discovery  of  the  Cape  of  Good  Hope  route, 
speak  of  the  pitch  fountain  of  Oyun  Hit,  on 
the  Euphrates,  and  the  people  of  the  locality 
have  a tradition  that  the  bitumen  for  the  build- 
ing of  the  tower  of  Babel  was  collected  there. 
The  use  by  the  Egyptians,  for  embalming,  of 
the  bitumen  found  in  the  valley  of  the  Indus, 
is  mentioned  by  Strabo  and  Diodorus  of  Sicily, 
and  the  former  also  relates  how  this  substance 
rose  to  the  surface  of  the  Dead  Sea  during  or 
after  earthquakes. 

The  existence  of  the  petroleum  deposits  of 
the  Apsheron  Peninsula  has  probably  been 
known  for  at  least  2,500  years,  for  it  is  be- 
lieved that  the  Persian  fire  - worshippers 
frequented  Surakhani  from  the  time  of 
Zoroaster,  who  lived  not  later  than  600  B.c. 
The  so-called  ^‘eternal  fires”  at  Surakhani, 
result  from  the  burning  of  the  natural  gas 
which  issues  from  the  ground  in  considerable 
quantity,  and  a temple  still  exists  which, 
until  recently,  was  frequented  by  fire- 
worshippers.  When  I visited  this  spot  in 
1884,  the  gas  was  not  burning  in  the  temple, 
but  I had  no  difficulty  in  igniting  it  with  a 
lighted  match.  A good  illustration  of  this 
temple,  from  a drawing  by  Mr.  William 
Simpson,  appeared  in  the  Illustrated  Loiidon 
Nezvs  for  the  28th  November  1885.  It  is 
worthy  of  note  that  a similar  temple  exists 
near  Kangra,  in  the  Punjab,  where  petroleum 
gas  escapes  from  the  ground,  and  it  is  pro- 
bable that  in  past  ages  the  same  priests 
officiated  in  these  localities,  journeying  with 
pilgrims  from  one  to  the  other. 

Aristotle,  about  B.c.  350,  Strabo,  B.c.  25, 
Pliny,  about  A.D.  50,  Plutarch,  about  A.D.  66, 
and  others,  describe  at  some  length  deposits 
of  bitumen  occurring  in  Albania,  on  the  eastern 
shores  of  the  Adriatic  Sea.  Pliny  and  Dios- 
corides  also  mention  the  oil  of  Agrigentum, 
which  was  used  in  lamps  under  the  name  of 
Sicilian  oil.  Plutarch  records  that  a Mace- 
donian, who  had  charge  of  Alexander’s 
baggage,  is  said  to  have  dug  on  the  banks  of 
the  Oxus,  and  that  “ there  came  out  which 
differed  nothing  from  natural  oils,  having 
the  glosse  and  fatness  so  like  as  there 


could  be  discovered  no  difference  between 
them.” 

Notices  of  petroleum  springs  and  gas  wells 
in  China  occur  in  the  earliest  records  of  that 
ancient  people,  the  natural  gas  in  that  country 
having  been  used  to  evaporate  brine  for 
centuries  before  the  Christian  era. 

The  existence  of  petroleum  oil  and  gas  in 
Japan  has  also  been  known  for  a long 
period,  and  Mr.  Lyman,  in  his  first  report  on 
the  Geological  Survey  of  Japan,  published  in 
1877,  states  that  the  oil  wells  of  Echigo 
are  supposed  by  the  inhabitants  to  have  been 
dug  several  hundred  years  ago.  He  adds  : — 

“It  is  said  in  the  Japanese  history  called  ‘ Ko- 
kushiriyakn  ’ (I  am  told)  that  rock  oil  (or  ‘ burning 
water’)  was  found  in  Echigo  in  the  reign  of  Tenji- 
tenno,  which  was  1,260  years  ago,  or  about  A.D.  615, 
and  that  was  probably  at  Kusodzu,  where  there  are 
still  many  natural  exposures,  as  well  as  dug  w'ells. 
The  name  of  the  place,  Kusodzu,  is  the  name  given 
in  the  country  to  rock  oil,  and  it  means  ‘ stinking 
water ;’  and  the  very  fact  that  the  word  is  by  con- 
traction so  much  changed  from  its  oiiginal  form, 
Kusaimidzu,  shows  of  itself  considerable  antiquity. 
Natural  gas  even  is  called  Kazakusodzu,  the  first 
two  syllables  meaning  wind  or  air,  and  evidently 
identical  etymologically  with  our  very  modern  Western 
word,  gas.” 

Gibbon  states  that,  in  A.i).  624,  the  Emperor 
Heraclius  wintered  at  the  mouth  of  the  river 
Kura,  seventy  miles  south  of  Baku,  and  that 
his  “soldiers  extinguished  the  fire,  and  de- 
stroyed the  temples  of  the  Magi.”  Marco 
Polo,  who  wrote  in  the  13th  century,  is  sup- 
posed to  have  referred  to  the  petroleum  of 
Baku  when  he  stated  that  there  was  in  this 
neighbourhood  an  abundant  spring  of  oil,  not 
good  for  food,  but  good  to  burn  or  to  anoint 
camels  that  had  the  mange  ; and  he  added  that 
the  people  came  from  great  distances  to  collect 
it.  As  far  back  as  1436,  petroleum  found 
on  the  shores  of  Lake  Tegernsee,  in  Bavaria, 
was  employed  medicinally  under  the  name  of 
“St.  Quirinus’s  oil.”  Francesco  Ariosto  states 
that  he  cured  men  and  animals  afflicted 
with  itch  with  the  petroleum  which  he  had 
discovered  in  1460  atMontLibis,  in  the  Duchy 
of  Modena.  Jonas  Hanway,  in  the  middle  of 
the  eighteenth  centur}^,  described  the  so-called 
eternal  fire  at  Surakhani  as  a flame  in  colour 
and  gentleness  not  unlike  a lamp  that  burns 
with  spirit,  only  more  pure,  and  sometimes 
rising  to  a height  of  eight  feet  when  the  wind 
blows.  Hanway  also  described  Tcheleken 
Island,  which  is  on  the  opposite  side  of  the 
Caspian  Sea,  as  being  peopled,  in  1743, 
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when  he  visited  it,  by  thirty-six  families  who 
owned  several  wells  of  naphtha,  and  carried 
on  a brisk  trade  in  selling  the  oil  to  the 
Persians,  Turkomans,  &:c.,  having  no  less  than 
two  dozen  large  boats  employed  in  the  trans- 
port of  the  liquid. 

The  earliest  mention  of  the  occurrence  of 
petroleum  in  North  America,  which  Mr.  Peck- 
ham  met  with  in  compiling  his  elaborate  and 
valuable  report,  presented  to  the  United  States 
Census-ofiBce  in  1882,  is  dated  1629,  though 
the  existence  and  certain  uses  of  petroleum 
were  undoubtedly  well  known  to  the  Indians 
very  long  before.  In  the  year  last  mentioned, 
a Franciscan  missionary,  Joseph  de  la  Roche 
d’ Allion,  who  crossed  the  Niagara  River  into 
what  is  now  the  State  of  New  York,  wrote  a 
letter  (published  in  Sagard’s  “ Histoire  du 
Canada,”  1632),  in  which  he  mentions  the  oil 
springs,  and  gives  the  Indian  name  of  the 
place,  which  he  explains  to  mean,  “There  is 
plenty  there.”  In  the  year  1750,  the  com- 
mander of  Fort  Duquesne  wrote  to  General 
Montcalm,  describing  the  ceremonies  of  the 
Seneca  Indians  as  ending  in  the  ignition,  by 
means  of  a torch,  of  the  scum  which  covered 
the  surface  of  a small  stream  which  flowed 
into  the  Alleghany.  About  the  same  time,  or 
a few  years  later,  Peter  Kalm  published  in 
Swedish  a book  of  travels,  in  which  was  a map 
correctly  showing  the  position  of  the  springs 
in  Oil  Creek. 

In  1765,  the  English  Government  sent  an 
embassy  to  the  Court  of  Ava,  in  Burmah,  and 
in  the  journal  of  the  Embassy  IMajor  Symes 
thus  refers  to  the  petroleum  wells  in  the 
neighbourhood  of  the  Yenangyoung  (Earth-oil 
Creek)  a small  tributary  of  the  Irrawaddy  : — 

“ After  passing  various  lands  and  villages,  we 
got  to  Yenangyoung,  or  Earth-oil  Creek,  about 
two  hours  past  noon.  We  were  informed  that  the 
celebrated  wells  of  petroleum  which  supply  the  whole 
empire  and  many  parts  of  India  with  that  useful 
product,  were  five  miles  to  the  east  of  this  place. 
The  mouth  of  the  creek  was  crowded  with  large 
boats  waiting  to  receive  a lading  of  oil,  and  pyramids 
of  earthen  jars  were  raised  in  and  around  the  village, 
disposed  in  the  same  manner  as  shot  and  shell  are 
piled  in  an  arsenal.  This  is  inhabited  only  by  potters, 
who  carry  on  an  extensive  manufactory,  and  find  full 
employment.  The  smell  of  the  oil  is  extremely 
offensive.  We  saw  several  thousand  jars  filled  with 
it  ranged  along  the  bank ; some  of  these  were  con- 
tinually breaking,  and  the  contents,  mingling  with 
the  sand,  formed  a very  filthy  consistence.” 

In  Galicia  the  existence  of  petroleum  is  said 
to  have  been  discovered  in  1771,  in  what  is  now 


the  oil  field  of  Sloboda-Rungurska,  near 
Kolomea. 

In  1788,  a thick  black  variety  of  petroleum, 
occurring  between  Peklenicza  and  Moslowina, 
in  Hungary,  was  examined  by  Winterl. 

In  1791,  Martinovich  wrote  an  account  of  a 
dark  brown  variety  of  petroleum  found  in 
Galicia. 

Dr.  Gesner  states  that  the  existence  of 
asphaltum  and  solid  bitumen  at  Santa  Barbara, 
in  Southern  California,  has  been  known  since 
1792. 

In  1 81 1,  the  pitch  lake  of  Trinidad,  near  the 
mouth  of  the  Orinotas,  was  visited  and  de- 
scribed by  Dr.  Nicholas  Nugent. 

In  1817,  Saussure  examined  the  crude  petro- 
leum of  Miano,  in  the  Duchy  of  Parma,  which 
was  used  at  that  time  for  lighting  the  streets 
of  Genoa. 

Mr.  E.  St.  John  Fairman  states  that  Genoa 
was  first  lighted  with  Miano  petroleum  in  1802. 

Mr.  Charles  A.  Ashburner,  geologist,  in 
charge  of  the  Pennsylvania  Survey,  is  of  opinion 
that  possibly  the  first  gas  obtained  com- 
mercially from  a well  in  the  United  States  was 
at  Fredonia,  Chatauqua  County,  New  York, 
where  a well  was  sunk  on  the  bank  of  Canada- 
way Creek,  near  the  main  street  bridge,  in  1821, 
and  sufficient  gas  obtained  for  thirty  burners, 
the  inn  having  been  illuminated  by  the  gas 
when  General  Lafayette  passed  through  the 
village  about  1824. 

I have  already  stated  that  the  discovery  of 
the  existence  of  petroleum  in  Galicia  was  made 
in  1771.  The  oil  was,  however,  used  simply 
as  a cart  grease,  but,  according  to  Dr.  Gintl, 
in  1817  the  distillation  of  Galician  petroleum 
was  commenced,  and  the  Alstettering,  in 
Prague,  was  lighted  with  the  product.  The 
refinery  which  supplied  the  total  requirements 
of  the  city  in  question  (300  cwts.  per  annum) 
was  situated  at  Kabicza.  The  oil  appears  to 
have  been  sold  at  55  florins  per  cwt.  The 
company  which  carried  on  this  refinery  sus- 
pended operations  in  the  following  year. 

Persian  petroleum  was  distilled  by  Unver- 
dorben  in  1829,  and  a small  quantity  of  a solid 
“fat”  obtained;  and  in  1831,  Christison  and 
Gregory  obtained  paraffin  from  Rangoon 
petroleum. 

In  1830,  Reichenbach  separated  paraffin  from 
wood  tar,  and  Laurent  obtained  it  by  distilling 
bituminous  shale. 

In  1836,  the  petroleum  from  the  Tegern  Lake 
in  Bavaria,  already  referred  to  as  being  known 
under  the  name  of  St.  Quirinus  oil,  was  ex- 
amined by  Kobell. 
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In  1833,  Professor  Silliman  published  the  fol- 
lowing- account  of  the  oil  well  of  the  Seneca 
Indians,  near  Cuba,  New  York;  — 

“ The  oil- spring,  or  fountain,  rises  in  the  midst  of 
a marshy  ground ; it  is  a muddy  and  dirty  pool  of 
about  18  feet  in  diameter.  The  water  is  covered  with 
a thin  layer  of  petroleum,  giving  it  a foul  appearance, 
as  if  coated  with  dirty  molasses,  having  a yellowish- 
brown  colour.  They  collect  the  petroleum  by 
skimming  it,  like  cream  from  a milk-pan.  For  this 
purpose  they  use  a broad  flat  board,  made  thin  at  one 
edge,  like  a knife ; it  is  moved  flat  upon,  and  just 
under  the  surface  of  the  water,  and  is  soon  covered 
by  a thin  coating  of  the  petroleum,  which  is  so  thick 
and  adhesive  that  it  does  not  fall  off,  but  is  removed 
by  scraping  the  instrument  upon  the  lip  of  a cup. 
It  has  then  a very  foul  appearance,  like  very  dirty  tar 
or  molasses,  but  it  is  purified  by  heating  or  straining 
it  while  hot  through  flannel  or  other  woollen  stuff. 
It  is  used  by  the  people  of  the  vicinity  for  sprains  and 
rheumatism,  and  for  sores  on  their  horses,  it  being  in 
both  cases  rubbed  upon  the  part.” 

In  1836,  Dr.  Hildreth  described  the  petroleum 
deposits  in  little  Kanawha. 

Between  that  date  and  1847,  when  Mr.  James 
Young  obtained  the  right  of  working  a petro- 
leum spring  in  the  Biddings  colliery,  at 
Alfreton,  in  Derbyshire,  to  which  his  attention 
had  been  directed  by  Sir  Lyon  Playfair,  many 
descriptions  of  petroleum  deposits  in  different 
parts  of  the  world  were  contributed  by 
travellers ; and  several  chemists  published 
results  obtained  in  the  analyses  of  petroleum 
from  various  localities,  and  in  the  destructive 
distillation  of  bodies  capable  of  yielding 
similar  products.  In  1850,  Mr.  Young  pro- 
duced paraffin  oil  by  the  distillation  of  Bog- 
head or  Torbanehill  mineral,  and  in  that  year 
obtained  a patent  for  his  process.  Laurent 
had,  however,  in  1833,  suggested  the  working 
of  the  bituminous  shale  found  at  Autun  as  a 
source  of  mineral  oil;  and,  in  1839,  burning 
oil  and  other  products  manufactured  from  this 
material  w^ere  exhibited  by  Selligue.  The 
first  successful  attempt  to  manufacture  burn- 
ing oil  from  coal  in  America  is  stated  to  have 
been  made  by  Dr.  Abraham  Gesner,  who 
burned  in  lamps  an  oil  thus  made  at  public 
lectures  at  Prince  Edward’s  Island,  in  August, 
1846;  Dr.  Gesner  subsequently  sold  the  patents 
granted  to  him  to  the  North  American  Kerosene 
Gas-Light  Company,  who  manufactured  the  oil 
at  their  works  at  Newtown  Creek,  Long  Island, 
and  sold  it,  in  1854,  under  the  name  of  kero- 
sene oil.  Dr.  Gesner  states  that  Messrs. 
Austen,  the  agents  of  the  company,  “ found 


great  difficulty  in  selling  the  oil.  The  refining 
process  was  not  so  well  understood  at  that 
time  as  at  present,  and  the  odour  was  not 
agreeable  The  beauty  of  the  light  obtained 
from  it,  however,  w^as  sufficient  to  gradually 
overcome  the  objection  to  it  on  the  score  of 
odour.  Its  supposed  explosiveness  was  also 
urged  against  it  by  those  interested  in  the 
camphine  and  burning  fluids.” 

In  1849,  commercial  attempts  were  made  to 
obtain  mineral  oil  from  peat  in  Ireland,  and  in 
1850  the  distillation  of  lignite  for  paraffin  oil 
was  commenced  on  the  Rhine. 

In  1852,  Mr.  Young  obtained  an  American 
patent  for  his  process  of  producing  burning 
oils  and  paraffin  from  bituminous  coals. 

Referring  to  the  lighting  of  Prague  with 
Galician  petroleum  in  1817  18,  and  pursuing 
the  development  of  the  industry  in  general  in 
chronological  order,  we  again  come  to  Galicia. 
It  would  appear  that  between  1818  and  1852 
no  further  attempts  were  made  to  produce  a 
lighting  fluid  from  petroleum  in  that  country. 
In  the  latter  year,  however,  according  to  Dr. 
Gintl,  a person  named  Schreiner,  carrying  on 
the  business  of  m.anufacturing  cart  grease 
from  crude  petroleum,  collected  one  day,  when 
boiling  the  material,  the  drops  of  liquid  which 
condensed  on  the  cover  of  the  vessel,  and  took 
some  of  the  strong  smelling  oil  to  an  apothe- 
cary named  Mikolasch,  who  had  an  assistant 
named  Lukasiewicz.  The  latter,  with  his  col- 
league, Zeh,  treated  the  liquid  with  sulphuric 
acid,  and  subsequently  with  caustic  soda,  and 
found  that  the  refined  oil  burned  well. 

About  the  same  time,  or  possibly  in  the 
previous  year  (1851),  mineral  burning  oil  of  a 
reddish  brown  colour,  made  in  Scotland,  is 
said  to  have  been  sold  in  Vienna  at  43  florins 
per  cwt. 

In  1853,  Galiciar  petroleum  was  substituted 
for  candles  in  the  lighting  of  the  station  of  the 
Emperor  Ferdinand’s  North  Railroad,  and  in 
the  following  year  this  oil  became  an  article 
of  commerce  in  Vienna. 

In  1853,  the  United  States  Chemical  Manu- 
facturing Company  commenced  to  make  a 
lubricating  oil  from  coal-tar  at  Waltham, 
Massachusetts;  and,  in  1857,  Downer 

Kerosene  Oil  Company  first  made  mineral  oils 
for  lubricating  purposes  from  Albert  coal  ob- 
tained from  New  Brunswick.  Meanwhile,  at 
New  Bedford,  Massachusetts,  the  distillation 
of  Boghead  mineral  imported  from  Scotland 
was  commenced,  but  cannel  coals  from  West 
Virginia  and  Kentucky  were  soon  substituted 
for  the  imported  material ; and  so  rapidly  did 
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the  industty  develop  that,  in  1859,  a single  re- 
finer}- on  the  Alleghany  River  had  a distilling 
capacity  equal  to  6,000  gallons  of  crude  oil 
per  diem. 

Commenting  on  the  situation  at  this  period, 
Mr.  Peckham  remarks  that  it  was  alone  owing 
to  the  scarcity  of  supply  that  crude  petroleum 
was  not  employed  as  the  source  of  burning  oil 
prior  to  1859,  adds  that  in  fact  the 

American  refiners  used  bituminous  coal  just 
as  Mr.  Young  was  driven  to  employ  a similar 
material  when  the  scanty  supply  of  oil  from 
the  Alfreton  coal  mine  was  found  inadequate. 
In  America,  however,  the  production  of  crude 
petroleum,  which  increased  with  giant  strides, 
as  w'e  shall  presently  see,  after  the  year  1859, 
rendered  the  situation  totally  different  from 
that  which  it  remained  in  Scotland,  and  in 
America  the  distillation  of  coal  ceased  from 
that  date  to  be  profitable. 

The  drilling  of  the  celebrated  Drake  well  in 
the  United  States,  in  the  year  1859,  niarks  the 
commencement  of  the  rapid  growth  of  the 
petroleum  industry  in  that  countr}'’,  but  the 
credit  of  the  adoption  of  that  method  of  obtain- 
ing the  crude  oil  does  not  belong  solely  to 
Colonel  Drake.  As  long  previously  as  1806, 
the  brothers  Ruffner  commenced  drilling  for 
brine,  and  in  the  course  of  succeeding  years 
laboriously  perfected  a system  of  drilling  which 
is  substantially  that  which  is  adopted  at  the 
present  time  in  sinking  petroleum  wells.  More- 
over, the  wells  which  were  thus  drilled  for  brine 
yielded  petroleum  sometimes  in  considerable 
quantities.  Thus,  in  1829,  a well  was  drilled 
near  Burkesville,  Kentucky,  for  the  purpose  of 
obtaining  brine,  and  a vein  of  oil  was  struck 
which  at  intervals  of  five  minutes  emitted 
many  barrels  of  oil.  It  is  stated  that  this  well 
continued  flowing  until  the  year  i860,  yielding 
a plentiful  supply  of  oil,  which  for  some  time 
was  put  up  in  bottles,  and  sold  as  American 
medicinal  oil. 

In  1854,  Warren  de  la  Rue  obtained  a 
patent  for  the  manufacture  of  paraffin  and 
other  products  from  petroleum.  The  crude 
oil  he  used  was  imported  from  Rangoon, 
and  Price’s  Patent  Candle  Company,  and 
Messrs.  Charles  Price  and  Co.,  continued  to 
work  this  material  until  the  development  of  the 
American  petroleum  industry  rendered  their 
operations  no  longer  profitable. 

The  development  of  the  oil  territory  of 
Canada  dates  from  1857,  when  a well  dug  for 
water  was  found  to  yield  a large  quantity  of 
petroleum  ; but  Henry  states  that,  from  the 
time  of  the  earliest  settlements  in  the  county 
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of  Lamberton,  in  the  western  part  of  the 
province  of  Ontario — 

“ A dark  oily  substance  had  been  observed  floating 
on  the  surface  of  the  water  in  the  creeks  and  swamps. 
No  matter  how  deep  the  wells  were  dug,  the  water 
was  brackish  and  ill-smelling,  and  in  some  localities 
totally  unfit  for  use  ; while  a surface  of  black  oily 
slime  frequently  arose,  an  inch  thick,  as  cream  rises 
on  milk.  Here  and  there  in  the  forest  the  ground 
consisted  of  a gummy  odoriferous  tar-coloured  mud, 
of  the  consistence  of  putty.  These  places  were  known 
by  the  name  of  gum-beds,  and  in  two  or  three 
instances  were  of  considerable  extent.” 

Referring  again  to  Galicia,  we  find  that  the 
brine  well  which,  in  1771,  had  led  to  the  exist- 
ence of  petroleum  in  the  Sloboda-Rungurska 
district  being  observed,  in  consequence  of  a 
small  quantity  of  petroleum  being  brought  to 
the  surface  with  the  brine,  was  deepened,  in 
1859,  to  twenty-five  metres,  and  produced  con- 
tinuously a certain  quantity  of  petroleum.  I 
may  remark  here  that,  according  to  Dr.  Gintl, 
this  historic  well  w'as  further  deepened  in 
1879,  produced  from  10  to  20  cwt. 

of  crude  oil  per  day. 

Prior  to  the  drilling  of  the  Drake  well,  the 
attention  of  those  who  were  making  oil  from 
cannel  coal  in  the  United  States  was  directed 
to  various  kinds  of  crude  petroleum,  and  the 
possibility  of  obtaining  this  product  in  larger 
quantity  than  it  had  hitherto  been  collected, 
received  consideration.  In  1854,  ^ tract  of 
land  105  acres  in  extent,  on  what  was  known 
as  Watson’s  Flats,  embracing  the  island  at 
junction  of  Pine  and  Oil  Creeks,  was  secured 
for  the  purpose  of  experimental  drilling.  This 
property  was  ultimately  leased  to  an  organisa- 
tion termed  the  Seneca  Oil  Company,  who 
employed  Mr.  Drake  to  drill  an  artesian  well 
for  oil.  Mr.  Drake  “struck  oil”  on  the 
28th  August,  1859,  when  the  drill  entered  a 
cavity  in  the  rock  at  a depth  of  thirty- three 
feet,  and  fell  six  inches.  On  the  following  day 
(Sunday)  Mr.  William  Smith,  who  with  his 
two  sons  had  been  employed  in  the  work  of 
drilling,  found  the  bore  hole  nearly  full  of  a 
liquid,  and  on  drawing  up  a small  quantity  of 
this  in  a tin  cup  he  found  it  to  be  petroleum. 

After  this  successful  result,  drilling  for  oil 
took  place  with  great  activity,  but  was  con- 
fined chiefly  to  the  villages  of  the  Alleghany 
river  and  its  tributaries,  and  the  various  coal- 
oil  refineries  throughout  the  country  began  to 
distil  the  crude  petroleum  in  place  of  coal.  In 
1865,  the  area  of  producing  territory  was 
immensely  enlarged,  wells  being  bored  over  a 
tract  of  country  extending  from  Manitoulin 
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island  to  Alabama,  and  from  Missouri  to 
pentral  New  York.  Permanent  oil  territories 
were  thus  developed  in  southern  Kentucky,  in 
West  Virginia,  in  Washington  County,  Ohio, 
and  in  Trumbull  County,  Ohio,  at  Mecca.  In 
Pennsylvania,  oil  was  also  found  st  Smith’s 
Ferry,  on  the  Ohio  river,  in  Beaver  county, 
and  the  hill  region  lying  in  the  angle  formed 
by  Oil  Creek  and  the  Alleghany  river,  from 
Tidioute  across  to  Titusville.  Henry  states 
that : — 

“At  the  end  of  i86r  commenced  the  flowing-well 
period,  with  an  addition  to  the  production  of  6,000  or 
7,000  barrels  a day.  The  price  fell  to  20  cents  a 
barrel,  then  to  15  cents,  and  then  to  10  cents.  Soon 
it  was  impossible  to  obtain  barrels  on  any  terms,  for 
all  the  coopers  in  the  surrounding  country  could  not 
make  them  as  fast  as  the  Empire  well  could  fill  them. 
Small  producing  wells  were  forced  to  cease  opera- 
tions, and  scores  of  operators  became  disheartened, 
and  abandoned  their  wells.  The  production  during 
the  early  part  of  1863  was  scarcely  half  that  of  the 
beginning  of  1862,  and  that  of  1864  was  still  less. 
In  May,  1865,  the  production  had  declined  to  less 
than  4,000  barrels  per  day.  Commencing  at  Titus- 
ville, in  1859,  the  tide  of  development  swept  over 
the  valley  of  Oil  Creek,  and  along  the  Alleghany 
river  above  and  below  Oil  City  for  a considerable 
distance;  then  Cherry  run  in  1864.  Then  came 
Pithole  Creek,  Benninghoff,  and  Pioneer  Run;  the 
Woods  and  Stevenson  farms,  on  Oil  Creek,  in  like 
succession,  in  1865  and  1866  ; Tidioute  and  Triumph 
hill  in  1867,  and  in  the  latter  part  of  the  same  year 
came  Shamburg.  In  1868,  the  Pleasantville  oil  field 
furnished  the  principal  centre  of  excitement.” 

For  nearly  a century  bitumen  had  been 
known  to  exist  in  Southern  California,  between 
Santa  Barbara  and  Los  Angeles,  and  had  also 
been  observed  floating  upon  the  sea  in  Santa 
Barbara  Channel,  between  the  islands  and  the 
mainland.  In  1864,  the  drilling  of  wells  and 
the  driving  of  tunnels  into  the  mountain  side 
upon  the  petroleum  bearing  rock  commenced 
in  this  locality,  but  the  operations  were  at- 
tended with  but  little  success,  the  annual  pro- 
duction never  exceeding  a few  thousand  barrels 
of  inferior  oil.  More  recently  there  have  been 
promising  developments  of  oil-bearing  territory 
in  a portion  of  the  State  further  north. 

From  1870  to  1880  the  region  between 
Tidioute  and  Oil  Creek  gradually  became  of 
smaller  importance  in  relation  to  the  entire 
producing  territory  in  Pennsylvania.  Wells 
had  previously  been  drilled  near  the  junction  of 
the  Clarion  and  Alleghany  Rivers,  and  in  1868 
a successful  well  on  the  hill  above  Parker’s 
landing  led  to  the  development  of  what  is 


termed  “the  lower  country,”  lying  in  Butler, 
Armstrong,  and  Clarion  counties. 

In  the  meantime  other  operators  prospecting 
in  a north-east  direction  from  the  “upper 
country  ” of  Oil  Creek,  found  oil  in  the  neigh- 
bourhood of  Bradford,  in  McKean  County,  and 
thus  commenced  the  development  of  the 
enormously  productive  Bradford  territory.  In 
December,  1878,  four  years  after  the  drilling 
of  the  first  successful  well  in  the  Bradford 
district,  the  production  of  oil  in  that  locality 
amounted  to  a daily  average  of  23,700  barrels, 
or  about  four-sevenths  of  the  total  daily  pro- 
duction of  the  State  of  Pennsylvania,  and  two 
years  later  the  Bradford  field  produced  63,000 
barrels  out  of  a total  of  72,215  barrels. 

In  a paper  read  at  a meeting  of  the  American 
Institute  of  Mining  Engineers,  in  September, 
1885,  Mr.  Ashburner,  geologist  in  charge  of 
the  Pennsylvania  Survey,  classified  the  present 
producing  territory  in  Pennsylvania  and  New 
York  States  into  the  following  six  principal 
districts : — 

1.  Alleghany  district,  including  Richburg, 
with  an  area  of  twenty-eight  square  miles,  and 
several  small  outlying  pools  in  Alleghany 
County,  bringing  up  the  total  area  to  thirty-one 
square  miles. 

2.  Bradford  district,  embracing  the  oil  pools 
in  central  and  northern  McKean  County,  Pa., 
and  Southern  Cattaraugus  County,  New  York, 
with  an  area  of  133  square  miles,  121  square 
miles  of  which  is  included  in  the  Bradford  field 
proper. 

3.  Warren  district,  comprising  the  oil  pools 
in  eastern  Warren  County,  and  north-eastern 
P'orest  County,  Pa,  with  a total  area  of  35 
square  miles,  the  tw'o  largest  pools  being  the 
Clarendon  in  Warren  County,  with  an  area  of 
fourteen  square  miles,  and  the  Cooper  and 
Sheffield,  partly  in  Warren  and  partly  in 
Forest,  covering  an  area  of  nine  square  miles. 

4.  Venango  district,  with  an  area  of  sixty- 
five  square  miles,  including  forty  distinct  and 
well-recognised  pools,  the  largest  being  that 
which  lies  between  Oil  City  on  the  south  and 
Pleasantville  on  the  north,  covering  an  area  of 
twenty-eight  square  miles. 

5.  Butler  district,  including  the  oil  pools  in 
Butler  and  Clarion  Counties,  and  south-eastern 
Venango  County,  the  total  area  being  eighty- 
four  square  miles,  of  which  seventy-six  are 
embraced  in  the  Clarion,  Butler,  and  Armstrong 
fields,  and  the  Butler  Cross-belt. 

6.  Beaver  district,  includingthe  two  principal 
oil  pools  known  as  Slippery  Rock  and  Smith’s 
Ferry.  The  former  pool  and  that  portion  of 
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the  latter  east  of  the  Pennsylvania  State  line 
cover  an  area  of  about  sixteen  square  miles. 

Outside  of  the  limits  of  these  districts  a 
small  amount  of  oil  has  been  found  in  isolated 
pools  at  the  south  and  south-east  of  the 
Beaver  and  Butler  districts  ; at  Mount  Nebo, 
in  the  vicinity  of  Pittsburg;  in  the  neigh- 
bourhood of  Pleasant  Unity,  Westmoreland 
County  ; near  the  mouth  of  Dunlap  Creek,  in 
Fayette  Countr}’ ; along  Whiteley  Creek,  west 
of  Mapletown,  and  along  Dunkard  Creek, 
north  of  Fairview,  both  in  Green  County  ; and 
in  the  vicinity  of  Washington,  Washington 
County. 

In  a report  dated  last  January,  Mr.  John  C. 
Welch,  of  New  York,  petroleum  statistician, 
remarks  of  the  two  newest  oil-fields  in  the 
United  States,  the  Kane  and  the  Washington, 
that  their  discovery  introduces  possibilities  of 
future  developments  of  which  no  valuable 
estimate  can  be  made.  He  adds — 

“ The  general  trend  of  development,  extending 
from  Alleghany  and  Bradford,  south-west  through  the 
middle  field,  takes  in  Venango  territory  ; immediately 
south  of  Venango  is  the  Clarion  and  Butler  develop- 
ment, with  a trend  to  the  south-west.  Kane  lies  just 
outside  of  the  Alleghany-Venango  belt,  south  and 
east  of  it,  and  about  forty  miles  from  the  Clarion 
territory.  It  would  be  forcing  things  to  say  that  the 
intei-vening  territory  between  Kane  and  Clarion  would 
be  filled  in  with  pools  and  belts,  like  the  Alleghany- 
Venango  belt,  but  it  must  be  admitted  that  the  Kane 
development  greatly  helps  the  outlook  for  producing 
in  Elk  country',  which  can  be  classed  as  virgin  territory 
regarding  oil,  although  some  condemnatory  test-wells 
have  been  drilled  in  different  parts  of  it.  Washington 
country  is  almost  terra  incognita  regarding  oil.  By 
referring  to  a map  of  Pennsylvania,  it  can  be  seen 
that  it  is  a big  jump  from  Butler  County  to  Washing- 
ton County ; yet  a first-class  field  is  now  opening  up 
at  the  latter  place,  and  a strong  presumption  is 
established  that  there  will  be  a good  deal  of  filling  in 
of  producing  territory  in  the  intervening  50  miles.” 

Mr.  Welch  remarks  that,  in  view  of  these 
facts,  the  declining  production  of  the  Bradford 
field  loses  its  significance. 

There  are  at  present  about  20,000  more  or 
less  productive  wells  in  the  oil-fields  of  the 
United  States. 

The  following  tabular  statement  shows  the 
growth  of  the  production  of  crude  petroleum 
in  the  United  States  from  1859  to  the  present 
time.  It  is  based  partly  on  the  information 
furnished  by  Stowell’s  “Petroleum  Reporter,” 
and  partly  on  figures  obtained  from  other  re- 
liable sources.  There  are  probably  no  statistics 
even  approximately  accurate  of  the  production 


in  1859  available.  By  some  authorities  the 
amount  is  given  as  2,000  barrels,  but  I am 
informed  that  it  no  doubt  was  far  nearer  5,000 
barrels  : — 

Production  of  Crude  Petroleum  in  the 
United  States. 


Yrs. 

Barrels. 

Yrs. 

Barrels. 

1859  .. 

5,000 

1873  .. 

. 7,878,629 

i860  . . 

500,000 

00 

. 10,950,730 

1861  .. 

. 2,113,000 

1875  .. 

. 8,787,506 

1862  . . 

. 3,056,000 

1876  .. 

. 9.175.906 

1863  .. 

. 2,611,000 

1877  .. 

. 13,490,171 

1864  .. 

2,116,000 

1878  .. 

. 15,165,462 

1 865  . . 

. 2,497,000 

1879  .. 

. 19,741,661 

1866  .. 

. 3,597,000 

1880  . . 

. 26,562,000 

1867  . . 

• 3G47.000 

1881  .. 

. 28,447,115 

1868  .. 

• 3.583.176 

1882  . . 

.'  31,051,165 

1869  . . 

. 4,210,720 

1883  .. 

. 24,090,000 

1870  . . 

• 5.673.195 

1884  . . 

. 23,520,817 

1871  . . 

. 5.715.900 

1885  . . 

. 21,600,651 

CXD 

• 6,531,675 

The  production  of  crude  petroleum  in  the 
United  States,  during  the  year  1885,  was, 
as  we  have  seen,  21,600,651  barrels,* 
while  the  total  consumption  amounted  to- 
23,258,750  barrels.  A portion  of  the  supply 
was  therefore  derived  from  the  accumulated 
stocks,  bat  at  the  end  of  the  year  these  stocks- 
amounted  to  35,368,554  barrels.  Mr.  Welch 
estimated  that  it  cost  about  £ i ,000,000  sterling 
per  annum  to  hold  this  quantity  of  crude 
petroleum  in  the  United  States. 

An  account  of  the  progress  of  the  petroleum 
industry  in  the  United  States  would  not 
be  complete  without  a reference  to  the 
rapid  development  of  the  use  of  natural  gas- 
for  lighting  and  heating.  The  most  important 
gas  field  is  that  which  is  situated  about  fifteen 
miles  from  Pittsburg,  and  was  thus  described 
by  Mr.  Andrew  Carnegie  in  January,  1885  : — 

“The  centre  of  this  natural  gas  district  is  the 
village  of  Murray sville,  in  Westmoreland  county. 
In  the  race  of  a small  flour  mill  at  that  place  a larger 
amount  of  gas  than  usual  had  been  noticed,  and 
fifteen  years  ago  a party  of  speculators  bored  there, 
hoping  to  find  oil ; but  after  boring  to  a depth  of 
900  feet,  nothing  was  found.  Several  years  later 
another  party  concluded  to  try  it  again,  and  decided 
not  to  stop  boring  until  a much  greater  depth  had- 
been  reached.  Their  hope,  of  course,  was  that  oil 
could  be  obtained,  but  when  they  had  bored  to  a., 
depth  of  1,320  feet  a tremendons  explosion  occurred,, 
which  drove  the  drills  from  the  weU  into  the  air,  andi 

* This  amount  does  not  include  the  “ runs  ” of  some  of  the 
smaller  pipe  lines  and  heavy  oil.J 
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broke  everything  to  pieces.  The  roar  of  the  escaping 

gas  was  heard  in  Monroe\dlle,  five  mUes  away 

After  four  pipes,  each  two  inches  in  diameter,  had 
been  laid  from  the  mouth  of  the  well,  and  the  flow 
directed  through  them,  the  gas  was  ignited,  and  the 
whole  district  lighted  up  for  miles  around.  This 
valuable  fuel  was  permitted  to  waste  for  five  years, 
as  capitalists  could  not  be  found  who  were  willing  to 
risk  the  ^40,000  for  pipes  to  convey  it  to  the  factories 
and  mills  where  it  could  be  utilised. 

“ I visited  this  region  last  week,  and  saw  nine  weUs 
furnishing  gas.  The  gas  from  the  three  largest  was 
still  passing  into  the  air.  These  are  wonderful  sights 
indeed.  The  gas  rushes  up  with  such  velocity  through 
a 6-inch  pipe,  which  extends  perhaps  20  feet  above 
the  surface,  that  it  does  not  ignite  within  6 feet  of 
the  mouth  of  the  pipe.  Looking  up  into  the  clear 
blue  sky,  you  see  before  you  a dancing  golden  fiend, 
without  visible  connection  with  the  earth,  swayed  by 
the  wind  into  fantastic  shapes,  and  whirling  in  every 
direction.  As  the  gas  from  the  well  strikes  the  centre 
of  the  flame  and  passes  partly  through  it,  the  lower 
part  of  the  mass  curls  inward,  giving  rise  to  the  most 
beautiful  effects,  gathered  into  graceful  folds  at  the 
bottom,  a veritable  piUar  of  fire.  There  is  not  a 
particle  of  smoke  from  it.” 

The  second  district  described  is  that  of  which 
the  town  of  Tarentum  on  the  Alleghany  River, 
twenty  miles  from  Pittsburg,  forms  the  centre, 
and  the  third  district  is  that  of  ’which  Wash- 
ington, Pa.,  about  twenty-five  miles  south  of 
Pittsburg  is  the  centre.  A pipe  line  has 
already  been  laid  from  this  third  district  to 
iron  mills  along  the  banks  of  the  Ohio  at 
Pittsburg. 

Detailed  information  in  regard  to  the  pro- 
duction of  petroleum  oil  and  gas  in  the  United 
States  will  be  found  in  the  Petroleum  Age, 
published  in  Bradford,  Pa. 

Having  thus  sketched  the  general  history 
of  the  petroleum  industry,  and  traced  its  de- 
velopment in  the  United  States  to  the  present 
time,  I must  ask  you  now  to  consider  with  me 
what  has  been  done  to  utilise  the  crude  oil 
and  oil-producing  minerals  in  other  countries, 
before  I proceed  to  indicate  the  geographical 
distribution  of  the  material  by  describing  de- 
posits which  have  not  yet  been  commercially 
utilised. 

The  Russian  petroleum  industry,  as  that 
which  ranks  second  in  importance,  must  first 
receive  our  attention. 

The  town  of  Baku,  'wLere  the  industry  w^e 
are  considering  is  located,  lies  upon  the 
southern  shore  of  the  bay  formed  by  the  penin- 
sula of  Apsheron,  which  projects  from  the  main- 
land of  Trans-Caucasia.  The  northern  side 
of  the  peninsula  is  tolerably  fertile,  but  the 


neighbourhood  of  Baku  presents  the  appear- 
ance of  a sandy  desert. 

The  principal  producing  wells  are  situated 
in  what  is  termed  the  Balakhani  or  Balakhani- 
Saboontchi  district,  about  eight  miles  from  the 
town  of  Baku,  and  at  an  elevation  of  rather 
less  than  200  feet  above  sea-level.  Other 
wells  of  minor  importance  are  situated  a few 
miles  distant,  at  Surakhani,  on  the  site  of  the 
fire  temple  referred  to. 

Upon  the  annexation  of  Baku  by  Russia, 
in  1801,  the  monopoly  of  the  production  of 
petroleum  was  granted  to  a refiner  named 
Meerzoeff.  This  arrangement  continued 
until  1872,  when  an  excise  duty  upon  all 
petroleum  raised  was  imposed.  The  duty 
was  abolished  in  1877.  Mr.  Marvin  states 
that,  from  1821  to]  1825,  Meerzoeff  paid  the 
Government  131,000  roubles  revenue,  and  after- 
wards, up  to  1839,  from  76,000  to  97,000  roubles 
a year,  or,  at  the  high  rate  of  the  silver  rouble 
then  prevailing  (ranging  between  six  and  seven 
roubles  to  the  pound  sterling),  on  an  average 
about  _;^io,ooo  to  ;^i2.ooo  sterling.  During 
this  period  the  production  of  crude  petroleum 
rose  steadily  to  more  than  a million  gallons. 
Afterwards  the  output  was  as  under  : — 


Tons. 

Revenue  in  Roubles. 

1840 

....  3.565 

....  105,000 

l-l 

■H- 

co 

....  3.421 

117,000 

1842 

....  3,470 

124,000 

1843 

• . ■ • 3.434 

....  119,000 

1844 

• . • . 3.443 

....  125,000 

1845 

....  3.432 

....  100,000 

1846 

....  3.480 

93,000 

1847 

....  3,490 

....  94,000 

1848 

....  4.351 

....  108,000 

1849 

....  3.340 

....  100,178 

In  1849,  there  were  about  130  pit  wells  in 
operation.  Between  1850  and  1863  petroleum 
yielded  a total  revenue  of  1,195,000  roubles. 
From  then  to  1867  the  average  revenue  yearly 
was  162,000  roubles,  and  aftervmrds,  until  the 
abolition  of  the  monopoly,  and  substitution  of 
an  excise  duty,  hi  1872,  136,000  roubles.  The 
production,  in  the  meantime,  was  as  under : — 


Yrs. 

Tons. 

Yrs. 

Tons. 

1863 

....  5,484 

1868 

....  11,900 

1864 

8,700 

1869 

....  27,180 

1865 

....  8,900 

0 

00 

....  27,500 

1866 

11,100 

1871 

22,200 

1867 

16,100 

1872 

24,800 

In  1872,  the  number  of  pit  wells  had  in- 
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creased  to  415,  and  two  wells  had  been 
drilled. 

After  the  abolition  of  the  monopoly,  Meer- 
zoeff  for  a time  maintained  his  supremacy  in 
the  trade,  but,  in  1873,  the  Khalify  Company 
struck  a flowing’  well,  and  thus  obtained  the 
largest  supply  of  the  crude  material,  and  a 
year  later,  the  Transcaspian  Trading  Com- 
pany— afterwards  called  the  Baku  Petroleum 
Company— took  the  lead  in  the  business.  In 
1875,  Messrs.  Robert  and  Ludwig  Nobel  in- 
augurated a new  era  in  the  Russian  petroleum 
industry’’,  introducing  improved  appliances  for 
producing,  transporting,  and  refining  the  oil, 
and  gradually  building  up  the  great  organi- 
sation which,  under  the  name  of  the  Nobel 
Company,  now  conducts  so  large  a proportion 
of  the  Russian  petroleum  business. 

During  the  excise  duty  period,  the  production 
and  price  of  crude  petroleum  were  as  under  : — 

Price  per  ton. 


Tons. 

s. 

d. 

1873  .... 

64,000 

7 

9 

1874  .... 

78,000  . . 

..  6 

3 

1875  .... 

94,000  . . 

• 15 

6 

1876  .... 

194,000  ., 

7 

9 

1877  — 

242,000  .. 

12 

6 

In  1877.  the  number  of  drilled  wells  had 

increased  to  130. 
From  1877  to 

the  present 

time 

the  pro- 

Auction  and  price  of  the  crude  oil  have  been 

as  follows  : — 

Tons. 

Price  per  ton. 
s.  d. 

1878  .... 

320,000 

8 

8 

1879  .... 

370,000  . 

...  6 

3 

1880  .... 

420,000  . , 

■ 3 

8 

1881  .... 

490,000  . , 

, . . 2 

6 

1882  

680,000  . 

1883  .... 

800,000  . , 

”i- 

00 

oc 

1,130,000  ., 

1885  .... 

1,370.967  •• 

When  I visited  Baku  in 

the  autumn  of 

1884,  there  were  about  400  drilled  wells  in 
the  neighbourhood,  but  I was  informed  that 
only  about  100  of  these  were,  at  the  time  of  my 
visit,  producing.  Of  the  100  wells  only  some  20 
were  flowing  wells.  The  producing  territory  on 
which  all  the  w’ells  supplying  the  requirements 
of  the  Baku  refiners  are  situated  is  not  more 
than  three  and  a half  miles  square.  Some  of 
the  wells  are,  how'ever,  enormously  productive. 
I saw  one  throwing  up  a stream  of  oil  at  the 
rate  of  more  than  one  million  gallons  per 
twenty-four  hours,  and  others  have  yielded  at 


the  rate  of  more  than  double  that  quantity.* 
We  shall  presently  see  that  this  small  tract  of 
land  bears  a very  small  proportion  to  the  total 
area  of  the  petroleum  lands  of  Southern  Russia, 
and  when  we  come  to  consider  the  geographical 
aspect  of  our  subject,  -w^e  shall  have  to  deal  with 
other  regions  in  this  country,  in  which  more  or 
less  oil  has  been  obtained. 

I have  already  referred  to  the  development 
of  the  oil  territory  in  Canada,  and  it  remains 
but  to  add  that  the  district  where  the  oil  has  been 
found  is,  according  to  Mr.  Beckham,  in  size 
about  fifty  miles  north  and  south,  by  one  hundred 
miles  east  or  'w^est.  Nearly  all  the  oil  has, 
however,  been  found  at  Petrolia,  sixteen  miles 
south-east  of  the  outlet  of  Lake  Huron  ; at  Oil 
Springs,  seven  miles  south  of  Petrolia ; and 
at  Bothw'^ell,  about  thirty-five  miles  from  Oil 
Springs.  More  than  nine-tenths  of  the  total 
quantity  of  crude  oil  produced  in  Canada 
comes  from  Petrolia,  but  the  most  productive 
wells  have  been  situated  at  Oil  Springs.  When 
I visited  Ontario,  in  1877,  I found  the  refining 
of  petroleum  being  canried  on  extensively  at 
London.  Three  years  ago,  the  yield  of  crude 
oil  in  Canada  from  the  1,600  wells  then  actively 
producing  was  stated  to  be  only  2,400  barrels 
per  diem. 

The  Galician  petroleum-producing  districts 
are  four  in  number,  and  their  locality  and  yield 
in  1883  w^ere  thus  stated  by  Dr.  Gintl : — 

Crude  oil  per  annum, 
metre-centners. 


In  West  Galicia — 

1.  Sandez  and  Gorlice  9L50o 

2.  Jaslo  and  Sanok  44,qoo 

In  East  Galicia — 

3.  Sambor  and  Drohobycz  . . 73, 600 

4.  Kolomea 300,000 


The  third  district  produced  in  addition 
105,200  cwts.  of  ozokerit.  There  were  then 
3,500  producing  wells. 

The  Sloboda-Runsgurska  section  of  the 
Kolomea  district  is  by  far  the  most  productive. 
Its  development  was  not  commenced  until 
1881,  and  at  the  end  of  1883  it  w'as  reported 
to  be  yielding  550  barrels  of  crude  oil  per  day, 
within  an  area  1,500  metres  in  length  and  350 
to  500  metres  in  breadth.  In  1883  there  were 
reported  to  be  57  refineries  in  operation,  pro- 
ducing 186,500  cwts.  of  burning  oil  per 
annum. 

The  United  States  Consul-General  in 

* The  Armstrong  No.  2 well,  in  Butler  County,  Penn- 
sylvania, one  of  the  most  prolific  known  in  the  United  States, 
yielded  only  260,000  gallons  per  twenty-four  hours. 
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Vienna,  writing  in  1880,  states  that  in  1879, 
Mr.  James  Carrigan,  who  had  been  an  oil 
refiner  in  Cleveland,  Ohio,  commenced  the 
erection  of  the  first  steam  refinery  in  Galicia, 
and  in  the  following  year  completed  the  con- 
struction of  plant  capable  of  producing  daily 
150  barrels  of  refined  oil. 

The  chief  sources  of  the  refined  petroleum 
which  the  world  is  consuming  have  now  been 
referred  to,  and  before  proceeding  to  describe 
sources  of  crude  petroleum  that  have  not  yet 
become  commercially  important,  we  have  to 
consider  the  history  of  the  shale  oil  industry. 
We  have  already  seen  that  this  industry  had 
its  origin  in  some  experiments  which  Mr. 
James  Young  was  led  to  make,  at  the  sug- 
gestion of  Sir  Lyon  Playfair,  in  the  distilla- 
tion of  petroleum  which  was  found  oozing 
through  the  top  of  a coal-working  at  the 
Riddings  Colliery  at  Alfreton,  in  Derby- 
shire. Through  the  kindness  of  Mr.  C. 
Tylden  Wright,  F.G.S.,  of  the  Shire  Oaks 
Colliery,  near  Worksop,  to  whom  Mr.  John 
Calderwood  was  some  time  ago  good  enough 
to  introduce  me,  I am  able  to  place  before  you 
a specimen  of  a similar  petroleum,  and  of  the 
rock  out  of  which  it  is  now  flowing  inter- 
mittently at  the  Southgate  colliery,  Clowne, 
near  Chesterfield,  at  the  rate  of  from  70  to  100 
gallons  per  day,  in  admixture  with  an  equal 
quantity  of  water.  The  section  on  the  table 
indicates  the  geological  position  of  the  rock 
at  a depth  of  320  yards.  The  dip  of  the  strata 
is  about  I in  12  east,  and  the  ground  much 
broken  up  by  faults.  Mr.  Tylden  Wright 
informs  me  that  Mr.  Oakes,  the  owner  of  the 
Riddings  Colliery,  has  seen  the  spring  from 
which  the  sample  before  you  was  taken,  and  is 
of  opinion  that  the  flow,  though  intermittent,  is 
greater  than  that  which  originally  attracted 
Sir  Lyon  Playfair’s  attention. 

After  two  years’  successful  working,  the 
petroleum  spring  utilised  by  Mr.  Young  ceased 
to  flow,  and  in  1850  Mr.  Young,  in  conjunction 
with  Mr.  E.  W.  Binney  and  Mr.  Meldrum, 
commenced  the  production  of  paraffin  oil  by 
the  distillation  of  Boghead  or  Torbanehill 
Mineral.  This  mineral  yielded  120  to  130 
gallons  of  crude  oil  per  ton. 

The  use  of  this  mineral  led  to  a notable  law 
suit,  which  turned  upon  the  question  whether 
the  material  was  a “coal,”  the  ultimate 
decision  being  in  the  affirmative.  In  1862, 
however,  the  supply  became  exhausted,  and 
since  that  date  paraffin  oil  has  been  exclusively 
produced  from  bituminous  shales. 

f To  le  contimced.J 


Miscellaneous. 

♦ 

COLONIAL  AND  INDIAN  EXHIBITION, 
Conferences. 

On  Friday  last,  June  4th,  a Conference  of  the 
Royal  Colonial  Institute  was  held,  when  a paper 
was  read  by  Mr.  J.  D.  Wood,  on  “The  System  of 
Land  Transfer  adopted  by  the  Colonies.” 

On  Saturday  the  first  of  the  Conferences  convened 
by  the  Geologists’  Association,  on  “The  Mineral 
Resources  of  the  Colonies  and  India,”, was  held,  when 
a paper  was  read  by  Professor  V.  Ball,  F.R.S.,  on 
the  “ Mineral  Resources  of  India  and  Burmah.”  The 
discussion  turned  on  the  urgent  need  for  reform  of 
the  mining  laws  of  India,  and  the  following  resolu- 
tion, proposed  by  the  Chairman  (SirR.  Temple),  and 
seconded  by  the  Duke  of  Manchester,  was  unani- 
mously adopted : — “This  Conference  having  had  under 
its  review  the  mineral  resources  of  India  and  the 
obstacles  to  development  and  exploitation  of  the 
same,  through  the  want  of  suitable  or  sufficient 
mining  laws,  respectfully  urges  upon  the  Secretary  of 
State  for  India  the  desirability  of  regulating  or 
revising  the  regulation  for  the  working  of  mines  in 
British  India,  including  Burmah,  and  for  the  pro- 
tection of  mining  interests  therein,  and  also  of 
negotiating  arrangements  to  the  same  effect  with 
the  Native  States.”  The  next  Conference  of 
the  Geologists’  Association  will  be  held  on  Satur- 
day, June  19th,  when  Professor  T.  Rupert  Jones, 
F.R.S.,  will  read  a paper  on  the  “Mineral 
Resources  of  South  Africa,”  and  Sir  Charles  Mills 
will  preside. 

On  Monday,  June  7th,  the  subject  of  the  Confer- 
ence of  the  Anthropological  Institute  was  the 
“Native  Races  in  British  Possessions  in  America 
and  the  West  Indies.”  On  Tuesday  afternoon  was 
held  the  Conference  of  the  National  Association  for 
Promoting  State-directed  Colonisation,  and  in  the 
evening  of  the  same  day  Mr.  Alexander  Begg 
lectured  on  “The  Canadian  North-West.”  On 
Wednesday  afternoon,  Mr.  L.  J.  Shand  read  a paper 
on  “British  Grown  Teas,”  and  on  Thursday  evening, 
Mr.  F.  W.  Pennefather  lectured  on  the  “ Industries 
of  New  Zealand.” 

Reception  Committee. 

The  tours  and  entertainments  arranged  by  the 
Reception  Committee  commenced  on  the  27th  of 
May,  with  a trip  down  the  river,  given  by  the  British 
Indian  Steam  Navigation  Company,  and  the  arrange- 
ments have  been  fixed  up  to  July  3rd.  On  Wednes- 
day, June  2nd,  the  Peninsular  and  Oriental  Steam 
Navigation  Company  gave  a river  trip.  On  Friday 
last  H.R.H.  the  Princess  Louise  (Marchioness  of 
Lome)  gave  a garden  party  at  Kensington  Palace,  and 
on  Saturday  there  was  an  excursion  to  Sir  Thomas 
Brassey’s,  at  Normanhurst,  and  to  Battle  Abbey. 
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On  Monday,  7th  inst.,  the  Marchioness  of  Salisbury 
gave  a garden  party  at  Hatfield.  On  Tuesday  the 
Orient  Steam  Ship  Company  gave  a river  trip,  and 
on  Wednesday  there  was  an  excursion  to  Lord 
Vernon’s,  at  Sudbury',  for  the  Conference  of  the 
British  Dairy  Farmer’s  Association,  but  this  last  was 
limited  to  six  bond  fide  agriculturists.  On  Thursday, 
the  loth,  there  was  an  excursion  to  the  India-rubber, 
Gutta-percha,  and  Telegraph  Works,  at  Silvertown. 

On  June  14,  the  British  India  Steam  Navigation 
Company  will  give  another  river  trip,  and  two  days 
later  the  Earl  of  Camarv’on  will  receive  a party  at 
Highclere  Castle.  On  June  22,  Mr.  Walter  will 
entertain  a party  of  100  colonials  at  Bearwood.  The 
agriculturists  will  have  another  day,  on  June  23, 
when  the  Duke  of  Bedford  will  receive  them  at  the 
Woburn  Experimental  Farm,  and  entertain  them  to 
lunch  at  Woburn  Abbey.  On  the  24th,  the  Crystal 
Palace  Company  will  give  the  colonists  a day ; 
while  the  day  following  will  be  devoted  to  an  ex- 
cursion to  Windsor  and  Eton.  But  the  great 
excursion  in  the  present  series  will  extend  from 
June  28  to  July  i.  It  includes  Oxford,  Leamington, 
Birmingham,  Warwick  Castle,  Guy’s  Cliff,  Kenil- 
worth, Stoneleigh  Abbey,  Stratford-on-Avon, 
Clopton-house,  and  Charlecote-park.  At  Oxford, 
the  Mayor  will  provide  lunch  ; the  Mayor  of  Lea- 
mington w’ill  give  a banquet  and  conversazione', 
while  the  excursionists  will  be  again  lunched 
by  Lord  Leigh  and  the  ^layor  of  Stratford-on- 
Avon,  the  Mayor  of  Stratford,  Mr.  Arthur 
Hodgson,  C.M.G.,  himself  an  old  colonial,  and 
the  general  secretary  of  the  Reception  Committee. 
Last  of  the  present  series  there  will  be,  on  July  2, 
an  excursion  to  Aldershot  to  witness  the  parade  of 
troops  in  presence  of  Field-Marshal  his  Royal  High- 
ness the  Prince  of  Wales,  and  Field-Marshal  his 
Royal  Highness  the  Duke  of  Cambridge. 

The  Tunes  concludes  an  article  on  this  subject  with 
these  words  : — “ Such  are  the  entertainments  which 
have  been  specially  arranged  for  by  the  Reception 
Committee.  The  Committee  deserve  every  credit 
for  the  exertions  they  have  made  to  convince  our 
Colonial  and  Indian  brothers  that  we  are  heartily 
glad  to  have  them  among  us.  But  all  this  cannot  be 
done  without  considerable  expenditure.  Indeed,  as 
we  stated  in  a previous  article,  it  is  estimated  that 
it  will  take  £^,qoo  to  cover  all  expenses  connected 
with  the  work  of  the  Committee.  Of  course,  it  is 
not  to  be  expected  that  the  members  of  the  Com- 
mittee are  to  pay  this  out  of  their  own  pockets,  nor 
are  the  funds  of  the  Exhibition  available  for  any  such 
purpose.  It  is,  therefore,  clear  that  the  Committee 
cannot  continue  to  carry  on  their  work  efficiently 
without  subscriptions  from  the  public.  There  are 
always  a large  number  of  generous  and  wealthy 
persons  willing  to  give  to  any  laudable  object  when 
brought  before  them;  there  could,  at  present,  we 
are  sure,  be  no  more  worthy  object  than  convincing 
our  feUow-citizens  from  the  Colonies  and  India  how 
welcome  they  are.  There  has  been  a good  deal  of 


talk  of  this  kind  in  connection  with  the  Exhibition  ; 
let  us  show  that  we  mean  it  by  putting  our  hands  in 
our  pockets.  The  treasurer  is  Mr.  H.  Trueman 
Wood,  Society  of  Arts,  John-street,  Adelphi.  At 
the  close  of  the  Exhibition  an  account  of  the  ex- 
penditure, with  a list  of  the  subscribers  and  the 
amount  of  their  subscriptions,  will  be  published. 
We  are  sure  there  are  many  individuals  and  corpora- 
tions that  would  not  like  to  have  their  names  con- 
spicuously absent  from  such  a list.” 


Correspondence. 


THE  DUTY  ON  SILVER  AND  GOLD 
PLATE. 

With  reference  to  the  discussion  on  Mr.  B.  H, 
Baden  Powell’s  paper  on  “Indian  Manufactures,  from 
a Practical  Point  of  View”  (see  ante  p.  708),  Mr. 
Martin  Wood  writes  : — We  have  no  control  over  the 
trade  of  France  or  America,  but  we  have  absolute 
power  over  that  of  India.  We  have  forced  our 
exports  on  that  country,  and  both  our  political  parties 
joined,  at  the  bidding  of  Lancashire,  to  compel  our 
piece  goods  to  be  admitted  into  India  duty  free.  In 
striking  contrast  with  this  deference  to  a clamorous  trade 
interest  here,  we  continue  to  tax  the  special  industryof 
the  Indian  workmen  in  gold  and  silver  plate  at  a rate 
that  amounts  to  30  or  40  per  cent,  of  the  sale  price, 
with  the  effect  of  excluding  his  wares  from  our  home 
market.  No  one,  except  the  “ fair  traders,”  wishes 
to  maintain  in  favour  of  the  Indian  artisan  a differen- 
tial duty  against  other  silver  plate ; but  the  whole 
receipt  from  this  barbaric  and  antiquated  impost 
should  be  considered  as  a trifle  compared  with  the 
relief  that  its  abolition  would  afford  to  one  of  the 
most  suitable  and  meritorious  of  the  ancient  handi- 
crafts of  India.  That  country  has  protested  and 
petitioned  in  every  form  against  the  maintenance  of 
what  is  felt  as  a peculiarly  invidious  embargo  on  this 
branch  of  Indian  industry  which,  except  by  special 
dispensation,  is  almost  shut  out  of  the  present 
imperial  show.  No  time  could  be  so  fitting  as 
the  present  for  abolishing  the  vexatious  exclusion. 
The  Society  of  Arts  has  often  interceded,  by  its 
Council,  on  behalf  of  struggling  or  unfairly  over- 
weighted industries,  and  one  could  not  easily  conceive 
a case  more  suitable  for  its  intervention  than  this 
of  the  almost  ruined  silver  and  gold  plate  art  of 
India. 

Permit  me,  as  I am  writing,  to  refer  to  another 
subject  spoken  of  by  Mr.  Baden  Powell  (p.  708), 
that  of  the  obstacle  to  paper-making  in  India  caused 
by  the  undue  expensiveness  of  bleaching  agents  when 
imported,  and  the  absence  of  local  production  of 
those  agents.  He  confessed  that  he  did  not  know 
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why  “the  local  production  of  the  requisite  chemicals 
has  not  yet  been  successfully  undertaken,”  This 
anomaly  was  partly  explained  .in  the  appropriate 
general  remark  (p.  720)  by  the  Chairman,  Sir  Juland 
Danvers  : — “In  India,  industry  and  skill  were  present, 
but  something  was  wanting  to  develop  them,  and 
that  was  capital.”  Just  so ; and  this  specially 
applies  to  this  essential  of  manufacturing  chemicals. 
The  materials  are  available,  cheap,  and  abundant  in 
many  parts  of  India ; and,  since  the  medical  and 
other  colleges  have  popularised  a knowledge  of 
practical  chemistry,  there  are,  in  all  the  large  cities, 
scores  of  young  men  who,  under  proper  guidance, 
could  apply  that  knowledge,  and  thus  save  millions 
to  Indian  production ; but  they  have  not  the  capital 
to  set  up  the  requisite  plant.  Some  European  firms 
in  India  might  supply  this  essential  factor,  and  thus 
give  a great  impetus  to  indigenous  manufactures  in 
many  directions. 


General  Notes. 

^ 

Karlsruhe  Small  Industries  Exhibition. — 
Under  the  patronage  of  the  Grand  Duke  of  Baden, 
and  with  the  concurrence  of  the  Grand-Ducal 
Government,  the  Industrial  Society  of  Karlsruhe 
has  organised  an  international  exhibition  of  the 
manual  arts  and  domestic  economy,  to  remain  open 
from  15th  August  to  15th  September,  1886.  The 
principal  object  of  the  Exhibition  is  to  make  known 
the  best  viateriel  and  apparatus  suitable  for  small 
industries,  and  to  popularise  their  use,  so  that  small 
motors,  tools,  and  machine  tools,  whether  made  in 
the  country  or  abroad,  and  whether  shown  by  manu- 
facturers  or  dealers,  will  be  welcomed. 

Exhibition  at  Conegliano.— An  important 
exhibition  of  apparatus  and  implements  for  the  pre- 
vention of  the  diseases  of  the  vine,  and  for  destroying 
insects  that  infest  it,  was  held  last  month  at  Conegliano. 
The  exhibitors,  who  were  not  limited  to  Italians,  were 
197  in  number,  and  of  the  524  different  machines, 
apparatus,  and  implements  shown,  450  were  con- 
nected with  application  of  milk  of  lime,  the  most 
effectual  remedy  for  the  disease  called  peronospora, 
the  proportion  being  from  8 to  10  of  shaked  lime  to 
100  of  water.  The  experiments,  made  before  a jury 
composed  of  the  most  eminent  viticulturists  and 
scientific  men,  Mhich  lasted  five  days,  will  be  de- 
scribed in  a report  to  the  Minister  of  Agriculture, 
and  will  contain  a variety  of  useful  information  and 
plates.  Three  gold  medals,  three  silver  with  money 
prize  of  150  francs,  seven  silver  ones,  and  four  bronze 
ones  were  awarded,  and  besides  these,  three  special 
premiums  were  given  by  the  local  agricultural  com- 
mittee. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Tuesd.-vy,  June  15. ..Colonial  Institute,  St.  James's  Ran- 
queting-hall,  69,  Regent-street,  W.,  8 p.m.  Sir 
George  F.  Bowen,  “ The  Federation  of  the  British 
Empire.” 

Wednesday,  June  16. ..Meteorological,  25,  Great  George- 
street,  S.W.,  7 p.m.  i.  Mr.  Robert  H.  Scott, 
“Note  on  a Sudden  Squall,  January  13th,  1886.” 
2.  Mr.  F.  Gaster  and  Mr.  W.  Marriott,  “ The 
Floods  of  May,  1886.”  3.  Captain  W.  Nelson 

Greenwood,  “ Atmospheric  Pressure  and  its  Effect 
on  the  Tidal  Wave.”  4.  Mr.  J.  D.  W.  Vaughan, 

‘ Meteorological  Results  at  Levuka  and  Suva 
1875-1885,  with  Notes  on  the  Climate  of  Fiji.” 

United  Service  Institute,  Whitehall-yard,  S.W., 
8|  p.m.  Colonel  PI.  T.  Arbuthnot,  “The  new 
military  Rifle,  and  its  comparison  with  other 
military  Rifles,  English  and  Foreign.” 

Thursday,  June  17. ..Colonial  and  Indian  Exhibition,  South 
Kensington,  S.W.,  4 p.m.  Mr.  A.  Wilmot,  “ The- 
Commercial  Condition  of  Cape  Colony.” 

Linnean,  Burlington-house,  W.,  8 p.m.  i.  Mr.  W.. 
F.  Kirby,  “Synopsis  of  Chalcididae.”  2.  Mr.  J. 
Starkie  Gardner,  “ Eocene  Representatives  of 
Smilax  in  Great  Britain.”  3.  Mr.  F.  !Moore,. 
“ Lepidoptera  of  Mergui  Archipelago  ” 4.  Messrs. 
Forbes  and  Hemsley,  “ Chinese  Plants.”  (II.) 
5.  Prof.  P.  M.  Duncan,  “ Anatomy  Test  of  Z?A- 
coidea  cylindi  ica.'" 

Chemical,  Burlington-house,  W.,  8 p.m  i.  Professor 
H.  McLeod,  “ The  Electrolysis  ot  Aqueous  .Solu- 
tions of  Sulphuric  Acid.”  2.  Dr.  J H Gladstone, 
“Essential  Oils  (Part  III.),  their  Refractive  and 
Dispersive  Power.”  3.  Mr.  J.  M.  H.  Munro, 
“The  Formation  and  Destruction  of  Nitrates  and 
Nitrites  in  Artificial  Solutions  and  in  River  and 
Well  Waters.”  4.  Dr.  W.  H.  Perkin,  “An  Ap- 
paratus for  Distillation  under  Reduced  Pressure.” 
5.  Mr.  A.  P.  Laurie,  “ The  Electromotive  Force 
produced  by  the  Combination  of  Cadmium  and 
Iodine  in  Presence  of  Water.”  6.  Prof.  R.  Meldola. 
and  Mr.  F.  W.  Streatfeild,  “A  Method  of  In- 
vestigating the  Constitution  of  Azo-,  Diazo-,  and 
Analogous  Compounds.” 

Historical,  ii,  Chandos- street,  W.  8 pm. 

Numismatic,  4,  St.  Martin’s-place,  W.C.,  7 p.m. 
Annual  Meeting. 

Friday,  June  18. ..Colonial  and  Indian  Exhibition,  South 
Kensington,  S.W.,  3 pm.  Conference  of  the 
Royal  Colonial  Institute.  Captain  J.  C.  R. 
Colomb,  “Imperial  Defence.”  8 p.m.  Mr.  T. 
Wardle,  “ The  Indian  Silks  in  the  Exhibition.” 

United Servicelnstitute,  Whitehall-yard,  S.W.,  3p.m. 
Colonel  C.  E.  Stewart,  “ The  Use  of  Petroleum  as 
Fuel  in  Steam  Ships  and  Locomotives,  based  on  its 
employment  in  that  way  on  the  Caspian  Sea  and 
in  the  Transcaspian  Region.” 

Philological,  University  College,  AV.C.,  8 p.m. 
Prof.  Kuno  Meyer,  “ The  Syntax  of  the  Teutonic 
Languages,  especially  Oid-High-German  and 
Anglo-Saxon.” 

Saturday,  June  iq... Colonial  and  Indian  Exhibition,  South 
Kensington,  S.W.,  3 p.m.  Conference  of  the 
Geologists’ Association.  Prof,  T.R,  Jones,  “South 
Africa.” 
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A .1  communtcattons  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelphi,  Loiidon,  W.C. 


NOTICES. 

♦ 

ANNUAL  GENERAL  MEETING. 

The  Council  hereby  give  notice  that  the 
One  Hundred  and  Thirty-second  Annual 
General  Meeting,  for  the  purpose  of  receiving 
the  Council’s  Report  and  the  Treasurer’s  state- 
ment of  receipts,  payments,  and  expenditure 
during  the  past  year,  and  also  for  the  election 
of  officers  and  new  members,  will  be  held,  in 
accordance  with  the  Bye-laws,  on  Wednesday, 
the  30th  June,  at  4 p.m. 

(By  order  of  the  Council) 

H.  Trueman  Wood, 

Secretary. 


CON  VERSA  ZIONE. 

The  Society  of  Arts  Conversazione  will  be 
held,  by  permission  of  the  Royal  Commission, 
at  the  Colonial  and  Indian  Exhibition,  South 
Kensington,  on  Friday,  the  i6th  of  July  next. 

Each  member  will  receive  a card  for  him- 
self, which  will  not  be  transferable,  and  a card 
for  a lady.  In  addition  to  this,  cards  will  be 
sold  to  members  of  the  Society,  or  to  persons 
introduced  by  a member,  at  the  following 
prices: — Until  the  3rd  of  July,  7s.  each;  after 
that  date  los.  each,  except  on  the  i6th  July, 
when  the  price  wall  be  15s. 

The  Council,  however,  reserve  the  right  of 
stopping  the  sale  of  tickets  or  of  raising  the 
price,  if  it  is  found  necessary,  in  order  to  restrict 
the  number  of  visitors  within  reasonable  limits. 

Tickets  will  only  be  supplied  to  persons 
presenting  members’  vouchers  (forms  of  which 
can  be  obtained  from  the  Secretary),  or  a letter 
of  introduction  from  a member. 


Members  can  purchase  these  additional 
tickets  by  personal  application,  or  by  letter 
addressed  to  the  Secretary.  In  all  cases  of 
application  by  letter,  a remittance  must  be 
enclosed.  Each  ticket  will  admit  one  person, 
either  lady  or  gentleman. 

Light  refreshments  (tea,  coffee,  ices,  &:c.) 
will  be  supplied  at  the  usual  buffets.  No  re- 
freshments can  be  obtained  by  purchase.  It 
will  greatly  facilitate  the  arrangements  if 
members  requiring  additional  tickets  will 
apply  for  them  at  as  early  a date  as  con- 
venient. The  members’  invitations  are  now- 
in  course  of  issue.  Visitors’  tickets  can  be-_ 
purchased  from  the  present  date. 

There  will  be  no  admission  to  the  Exhibitions 
on  this  evening  except  by  special  ticket,  and-s 
no  rickets  can  be  purchased  at  the  Exhibition. 

Further  particulars  as  to  the  arrangements 
will  be  announced  in  future  numbers  of  the_ 
Journal. 


Proceedings  of  the  Society. 

o- 

CANTOR  LECTURES. 

PETROLEUM  AND  ITS  PRODUCTS. 
By  Boverton  Redwood,  F.I.C.,  F.C.S. 

[The  right  of  reproducing  these  lectures  is  reserved.]  I 

Lecture  I. — Delivered  March  Sth,  1886, 

(Continued  from  p.  8y\J. 

The  shales  now  employed  in  the  Scottish 
works  are  found  below  the  coal  measures, 
chiefly  in  Midcalder,  and  are  generally  as- 
sociated with  marls,  limestones,  and  sand- 
stones. They  are  usually,  as  you  see  from> 
the  specimens  on  the  table,  of  a brown  or  grey- 
colour,  the  richer  portions  being  soft  to  the 
touch,  and  the  poorer  hard  and  slate-like. 
They  yield  from  22  to  38  gallons  of  crude  oil 
per  ton. 

Mr.  John  Fyfe,  managing  director  of  Young’s 
Paraffin  Oil  Company,  has  kindly  supplied  me 
with  samples  of  the  following  shales: — The: 
Fell’s  or  Addiewell,  the  Broxburn,  and  the  Dun- 
net.  The  first  is  richest  in  crude  oil,  but  yields- 
comparatively  little  solid  paraffin  and  ammonia, 
while  the  Dunnet  shale  yields  these  valuable 
products  more  largely  than  either  of  the  other 
shales. 
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There  are  now  a large  number  of  shale  oil 
refineries  in  successful  operation  in  Scotland, 
the  amount  of  shale  distilled  and  of  crude  oil 
produced  having,  according  to  Mr.  McGilchrist, 
increased  from  800,000  tons,  yielding  25,000,000 
gallons  of  crude  oil,  in  1871,  to  2,090,000  tons, 
yielding  62,712,000  gallons  at  the  present  time. 

For  some  years  the  distillation  of  shale  was 
also  carried  on  to  a considerable  extent  in 
Wales. 

Mr.  Samuel  Findlater,  until  recently  hon. 
secretary  of  the  Scottish  Mineral  Oil  Associa- 
tion, but  now  resident  in  Australia,  has  given 
me  the  following  particulars  of  the  mineral  oil 
industry  of  New  South  Wales. 

There  are  two  companies  engaged  in  the 
manufacture.  The  older,  which  has  been  in 
existence  about  twenty  years,  w^as  formerly 
called  the  Western  Kerosene  Oil  Company, 
but  now  goes  by  the  name  of  the  New  South 
Wales  Shale  and  Oil  Company.  The  shale 
field  worked  by  this  company  is  situated  at 
Hartley  Vale,  near  the  picturesque  district  of 
the  Blue  Mountains,  on  the  Western  Line ; 
and  the  refinery  is  at  Botany  Bay.  The  dis- 
tilling capacity  of  this  company’s  plant  is 
400  tons  of  shale  per  week. 

The  more  recently  formed  company,  wLich 
has  now  carried  on  business  about  ten  or  twelve 
years,  is  termed  the  Australian  Kerosene  Shale 
and  Oil  Company.  The  mineral  worked  by 
this  company  is  found  at  Joada  Creek,  near 
Mitteagong,  about  80  miles  south  of  Sydney, 
a private  railway  18  miles  in  length  running 
from  the  main  line  to  the  field.  The  mineral, 
which  resembles  Boghead  coal,  occurs  in  two 
seams  of  different  qualities.  The  better 
quality,  wLich  yields  150  gallons  of  oil  per 
ton,  is  sold  principally  for  enriching  gas  ; the 
lower  quality,  wLich  gives  90  gallons  of  oil  to 
the  ton,  is  that  which  is  distilled  for  mineral 
oil.  This  company  distils  about  200  tons  of 
shale  per  week,  and  turns  out  about  750  gallons 
of  burning  oil  per  week. 

Many  valuable  details  of  the  development 
and  progress  of  the  petroleum  and  shale  oil 
industries  will  be  found  in  the  pages  of  the  Oil 
Trade  Review,  and  the  Oil  and  Colourman' s 
Journal,  both  published  in  London,  as  well 
as  in  the  Oil,  Paint,  ajid  Drug  Reporter 
and  the  Indejende7it  Journal,  published  in 
New  York. 

We  now  proceed  to  consider  the  geographical 
distribution  of  petroleum  in  localities  where  it 
has  not  yet  been  commercially  used  at  all,  or 
only  on  a comparatively  small  scale. 

We  have  seen  that  petroleum  has  been 


found  in  coal  mines  in  Derbyshire.  It  has 
also  been  found  in  coal  measures  in  Shropshire, 
Lancashire,  and  Staffordshire  ; in  a peat  bog 
at  Down  Holland  near  Ormskirk,  and  in  a 
limestone  near  Bristol.  The  indications  of 
petroleum  at  Down  Holland  were  thus  des- 
cribed by  Messrs.  Binney  and  Talbot  in  a 
paper  read  before  the  Manchester  Geological 
Society  in  1843  : — 

“ The  whole  of  the  moss  is  in  cultivation  either 
under  the  plough  or  in  grass,  and  has  been  so  for  at 
least  forty  or  fifty  years,  and  all,  or  the  greater  portion 
of  it,  lies  at  a lower  level  than  the  high  water-mark 
of  the  sea  at  Formby.  On  approaching  the  place 
where  the  peat  containing  petroleum  occurs,  from 
Down  Holland,  the  authors  soon  became  aware  of 
its  presence  by  an  empyreumatic  smell,  resembling 
that  yielded  by  Persian  naphtha,  and  the  water  in 
the  ditches  was  also  coated  with  a thin  film  of  an  oily 
iridescent  fluid  that  floated  upon  its  surface.  In 
walking  over  some  oat-stubble  fields,  and  thrusting 
their  heels  through  the  black  decomposed  peat  form- 
ing the  soil,  they  felt  a hard  pitchy  mass  of  three  or 
four  inches  in  thickness,  which  yields  no  smell  unless 
it  is  burned.  On  exposure  to  the  atmosphere  for  a 
time  the  pitchy  matter  lost  the  greater  part  of  its 
inflammability,  and  was  finally  converted  into  black 
mould.  This  substance  also  occurred  under  the 
roots  of  the  grass  in  old  sward  fields,  but  it  then 
yielded  an  odour  similar  to  the  petroleum  that  floated 
on  the  surface  of  the  water,  and  pervaded  the  moist 
peat.” 

A good  deal  of  interesting  information  in 
reference  to  the  existence  of  petroleum  in 
Germany  is  to  be  found  in  the  United  States 
Consular  reports.  Attention  has  hitherto 
principally  been  directed  to  the  Liinberger 
Heide  district,  known  as  the  Oelheim  belt, 
three  miles  north  of  Peine,  on  the  Hanover 
and  Brunswick  Railway.  This  belt  comprises 
about  25,000  acres,  but  the  borings  are  at  pre- 
sent confined  to  about  20  acres.  In  1881  there 
were  here  twelve  pumping  wells  in  operation, 
yielding  1,250  barrels  per  week.  Mr.  George 
Henry  Funck  was  recently  good  enough  to 
ascertain  for  me,  from  Mr.  Schiitte,  of  Bremen, 
that  at  present  there  are  in  this  district  fourteen 
pumping  wells  in  operation,  with  an  aggregate 
production  of  60  to  70  barrels  of  crude  oil 
per  day ; and  nine  wells  are  in  process  of 
boring.  In  an  instructive  lecture  delivered  in 
Berlin  before  the  Society  for  Promoting  Com- 
mercial Industries  in  December  last.  Dr. 
Kramer  stated  that  at  a recent  date  the  pro- 
duction of  the  Oelheim  district  had  fallen  to 
fifty  barrels  per  day,  but  had  since  been  slightly 
increased.  Petroleum  has  also  been  found  in 
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Alsace,  on  the  Lower  Rhine,  at  Schwabweiler, 
Pechelbronn,  and  at  Lobsan  ; also  near 
Carlsruhe,  in  the  Grand  Duchy  of  Baden. 

The  Roumanian  petroleum  deposits  are 
situated  in  the  north-east  part  of  Wallachia, 
and  southern  part  of  Moldavia.  The  Walla- 
chian  district,  which  is  the  more  important  of 
the  two,  lies  on  the  southern  slopes  of  the 
Transylvanian  Alps,  the  wells  being  situated 
si.x  to  twelve  miles  north  of  Plojeschti.  The 
wells  are  of  primitive  construction,  being 
simply  dug.  The  crude  oil  is,  in  part,  refined 
locally,  and  in  part  at  Vienna,  Pesth,  and 
Odessa.  The  Moldavian  district  occupies  a 
triangle,  bounded  by  the  rivers  Taslen  and 
Trotusch,  not  far  from  Adschud.  The  Galician 
oil  fields  have  already  been  described. 

Practically,  the  whole  of  the  crude  oil  refined 
at  Baku  is  obtained,  as  we  have  seen,  from 
the  Balakhani-Saboontchi  district.  It  is,  how- 
ever, estimated  that  the  petroleum  deposits 
occur  in  Russia  over  an  area  of  about  14,000 
square  miles,  and  there  is  little  doubt  that  the 
1,000,  or  1,200  square  miles  of  the  Apsheron 
peninsula  may  be  considered  as  more  or  less 
productive  oil  territory.  Petroleum  has  already 
been  obtained  commercially  at  Kouban, 
about  60  miles  inland  from  Novorossisk,  on 
the  shore  of  the  Black  Sea,  and  as  far  north- 
west as  in  the  Crimea.  In  a United  States’ 
Consular  Report,  written  in  1880,  Mr.  Peacock 
(who  is  now  British  Vice-Consul  at  Batoum) 
gave  the  number  of  wells  in  the  Kouban  dis- 
trict as  thirty-four,  and  the  annual  yield  of 
crude  oil  during  the  preceding  eight  years  as 
more  than  18,000  barrels.  In  the  neighbour- 
hood of  Tiflis,  and  in  many  other  places,  there 
are  petroleum  pits  and  natural  outflows  of  the 
oil.  Near  the  Baku  coast  the  sea  is,  in  places, 
covered  with  a film  of  petroleum  which  has 
risen  to  the  surface  ; and  on  the  opposite  side 
of  the  Caspian  Sea  there  is  said  to  be  abund- 
ance of  petroleum,  some  of  which  has  already 
been  used  as  fuel  on  the  Trans-Caspian  rail- 
way. On  the  island  of  Tcheleken,  200  miles 
from  Baku,  there  are,  apparently,  immense 
deposits  of  ozokerit. 

In  Italy,  petroleum  is  found  in  the  provinces 
of  Voghera,  Piacenza,  Parma,  and  Modena  ; 
also  in  the  provinces  of  Chieti,  east  of  Rome, 
on  the  Adriatic  Sea,  and  of  Caserta,  on  the 
Gulf  of  Tarentum.  In  Sicily,  the  oil  has  been 
found  in  the  province  of  Girgenti. 

Petroleum  also  occurs  in  Dalmatia  and 
Albania. 

In  France,  petroleum  has  been  observed  in 
the  neighbourhood  of  Grenoble  and  elsewhere. 


Mons.  F.  M.  Piret,  of  Grenoble,  mining 
engineer,  informs  me  that  he  commenced 
drilling  a well  in  that  locality  in  1879,  but  in 
consequence  of  various  difficulties,  a depth  of 
only  140  metres  was  reached  ; and  the  ground 
level  being  720  metres  above  that  of  the  sea, 
it  is  expected  that  the  well  must  be  very  much 
deepened  before  oil  is  reached.  The  spot 
where  the  drilling  is  in  progress  is,  adds 
Mons.  Piret,  termed  La  Fontaine  Ardente,  and 
was  celebrated  in  Julius  Caesar’s  time  for  the 
quantity  of  natural  gas  emitted  from  the 
ground.  Deposits  of  asphalt  have  also  been 
found  in  France. 

In  Switzerland,  as  is  well  known,  extensive 
deposits  of  asphalt  occur. 

In  Denmark,  and  in  Sweden,  bituminous 
mineral  and  semi-solid  pretroleum  have  been 
found. 

In  Asia  petroleum  occurs  in  Asia  Minor,  in 
Persia,  in  Hindostan,  in  Burmah,  in  China, 
and  in  Japan,  as  well  as  in  the  islands  of  the 
Indian  Archipelago.  Some  of  these  deposits 
are  of  historical  interest,  and  have  already 
been  referred  to. 

The  Rev.  J.  N.  Cushing,  who  visited 
Burmah  in  1881,  states  that  in  that  year  there 
were  about  200  wells  lying  about  three  miles 
east  of  the  town  of  Yenangyoung,  on  the  river 
of  the  same  name.  This  town  is  about  400 
miles  north  of  Rangoon.  Petroleum  is  also 
found  in  the  islands  of  Ramri  and  Cheduba, 
the  Barangah  Islands,  and  others  off  the 
coast  of  British  Burmah.  Much  valuable 
information,  in  regard  to  the  latter  deposits, 
will  be  found  in  the  records  of  the  Geological 
Survey  of  India. 

The  petroleum  wells  in  China  occur  in  the 
province  of  Sse-tchouen,  and  are  thus  de- 
scribed by  L’Abbe  Hue  : — 

“When  a salt  well  has  been  dug  to  a depth 
of  1,000  feet,  a bituminous  oil  is  found  in  it  that 
burns  in  water.  Sometimes  as  many  as  four  or  five 
jars  of  1,000  pounds  each  are  collected  in  a day. 
This  oil  is  very  foetid,  but  it  is  made  use  of  to  light 
the  sheds  in  which  are  the  wells,  and  the  cauldrons 
of  salt.  The  mandarins,  by  order  of  the  prince, 
sometimes  buy  thousands  of  jars  of  it,  in  order  to 
calcine  rocks  under  water  that  render  navigation 
perilous.” 

We  have  already  seen  that  the  Chinese 
have  for  ages  employed  natural  gas  for  heat- 
ing purposes.  The  gas  is  conveyed  long  dis- 
tances in  bamboo  tubes,  terminating  in  a 
clay  or  porcelain  burner. 

The  petroleum  deposits  and  petroleum  in- 
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dustry  of  Japan  have  been  very  minutely  de- 
scribed by  Mr.  Lyman  in  reports  published  in 
connection  with  the  Geological  Survey  of 
Japan.  In  1877,  Mr.  Lyman  stated  that  there 
were  in  the  Echigo  oil-fields  522  productive 
wells,  yielding  a total  of  about  9,500  barrels  of 
petroleum  per  annum  ; and  in  the  province  of 
Shinano  22  productive  wells,  yielding  a total 
of  1,900  barrels. 

There  are  several  localities  in  Africa  where 
the  surface  indications  of  petroleum  are  dis- 
tinct. Attention  has  recently  been  directed  to 
the  results  of  a boring  at  Jemseh,  on  the  west 
coast  of  the  Red  Sea,  at  the  entrance  of  the 
Gulf  of  Suez,  and  it  seems  probable  that  both 
at  this  place  and  at  Gebel-el-Zeit,  large 
quantities  of  petroleum  may  be  obtained. 
Regarded  as  liquid  fuel,  this  Egyptian  petro- 
leum may,  from  the  geographical  position  of 
the  deposits,  prove  to  be  of  great  value. 

In  the  West  Indies  petroleum  has  long  been 
known  to  exist.  The  petroleum  of  Barbadoes 
was  formerly  imported  under  the  name  of 
Barbadoes  tar,  and  the  asphaltum,  from  the 
celebrated  Pitch  Lake  of  Trinidad,  has  also 
been  an  article  of  commerce.  This  lake  is  about 
-three  miles  in  circumference,  and  is  described 
as  a mass  of  asphaltum  firm  enough  to  bear  a 
team  of  horses,  but  still  somewhat  plastic, 
and  appearing  to  be  in  motion  towards  certain 
vortices,  as  the  trunks  of  trees  disappear,  and 
after  a time  emerge  at  some  distance  from  the 
point  at  which  they  sank.  Small  lakes  and 
streams  of  water,  abounding  in  fish,  are  dis- 
tributed over  the  surface,  with  numerous 
islands  covered  with  tropical  verdure.  Petro- 
leum and  asphalte  also  occur  in  Cuba.  In 
Java  and  Sumatra,  petroleum,  which  issues 
from  natural  fissures  or  artificial  excavations, 
is  an  article  of  commerce  among  the  natives. 

I am  indebted  to  Mr.  Findlater  for  calling 
my  attention  to  the  following  reference  to  the 
petroleum  springs  in  New  Zealand,  published 
in  1884  by  Mr.  G.  W.  Griffin,  United  States 
Consul  at  Auckland  ; — 

“ While  returning  to  Auckland,  I touched  at 
Napier,  where  I found  many  elements  of  prosperity. 
I left  Napier  by  steamer  in  the  evening,  and  arrived 
at  Gisborne  the  following  day.  I drove  out  to  the 
petroleum  oil  springs  about  thirty  miles  from  that 
town.  Several  companies  have  been  organised  for 
Marking  these  springs,  and  boring  for  oil,  but  as  yet 
they  do  not  appear  to  have  met  with  any  great 
success.’’ 

From  Mr.  Griffin’s  description,  it  appears 
that  there  are  three  kinds  of  petroleum  in  New 


Zealand.  The  first  variety  is  obtained  at  the 
Sugar-loaves,  in  the  Taranaki  district.  It  has 
a specific  gravity,  of  *960  to  ’964,  and  yields  an 
excellent  lubricating  oil.  The  second  is  found 
at  Poverty  Bay,  on  the  east  coast  of  the 
Auckland  district.  The  third  occurs  at 
Manutahi,  Waipu,  east  coast.  This  is  the 
best  of  the  three  as  a source  of  burning  oil, 
and  is  stated  to  yield  84  per  cent,  of  this 
product. 

In  South  America,  asphalt  and  petroleum 
have  been  found  in  various  localities.  Mr. 
Prentice,  in  1867,  commenced  the  development 
of  the  petroleum  deposits  near  Zorritos  in  Peru, 
and  in  1876  he  struck  a very  productive  flowing 
well  in  this  locality  and  erected  a reflnery,  but 
the  outbreak  of  war  soon  afterwards  put  a stop 
to  the  industry.  In  Venezuela  extensive 
deposits  of  petroleum  are  stated  to  exist  on 
the  shore  of  lake  Maracaibo. 

In  British  America  petroleum  occurs  in 
Newfoundland,  Nova  Scotia,  New  Brunswick, 
and  elsewhere,  in  quantities  that  hitherto  have 
not  been  considered  to  render  the  sources 
worth  developing.  The  Canadian  petroleum 
deposits  have  already  been  referred  to. 

Petroleum  also  occurs  in  Mexico. 

I have  reserved  to  the  last  the  consideration 
of  the  geographical  distribution  of  petroleum 
in  the  United  States.  The  principal  deposits 
have  already  been  referred  to  in  describing  the 
growth  of  the  American  petroleum  industry. 
Solid  bitumen  occurs  in  the  States  of  Connecti- 
cut, New  York,  New  Jersey,  West  Virginia, 
Texas,  New  Mexico  and  Arizona,  Utah, 
California,  Kentucky,  Tennessee  and  others  ; 
semi-solid  bitumen  in  north-east  Texas  and 
southern  California;  and  liquid  and  gaseous 
petroleum  not  only  as  we  have  seen  in  New 
York  and  Pennsylvania,  Ohio,  and  West 
Virginia,  Kentucky  and  Tennessee,  but  also  in 
Alabama,  Florida,  Michigan,  Illinois,  Indiana, 
Missouri,  Kansas,  Louisiana,  Nebraska, 
Montana,  Wyoming,  Dakota,  Colorado,  and 
New  Mexico,  as  well  as  in  California. 

Mr.  Peckham  states  that  petroleum,  includ- 
ing its  solid  and  gaseous  forms,  occurs  : — 

“On  the  American  continent  along  a line  extend- 
ing from  Point  Gaspe,  in  Canada,  to  Nashville, 
Tennessee,  and  in  Europe- Asia  along  a line  extend- 
ing from  Hanover,  on  the  North  Sea,  through 
Galicia,  the  Caucasus,  and  the  Punjab.  These  are 
the  principal  lines.  In  America  it  also  occurs  on 
the  Pacific  Coast,  from  the  bay  of  San  Francisco  to 
San  Diego ; again,  from  northern  Nebraska  to  the 
mouth  of  the  Sabine  River,  on  the  Gulf  of  Mexico; 
again,  from  Havana  near  the  western  end  of  Cuba 
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through  San  Domingo,  and  the  circle  of  the  Wind- 
ward and  Leeward  Islands,  to  Trinidad ; thence 
westward  on  the  mainland  to  the  Magdalena  River, 
and  southward  from  that  point  to  Cape  Blanco,  in 
Peru.  In  Europe- Asia  bitumen  occurs  on  the  lower 
Rhine,  and  in  the  valley  of  the  Rhone ; from 
northern  Italy,  following  the  Appenines,  to  southern 
Sicily ; along  the  eastern  shores  of  the  Adriatic, 
through  Dalmatia  and  Albania,  into  Epirus ; again, 
along  the  depression  in  which  lies  the  Jordan  and 
the  Dead  Sea ; again,  along  the  mountains  that 
border  the  valley  of  the  Tigris  in  the  east;  again, 
from  western  China,  through  Burmah,  Pegu,  Assam, 
Sumatra,  and  Java  ; and  lastly,  in  Japan.  It  will  be 
obseived  that  these  lines  are,  for  the  most  part,  in- 
timately connected  with  the  principal  mountain 
chains  of  the  world.” 

We  have  now  to  consider  the  geological 
aspect  of  our  subject,  and  in  doing  so  we  can 
avail  ourselves  of  the  valuable  Pennsylvania 
Geological  Survey  Reports  of  Mr.  John  F. 
Carll,  and  the  elaborate  Census  Report  of  j\Ir. 
Peckham,  to  which  I have  already  referred. 
Petroleum  occurs  in  all  geological  formations 
from  the  Silurian  up  to  the  Tertiary,  though  as 
Mr.  Peckham  points  out,  this  statement 
requires  qualifying  by  the  statement  that  the 
occurrence  is  confined  mainly  to  the  Silurian 
formation,  and  to  the  lower  half  of  the 
Tertiary.  Thus,  in  the  western  hemisphere 
the  oil  is  found  chiefly  in  the  Silurian  and 
Devonian  rocks,  while  in  the  eastern  hemisphere 
it  is  for  the  most  part  found  in  the  Eocene  or 
Miocene  formation. 

In  the  United  States  petroleum  exists,  satu- 
rating strata  of  sand-rock.  When  first  wells 
were  drilled  in  America  nothing  was  known 
about  these  strata;  but  ultimately,  in  the  valley 
of  Oil  Creek,  the  existence  of  three  well- 
defined  oil  sands  was  ascertained.  These  oil 
sands  in  the  Oil  Creek  district  are  of  con- 
siderable regularity  as  regards  their  thickness 
and  the  intervening  distance  between  them, 
the  first  sand  being  40  ft.  thick,  with  an  in- 
terval of  105  ft.  between  it  and  the  second 
sand,  which  is  25  feet  thick ; an  interval  of 
1 10  ft.  occurring  between  the  second  sand  and 
the  third,  the  thickness  of  the  latter  being  35  ft. 
In  some  localities,  however,  the  second  sand 
IS  split  into  two  well-defined  sands,  with  from 
15  ft.  to  30  ft.  of  slates  or  shales  intervening, 
and  this  has  given  rise  to  the  definition  of  a 
fourth  sand.  In  drilling  on  high  ground  in 
the  Oil  Creek  district,  several  upper  sand  rocks 
were  also  perforated ; these  were  termed 

mountain  sands.”  In  addition  to  the  three 
regular  sands,  there  was  often  found,  about  1 5 ft. 


to  20  ft.  above  the  regular  third,  a fine-grained 
muddy  gray  sand,  from  12ft.  to  25  ft.  thick; 
this  was  termed  the  “ stray  third.” 

The  Venango  oil  sand  group  is  described 
by  Mr.  Carll  as  a group  in  the  strictest  sense 
of  the  term,  having  a well-defined  top  and 
bottom,  and  consisting  of  a mass  of  sandstone 
deposits  from  300  to  380  feet  thick,  with  layers 
of  pebbles  and  many  local  partings  of  slate 
and  shale.  These  figures  may,  he  states,  be 
varied  somewhat,  but  it  will  be  found,  as  a 
general  rule,  that  a thickness  of  350  feet  will, 
in  nearly  every  case,  embrace  all  the  sands 
belonging  to  the  Venango  group,  even  the 
fourth,  fifth,  and  sixth  sands,  as  the  lower 
members  of  the  group  in  some  localities  have 
been  called.  The  oil  is  principally  obtained 
in  the  third  sand. 

As  the  area  of  the  oil-producing  territory 
was  extended,  it  was  found  that  the  under- 
lying  geological  formation  varied  considerably, 
the  sand-rock  disappearing,  and  its  place 
being  taken  by  shales  at  the  same  geological 
horizon. 

The  several  groups  of  oil  producing  rocks 
are,  as  Mr.  Carll  remarks,  locally  well-defined 
under  certain  areas ; but  they  have  their 
geographical  as  well  as  their  geological 
limits,  and  as  far  as  is  at  present  known,  the 
geographical  limit  of  one  group  never  over- 
laps that  of  another.  Hence,  it  must  not  be 
presumed  that  each  particular  sandstone  or 
its  oil  will  be  found  in  every  locality  where  its 
horizon  can  be  pierced  with  the  drill,  or  that 
a measured  section  of  the  rocks  in  one  place 
can  be  precisely  duplicated  in  detail  in  another. 
Therefore  the  most  skilful  oil-producer,  the 
most  expert  geologist,  cannot  tell  how  many 
other  oil  horizons  may  exist  at  intermediate 
depths  beneath  the  surface  {t.e.,  in  the  scale 
of  the  formation),  but  which  have,  as  yet, 
escaped  the  oil-miner’s  drill. 

In  Western  Pennsylvania,  the  sand  rock, 
specimens  of  which  I have  on  the  table,  varies 
in  character  from  a coarse-grained  uncemented 
sandstone,  to  a pebble  conglomerate,  com- 
posed of  coarse  pebbles,  of  white,  or  slightly 
coloured  opaque  quartz,  overlaid  by  marls  and 
slates,  often  highly  silicated,  forming  very 
hard  and  impervious  crusts.  This  pebble 
conglomerate  consists  of  two  varieties,  occu- 
pying separate  horizons,  in  one  of  which  the 
pebbles  are  nearly  spherical,  and  in  the  other 
flattened.  Between  these  beds  of  sandstone 
or  conglomerate  that  contain  the  oil  are  beds 
of  shale,  with  which  are  thin  beds  of  sand 
and  “shells.”  These  shells  are  described 
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by  Professor  Leslie  as  hard  crusts  of  white 
flint. 

Mr.  Peckham  remarks  that  petroleum  is 
found  in  the  principal  producing'  territories  in 
the  United  States  and  Canada,  saturating 
porous  strata,  and  overlying  superficial  gravels ; 
it  occurs  in  Canada  and  West  Virginia  beneath 
the  crowns  of  anticlinals  ; while  in  Pennsyl- 
vania it  occurs  saturating  the  porous  portions 
of  formations  that  lie  far  beneath  the  influence 
of  the  superficial  erosion,  like  sand-bars  in  a 
flowing  stream  or  detritus  on  a beach.  These 
formations  or  deposits,  taken  as  whole  mem- 
bers of  the  geological  series,  lie  comformably 
with  the  enclosing  rocks,  and  slope  gently 
toward  the  south-west.  The  Bradford  field  in 
particular,  says  Mr.  Peckham,  resembles  a 
sheet  of  course-grained  sandstone,  100  square 
miles  in  extent,  by  from  20  to  80  feet  deep, 
lying  with  its  south-western  edge  deepest, 
and  submerged  in  salt  water,  and  its  north- 
eastern edge  highest,  and  filled  with  gas 
under  an  extremely  high  pressure. 

In  relation  to  the  geology  of  natural  gas, 
Mr.  Ashburner  points  out  that  the  oil  and  gas 
regions  of  Pennsylvania  are  shown  by  the 
strata  drilled  by  the  gas-wells  in  the  neigh- 
hood  of  Pittsburg  to  be  one  in  a geological 
sense.  The  general  conditions  upon  which 
the  occurrence  of  natural  gas  seems  to  depend, 
from  a consideration  of  the  facts  at  present  at 
our  command,  are  {a)  the  porosity  and  homo- 
geneousness of  the  sandstone  which  serves  as 
a reservoir  to  hold  the  gas  ; [b)  the  extent  to 
which  the  strata  above  or  below  the  gas-sand 
are  cracked  ; (i:)  the  dip  of  the  gas-sand,  and 
the  position  of  the  anticlines  and  synclines ; 
(I)  the  relative  proportions  of  water,  oil,  and 
gas  contained  in  the  gas-sand ; and  {e)  the 
pressure  under  which  the  gas  exists  before 
being  tapped.  Other  conditions  may,  how- 
ever, as  Mr.  Ashburner  remarks,  be  still  dis- 
covered, which  will  have  as  important  a bear- 
ing upon  the  problem  as  those  which  have 
been  stated. 

Vasilieff,  who  published  an  article  on  the 
“Oil  Wells  of  Baku,’’  in  the  Russian  Mining 
Journal,  for  September  last,  an  abstract  of 
which,  by  Mr.  William  Anderson,  has  recently 
appeared  in  the  Minutes  of  the  Proceedings  of 
the  Institution  of  Civil  Engineers,  states  that 
the  petroleum  bearing  strata  of  the  Caucasus 
belong  to  the  lower  Miocene  series  of  the 
Tertiary  epoch,  the  deposits  extending  in  a N.E. 
to  S.W.  direction,  and  the  dip  ranging  ap- 
parently between  20^^  and  40°.  The  petroleum- 
bearing beds  are  composed  of  sand,  calcareous 


clays,  marls,  and  in  places,  compact  sandstone, 
often  of  great  thickness,  penetrated  by  bands 
of  pyrites.  The  number  of  oil-bearing  strata 
is  unknown,  but  three  oil-sands  have,  up  to  the 
present  time,  been  defined. 

Petroleum  is  generally  considered  to  have 
resulted  from  the  slow  decomposition  of  vege- 
table or  animal  matter,  either  in  the  rocks  in 
which  it  is  found,  or  in  underlying  strata. 
Berthelot,  however,  in  1866,  propounded  the 
theory  that  petroleum  was  formed  by  the  action 
of  carbonic  acid  and  steam  on  the  alkali 
metals  ; and  in  the  following  year  Mendelejeff, 
in  a celebrated  essay,  read  before  the  Chemical 
Society  of  St.  Petersburg,  and  subsequently 
published  in  the  Revue  Scientifique,  gave  in 
detail  his  reasons  for  believing  petroleum  to  be 
the  product  of  the  action  of  water  upon  iron 
or  other  metal,  and  carbon,  at  a high  tempera- 
ture and  under  great  pressure. 

The  view  that  petroleum  is  indigenous  to  the 
rocks  in  which  it  is  found  has  been  strongly 
supported  by  Dr.  Hunt  and  Professor  Leslie. 
Mr.  Peckham,  after  a prefatory  remark  that 
his  studies,  extending  over  twenty  years,  have 
led  him  to  the  conclusion  that,  as  yet,  very 
little  is  known  regarding  the  chemical  geology 
of  petroleum,  expresses  the  opinion  that  all 
bitumens,  from  the  solid  to  the  gaseous,  have, 
in  their  present  condition,  originally  been 
derived  from  animal  or  vegetable  remains,  but 
that  the  manner  of  their  derivation  has  not 
been  uniform.  Referring  to  the  hypothesis 
that  petroleum  is  indigenous  in  the  rocks  in 
which  it  is  found,  and  to  that  which  regards 
all  bitumens  as  distillates,  he  remarks  that 
there  remains  the  modifying  fact  that  there 
are  four  kinds  of  bitumen  : — 

1.  Those  bitumens  that  form  asphaltum  and 
do  not  contain  paraffin. 

2 . Those  bitumens  that  do  not  form  asphaltum 
and  contain  paraffin. 

3.  Those  bitumens  that  form  asphaltum  and 
contain  paraffin. 

4.  Solid  bitumens  that  were  originally  solid 
when  cold  or  at  ordinary  temperatures. 

The  first  class  includes  the  bitumens  of 
California  and  Texas,  doubtless  indigenous  in 
the  states  in  which  they  are  found ; and 
probably  also  some  of  the  bitumens  of  Asia. 

Too  little  is  known,  Mr.  Peckham  adds, 
about  petroleum  at  the  present  time  to  enable 
anyone  to  explain  all  the  phenomena  on  any 
hypothesis,  but  it  seems  to  him  that  the 
varieties  of  petroleum  found  in  New  York, 
Pennsylvania,  Ohio,  and  West  Virginia  are 
distinctly  of  vegetable  origin,  and  are  the 


’June  i8,  1886.] 


JOURNAL  OL  7 HE  S0CIE7Y  OF  AR7S. 


823 


product  of  fractional  distillation,  as  shown  by 
the  larg-e  amount  of  paraffin  in  the  Bradford 
oil,  under  the  enormous  pressure  to  which  it 
it  subjected ; while  the  Kentucky  and  Cali- 
fornian oils  are  evidently  of  animal  origin,  and 
have  not  been  subjected  to  distillation.  It  is 
not,  he  considers,  the  effects  of  heat  as  repre- 
sented by  volcanic  action  that  have  produced 
the  petroleum,  but  rather  the  effects  of  slow 
and  gentle  changes  at  low  temperatures,  due 
to  metamorphic  action  upon  strata  buried  at 
immense  depths.  Regarding  the  nature  of 
the  metamorphic  action,  he  states  that  it  is 
sufficient  for  our  purpose  to  know  that  from 
the  upper  Silurian  to  the  close  of  the  Carbon- 
iferous periods,  the  currents  of  the  primeval 
ocean  were  transporting  sediments  from  north- 
east to  south-west,  sorting  them  into  gravel, 
sand,  and  clay,  forming  gravel  bars  and  great 
sand  beds  beneath  the  riffles  and  clay  banks, 
in  still  water,  bur^dng  vast  accumulations  of 
seaweeds  and  sea  animals  far  beneath  the 
surface.  The  alteration,  due  to  the  combined 
action  of  heat,  steam,  and  pressure,  that 
resulted  in  the  formation  of  the  Appalachian 
system,  from  Point  Gaspe,  in  Canada,  to 
Look-out  Mountain  in  Tennessee,  involving 
the  carboniferous  and  earlier  strata,  distorting 
and  folding  them,  and  converting  the  coal 
into  anthracite,  and  the  clays  into  crystalline 
schists  along  their  eastern  border,  could  not 
have  ceased  to  act  westward  along  an  arbitrary 
line,  but  must  have  gradually  died  farther  and 
farther  from  the  surface.  The  great  beds  of 
slate  and  limestone  containing  fucoids,  animal 
remains,  and  even  indigenous  petroleum,  must 
have  been  invaded  by  this  heat  action  to  a 
greater  or  less  degree,  and  thus,  in  accordance 
with  the  theory  of  Professor  Leslie,  a chronic 
evaporation  or  distillation  of  the  whole  mass 
of  oil  in  the  crust  of  the  earth  (within  reason- 
able reach  of  the  surface)  has  been  going  on. 


converting  the  animal  and  plant  remains  into 
oils,  the  light  oils  into  heavy  oils,  the  heavy 
oils  into  asphalte  and  albertite  ; the  process 
being  accompanied  with  the  liberation  of  gas. 
Dealing,  in  connection  with  this  theory,  with  the 
objection  of  those  who,  supporting  Berthelot’s 
and  Mendelejeff’s  views,  point  out  that  there 
is  no  evidence  of  the  action  of  heat  upon  the 
rocks  holding  the  oil,  and  no  residues  of  fixed 
carbon,  Mr.  Peckham  replies  that  we  must 
seek  the  evidences  of  heat  action  at  a depth 
far  below  the  unaltered  rocks  in  which  the 
petroleum  is  now  stored.  If  petroleum,  he 
adds,  is  the  product  of  a “purely  chemical 
process,”  we  should  not  expect  to  find  paleozoic 
petroleums  of  a character  corresponding  with 
the  simple  animal  and  vegetable  organisms 
that  flourished  at  that  period,  and  tertiary 
petroleums  containing  nitrogen,  unstable  and 
corresponding  with  the  decomposition  products 
of  more  highly  organised  beings,  but  we  should 
expect  to  find  a general  uniformity  in  the 
character  of  the  substance,  wherever  found,, 
all  over  the  earth. 

The  subject,  while  one  of  speculation,  is 
one  that  obviously  is  of  practical  importance,, 
as  affecting  the  sources  and  duration  of 
supplies  of  petroleum,  its  profitable  develop- 
ment, and  commercial  permanence. 

Petroleum  occurs,  as  we  have  seen,  in  all 
forms,  from  the  gaseous  to  the  solid.  In  its 
liquid  form  it  varies  greatly  in  physical  pro- 
perties, as  well  as  in  chemical  composition, 
and  in  regard  to  the  proportion  of  the  different 
commercial  products  yielded  on  distillation. 
The  ordinary  extent  of  variation  in  specific 
gravity,  colour,  and  odour  is  shown  in  the  Table 
which  I have  compiled  from  my  notes  of  the  ex- 
amination of  typical  samples.  In  a succeeding 
lecture  I shall  have  to  call  attention  to  the  im- 
portant differences  in  the  yield  of  commercial 
products  in  the  cases  of  certain  of  these  samples. 


Date  of 


Examination.  Locality, 

1870 Barbadoes 

1873 Persia 

Sp.  Gr.  Colour  (by  transmitted  light),  8cc. 

•957  Tarry  appearance  and  consistency. 

•777  Straw  colour;  strong  and  disagreeable  odour, 
•829  Amber  colour ; pleasant  odour. 

1877... 

. . . India  

1878... 

. . . Canada  

1878... 

. . . Burmah  (mud  volcano,  Kyouk  ^ 
Phyou) , j 

’863  Dark  brown  colour  ; offensive  odour. 

’818  Reddish-brown  colour  ; slight  and  pleasant  odour. 

1878... 
1878... 
1878.. . 

1878.. . 

1879..  . 

1880. .  . 

. . . Burmah  (Minbyin,  native  pits)  . . 
. . . Burmah  (Western  Barangah) .... 

. . . Burmah  (Eastern  Barangah)  .... 

...  India  (Assam)  

...United  States  (Bradford  district) 
...India  

•866  Dark  brown  colour  ; slight  and  pleasant  odour. 

•888  Chestnut  brown  colour  ; slight  and  pleasant  odour, 

•835  Dark  brown  colour ; slight  and  pleasant  odour, 

•933  Dark  brown  colour  ; viscid;  slight  and  pleasant  odour, 
•8ro  Reddish-brown  colour. 

•935  Very  dark  brown  colour;  viscid. 
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Date  of 

Examinations.  Localities.  Sp.  gr.  Colour  (by  transmitted  light),  8cc. 

1880. .  . . . .Russia  *836  Dark  reddish-brown  colour ; mobile  ,*  slight  and  pleasant 

; odour. 

1880. . Russia  *942  Brownish-black  colour ; viscid;  very  little  odour. 

i8’8i ......  Hanover  *843  Dark  brown  colour ; slight  and  pleasant  odour. 

1882  South  America  ’852  Dark  reddish-brown  colour  ; little  odour. 

1882 .. ....  South  America ’900  Dark  brown  colour ; somewhat  viscid  ; scarcely  any  odour. 

1883  New  Zealand  *828  Brownish  colour ; little  odour. 

18^4 Oelheim ‘913  Brownish-black  colour ; rather  disagreeable  odour. 

1885 Italy  (near  Milan) 787  Straw  colour;  pleasant  odour. 

1885 United  States  (Wyoming)  -910  Black  colour ; disagreeable  odour. 

1885 .United  States  (Wyoming)  *945  Black  colour  ; disagreeable  odour. 


Dr.  Kramer  gives  780  and  *970  as  the 
extreme  limits  of  variation  in  the  specific 
gravity  of  liquid  petroleum ; and  in  illustra- 
tion of  the  well-known  fact  that  contiguous 
wells  often  yield  oils  of  very  different  quality, 
instances  the  case  of  two  wells  in  the  Oelheim 
district,  of  the  same  depth,  and  within  two 
metres  of  each  other,  one  of  which  yields  an 
oil  of  sp.  gr.  *88o,  and  the  other  an  oil  of 
sp.  gr.  -905. 

Besides  the  samples  referred  to,  I have  on 
the  table  a very  fine  collection  of  crude  petro- 
leums from  different  parts  of  the  world. 
Among  the  specimens  I have  recently  re- 
ceived from  America  are  crude  oils  from  the 
following  districts: — Macksburg,  sp.  gr.  *829; 
Parker  (Karns  city),  sp.  gr.  789 ; Parker 
(Clarion),  sp.  gr.  797  ; Bradford,  sp.  gr.  -8I0; 
Stoneham,  sp.  gr.  *802  ; Thorn  Creek,  sp.  gr. 
•802.  Of  these  oils,  Parker  (Karns  city  and 
Clarion),  Stoneham,  and  Thorn  Creek  are 
classed  together,  while  Bradford  and  Macks- 
burg are  of  a different  class. 

For  the  samples  of  Baku  crude  oil  I am 
indebted  to  Professor  Dewar  ; and  for  that  of 
Oelheim  petroleum  to  Dr.  Kramer,  of  Berlin. 

The  material  known  as  “ozokerit,”  large 
quantities  of  which  are  exported  from 
Galicia,  may  be  described  as  native  paraffin 
wax.  I have  on  the  table  some  fine  specimens 
of  ozokerit  with  which  Mr.  Leopold  Field  has 
supplied  me.  Immense  deposits  of  a similar 
material  are,  as  I have  said,  stated  to  exist  in 
the  island  of  Tcheleken  on  the  Trans-Caspian 
coast.  In  Boryslaw  and  Stanislaw  (Galicia) 
the  ozokerit  occurs  partly  in  beds  and  partly 
in  pockets  in  the  miocene  formation,  and  is 
obtained  in  small  pieces  or  in  masses  of 
several  hundred  pounds  weight. 

Crude  petroleum,  in  the  liquid  form,  consists 
almost  entirely  of  carbon  and  hydrogen, 
usually  in  the  proportion  of  about  85  per  cent, 
of  the  former,  to  15  per  cent,  of  the  latter,  but 


there  are  also  sometimes  present  in  small 
quantity  oxygen,  nitrogen,  and  sulphur. 

Reichenbach  examined  paraffin  in  1824,  and 
rock  oil  ten  years  later.  Early  attempts  to 
determine  the  composition  of  petroleum  were 
also  made  by  Laurent.  In  1857, 
and  Muller  described  the  products  they  had 
obtained  from  Rangoon  petroleum.  In  1863, 
Schorlemmer  isolated  some  of  the  constituents 
of  American  petroleum,  and  about  the  same 
time  Pelouze  and  Cahours  succeeded  in  sepa- 
rating from  this  oil  twelve  distinct  hydro- 
carbons, which  were  found  to  be  homologues 
of  marsh  gas  (CH4),  and  of  which  the  general 
formula  is  Cn  Han  -{-  2. 

Of  the  more  volatile  hydrocarbons,  viz  , 
those  boiling  between  0®  C.  and  130®  C.  there 
have  been  shown  to  be  two  series  present,  those 
of  the  first  series  which  have  the  higher  boiling 
points  being  normal,  while  those  of  the  second 
agree  for  the  most  part  in  boiling  point  with 
the  corresponding  synthetically  prepared  iso- 
paraffins. There  are  grounds  for  belief  in  the 
occurrence  of  a third  series  of  paraffins  in  the 
fraction  referred  to.  From  the  crude  oil,  as  it 
issues  from  the  earth,  methane,  ethane,  and 
propane  are  given  off  in  gaseous  form,  so  that 
from  American  petroleum  the  paraffins  referred 
to  in  the  Table  on  p.  825  have  been  separated. 

Methane  is  a colourless  inodorous  gas,  burning 
with  a yellow  flame  of  little  luminosity.  Ethane 
is  also  a colourless,  odourless  gas.  Propane 
liquifies  at  — 20°  C.  Normal  butane  condenses 
at  0°  C.  to  a liquid,  boiling  at  1°  C.,  which 
constitutes  the  greater  part  of  the  petroleum 
product  known  as  cymogene.”  Normal 
pentane  occurs  with  iso-pentane  in  the  most 
volatile  portion  of  petroleum  spirit.  Hexane, 
heptane,  octane,  and  certain  of  their  isomers 
constitute  the  greater  part  of  the  liquid  known 
as  “ benzoline.” 

The  less  volatile  portions  of  American  crude 
petroleum,  boiling  above  260®  C.,  contain 
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Methane — CH^ 
Ethane — C„Hg 
Propane — C gFg 

Batane — C^Hj  ^ 
Pentane — o 
Hexane — CgHj  ^ 
Heptane — C,Hj  ^ 
Octane — CgH^ « 


Specific  Gravity. 
Normal 


0*645  o®  C. 
0-63  „ 17®  C. 
0712  ,,  16®  c. 
0726 


Nonane— CgH^o  0*741  ,,  15®  C. 

Decane- CjqH^. 0*757  ,,  15®  C. 

Endecane— jHo* 0765,,  16°  C. 

Dodecane — 0^2^05 0*776  ,,  20®  C. 

Tridecane — CjgH^s 0.792  ,,  20®  C. 

Tetradecane — C , * H 3 ^ 

Pentadecanc — C,.H,,  

J 5 3 - 


825 


Boiling  Point. 
Normal.  - ' Is'o. 

O . . 

38®  C.  ..  30®  C. 

69®  C.  ..  61®  C. 

98®  C.  ..  91®  c. 

124®  C.  ..  118®  c. 

Boiling  Point. 

136®  to  138®  C. 
160®  ,,  162®  C. 
180®  ,,  184?  C. 
196®  „ 200°  C. 
216®  „ 2I§®  C. 
236®  „ 240®  C. 
255®  „ 260®  C. 


paraffins  of  still  higher  order,  those  containing 
20  per  cent,  of  carbon  atoms,  or  more,  being 
cr}*stalline  solids.  There  are  also  present 
hydrocarbons  of  the  Cn  Han  series,  which,  how- 
ever, according  to  Markownikow,  who  terms 
them  naphthenes,  differ  from  the  olefines.  Dr. 
Kramer,  who  has  e.xhaustively  examined  three 
varieties  of  German  petroleum,  inclines  to  the 
belief  that  the  so  • called  naphthenes  are 
mixtures  of  paraffinoid  and  benzenoid  hydro- 
carbons. 

From  the  least  volatile  portion  of  American 
crude  petroleum  a peculiar  solid  crystalline 
hydrocarbon  was  separated  by  Morton  in  1873. 
To  this  hydrocarbon,  which  in  its  reactions 
resembled  impure  anthracene,  the  name  of 
^‘thallene”  was  given.  Morton  subsequently 
found  that  the  spectrum  of  “thallene”  differed 
from  that  of  impure  anthracene.  This  product 
was  subsequently  examined  byPrunier;  and 
more  recently  by  Dr.  Divers  and  Mr.  Nakamura, 
who  have  isolated  a body  of  the  formula 
(C  4 H 3 )n  boiling  between  280®  and  285°  C. 

1875,  Hell  and  Meidinger  obtained  from 
\\  allachian  petroleum  an  acid,  forming  alkali- 
salts  resembling  soft  soap.  The  analysis  of 
the  acid,  the  ether,  and  the  silver-salt,  agreed 
best  with  the  formula  CnH^oO^.  These 
chemists  expressed  the  opinion  that  heavy 
Wallachian  petroleum  contains  a series  of  pro- 
bably homologous  acids.  Markownikow  has 
foundin  a fraction  of  Russian  petroleum,  boiling 
between  220°  and  230®  C.,  as  much  as  5*25  per 
cent,  of  oxygen.  This  chemist,  continuing  the 
research  of  Hell  and  Meidinger,  ascertained 
the  occurrence  also  of  bodies  of  a phenoloid 


character.  Dr.  Kramer  has  recently  examined 
the  oxygenated  bodies  present  in  German 
petroleum. 

Caucasian  petroleum  has,  during  the  past 
few  years,  been  the  subject  of  much  research 
at  the  hands  of  several  chemists,  among  whom 
may  be  mentioned  Markownikow  and 
Oglobine,  and  it  has  been  shown  that  this 
material  is  altogether  different  in  composition 
from  American  petroleum,  and  that  it  consists 
for  the  most  part  of  hydrocarbons  of  the 
CnHzn  series,  isomeric  both  with  the  olefines, 
or  true  homologues  of  ethylene,  and  with  the 
hexhydrides  of  the  benzenes.  The  hydro- 
carbons in  question  exhibit  the  closest  re- 
semblance to  the  paraffins,  but  are  of  higher 
density  than  their  isologues.  They  are  attacked 
by  chlorine,  yielding  chlorinated  derivatives  ; 
but  on  oxidation  are  completely  destroyed, 
without  furnishing  characteristics  products. 
The  following  is  a list  of  the  hydrocarbons  of 
this  group,  which  have  been  separated  from 
Caucasian  petroleum: — 


Boiling  point. 


Cs  Hi6  . . . 

119°  C. 

C9  Hi8  . . 

C10H20  • . ' 

161®  „ 

Cn  H22  • . ■ 

180^  ,, 

CI2  H24  . . . 

CI4H28  ... 

Cr-H.^  . . . 

Ethylene  (C2 

H4),  which  appears  to  be  the 

lowest  member 

of  the  series  of  olefines  capable 

of  existing  in  the  separate  state,  is  at  ordinary 
temperatures  and  pressures  a colourless  gas, 
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burning,  as  you  see,  with  a luminous  white 
flame. 

Hydrocarbons  of  the  aromatic  (Cn  Han  — 6) 
series  are  also  found  in  petroleum.  Pawlewski 
reports  that  a volatile  product  of  the  distilla- 
tion of  Galician  petroleum,  examined  by  him, 
contained  as  much  as  4*9  per  cent,  of  hydro- 
carbons of  this  group. 

The  burning  oil  obtained  from  American 
petroleum  contains  a considerable  proportion 
of  olefines,  produced  from  the  paraffins,  as  I 
shall  have  occasion  to  show  in  a subsequent 
lecture,  by  the  process  of  “ cracking.” 

I am  indebted  to  Professor  Nason,  of  Troy, 
New  York  State,  for  a valuable  list  of  re- 
ferences to  various  articles  published  on  the 
chemistry  of  petroleum. 

The  following  tabular  statement  is  based 
upon  the  analyses  of  natural  gas  made  by  Mr. 
Carnegie,  at  his  works  near  Pittsburg,  and 
quoted  by  Professor  Dewar  in  a paper  read 
in  this  theatre  last  May  : — 


Composition  of  Six  Samples  of  Natural  Gas. 


I. 

2. 

3- 

4- 

5- 

6. 

per 

per 

per 

per 

per 

per 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

Marsh  gas  

72'a8 

65'25 

6070 

49'58 

57-85 

75*i6 

Hydrogen 

20‘12 

26‘i6 

2903 

35'92 

9-64 

14-45 

Ethylic  hydride 

3'6 

5*5 

7-92 

12-30 

5'2o 

4-8 

Olefiant  gas 

*7 

*8 

•98 

•6 

•8 

•6 

Oxygen 

I’l 

•8 

•78 

•8 

2‘I 

I'2 

Nitrogen  

nil. 

nil. 

nil. 

nil. 

23*41 

2' 89 

Carbonic  acid 

•8 

•6 

nil. 

•4 

nil. 

‘3 

Carbonic  oxide  

I'O 

•8 

•58 

■4 

10 

•6 

The  co-efficient  of  expansion  of  crude  petro- 
leum varies  according  to  the  proportion  of  the 
more  volatile  hydrocarbons  present,  as  is  shown 
in  the  following  Table  : — 

Expansive  co-eiEcient 


Sp.  gr.  at  15°  C.  for  1'’  C. 

Under  700  *00090 

•700  to  *750  *00085 

•750  to  *8oo  *00080 

•800  to  *815  *00070 

Over  *815  *00065 


The  rate  of  expansion  has  also  been  found 
to  vary  according  to  the  temperature. 

In  practice  it  is  customary  to  add  to  or  sub- 
tract from  the  observed  specific  gravity  *004 
for  every  10°  F.  above  or  below  60°  F.,  and 
this  is  found  to  alford  a sufficiently  close  ap- 
proximation to  the  truth  for  all  commercial 
purposes  in  the  case  of  all  the  ordinary  petro- 
eum  products. 


Tables  for  calculating  the  alterations  in 
volume  of  crude  petroleum  with  accuracy,  are 
in  use  in  America.  These  Tables  were  con- 
structed on  Gay  Lussac’s  formula — 

^ k t Y-A 

\ a t P 

where  P = weight  of  fluid  before  heating  it  ; 

A = w'eight  of  the  fluid  after  heating, 
and  after  the  apparent  expansion 
has  been  removed  ; 
t — change  of  temperature ; 
k — co-efficient  of  expansion  of  the 
glass  ; 

a — co-efficient  of  expansion  of  the 
fluid. 


Miscellaneous. 

♦ 

COLONIAL  AND  INDIAN  EXHIBITION. 

The  following  are  the  arrangements  for  Conferences 
after  Whitsuntide,  so  far  as  decided.  The  dates 
are  subject  to  revision.  The  meetings  are  open  to- 
all  visitors  to  the  Exhibition  : — 

Thursday,  June  17. — A.  Wilmot.  Paper,  “Com- 
mercial Condition  of  Cape  Colony.”  4 p.m. 
Friday,  June  18. — Conference  of  the  Royal  Colonial 
Institute.  Paper,  “Imperial  Defence,”  Capt.  J. 
C.  R.  Colomb.  3 p.m. 

Saturday,  June  19. — Conference  of  the  Geologists’ 
"'Association.  “South  Africa,”  Prof.  T.  R^ 
Jones,  F.R.S.  3 p.m. 

Monday,  June  21. — W.  Senior.  Paper,  “The 
Colony  of  Queensland.”  4 p.m. 

Tuesday,  J une  2 2 . — Conference  of  the  Anthropological 
Institute.  “ Races  of  Australia.”  4 p.m. 
Wednesday,  June  23. — W.  Lant  Carpenter.  Paper,. 
“ The  Position  of  Science  in  Colonial  Education.” 
4 p.m. 

Thursday,  June  24. — Conference  of  the  Central 
Emigration  Society.  “ Emigration  from  Colonial 
Point  of  View,”  ii  a.m,  “The  Best  Method  of 
Colonisation.”  3 p.m.  T.  Wardle.  Paper, 
“ The  Indian  Silks  in  the  Exhibition,”  8 p.m. 
Friday,  June  25. — Conference  of  the  Central  Emigra- 
tion Society,  “The  Duty  of  the  Church  towards. 
Emigration.”  ii  a.m.  “ Emigration  of  Children.” 
3 p.m.  F.  W.  Pennefather.  Lecture.  “Natives- 
of  New  Zealand,”  with  lime-light  illustrations.. 
8.30  p.m. 

Saturday,  June  26. —Dr.  H.  Trimen.  Paper,  “The 
Vegetation  of  Ceylon.”  4 p.m. 

Monday,  June  28. — Joseph  Bosisto,  President  of  the 
Royal  Commission  for  Victoria.  Lecture,  “ Aus- 
tralian Vegetation,  with  special  reference  to  the 
Eucalypti.”  8 p.m. 
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Tuesday,  June  29. — Conference  of  the  Anthropo- 
logical Institute.  “Races  of  New  Zealand.” 
4 p.m. 

Wednesday,  June  30. — Dr.  W.  Fream.  Paper, 
“ Colonial  Forestry.”  4 p.m.  Major  Craigie. 
Paper,  “ Home,  Foreign,  and  Colonial  Sources 
of  Meat  Supply.”  8 p.m. 

Thursday,  July  i. — Conference  of  the  Imperial 
Federation  League.  “Imperial  Federation.” 
4 p.m. 

Friday,  July  2. — Conference  of  the  Imperial  Federa- 
tion League.  “Imperial  Federation.”  4 p.m. 
W.  H.  P.  Greswell,  M.A.  Paper,  “Advance  of 
Civilisation  and  Education  in  Cape  Colony.” 
8 p.m. 

Saturday,  July  3. — Conference  of  the  Geologists’ 
Association.  “Canada.”  Dr.  A.  R.  Sehvyn. 
3 P-m. 

^londay,  July  5. — Conference  of  the  Anthropological 
Institute.  “Races  (Aboriginal)  of  India.”  4 
p.m.  R.  L.  Nash.  Paper,  “ Trade  and  Com- 
merce of  Queensland.”  8 p.m. 

Tuesday,  July  6. — *Congress  of  the  Chambers  of 
Commerce  of  the  Empire.  10  a.m. 

Wednesday,  July  7. — ^Congress  of  the  Chambers  of 
Commerce  of  the  Empire.  10  a.m. 

Thursday,  July  8. — * Autumnal  ^Meeting  of  the 
Chambers  of  Commerce  of  the  United  Kingdom 
who  are  Members  of  the  Association  of  Chambers 
of  Commerce.  10  a.m. 

Friday,  July  9. — J.  Sivewright.  “ Colonial  Tele- 
graphs.” 4 p.m. 

Monday,  July  12. — Sir  Robert  Biddulph,  G.C.M.G. 
Paper,  “Cyprus.”  4p.m. 

Tuesday,  July  13. — Conferenceof  the  Anthropological 
Institute.  “Races  of  Ceylon;  Straits  Settle- 
ments ; Borneo.”  4 p.m. 

Wednesday,  July  14. — Prof.  Leone  Levi.  Paper, 
“Wages  of  Labour  in  Relation  to  Cost  of 
Living.”  4 p.m. 

Saturday,  July  17.— Conference  of  the  Geologists’ 
Association.  “New  Zealand.”  Dr.  J.  Von 
Haast,  F.R.S.  3 p.m. 

At  the  Conferences  marked  with  an  asterisk  (*)  the 

admission  will  be  confined  to  Delegates  of  Chambers 

of  Commerce. 


The  number  of  visitors  to  the  Exhibition  for  the 
week  ending  June  12th,  was  159,715  ; making  a total 
since  the  opening  of  873,569. 


GREE^^IV/C/I  OBSERVATORY. 

The  annual  visitation  of  the  Royal  Observatory 
w’as  held  on  Saturday,  June  5th,  when  the  report  of 
the  Astronomer  Royal  was  presented  to  the  Board 
of  Visitors. 

Reference  was  made  in  the  last  report  to  a new 
instrument  for  determining  absolute  personal  equa- 
tions _ (see  Journal,  vol.  xxxiii.  p.  841),  and  Mr. 
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Christie  now  reports  as  follows  respecting  its  use  : — 
“ The  personal  equation  instrument  was  completed 
last  autumn,  but  was  dismounted  during  the  winter 
to  preserve  it  from  injury  in  the  bad  weather.  Series 
of  observations  have  been  taken  with  it  on  five  days, 
and  the  results  appear  t©  be  very  satisfactory,  the 
accordance  being  as  close  as  could  be  expected. 
The  absolute  personal  equations  thus  obtained  seem 
to  show  that  all  the  observers  observe  too  late,  the 
differences  between  the  several  observers  agreeing 
well  with  the  relative  personal  equations  found  from 
observations  of  clock-stars.” 

According  to  the  report — “In  the  twelve  months 
ending  May  20th,  1886,  photographs  of  the  sun  have 
been  taken  on  205  days,  and  of  these  410  have  been 
selected  for  preservation,  besides  10  photographs 
with  double  images  of  the  sun  for  determination  of 
zero  position.  There  were  d«.vs  on  which  the 
sun’s  disk  was  observed  to  be  free  iruui  spots. 

“ The  areas  of  both  spots  and  faculae  have  shown  a 
marked  diminution  in  1885  as  compared  with  1884, 
the  mean  daily  area  for  1885  being  in  each  case  only 
three-fourths  of  that  for  the  previous  year.  The 
diminution  in  the  spotted  area  has  taken  place 
principally  in  the  northern  hemisphere.” 

“The  mean  temperature  of  the  year  1885  was 
48”‘6,  being  o“’7  lower  than  the  average  of  the  pre- 
ceding 44  years.  The  highest  air  temperature  (in  the 
shade)  was  90‘^’2  on  July  26,  and  the  lowest  22^*3  on 
January  22.  The  mean  monthly  temperature  was 
above  the  average  in  February  and  July,  and  below 
in  January,  March,  May,  August  to  October,  and 
December.  As  regards  the  long-continuing  cold 
weather  this  spring  : — The  mean  temperature  for  the 
whole  period  1886  January  5 to  March  18  was  33® ‘8, 
being  5° -9  below  the  average ; for  the  period  February 
I to  March  18,  33®  2,  6° -9  below  the  average  ; and 
for  the  period  March  i to  18,  32° -6,  8® -2  below  the 
average.  The  mean  temperature  for  the  month  of 
February  was  33®'7>  which  thus  compares  with  the 
previously  recorded  low  temperatures  for  the  same 
month  in  other  years: — 1845,  2,2^ ‘7  ; 1853,  33®"3; 
1855,  29®t  ; 1858,  34°-6;  1873,  34®’3.  The  lowest 
temperature  recorded  this  spring  was  16® ’5  on  1886 
January  7. 

“The  mean  daily  motion  of  the  air  in  1885  was 
287  miles,  being  three  miles  greater  than  the  average 
of  the  preceding  18  years.  The  greatest  daily  motion 
was  704  miles  on  January  ir,  and  the  least  71  miles 
on  November  12  and  December  26.  The  only 
recorded  pressure  exceeding  20  lbs.  on  the  square  foot 
in  1885  was  22’5lbs.  on  January  10. 

“ The  number  of  hours  of  bright  sunshine  recorded 
by  Campbell’s  sunshine  instrument  during  1885  was 
1,261,  which  is  about  60  hours  more  than  the  average 
of  the  preceding  eight  years.  The  aggregate  num- 
ber of  hours  during  which  the  sun  was  above  the 
horizon  was  4,455,  so  that  the  mean  proportion  ot 
sunshine  for  the  year  was  0’283,  constant  sunshine 
being  represented  by  i.  A register  of  sunshine  has 
also  been  regularly  obtained  from  the  beginning  of 
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June  to  the  end  of  December  last  year  with  Jordan’s 
recorder.  A comparison  of  the  results  with  the  two 
instruments  for  the  month  of  June,  1885,  shows  222 
hours  of  sunshine  registered  by  Jordan’s  recorder, 
and  212  hours  by  Campbell’s. 

“The  rainfall  in  1885  was  24-0  inches,  being  o*8 
inch  below  the  average  of  the  preceding  44  years.” 


General  Notes. 

^ 

Railway  Accidents  in  France.  — During 
1883,  the  total  number  of  passengers  carried  by  the 
French  railways  was  207,171,029  (the  total  length 
of  the  railways  of  France  being  22,092  kilometres 
13,697  miles.)  Of  this  number,  only  42  passengers 
were  killed,  and  279  injured;  that  is  to  say,  i killed 
for  every  4,993,399,  and  one  injured  for  every  742,554. 

Imports  of  Coal  and  Iron  to  Italy.— 
During  the  first  three  months  of  the  present  year  the 
imports  of  iron  and  coal  were,  as  compared  with  the 
similar  periods  of  the  two  preceding  ones  as  follows  : — • 


1884.  1885.  1886. 

Iron 19,620  tons  ...  15,112  tons  ...  21,975  tons. 

Rails  3,635  „ ...  527  „ ...  750  „ 

Machinery  98, 300  ...  ;^i47,6oo  ...  ;,^i25,4oo 

Coal  514,600  ,,  ...  684,100  ,,  ...  656,000  ,, 


Havre  International  Exhibition. — An  Inter- 
national Maritime  Exhibition  is  announced  to  be  held 
at  Havre,  from  ist  May  to  30th  September,  1887, 
embracing  all  branches  of  industry  connected  with 
navigation,  fishing,  and  electricity.  The  idea  of  this 
Exhibition  was  started  by  the  General  Commercial 
Syndicate,  with  the  co-operation  of  the  Havre 
Municipality  and  Chamber  of  Commerce,  and  is 
under  the  patronage  of  the  French  Ministers  of  the 
Marine  and  Colonies,  and  of  Commerce  and  Industry, 
Application  for  space  must  be  made  before  ist 
January,  1887,  to  the  Direction  de  I’Exposilion 
Maritime  Internationale,  118,  Rue  de  Paris,  Havre, 
France. 

Belgian  Mail  Service. — While  late  letters 
between  England  and  Belgium  go  via  Calais, 
the  bulk  of  the  mails  are  carried  by  steamers 
belonging  to  the  Belgian  Government  between 
Dover  and  Ostend.  To  shorten  the  time  occu- 
pied by  this  passage,  the  Belgian  Government 
has  ordered  from  the  John  Cockerill  Company,  of 
Seraing,  three  steamers  of  a type  common  on  the 
Volga,  having  a high  speed  and  but  slight  draught  of 
water,  so  that  they  can  enter  the  harbours  at  all 
states  of  the  tide.  The  first  of  the  steamers.  The 
Albert,  was  launched  on  June  2nd,  from  the  Cockerill 
Company’s  Hoboken  Shipyard,  near  Antwerp,  in  the 
presence  of  the  Belgian  Minister  of  Railways,  Posts, 
and  Telegraphs.  Her  length  between  perpendiculars 
is  255  ft.,  and  B.M.  1,062  tons;  breadth  outside 


paddle-boxes,  35  ft. ; draught,  8 ft.  6 in.  With  a 
pressure  of  120  lbs.  per  square  inch  in  the  four  boilers, 
the  engines  are  calculated  to  give  out  3,000  horse- 
power, so  as  to  achieve  a speed  of  18  knots  an  hour, 
or  half  a knot  more  than  that  stipulated  for. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  June  21. ..Colonial  and  Indian  Exhibition,  South 
Kensington,  S.W.,  4 p.m.  Mr.  AV.  Senior,  “The 
Colony  of  Queensland.” 

British  Architects,  9,  Conduit-street,  AV.,  8 p.m. 
Asiatic,  22,  Albemarle-street,  AV.,  4 p.m. 

TUESD.A.Y,  June  22. ..Colonial  and  Indian  Exhibition,  South 
Kensington,  S.AV.,  4 p.m.  Conference  of  the 
Anthropological  Institute.  “ Races  of  Australia.” 
Statistical,  School  of  Mines,  Jermyn -street,  S.AV., 
7I  pm.  The  Hon.  Sir  Robert  Stout,  “Notes  on 
the  Progress  of  New  Zealand  for  Twenty  Years 
1864-1884.” 

Anthropological,  3,  Hanover-square,  A\^.,  8 p.m. 
Horticultural,  South  Kensington,  S.AA””.,  i p.m. 
Show  of  Pelargoniums,  &c. 

AVednesd.w,  June  23. ..Colonial  and  Indian  Exhibition,  South 
Kensington,  .S.AV  , 4 p.m.  Mr.  W.  Lant  Carpenter, 
“ The  Position  of  Science  in  Colonial  Education.” 
Geological,  Burlington-house,  AV.,  8 p.m.  Paper;? 
by  Prof.  T.  McKenny  Hughes,  Dr.  Charles 
Callaway,  Mr.  A.  Strahan,  Air.  Edwin  Gilpin» 
Air.  H.  M.  Becher,  Air.  AV.  Hamilton  Alerritt, 
Air.  R.  Lydekker,  Air.  W.  AVhitaker,  Dr.  A.  B. 
Griffiths,  and  Air.  James  Carter. 

Royal  Society  of  Literature,  4,  St.  Alartin’s-place, 
AV.C.,  8 p.m. 

Thursday,  June  24. ..Colonial  and  Indian  Exhibition,  South 
Kensington,  S.W.,  ii  a.m.  Conference  of  the 
Ceutral  Emigration  Society.  “ Emigration  from 
Colonial  Point  of  Anew.”  3 pm.  “ The  Best 
Alethod  of  Colonisation.”  8 p.m.  Air.  T.  Wardle> 
“ The  Indian  Silks  in  the  Exhibition.” 

Antiquaries,  Burlington -house,  AV.,  8J  p.m. 

Society  for  the  Encouragement  of  Fine  Arts,  9, 
Conduit-street,  AV.,  8 p.m.  Air.  T.  H.  Alaguire, 
“ The  Importance  of  the  Fine  Arts  to  Humanity.”^ 

Friday,  June  25. ..Colonial  and  Indian  Exhibition,  South 
Kensington,  S.AV.,  ii  a m.  Conference  of  the 
Central  Emigration  Society.  “ The  Duty  of  the 
Church  towards  Emigration.”  3 p m.  “ Emigra- 
tion of  Children.”  85  p.m.  Air.  F.  AV.  Penne- 
father,  “ Nati%'es  of  New  Zealand,”  with  Lime- 
light Illustrations. 

United  Service  Institute,  AVhitehall-yard,  S.AV.,  3 p.m. 
Captain  J.  C.  R.  Colomb,  “Imperial  Federation, 
Naval  and  Alilitary.” 

Quekett  Alicroscopical  Club,  University  College, 
W.C.,  8 p.m. 

Browning,  University  College,  AV.C.,  8 p.m.  Annual 
Aleeting,  Election  of  Officers,  &c.  Paper  by  Air. 
C.  H.  Herford. 

Saturday,  June  26. ..Colonial  and  Indian  Exhibition,  South 
Kensing-ton,  S.AV.,  4 p.m.  Dr.  H.  Trimen, 
“ The  Vegetation  of  Ceylon.” 

Physical  Science  Schools,  South  Kensington,  S.AV., 
3 p.m.  Air.  Herbert  Tomlinson,  “ Certain  sources 
of  error  in  connection  with  experiments  on  Tor- 
sional Vibration.” 

Botanic,  Inner  Circle,  Regent’s -park,  N.AV.,  3f  p.m. 
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NOTICES. 



FINANCIAL  STATEMENT. 

The  following-  statement  is  published  in  this 
week’s  Jzur^ial,  in  accordance  with  sec.  40 
of  the  Society’s  Bye-laws  : — 


TREASURERS’  STATEMENT  OF  RECEIPTS,  PAYMENTS,  AND  EXPENDITURE 
FOR  THE  YEAR  ENDING  MAY  31ST,  1886. 


Dr. 

To  Cash  in  hands  of  Messrs.  Coutts 

and  Co.,  31st  May,  1885 

Do.  in  hands  of  Secretary... 

,,  Subscriptions  received  during  the 
j ear  from  Members  and  Insti- 


tutions in  Union 6,500  6 o 

,,  Life  Compositions 451  10  o 


£ s.  d. 

827  6 5 
22  5 I 


Transferred  from  Deposit  with  Messrs.  Coutts 
and  Co.  on  account  of  “"Westgarth”  Prizes 

Dividends  and  Interest ... 

Ground  Kents 

Examination  Fees  

House  and  Office  (receipts  for  gas,  &c.) 

Advertisements  

Sales  — 

Cantor  Lectures  16  2 7 

Conversazione  Tickets  tj5)9  i7  6 

Examination  Papers 2 17  7 

Japanese  Exhibition  Cata- 
logues   3 12  o 

Journal  173  7 7 

Public  Health  Conference 

Reports 5 6 

Spoiled  Post-cards  i 15  5 

Transactions  10  o 


£ s.  d. 


849  II  6 


6,951  16  o 

1,200  o o 
661  18  II 
171  10  o 
216  10  o 
45  3 o 
1,605  7 to 


Cr. 


By  House  and  Premises  : — 

Rent,  Rates,  and  Taxes  

Insurance,  Gas,  Coal,  House 
expenses,  and  charges  inci- 
dental to  ordinary  meetings 
Repairs  and  Alterations  


£ s.  d. 
356  10  4 

278  8 I 
68  2 I 


„ Officer- 

Salaries  and  Wages 2,085  ^4  7 

Stationery,  Office  Printing,  and 

Lithography  323  15  4 

Advertising 55  10  6 

Postage  Stamps,  IMessengers’ 

Fares,  and  Parcels  182  8 4 


„ Library,  Bookbinding,  &c 

„ Conversazione 

,,  Journal,  including  Printing,  Stamps,  and 

Distribution  

,.  Advertisements  (Agents  and  Printing)  

,,  Examinations  

,,  Memorial  Tablets 

,,  Medals  ; — 

Albert  22  8 6 

Society’s 19  ir  6 


£ s.  d. 


703  o 6 


2,647  8 9 
92  12  II 
1,849  17  3 

2,627  15  I 
717  17  3 
322  9 9 

7 5 


,,  Frizes  (awards  and  expenses)  : — 

Davis 120  o o 

Fothergill  :o  o o 

Howard  104  9 4 

Owen  Jones 28  17  9 

Westgarth  1,225  o o 


y.  Cantor  Lectures  

,,  Lectures  on  Electricity 


Applied  Chemistry  and  Physics  5r  4 o 

Foreign  and  Colonial  6i  4 o 

Indian  74  o o 


,,  Japanese  Exhibition 

,,  Committees  : — 

Musical  Pitch...  14  14  3 

General  expenses  14  17  3 


,,  Donation  to  repair  of  York  Water  Gate  

,,  Annuity  to  Mrs.  Le  Neve  Foster 

,,  Investment  in  Reduced  3 per 
Cent.  Stock  of  Life  Com- 
positions of  the  year  451  10  o 

,,  Do.  in  Queensland 
Bonds  from  income 

of  the  year 509  7 6 

,,  Do.  in  Canada  4 per 

Cent.  Stock  523  15  o 

1,033  2 6 


42  0 o 


1,498  7 I 
326  12  6 
6t  16  o 
21  I 5 


186  8 o 
15  10  4 


29  II  6 
10  o o 
25  o o 


1,484  12  6 


12,669  6 4 

,,  Cash  in  hands  of  Messrs.  Coutts 

and  Co.,  May  31st,  1886  754  o 9 

„ Do.  in  hands  of  Secretary  26  18  4 

780  19  I 

;^i3.45o__5  5 
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Liabilities. 


Assets. 


ti  U. 

To  Tradesmen’s  Bills 461  i 1 

,,  Rates 47  18  4 

,,  Examiners’  Fees 117  ii  o 

,,  Sections : — Foreign  and  Colonial, 

Applied  Chemistry,  and  Indian  igo  o o 

„ Accumulations  under  Trusts  200  15  s 

,,  Balance  of  Money  received  from 
Union  Centraledes  Arts  Deco- 
ratifs,  Paris 20  7 o 


I 


By  Society's  Funds  invested  in — 

Reduced  3 per  Cent.  Stock, 

^'7,168  15s.  4d.,  worth,  on  31st 
May,  1886,  gs.  iid.,  less 

£jS7  15s.  iid.,  reserved  to  meet 
Trusts  No.  6,  7,  and  8 below...  6,473  14 
£2i-j  Great  Indian  Peninsula 
Railway  4 per  Cent  Debenture 
Stock,  worth  on  31st  May,  1886  233  16 

;^i,5oo  Queensland  4 per  Cent. 

Bonds,  worth  on  31st  May  1886  1,550  12 
;^500  Canada  4 per  Cent.  .Stock, 
worth  on  the  jist  May,  1886  ...  527  10 


d. 


o 


4 

6 

o 


,,  Subscriptions  of  the  year  un- 
collected ...  732  18  o 

,,  Arrears,  estimated  as  recoverable  250  o o 


! ,,  Property  of  the  Society,  including  Barry’s 

I Pictures  and  Lease  of  House  

I „ Advertisements  on  the  Books,  due  and  in 

i course  of  execution*  ..  

i ,,  Cash  in  hands  of  Messrs.  Coutts  and  Co., 

I 31st  May,  1886  

,,  Ditto  on  Deposit  

,,  Ditto  in  hands  of  Secretary  


s.  d. 


8,785  12  10 


982  18  o 

2,000  0 O 

1,381  1 O 

754  o O 
200  o o 
26  18  4 


;iCi4,i.40  10  13 


liable  to  charges  for  printing. 


I^IVESTMENTS  STANDING  IN  THE  NAME  OF  THE  SOCIETY. 


Ground  Rents  on  Tyssen-Amherst  Estate  ..  ;^4i5QO  o o 

Consols  i 425  8 g 

New  3 per  Cents  388  i 4 

Reduced  3 per  Cents 7,168  15  4 

Metropolitan  Railway  4 per  Cent.  Perpetual  ITeference  Stock 500  o o 

Oude  and  Rohilcund  Railway  5 per  Cent.  Guaranteed  Stock 2,150  o o 

Bombay  and  Baroda  do.  do.  2,450  o o 

Canada  4 per  Cents 923  o o 

India  4 per  Cents 105  18  7 

Great  Indian  Peninsula  Railway  4 per  Cent.  Guaranteed  Debenture  Stock 2,170  o o 

Queensland  4 per  Cent.  Bonds  1,500  o o 

Cash  on  deposit  ivith  Messrs.  Coutts  and  Co.  200  o o 


Trust  Funds  included  in  the  Above. 


1.  Dr.  Swiney’s  Bequest  ;^4,5oo  o 

2.  John  Stock  Trust  100  o 

3.  Benjamin  Shaw  Trust  for  Industrial 

Hygiene  Prize  - 133  6 

4.  North  London  Exhibition  Trust  192  2 

5.  I othergill  Trust 388  i 

6.  J.  IMurray,  in  aid  of  a Building  Fund 54  18 

7.  Subscription  to  an  Endowment  Fund 562  2 

8.  Dr.  Aldred’s  Bequest  140  15 

g.  Thomas  Howard  s Beque.st 500  o 

10.  Dr.  Cantor’s  Bequest  4,600  o 

,11.  Owen  Janes  Memorial  Trust  423  o 

12.  Mulready  Trust  105  18 

13.  Alfred  Davis  Bequest  i,953  o 

14.  Accumulated  Interest  on  Trust  Funds  200  o 


o Invested  in  ground-rents,  and  charg'eable  with  a sum  of  £200 
once  in  five  years. 

0 Consols,  chargealde  with  the  Award  of  a Medal. 

8 ,,  ,,  ,,  Interest  as  a Money  Prize, 

1 >,  ,,  ,,  ,,  j, 

4 New  3 per  Cents,  chargeable  with  the  Award  of  a ^ledal. 

o I 

2 > Reduced  3 per  Cent.  Stock. 

91 

o Metropolitan  Railway  4 per  Cent.  Perpetual  Preference  Stock. 

o Bomb^  and  Baroda  and  Oude  and  Rohilcund  Railway  5 per 
Cent.  Guaranteed  Stock. 

o Canada  4 per  Cent.  Stock,  charged  with  the  Award  of  Prizes 
to  Art  Students. 

6 India  4 per  Cent  Stock,  the  Interest  to  be  applied  to  keeping 
Monument  in  repair  and  occasional  Prizes  to  Art  Students. 

o Great  Indian  Peninsula  P,ailway  4 per  Cent.  Guaranteed 
Debenture  Stock. 

o On  Deposit  with  Messrs.  Coutts  and  Co. 


7'he  Receipts  of  the  Society  set  forth  above  have  been  credited  by  Messrs.  Coutts  and  Co. 

Payments  set  forth  above  have  been  made  by  authority  of  the  Coitncil. 

7he  Assets,  represented  by  Stock  at  the  Bank  of  England,  a7td  secui'ities,  cash  on  deposit,  and  cash 
balance  in  ha?ids  of  Messrs.  Coutts  and  Co.,  as  above  set  forth,  have  been  duly  verified. 


H.  Trueman  Wood,  Secretary. 
Society’s  House,  Adelphi,  8ih  June,  t886. 


W.  R.  Malcolm,  ) rj. 

B.  Francis  Cobb,  J T‘asure,s. 

Andrew  D.  Chadwick,  Auditor,  pro.  tern. 
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ANNUAL  GENERAL  MEETING. 

The  Council  hereby  give  notice  that  the 
One  Hundred  and  Thirty-second  Annual 
General  Meeting,  for  the  purpose  of  receiving 
the  Council’s  Report  and  the  Treasurer’s  state- 
ment of  receipts,  payments,  and  expenditure 
during  the  past  year,  and  also  for  the  election 
of  officers  and  new  members,  will  be  held,  in 
accordance  with  the  Bye-laws,  on  Wednesday, 
the  30th  June,  at  4 p.m. 

(By  order  of  the  Council) 

H.  Trueman  Wood, 

Secretary. 


CONFER  SA  ZIONE. 

The  Society  of  Arts  Conversazione  will  be 
held,  by  permission  of  the  Royal  Commission, 
at  the  Colonial  and  Indian  Exhibition,  South 
Kensington,  on  Friday,  the  i6th  of  July  next. 

Each  member  will  receive  a card  for  him- 
self, which  will  not  be  transferable,  and  a card 
for  a lady.  In  addition  to  this,  cards  will  be 
sold  to  members  of  the  Society,  or  to  persons 
introduced  by  a member,  at  the  following 
prices -.—Until  the  3rd  of  July,  7s.  each  ; after 
that  date  10s.  each,  except  on  the  i6th  July, 
when  the  price  will  be  15s. 

The  Council,  however,  reserve  the  right  of 
stopping  the  sale  of  tickets  or  of  raising  the 
price,  if  it  is  found  necessary,  in  order  to  restrict 
the  number  of  visitros  within  reasonable  limits. 

Tickets  will  only  be  supplied  to  persons 
presenting  members’  vouchers  (forms  of  which 
can  be  obtained  from  the  Secretary),  or  a letter 
of  introduction  from  a member. 

Members  can  purchase  these  additional 
tickets  by  personal  application,  or  by  letter 
addressed  to  the  Secretary.  In  all  cases  of 
application  by  letter,  a remittance  must  be 
enclosed.  Each  ticket  will  admit  one  person, 
either  lady  or  gentleman. 

Light  refreshments  (tea,  coffee,  ices,  &c.) 
will  be  supplied  at  the  usual  buffets.  No  re- 
freshments can  be  obtained  by  purchase.  It 
will  greatly  facilitate  the  arrangements  if 
members  requiring  additional  tickets  will 
apply  for  them  at  as  early  a date  as  con- 
venient. The  members’  invitations  have  been 
issued.  Visitors’  tickets  can  be  purchased 
from  the  present  date. 

There  will  be  no  admission  to  the  Exhibition 
on  this  evening  except  by  special  ticket,  and 
no  tickets  can  be  purchased  at  the  Exhibition. 


Further  particulars  as  to  the  arrangements 
will  be  announced  in  future  numbers  of  the 
Joicrnal. 


Proceedings  of  the  Society. 

♦- 

CANTOR  LECTURES. 

PETROLEUM  AND  ITS  PRODUCTS. 
By  Boverton  Redwood,  F.I.C.,  F.C.S. 

[The  right  of  reproducing  these  lectures  is  reserved.} 

Lecture  II. — Delivered  March  15,///,  1886. 

I have  already  stated  that  although  the 
rapid  development  of  the  petroleum  industry 
in  the  United  States  dates  from  the  sinking  of 
the  Drake  well  in  1859,  the  credit  of  devising 
the  method  of  drilling  then  adopted  does  no>j^ 
belong  to  Mr.  Drake,  since  wells  had  previously 
been  drilled  for  brine  in  a similar  manner. 
In  order  to  form  an  intelligent  conception  of 
the  improvements  which  have  been  effected 
since  1859,  will  be  necessary  to  examine 
somewhat  in  detail  the  arrangements  \\hich 
Mr.  Drake  and  his  predecessors  employed, 
but  before  proceeding  to  do  this  we  must  firsT 
consider  certain  more  primitive  methods  of 
obtaining  the  crude  oil. 

Professor  Silliman’s  description  of  the  pro- 
cess of  obtaining  the  crude  petroleum  from  the 
oil  spring  of  the  Seneca  Indians  near  Cuba, 
New  York,  by  skimming  it  off  the  surface  of 
the  water  by  means  of  boards,  was  given  in 
the  previous  lecture,  and  this  may  fairly  be 
taken  as  indicative  of  the  manner  in  which  the 
petroleum  was  first  collected.  Occasionally 
the  pool  of  oil-covered  water  was  surrounded 
by  a stone  coping  to  increase  its  depth,  and 
woollen  cloths  were  sometimes  used  to  absorb 
the  oil. 

There  is,  however,  ample  evidence  in  various- 
countries  that,  from  a very  remote  period,  pit.s 
and  wells  have  been  dug  for  the  purpose  (d 
obtaining  the  oil.  The  reference  by  Herodotu.s 
to  the  use  of  half  a wine-skin  for  drawing  u[) 
petroleum  from  such  a well  at  Arderrica  has 
already  been  noticed,  and  in  China  the  digging 
of  wells,  from  which  petroleum  and  brine  ar«^ 
collected,  is  an  operation  of  great  antiquity. 
In  Japan,  in  Burmah,  and  in  other  counlrit  s, 
petroleum  wells  are  still  excavated  by  hand. 
A great  deal  of  interesting  information,  in  re- 


832 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


[June  25,  1886. 


ference  to  the  operation  of  petroleum  well- 
sinking  in  Japan,  is  given  in  Mr.  Lyman’s 
reports,  to  which  I have  already  had  occasion 
to  refer.  In  these  reports,  it  is  stated  that  the 
excavating  is  done  by  two  men,  one  of  whom 
digs  in  the  morning  from  nine  o’clock  until 
noon,  and  the  other  from  noon  until  three. 
The  one  who  is  not  digging  works  a large 
blowing  machine  that  sends  fresh  air  to  the 
bottom  of  the  well.  The  blowing  apparatus  is 
a wooden  box  about  6 feet  long  by  3 feet  wide 
and  2 feet  deep,  with  a board  of  the  same 
length  and  width,  turning  in  it  upon  a hori- 
zontal axis  at  the  middle  of  each  side  of  the 
box,  and  with  a vertical  division  below  the 
board  between  the  two  ends  of  the  box.  The 
workman  stands  upon  the  board,  and  walks 
from  one  end  of  it  to  the  other,  alternately  de- 
pressing the  ends.  At  his  first  step  on  each  end 
he  gives  a smart  blow  with  his  foot,  so  as  to 
close  with  a jerk  a small  valve  (o’3  foot  square) 
beneath  the  end  of  the  board,  the  valve 
opening  by  its  own  weight  when  the  end  of 
the  board  rises.  The  air  is  therefore  driven 
first  from  one  end  of  the  box,  then  from  the 
other,  into  an  air  pipe  about  0’8  foot  square, 
provided  at  the  top  with  a small  valve  for  each 
end  of  the  blowing-box.  The  air  pipe  is  made 
of  boards  in  lengths  of  about  6 feet,  and  is 
placed  in  one  corner  of  the  well.  The  w'ell  is, 
besides,  timbered  with  larger  pieces  at  the 
corners,  and  light  cross  pieces,  which  serve 
also  as  a ladder  for  going  up  and  down,  though 
at  such  a time,  in  addition,  a rope  is  tied 
round  the  body,  under  the  arms,  and  held  by 
several  men  above  the  mouth  of  the  well.  The 
earth  or  rock  excavated  is  brought  out  of  the 
well  in  rope  nets,  by  means  of  a rope  that 
passes  over  a wheel  i foot  in  diameter,  hung 
just  under  the  roof  of  a hut  which  covers  the 
mouth  of  the  well.  The  rope  nets  are  drawn 
up  by  three  men,  one  at  each  corner  of  one 
side  of  the  well,  and  the  third  in  a hole  two  or 
three  feet  deep,  and  a foot  and  a half  wide, 
dug  along  the  side  of  the  w^ell.  I have  on 
the  table  a photograph  of  a Japanese  oil- 
district,  showing  the  huts  or  well  coverings 
alluded  to.  This  photograph  w^as  given  me  by 
a friend  who  recently  visited  the  petroleum 
fields  of  Japan.  The  wells  are  about  3^-  feet 
square,  and  are  dug  in  the  manner  described 
to  the  remarkable  depth  of  600  to  900  feet. 
At  this  depth  there  is  great  difficulty  in 
securing  sufficient  light  to  carry  on  the  work, 
and  it  is  frequently  necessary  for  this  reason 
to  suspend  work  at  three  o’clock.  The  oil  is 
skimmed  from  the  surface  of  the  water,  and 


drawn  up  in  buckets.  Mr.  Lyman  is  of 
opinion  that  it  would  be  the  reverse  of  advan- 
tageous to  introduce  the  system  of  drilling 
with  steam  power  in  Japan,  on  account  of  the 
cost  of  the  necessary  machinery,  the  heavy 
expense  of  fuel  in  the  locality,  and  the  diffi- 
culty of  transporting  machiner}'-  in  a country 
almost  wholly  without  waggon  roads.  The 
cost  of  a well  in  Echigo,  900  feet  in  depth,  is 
stated  to  have  been  only  £200,  which  is  little 
more  than  a third  of  the  expense  of  drilling  to 
that  depth  in  England  or  America.  More- 
over, a dug  well  can  be  entered  for  cleaning 
or  repairing,  while  a drilled  well  obviously 
cannot ; besides  which,  the  former  description 
of  well  necessarily  exposes  a larger  surface 
for  the  oil  to  percolate  through,  and  is  also 
frequently  furnished  with  horizontal  galleries 
extending  from  the  bottom,  which  largely 
add  to  the  extent  of  surface  of  oil  rock 
exposed.  There  are,  however,  as  Mr. 
Lyman  points  out,  some  improvements 
which  might  advantageously  be  introduced 
into  the  present  system.  Thus,  at  present,  the 
only  light  obtained  is  that  which  is  reflected 
from  a piece  of  yellowish  translucent  oil  paper, 
about  5 feet  long  by  3I-  feet  wide,  suspended 
over  the  well  at  an  angle  of  /j5  degrees  with 
the  horizon,  across  an  opening  in  the  roof  of 
the  grass  hut  that  covers  the  well ; and  it  would 
be  easy  to  substitute  for  this  primitive  reflector 
a common  mirror.  A small  mirror  could  also 
be  used  at  the  bottom  of  the  well  to  reflect 
light  into  the  galleries,  which  at  present  are  so 
dark  that  they  cannot  be  excavated  to  a greater 
length  than  about  a dozen  feet.  A flame  can- 
not be  used  in  the  well  as  a source  of  light 
on  account  of  the  presence  of  inflammable  gas, 
but  the  incandescent  electric  light,  if  not  too 
costly,  might  be  employed,  and  the  working 
hours  thus  extended.  A better  system  of 
ventilation  might  also  be  adopted;  and  the 
use  of  pumps  for  raising  the  water  and  oil,  as 
well  as  of  a water-tight  well-casing,  which 
might  be  made  of  timber,  to  prevent  the  influx 
of  water,  would  also  facilitate  the  collection  of 
the  petroleum.  The  small  yield  of  the  wells, 
however,  would  preclude  the  employment  of 
any  expensive  appliances,  the  total  yield  of 
the  wells  in  the  oil-fields  of  Echigo  and 
Shinano,  being  only,  according  to  Mr.  Lyrnan, 
between  11,000  and  12,000  barrels  per 
annum. 

As  an  illustration  of  the  cheapness  of  the 
present  system,  I quote  the  following  par- 
ticulars given  by  Mr.  Lyman,  on  the  authority 
of  Mr.  Kada  : — 
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4 posts  §0.100 

I board  (6  ft.  by  about  i ft.)  ....  0.120 

12  cross-pieces,  §0-96  to  §0*2 1 6 ..  0-156 

Materials  for  one  length  (4  ft.)  of 

timbering  0-376 

Materials  for  hut — wood,  §i  ; 

rushes,  §0-63 1630 

i pair  of  bellows  3750 

I length  of  air- pipe  (6  ft.)  OT40 

I wheel  (two  needed  for  one  well)  i*200 

I tank  (6  ft.  diameter,  6 ft.  high)  15-000 

I well  bucket 0-500 

6 ft.  straw  rope 0-012 

10  soka  {?  5,000  feet)  small  straw 

rope 0*475 

I pick  (large  one  i6|lbs.,  small 

one  6|  lbs.) ? 

I rake 0-500 

3 rope  nets 0-350 

I oil  paper 0-320 

I pot  for  boiling  the  labourers’ 
rice  or  water 0-620 


In  the  locality  where  these  prices  prevailed, 
in  1868,  the  wages  of  the  diggers,  not  includ- 
ing food,  were  $o-i8^  per  man  per  day,  and  of 
the  common  labourers  So- 10.  One  shoo  of 
rice  beer  (sake)  value  $0*065  had,  however, 
to  be  provided  for  every  four  men.  The 
number  of  workmen  needed  was,  according 
to  the  depth  of  the  well,  as  follows  : — 


From 

I to  10  fathoms. . . . 

ro  „ 30  „ 

..  4 M 

30  » 40  >1  

40  50  M 

..  6 „ 

In  the  locality  in  question  the  depth  of  the 
-wells  rarely  exceeded  50  fathoms. 

I have  already  referred  in  some  detail  to  the 
oil  district  of  Yenangymung,  in  Burmah. 
According  to  the  Rev.  J.  M.  Cushing,  the 
wells  here  are  dug  in  the  most  primitive 
manner,  a native  spade  for  loosening  the  soil, 
and  a basket  for  removing  it  from  the  w-ell, 
being  the  only  implements  used.  The  wells 
are  about  60  feet  in  depth,  and  5 feet  square, 
and  are  planked  with  split  timber.  There  are 
generally  three  or  four  men  employed  in  the 
work  of  digging,  each  one  taking  his  turn,  and, 
while  w'orking  in  the  well,  having  a rope 
fastened  round  him.  Sometimes  there  is  so 
much  gas  present  that  the  digger  cannot 
remain  in  the  well  more  than  a couple  of 
minutes,  and  occasionally  a man  is  drawn  up 
quite  insensible.  The  usual  time  of  remaining 
down  is  about  twenty  minutes,  and  the  digger 
jerks  the  rope  when  he  wishes  to  be  drawn  up. 
The  oil  is  raised  in  a bucket  attached  to  one 
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end  of  a rope  running  over  a wheel  fixed  above 
the  mouth  of  the  well.  The  other  end  of  the 
rope  is  fastened  to  the  waist  of  a man  or 
woman,  who  generally  has  two  or  more  boys 
or  girls  to  assist  in  pulling.  As  soon  as  the 
bucket  fills,  these  persons  run  down  a beaten 
path,  and  the  bucket  is  thus  drawn  to  the 
mouth  of  the  well,  when  it  is  emptied  by 
another  person. 

In  Wallachia,  and  also  in  Galicia,  dug  wells 
exist,  and  in  Moldavia  there  are  dug  wells 
more  than  130  feet  deep,  lined  with  woven 
sticks. 

The  most  perfectly  constructed  dug  wells  are 
those  which  exist  in  Italy.  Professor  Stoppani , 
of  Milan,  describes  the  petroleum  wells  at 
Montechino,  Piacenza,  which  may  be  taken  as 
a type  of  the  Italian  wells,  as  perfectly  cylin- 
drical in  form,  and  lined  with  large  bricks 
firmly  cemented  together.  Some  of  these  wells 
are  as  much  as  240  feet  in  depth,  and  eight 
feet  to  ten  feet  in  diameter.  The  Montechino 
wells  are  stated  to  yield  from  160  to  180  lbs.  of 
oil  each  per  day.  The  oil,  which  is  drawn  up 
in  buckets,  is  of  very  remarkable  character.  I 
have  a sample  of  it  on  the  table,  and  you  will 
note  that  it  possesses  but  little  more  colour 
than  ordinary  refined  oil  has.  It  is,  in  fact,  so 
pure  that  it  can  be  burned  in  its  crude  state  in 
suitable  lamps,  though  in  consequence  of  the 
presence  of  a large  quantity  of  the  more  volatile 
hydrocarbons  it  is  very  infiammable,  at  once 
taking  fire  upon  the  application  of  a flame. 
These  wells  cannot  be  dug  deeper  in  con- 
sequence of  the  presence  of  petroleum  gas  and 
vapour,  several  lives  having  been  lost  in 
attempts  to  deepen  them.  The  collection  of 
oil  from  the  wells  at  Montechino  has  been 
going  on  for  eighty  years. 

Having  thus  considered  methods  of  well 
construction,  and  petroleum  collection,  which 
are  comparatively  simple,  but,  as  we  have  seen, 
suited  to  the  requirements  of  the  countries 
wherein  they  are  adopted,  we  now  take  up  the 
subject  of  the  development  of  artesian  drilling 
for  petroleum,  as  practised  in  the  United  States 
and  elsewhere. 

The  art  of  artesian  well  drilling  in  China  is 
doubtless  one  of  considerable  antiquity,  wells 
in  that  country  being  successfully  bored  to 
great  depths  with  the  object  of  obtaining  brine. 
L’Abbe  Hue  gives  the  following  interesting 
description  of  the  process  adopted  : — 

“ If  there  be  a depth  of  three  or  four  feet  of  soil 
on  the  surface,  they  plant  in  this  a tube  of  hollow 
wood,  surmounted  with  a stone,  in  which  an  orifice 
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of  the  desired  size  of  three  or  four  inches  has  been 
cut.  Upon  this  they  bring  to  work  in  the  tube  a 
rammer  of  300  lbs.  or  400  lbs.  weight,  which  is 
notched,  dnd  made  a little  concave  above  and  convex 
below.  A strong  man,  very  lightly  dressed,  then 
mounts  on  a scaffolding,  and  dances  all  the  morning 
on  a kind  of  lever  that  raises  this  rammer  about  two 
feet,  and  then  lets  it  fall  by  its  own  weight.  From 
time  to  time  a few  pails  of  water  are  thrown  into  the 
hole  to  soften  the  rock  and  reduce  it  to  pulp.  The 
rammer  is  suspended  to  a rattan  cord,  not  thicker 
than  your  finger,  but  as  strong  as  our  ropes  of  catgut. 
This  cord  is  fixed  to  the  lever,  and  a triangular  piece 
of  wood  is  attached  to  it,  by  which  another  man, 
sitting  near,  gives  it  a half  turn  so  as  to  make  the 
rammer  fall  in  another  direction.  At  noon  this  man 
mounts  on  the  scaffold  and  relieves  his  comrade  till 
the  evening,  and  at  night  these  two  are  replaced  by 
another  pair  of  workmen.  When  they  have  bored 
three  inched  they  draw  up  the  tube,  with  all  the 
matter  it  is  loaded  with,  by  means  of  a great  cylinder 
which  serves  to  roll  the  cord  on.  In  this  manner 
these  little  wells'  or  tubes  are  made  quite  perpen- 
dicular [to  a depth  of  from  1,500  to  1,800  feet 
French],  and  as  polished  as  glass.  When  the  rock 
is  good  the  work  advances  at  the  rate  of  two  feet  in 
twenty-four  hours,  so  that  about  three  years  are 
required  to  dig  a well.” 

Artesian-well  drilling  was  first  practised  in 
Europe,  in  the  province  of  Artois,  in  France, 
where  a drilled  well  exists  in  the  gardens  of  a 
former  Dominican  convent  at  Lillers,  which  is 
stated  to  have  flowed  continuously  since  the 
year  1126. 

In  the  United  States  the  first  artesian 
well  was  drilled  in  1806,  with  the  object  of 
obtaining  brine,  by  the  brothers  Ruffner. 
These  operators  first  attempted  to  keep  out  the 
surface  water,  and  reach  the  undiluted  brine 
by  sinking  in  the  mire  and  quicksand,  through 
which  the  saltwater  flowed,  a straight,  well- 
formed  hollow  sycamore  tree,  four  feet  in 
internal  diameter.  After  much  labour,  the 
lower  end  of  the  trunk  reached  a hard  crust, 
which  they  took  to  be  solid  rock,  at  a depth  of 
thirteen  feet,  but  in  consequence  of  the  im- 
possibility of  keeping  out  the  fresh  water,  the 
attempt  was  abandoned.  They  then  com- 
menced another  well  at  a little  distance,  using 
a 3^-in.  tube,  made  by  boring  lengthwise 
through  a 20-ft.  oak  log,  but,  again  failing, 
they  returned  to  the  first  well,  and  finally 
succeeded  in  sinking  the  “gum,”  as  the 
hollow  tree  was  termed,  through  the  crust 
mentioned,  to  a depth  of  sixteen  or  seventeen 
feet,  when  solid  rock  was  reached.  Much 
difficulty  was  then  experienced  in  making  a 
watertight  connection  between  the  lower  end 


of  the  “gum”  and  the  rock,  but  this  was 
finally  accomplished  by  using  wooden  wedges. 
The  brothers  then  commenced  drilling  the  rock 
with  a long  iron  drill  suspended  from  a “ spring 
pole,”  and  with  a 2^-in.  chisel-bit  of  steel. 
Eventually,  in  1808,  after  much  tedious  labour, 
they  completed  a hole  in  the  rock  of  forty  feet  in 
depth,  or  fifty-eight  feet  from  the  upper  end  of 
the  “ gum,”  and  obtained  a plentiful  supply  of 
brine.  Itwas,  however,  found  necessary  to  devise 
some  means  of  preventing  the  dilution  of  the 
brine  by  the  infiltration  of  fresh  water  through 
the  upper  part  of  the  well,  and  they  accord- 
ingly set  to  work  to  manufacture  two  half 
tubes  out  of  strips  of  wood,  joining  the  edges 
carefully,  and  binding  the  halves  together 
with  twine.  This  tube,  with  a bag  of  wrap- 
ping at  the  lower  end  made  to  fit  as  nearly  as 
possible  water-tight  in  the  2^-in.  hole,  was 
then  driven  into  the  well,  and  was  found  to 
answer  its  purpose  perfectly,  the  brine  flowing 
up  into  the  “ gum,”  where  a water-tight  bottom 
was  constructed  to  retain  it. 

Other  improvements  followed.  Tin  tubes, 
and  afterwards  copper  tubes  with  screw-joints, 
were  substituted  for  the  wooden  tubing,  but 
the  most  important  step  w'as  the  adoption  of 
the  arrangement  called  a “seed-bag”  to 
form  the  water-tight  joint  at  the  lower  end  of 
the  tube.  This  “seed-bag”  consisted  of  a 
piece  of  buckskin  or  calfskin,  sewed  up  like 
the  sleeve  of  a coat,  so  as  to  form  a tube  about 
12  or  15  inches  in  length,  and  about  the 
diameter  of  the  well.  This  was  slipped  over 
the  well  tubing,  and  the  lower  end  having 
been  securely  bound  to  the  tube,  was  filled  to 
the  depth  of  6 or  8 inches  with  flax  seed,  either 
alone  or  mixed  with  gum  tragacanth.  The 
upper  end  having  then,  like  the  lower,  been 
bound  to  the  tubing,  but  not  securely,  so  that 
the  bag  would  empty  itself  if  it  was  needful  to 
draw  up  the  casing,  the  arrangement  was 
lowered  into  the  well  to  the  required  depth, 
and  the  contents  of  the  seed-bag  soon  swelling 
by  the  absorption  of  w^ater,  a tight  joint  was 
made. 

In  describing  the  drilling  tools  now  used,  I 
shall  have  to  refer  to  an  instrument  termed 
“the  jars.”  This  was  invented  by  William 
Morris,  in  1831,  and  consists  of  a long  double 
link,  arranged  to  slide  loosely.  The  function 
of  the  jars,  as  now  employed  in  drilling,  is  to 
give  the  drilling  tools  a sharp  jar,  thus  pre- 
venting the  bit  from  getting  jammed  in  the 
rock,  or  loosening  it  if  it  has  become  so, 

The  spring  pole  referred  to  as  having  been 
employed  by  the  brothers  Ruffner.  continued 
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for  some  time  to  be  largely  used  in  hand  drill- 
ing, and  should  therefore  be  described.  It 
consisted  of  a straight  tree,  40  feet  or  50  feet  in 
length,  denuded  of  its  branches,  and  fixed  in 
the  ground  at  an  angle  of  about  30'^  over  the 
spot  where  the  well  was  to  be  drilled.  From 
the  upper  and  smaller  end  of  the  tree  the 
drilling  tools  were  suspended,  and  the  required 
movement  was  imparted  by  pulling  down  the 
end  of  the  pole  and  then  allowing  it  to  spring 
back.  The  springpole  is,  however,  no  longer  em- 
ployed in  drilling  petroleum  wells  in  the  United 
States,  and  steam-power  is  invariably  made 
use  of. 

Steam  - power  and  horse-power  were  also 
employed  in  drilling  for  brine,  prior  to  the 
sinking  of  the  Drake  well. 

The  first  operation  in  the  sinking  of  a petro- 
leum well  in  America  is  the  erection  of  what 
is  termed  a derrick,  a perfect  model  of  which, 
constructed  for  me  in  the  United  States,  is 
before  you.  The  derrick  is,  as  you  see,  a 
timber  structure,  pyramidal  in  form,  and  con- 
sisting, in  the  main,  of  four  uprights,  held  in 
position  by  the  necessary  ties  and  diagonal 
braces.  At  the  present  time  the  derrick  is 
usually  about  70  feet  in  height,  and  20  feet 
square  at  the  base,  and  costs  about  S500. 

The  height  of  the  derrick  has  necessarily 
been  increased  pari  passu  with  the  depth  of 
the  wells  and  length  of  the  tools,  but  at  the 
present  time,  in  the  Franklin  and  other  dis- 
tricts, where  the  wells  are  shallow,  derricks 
not  more  than  30  feet  in  height  are  still  em- 
ployed. The  earlier  form  of  derrick  is  shown 
in  the  photograph  of  the  historic  Drake  well. 
The  lower  part  is  usually  boarded  up  when 
drilling  is  being  done  in  winter,  in  order  to 
protect  the  workmen  from  the  inclemency  of 
the  weather.  Immediately  outside  the  derrick 
stands  the  “Sampson  post,”  a massive  pillar 
of  wood  which  supports  the  “walking  beam.” 
Inside  the  derrick  stands  a smaller  upright 
termed  the  “headache  post”  or  “life  pre- 
server,” designed,  as  its  name  implies,  to  save 
the  driller  from  being  struck  on  the  head 
by  the  end  of  the  walking-beam  in  the  event 
of  the  connection  breaking.  The  end  of 
the  walking  - beam  outside  the  derrick  is 
connected  by  means  of  a rod  termed  the 
“pitman,”  with  a crank  attached  to  the  axle 
of  what  is  known  as  the  “ band-wheel.”  This 
band-wheel  runs  in  bearings  on  a couple  of 
uprights,  and  is  caused  to  revolve  through  the 
medium  of  a band  driven  by  a steam-engine  in 
an  adjoining  shed,  a rocking  movement  being 
thus  imparted  to  the  walking  - beam.  The 


steam-engine  is  now  usually  of  12  to  15  horse- 
power, and  steam  is  generated  in  a boiler  of 
the  locomotive  type,  fired  with  natural  gas. 
To  the  opposite  side  of  the  derrick  are  fixed 
the  bearings  of  the  “bull-wheel,”  a windlass 
of  solid  construction,  used  for  lowering  and 
raising  the  drilling  tools,  the  supporting  cable 
passing  over  a grooved  wheel,  termed  the 
“ crown  pulley,”  at  the  top  of  the  derrick,  and 
being  coiled  on  the  drum  or  axle  of  the  bull- 
wheel.  Between  the  band-wheel  and  the  bull- 
wheel  the  “bull-rope,”  made  of  two  inch  plain- 
laidcable,joinedby  iron  couplings, passes.  This 
rope  runs  in  a groove  in  both  wheels,  and 
imparts  motion  to  the  windlass.  The  latter  is 
provided  with  a powerful  brake.  A second 
windlass,  termed  a “ sand-reel,”  is  also  pro- 
vided. This  smaller  windlass,  which  is  used 
for  raising  the  detritus  from  the  well,  is  fixed 
near  the  band-wheel,  and  can  be  brought 
into  contact  with  the  face  of  the  band-reel, 
by  pulling  a lever  inside  the  derrick,  and  the 
driller  can  thus  from  the  mouth  of  the  well 
start  or  stop  the  revolutions  of  the  sand-reel. 
An  endless  cord,  termed  “the  telegraph,” 
passes  round  a pulley  on  the  throttle-valve  of 
the  engine  steam-pipe  and  a similar  pulley  in 
the  derrick,  so  that  the  driller  can  also  start 
or  stop  the  engine.  The  reversing  link  is  also 
operated  by  a cord  from  the  derrick.  The 
bull-wheel  being,  as  explained,  driven  through 
the  medium  of  the  band-wheel,  it  is  necessary 
to  disconnect  the  pitman  when  the  bull-wheel 
is  used,  and  to  throw  the  rope  off  the  bull- 
wheel  when  the  walking-beam  is  to  be  set  in 
motion.  The  cable  used  to  support  the  drilling 
tools  is  a 6-in.  (2  inches  in  diameter)  untarred 
Manilla  rope.  Wire  rope  is  not  used,  as  it  is 
not  sufficiently  pliable  to  admit  of  its  being 
coiled  on  the  shaft  of  the  bull- wheel. 

The  illustrated  descriptive  catalogue  issued 
by  the  Oil  Well  Supply  Company,  of  Bradford 
and  Oil  City,  Pa.,  in  1884,  a copy  of  which 
was  given  me  by  the  president  of  the  com- 
pany, Mr.  John  Eaton,  when  I was  in  Bradford 
last  year,  contains  instructive  particulars  of 
the  tools  now  employed  in  drilling.  From  that 
publication  I take  the  following  particulars  of 
the  length  and  weight  of  a string  of  tools  : — 


Length. 

AVcight. 

ft.  in. 

lbs. 

Rope  socket  . . . . 

3 0 . . . 

...  90 

Sinker  bar 

. . 12  0 . . . 

Tars  

, 6 0 . , , 

Auger  stem  . . . . 

L_.  ^2  0 

. . . 1,050 

Bit 

. . 3 4 . . . 

. . . 140 



4 

1,980 
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Mr.  Carll,  writing  at  an  earlier  date,  gives 
the  length  of  the  string  of  tools  as  62  ft  i in., 
and  the  total  weight  as  2,100  lbs.,  the  chief 
difference  being  in  the  length  and  weight  of 
the  sinker-bar.  I have  on  the  table  a minia- 
ture set  of  drilling  tools,  made  to  scale,  which 
Mr.  Wm.  M.  Irish,  of  Olean,  New  York, 
has  kindly  supplied  me  with. 

In  addition  to  the  tools  enumerated,  the 
following  are  required  to  complete  the  set  : — 
Temper-screw,  large  jars,  large  bits,  reamers, 
and  two  wrenches. 

The  tools  are  made  of  the  best  steel  and 
Norway  iron.  The  cost  of  the  complete  set  of 
drilling  tools  is  stated  by  Mr.  Carll,  whose 
■detailed  report  has  supplied  me  with  much 
valuable  information  on  the  subject  of  drilling, 
to  be  $692,  the  driller’s  complete  outfit  cost- 
ing about  $900.  To  complete  the  outfit,  a 
“ sand-pump,”  or  bailer,  to  remove  the  detritus 
from  the  well,  is  required.  This  apparatus 
often  consists  simply  of  a plain  cylinder  of 
thin  galvanised  iron,  usually  about  6 feet  in 
length,  but  sometimes  as  long  as  15  or  20  feet, 
provided  at  the  bottom  with  a valve  opening 
inwards.  The  valve  is  provided  with  a stem 
projecting  downwards,  so  that,  when  the  filled 
cylinder  is  lowered  into  a trough,  the  valve  is 
pushed  open,  and  the  contents  of  the  cylinder 
discharged.  A better  form  of  sand-pump  con- 
sists of  a wrought-iron  cylinder,  having,  in 
addition  to  the  bottom  valve,  a plunger  attached 
to  an  iron  rod  passing  through  a stirrup  span- 
ning the  top  of  the  cylinder.  The  sand-pump 
is,  in  the  latter  form,  suspended  from  the  end 
of  the  plunger  rod,  and  when  it  reaches  the 
bottom  of  the  well,  the  slackening  of  the  rope 
allows  the  plunger  to  descend  to  the  bottom  of 
the  cylinder;  on  tightening  the  cord,  the 
plunger  is  first  raised,  and  the  entrance  of  the 
detritus  into  the  cylinder  is  facilitated ; when 
the  plunger  has  reached  the  stirrup,  the 
cylinder  itself  begins  to  rise,  and  the  valve 
closes.  The  rope  attached  to  the  sand-pump 
passes  over  a small  pulley  at  the  top  of  the 
derrick,  to  the  sand-reel  already  described. 
Besides  the  drilling  tools  referred  to,  a large 
number  of  so-called  “fishing  tools”  are  em- 
ployed, when,  through  breakage  of  the  cable 
or  otherwise,  the  tools,  or  any  of  them,  remain 
in  the  well. 

The  first  step  in  the  drilling  of  a well  is  to 
sink  a “conductor”  through  the  surface 
ground  to  the  “ bed-rock.”  When  the  super- 
ficial clays  and  gravels  are  not  more  than  10 
or  15  feet  in  thickness,  a common  well  shaft, 

8 or  10  feet  square,  is  dug  to  the  surface  of  the 


rock.  A wooden  conductor,  8 inches  square  in 
the  clear,  is  then  set  up  perpendicularly  between 
the  rock  and  the  boarded  floor  of  the  derrick, 
the  junction  between  the  rock  and  the  con- 
ductor being  so  made  as  to  keep  out  gravel  and 
mud.  When  the  depth  of  surface  ground  is 
too  great  to  admit  of  digging  down  to  the 
rock,  iron  piping,  termed  “driving-pipe,”  is 
driven  in  by  means  of  a “mall,”  working  in 
guides,  as  in  pile-driving.  When  two  or  three 
hundred  feet  have  to  be  thus  driven,  as  is  some- 
times the  case,  a good  deal  of  skill  is  required. 
When  the  conductor  is  sunk  to  the  bed-rock, 
the  operation  of  drilling  is  commenced,  but 
before  proceeding  to  describe  this  operation  I 
must  direct  your  attention  to  the  tools,  and 
point  out  their  uses.  The  composition  of  the 
string  of  tools  has  already  been  stated.  The 
jars  practically  divide  the  string  into  two  parts, 
the  one  delivering  its  blow  downwards  and  the 
other  upwards.  The  auger  or  drill  which  cuts 
and  pulverises  the  rock  consists  of  the  bit,  the 
auger-stem  and  the  lower  link  of  the  jars, 
while  the  function  of  the  sinker  bar  and  upper 
link  of  the  jars  is  to  deliver  a blow  on  the 
upward  stroke,  so  that  the  jar  may  loosen  the 
drill  in  case  it  should  have  become  jammed  in 
the  rock.  I have  already  referred  to  the  invention 
of  the  jars.  This  appliance,  which  is  of  the 
greatest  value,  may  be  likened  to  two  flat  links 
of  a chain,  the  cross-head  of  the  upper  one 
passing  through  the  slot  of  the  lower.  The 
length  of  the  slots  is  such  that  there  is  a play 
of  nine  inches,  though  a longer  play  has  some- 
times been  given.  Some  writers  are  apparently 
under  the  impression  that  the  sinker  bar  is 
used  to  drive  the  bit  into  the  rock,  but  this  is 
not  the  case,  a skilful  driller  never  allowing 
the  jars  to  strike  together  on  the  downward 
stroke.  The  various  members  of  the  string  of 
tools  are  connected  by  male  and  female  screws. 
The  “temper  screw,”  inserted  between  the 
walking-beam  and  the  cable,  admits  of  letting 
out  the  latter  gradually,  as  the  drill  enters  the 
rock.  The  “rope-socket”  firmly  grasps  the 
cable  at  the  required  point,  and  from  it  the 
tools  are  suspended  to  the  end  of  the  walking- 
beam. 

We  now  take  up  the  consideration  of  the 
operation  of  drilling.  If  the  bed-rock  is 
reached  at  a less  distance  than  about  sixty 
feet  from  the  surface,  the  drilling  tools  cannot 
at  first  be  used  in  the  ordinary  manner.  Under 
these  circumstances  the  drilling  of  the  rock  is 
commenced  by  the  operation  termed  “ spud- 
ding,” which  consists  in  alternately  raising 
and  dropping  the  tools  by  tightening  and  then 
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slackening  the  cable,  which  for  this  purpose  is 
simply  coiled  two  or  three  times  round  the 
revolving  bull-wheel.  A sufficient  depth  having 
been  reached  to  admit  of  the  regular  use  of  the 
drilling  tools,  the  cable  is  properly  coiled  on 
the  bull-wheel  shaft,  the  bull-rope  is  thrown 
off,  the  pitman  connected,  and  the  string  of 
tools  lowered  into  the  well  by  releasing  the 
bull-wheel  brake,  and  suspended  from  the 
walking  beam.  The  tools  having  run  to  the 
bottom  of  the  well,  and  the  jars  having  closed 
by  the  slackening  of  the  cable,  the  slack  is 
taken  up  by  turning  the  bull-wheel  by  hand 
until  the  cross-heads  of  the  jars  come  together, 
this  being  plainly  indicated  by  a tremulous 
motion  imparted  to  the  cable.  About  four 
inches  of  cable  being  then  paid  out,  the  tools 
are  in  the  right  position,  and  the  walking- 
beam  is  started.  If  the  vertical  motion  be 
24  inches,  the  sinker  bar  first  moves  4 inches 
on  the  up-stroke  ; the  cross-heads  of  the  jars 
then  come  together  with  a sharp  blow,  and  the 
auger  stem  is  lifted  20  inches.  On  the  down- 
stroke  the  auger  stem  falls  20  inches,  and 
delivers  its  blow  on  the  rock,  while  the  sinker 
bar  goes  down  24  inches  to  telescope  the  jars. 
An  unskilled  workman  sometimes  closes  the 
jars  (especially  if  the  well  be  deep  and  nearly 
full  of  water),  and  works  for  hours  without 
accomplishing  anything,  as  the  tools  may  be 
resting  on  the  bottom  or  remaining  suspended, 
but  an  expert  can  tell,  by  placing  his  hand  on 
the  cable,  whether  the  drill  is  working  properly 
or  not.  Before  the  well  reaches  a great  depth, 
the  movement  of  the  tools  can  be  distinctly 
recognised  by  grasping  the  cable,  as  I have 
myself  found.  As  the  jar  grows  feeble,  it  is 
“ tempered  ” to  the  proper  strength  by  slightly 
altering  the  position  of  the  temper  screw,  and 
thus  letting  out  a little  more  cable.  The  best 
drillers  now,  however,  often  drill  by  the  spring 
of  the  cable,  only  using  the  jars  when  the  bit 
sticks.  Under  these  circumstances,  the  tools 
are  suspended  so  that  the  bottom  of  the 
bit  is  from  5 inches  to  3 feet  from  the 
bottom  of  the  hole,  the  distance  depending 
on  the  length  and  consequent  spring  of  the 
cable.  The  walking  beam  being  set  in  motion, 
the  tools  rise  and  fall,  and  the  elasticity  of  the 
cable  allows  them  to  touch  the  bottom  and 
bound  from  it.  This  operation  is  termed 
“ bouncing  the  drill,”  and  the  rock  is  thus 
cut  faster  than  by  the  old  method.  As  the 
drilling  proceeds,  the  driller  slowly  rotates  the 
temper-screw  so  as  to  cause  the  chisel  end  of 
the  bit  to  do  its  work  evenly.  When  the 
whole  length  of  the  temper-screw  has  been 


unscrewed,  or  the  bit  requires  sharpening,  the 
bull-rope  is  placed  on  the  bull-wheel,  and  the 
string  of  tools  drawn  up.  The  sand-pump  is 
then  lowered  into  the  well,  some  water  being 
first  thrown  down  if  necessary,  and  the  pul- 
verised rock  thus  removed.  Drilling  and  sand 
pumping  thus  proceed  alternately  day  and 
night,  unless  a break-down  occurs,  one  driller 
and  one  engineer  working  from  noon  till  mid- 
night, and  another  pair  from  midnight  till 
noon.  At  night  the  derrick  is  lighted  with  a 
primitive  form  of  lamp,  which,  as  you  see,  is 
something  like  an  iron  kettle  with  a spout  on 
each  side,  in  which  crude  petroleum  is  burned. 
The  operation  of  drilling  seldom,  however,  pro- 
ceeds very  long  without  the  aid  of  the  ” fishing 
tools”  being  required.  Perhaps  the  cable 
breaks,  or  one  of  the  tools  becomes  detached, 
and  the  operation  of  extraction,  which  is  termed 
“fishing,”  is  often  very  tedious.  Considerable 
skill  has,  however,  been  expended  in  devising 
tools  to  meet  almost  all  conceivable  cases,  and 
there  are  now,  as  Mr.  Peckham  says,  hundreds 
if  not  thousands  of  tools  available  ; from  the 
delicate  “grab”  designed  to  pick  up  a small 
piece  of  valve-leather,  to  the  ponderous  string 
of  “pole  tools”  containing  tons  of  iron,  by 
means  of  which  a set  of  tools  can  be  unscrewed 
at  a depth  of  1,500  feet,  and  brought  up  one  by 
one,  or  a thread  can  be  cut  on  the  broken  end 
of  a sinker  bar  or  auger  stem.  The  time 
occupied  in  drilling  to  the  depth  of  about 
1,700  feet,  and  the  extent  of  the  delays  which 
may  arise  from  accidents,  are  shown  in  the 
following  record  relating  to  a well  in  the 
Bradford  field  : — • 

Dennis  Well,  No.  i. 


Situated 

on  Roger’s  farm,  f miles  S.,  25® 

W.  of 

Bradford,  McKean  Co  , Pa. 

Daily  advance. 

Depth. 

1877. 

feet. 

feet. 

Nov.  29. 

Conductor — 21  ft.  pre- 

viously set 

12  to 

33 

» 30- 

Thawing  supply  pipes 

— 

— 

Dec.  I. 

Pulling  tubing  from 

water  well 

— 

— 

2. 

(Sunday) 

— 

— 

3- 

34 

67 

» 4- 

48 

115 

» 5- 

60  ,, 

175 

„ 6. 

35 

210 

M 7- 

50 

260 

8. 

Engine  gives  out  .... 

31 

291 

„ 9- 

(Sunday) 

50  M 

341 

„ 10. 

49 

390 

„ II. 

45  >> 

435 

„ 12. 

Putting  in  casing  .... 

10  „ 

445 

» 13- 

lOI  ,, 

546 
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«38. 


‘ 1877. 

Feet. 

Feet. 

Dec. 

14. 

86 

to 

- 632 

iy 

15- 

66 

Jt 

698 

yj 

16. 

(Sunday) 

— 

: — 

y y 

17. 

72 

„ 

770 

y y 

18. 

68 

yy 

838 

19. 

81 

yy 

919 

20. 

34 

M 

953 

21. 

34 

yy 

987 

22. 

34 

,, 

1,021 

23- 

(Sunday) 

— 

— 

24. 

Broke  jars  and  lost  tools 

at  1,056  feet  

35 

yy 

I 056 

25- 

(Christmas) 

— 

— 

>> 

26. 

Fishing  

■— 

— 

27. 

Fishing  

— 

— 

,, 

28. 

Fishing;  got  tools  out 

minus  bit 

— 

— 

,, 

29. 

Fishing  

— 

— 

30- 

(Sunday) . , 

— 

31- 

Fishing  ....  

— 

— 

1878 

Jan. 

I. 

P’ishing  ; pin  broke 

above  jais  

— 

— 

»> 

2. 

Fishing  

— 

— 

3- 

Cleared  the  hole  .... 

7 

yy 

1,063 

yy 

4- 

7 

yy 

1,070 

ff 

5- 

IS 

y J 

1,085 

yy 

6. 

(Sunday) 

— 

— 

yy 

7. 

15 

yy 

1,100 

yy 

8. 

16 

„ 

i,ii6 

yy 

9- 

9 

y y 

1,125 

■yy 

10. 

19 

yy 

1,144 

■yy 

II. 

31 

yy 

1,175 

yy 

12. 

39 

yy 

1,214 

yy 

13- 

(Sunday) 

— 

— 

yy 

14. 

40 

yy 

1,254 

yy 

15- 

33 

yy 

1,287 

16. 

30 

yy 

1,317 

y y 

17. 

29 

yy 

1,346 

yy 

18. 

55 

yy 

1,401 

yy 

19. 

49 

yy 

1,450 

yy 

20. 

(Sunday) 

— 

— 

yy 

21. 

27 

yy 

1,177 

yy 

22. 

38 

yy 

1,515 

23- 

35 

yy 

1,550 

yy 

24. 

Bu11-\v1k  el  broke  down 

12 

yy 

1,562 

yy 

25- 

21 

yy 

1,583 

26. 

Cable  parted  9.30  p.ra. 

Tools  and  1,400  ft. 

of  rope  in  hole  .... 

62 

yy 

1,645 

yy 

27. 

(Sunday) 

— 

— 

y f 

28. 

Fishing  

— 

— 

yy 

29. 

17 

yy 

1,662 

yy 

30- 

Struck  the  oil  sand  at 

1,664  feet 

9 

,, 

1,671 

yy 

31- 

14 

yy 

1,685 

Feb. 

I. 

14 

yy 

1,699 

ff 

2. 

20 

yy 

1,719 

Total  time  of  drilling  about  47  days  ; 66  days  from 
time  drilling  began  to  completion  of  well.  Average 


progress  about  36^  ft.  per  day.  Best  24  hours’  work, 
lor  ft.  Well  drilled  dry;  cased  at  435  ft.  Tor- 
pedoed on  completion,  when  it  gave  a heavy  flow  of 
oil  for  a short  time,  and  afterwards  yielded  about  35 
barrels  per  day. 

Every  oil  well  is  naturally  divisible  into 
three  sections,  viz.,  (i)  surface  clays  and 
gravels,  (2)  stratified  rocks  containing  more 
or  less  w'ater,  (3)  stratified  rocks,  seldom 
water-bearing,  including  the  oil  sands. 
The  first  division  requires  the  conductor 
already  described,  and  the  second  divi- 
sion requires  casing  to  shut  off  the  water 
from  the  third  section.  The  earlier  method  of 
excluding  the  w^ater,  by  placing  a seed- bag 
round  the  tubing,  has  already  been  mentioned. 
This  method  was  found  unsatisfactory,  as  the 
tubing  could  not  be  removed  for  repairs  without 
disturbing  the  seed-bag,  and  letting  water  into 
the  well.  In  1868  cast-iron  drive  pipe  was 
adopted  as  a substitute  for  the  wooden  con- 
ductor used  in  the  earlier  wells.  The  most 
important  alteration  made  in  1868  w^as,  how- 
ever, the  introduction  of  3|-in.  casing  as  a 
permanent  fixture.  This  casing  extended  to 
the  bottom  of  the  w^ater-bearing  rocks,  and 
was  furnished  either  with  the  seed  bag  or  wnth 
a leather  cup,  which  was  forced  open  against 
the  sides  of  the  well  by  the  pressure  of  the  water. 
The  tubing,  of  2|-in.  external  diameter,  and 
extending  nearly  to  the  bottom  of  the  w'ell,  was 
then  placed  inside  and  suspended  from  the 
casing.  To  obtain  a supply  of  w’ater  for  the 
boiler,  a small  pipe  was  often  inserted,  between 
the  tubing  and  the  casing,  into  the  w^ater 
chamber  above  the  seed-bag.  Although  the 
1868  well  was  a great  improvement  on  the 
earlier  wells,  it  possessed  defects.  Thus  the 
casing  being 3:|-in.  internal  diameter,  while  the 
uncased  part  below  it  was  5i-in.,  fishing  tools 
could  not  be  easily  introduced,  and  if  it  became 
necessary  to  deepen  the  well,  only  3|-in.  bits 
could  be  used.  The  improvements  which  fol- 
lowed are  best  exemplified  by  describing  one  of 
the  wells  of  1878.  Thiswellhasan8-in.wrought- 
iron  drive  pipe,  armed  at  the  bottom  with  a steel 
shoe.  The  pipe  is  driven  down  to  the  bed  rock, 
and  an  8-in.,  or,  strictly  speaking,  7f-in.,hole  is 
drilled  to  the  base  of  the  water-bearing  strata. 
At  this  point,  the  bore  is  gradually  reduced  to 
5|--in.,  and  there  a bevelled  shoulder  is  made  ; 
5^-in.  casing,  provided  at  the  lower  end  with 
a collar  to  fit  the  bevelled  shoulder,  is  then 
inserted,  and  a sufficiently  water-tight  joint  is 
thus  made.  Drilling  with  5|-in.  bits  is  then 
continued  until  the  required  depth  has  been 
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reached.'  When  gas  is  obtained  in  sufficient 
quantity  to  furnish  fuel  for  the  boiler,  it  is  con- 
veyed through  a 2 -in.  pipe  connected  with 
the  casing  beneath  the  derrick  floor,  and 
passing  into  the  door  of  the  furnace.  A 
-^-in.  steam  pipe,  fitted  with  an  elbow,  and 
^-in.  jet,  is  inserted  in  the  gas  pipe,  close  to 
the  fire  box,  and  a blast  of  steam  is  thus 
caused  to  issue  with  the  gas.  The  apparatus 
acts  as  an  exhauster,  drawing  the  gas  from 
the  well,  and  preventing  the  flame  from  run- 
ning back.  The  cost  of  a well  in  the  Bradford 
field,  in  1871,  was  about  $3,000. 

The  “ water-packer,”  introduced  in  1875,  is  a 
device  to  prevent  water  that  may  pass  into  a 
well  below  the  casing  from  gaining  access  to 
the  oil-sand,  and  to  stop  the  ascent  of  gas  on 
the  outside  of  the  tubing.  It  is  applied  round 
the  tubing  at  any  desired  point,  and  its  effect 
is  to  shut  off  all  communication  between  the 
annular  space  outside  the  tubing  above  it  and 
the  oil  chamber  below.  The  oil  and  gas  are 
thus  confined  in  the  well  chamber,  and  many 
wells  are  thus  cau’sed  to  flow  that  would  other- 
wise require  pumping.  Under  these  circum- 
stances the  flow  is  intermittent,  taking  place 
when  sufficient  gas-pressure  has  accumulated. 
There  are  many  forms  of  water-packer,  but 
one  of  the  simplest  consists  of  a band  of 
india-rubber  which,  on  compression,  is  forced 
against  the  walls  of  the  well.  If  the  well 
does  not  flow,  the  oil  requires  to  be  raised 
to  the  surface  by  a pump.  The  working 
barrel  of  the  pump  is  placed  at  the  bottom  of 
the  well  on  the  end  of  the  tubing,  a perforated 
piece  of  casing  of  proper  length,  termed  the 
” anchor,”  being  attached  to  the  lower  end  of 
the  working  barrel.  To  the  sucker  of  the 
pump  the  required  number  of  wooden  sucker- 
rods,  screwed  together,  are  attached,  the 
upper  end  of  the  string  of  rods  being  connected 
with  the  walking-beam.  There  is,  of  course, 
a valve  at  the  bottom  of  the  working  barrel, 
and  in  the  sucker.  The  sucker  is  provided 
with  a series  of  three  or  four  leather  cups, 
which  are  pressed  against  the  working  barrel 
by  the  weight  of  the  column  of  oil.  The 
sucker  rods  are  of  ash,  i^in.  in  diameter  by 
24  ft.  to  28  ft.  in  length.  When  a number  of 
contiguous  wells  are  to  be  pumped,  an  arrange- 
ment termed  a “grasshopper”  apparatus  is 
employed.  By  this  means  several  wells  can 
be  pumped  by  the  action  of  a single  walking- 
b am. 

Most  petroleum  wells  in  the  United  States 
are  “torpedoed”  on  the  completion  of  the 
drilling,  in  order  to  increase  the  flow  of  oil. 


The  torpedo  is  a charge  of  nitro^glycerine  in  a 
suitable  shell,  which  is  low'ered  to  the  oil-bearing 
rock,  and  there'  exploded,  with  the  effect  of 
opening  fissures  into  the  surrounding  rock. 
The  shells,  which  are  of  tin  plate,  are  of  two 
kinds.  One  form  is  lowered  to  the  bottom  of 
the  well  by  a string  that  can  easily  be  detached, 
and  rests  on  what  is  termed  an  “anchor,” 
which  is  simply  a cylindrical  tin  tube  of  such 
length  as  will  bring  the  torpedo  to  the  required 
position.  To  the  upper  end  of  the  shell  is  fitted 
a “ firing  head  ” consisting  of  a circular  plate 
of  iron,  only  slightly  smaller  than  the  bore  of 
the  well,  having  projecting  vertically  down- 
wards from  its  lower  surface  a rod  on  which  a 
percussion  cap  is  placed.  Beneath  the  cap  is 
an  anvil.  The  lowering  cord  having  been 
detached  and  drawn  up,  a cast  iron  weight, 
termed  a “ go  devil,”  is  dropped  into  the  well, 
and  this  weight  striking  the  disc  explodes  the 
percussion  cap  and  fires  the  torpedo.  The 
other  form  of  shell  is  suspended  by  a cord, 
which  serv’^es  as  a guide  for  a perforated  weight 
running  on  it.  The  usual  size  of  the  former 
description  of  shell  is  35  inches  diameter  by 
10  feet  in  length,  a shell  of  these  dimensions 
holding  twenty  quarts  of  nitroglycerine.  Fre- 
quently as  large  a charge  as  eighty  quarts  is 
used,  and  it  is  then  usual  to  employ  four  shells 
of  the  dimensions  given,  the  lower  end  of  one 
fitting  into  the  upper  end  of  another,  and 
only  the  top  shell  of  the  series  having  the 
firing  head.  Shells  of  the  other  description 
are  commonly  termed  squibs.  They  are  of  much 
smaller  dimensions,  holding  only  about  a quart 
of  the  explosive  liquid,  and  are  now  generally 
used  to  bring  about  the  explosion  of  the  large 
torpedo.  I extract  the  following  from  the 
Peti'oleuin  Age  for  last  August  : — 

“There  are  nine  glycerine  firms  at  work  in  the 
Bradford  field,  and  all  their  men  are  kept  busy  from 
morning  till  night.  The  size  of  the  shot  used 
is  rarely  less  than  eighty  quarts.  The  constant 
enlargement  of  the  cavity  in  the  oil-bearing  rocks 
necessitates  the  use  of  dynamite  squibs  for  exploding 
the  shells,  and  the  old  method  of  dropping  a ‘ go- 
devil  ’ on  the  firing-head  of  the  torpedo  has  been 
almost  entirely  superseded.  The  cans  in  which  the 
nitro-glycerine  is  transported  about  the  field  have 
been  enlarged  from  six  to  eight  quarts  capacity,  and 
each  shooter’s  waggon  carries  ten  cans,  or  eighty 
quarts  of  the  powerful  explosive.  It  is  estimated 
that  over  eight  tons  of  glycerine  were  used  in  the 
Bradford  field  during  the  month  of  July.” 

Specimens  of  the  two  kinds  of  torpedoes,  and 
of  the  appliances  for  'exploding  them,  'for 
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which  I am  indebted  to  Mr.  William  M.  Irish, 
of  Olean,  New  York,  are  before  you.  The 
torpedo  is  usually  exploded  under  about  50 
feet  of  water.  Little  or  no  sound  is  heard,  but 
a slight  quiver  of  the  ground  is  often  per- 
ceptible. A few  moments  after  the  explosion, 
however,  the  fluid  in  the  well  is  shot  into  the 
air  with  great  violence,  forming  a magniflcent 
fountain,  and  small  pieces  of  rock  are  also 
thrown  out.  The  torpedo  and  exploding 
weight  are  blown  into  small  fragments.  I 
have  on  the  table  specimens  of  the  sand-rock 
thus  ejected,  and  among  them  is  a portion  of 
the  tin  shell  of  the  torpedo.  A few  minutes 
later  the  well  begins  to  flow,  but  there  is  usually 
a sufficient  interval  to  admit  of  the  casing 
being  connected  with  a tank  in  which  the  oil 
is  collected.  The  torpedo  was  invented  by 
Colonel  Roberts,  and  patented  by  him  in  1864. 

The  operation  of  torpedoing  is  conducted  by 
a company  who  purchased  Roberts’s  patent. 
The  nitro-glycerine  is  conveyed  to  the  wells  in 
tin  cans,  placed  in  padded  compartments  in  a 
light  spring  waggon.  Considerable  reckless- 
ness is  often  displayed  in  driving  these 
waggons  over  the  rough  roads,  and  waggon, 
horse,  and  rider,  are  sometimes  blown  to 
pieces  by  the  explosion  of  the  material.  The 
charges  of  the  company  being  high,  attempts 
are  made  by  well  owners  to  prepare  their  own 
torpedoes.  The  persons  who  are  employed  in 
this  secret  service  are  termed  “ moonlighters.” 
Another  way  in  which  payment  to  the  com- 
pany is  largely  evaded  is  to  secretly  place  in 
the  well  a shell  containing  a large  quantity 
of  nitro-glycerine,  and  then  to  order  the  com- 
pany to  explode  a small  charge.  The  whole 
of  the  explosive  material  is  thus  fired,  and  the 
company’s  agent  receives  payment  on  the 
basis  of,  say,  10  quarts  of  nitro-glycerine,  and 
leaves  the  well,  little  thinking  that  he  has 
exploded  perhaps  60  quarts  or  more. 

Some  authorities  are  of  opinion  that  the  use 
of  the  torpedo  is  of  little  value,  its  effect  being 
simply  to  clear  the  pores  of  the  rock  of  ob- 
structions, and  the  apparent  increase  in  the 
yield  of  oil  being  simply  due  to  reaction  from 
the  immense  gas  pressure  produced  by  the 
explosion.  Many  wells,  however,  that  pro- 
duced no  oil  on  the  completion  of  the  drilling 
(technically  termed  “dry -holes”)  have, 
through  the  use  of  the  torpedo,  been  caused 
to  yield  abundantly.  In  Russia  the  torpedo  is 
never  used. 

A modification  of  the  rope  system  of  drilling, 
known  as  the  rod  system,  is  adopted  in  Russia 
and  in  Galicia.  The  rod  system  consists  in 


the  substitution  of  rods  of  40  to  60  feet  ir» 
length,  screwed  together,  for  the  portion  of 
the  drilling  cable  which  passes  from  the  end 
of  the  walking  beam  to  the  string  of  tools. 
Iron  rods  are  used  in  Russia,  and  wooden 
rods  in  Galicia.  In  the  latter  country,  where 
the  character  of  the  strata  is  such  that  the 
drilling  is  difficult,  and  the  hole  very  liable  to 
depart  from  the  vertical  line,  in  which  case 
the  well  is  rendered  useless  ; the  rods,  in  some 
cases,  work  in  guides.  The  rod  system  is 
stated  by  some  authorities  to  be  preferable  to 
the  rope  system  for  use  in  Russia,  and  also  in 
Canada,  but  it  is  a less  expeditious  method  of 
drilling,  the  time  occupied  in  disconnecting 
the  rods,  when  the  tools  are  drawn  up  for  the 
removal  of  the  pulverised  rock,  and  the 
sharpening  of  the  bit,  being  considerable, 
especially  when  the  well  has  become  deep. 
In  Russia  it  is  usual  to  commence  drilling 
with  a bit  as  much  as  15  inches  or  16  inches, 
or  even  more,  in  diameter,  but  it  is  generally 
found  necessary  to  gradually  diminish  the  size 
of  the  bit  as  the  drilling  proceeds. 

Vasilieff,  whose  paper  I referred  to  in  the 
last  lecture,  states  that  the  cost  of  the  16-inch, 
14-inch,  and  12-inch  casing  pipes  for  a well  in 
the  Baku  oil-field  600  feet  deep,  amounts  ta 
;^5io,  and  that  the  additional  expense  for 
labour  exceeds  ;^i,ooo.  The  rates  of  wages 
are  as  follows  ; — Engine-drivers,  with  a house, 
T8  to  Rio  per  month;  fitters,  5s.  per  day  ; 
turners  and  smiths,  6s.  per  day  ; carpenters, 
4s.  per  day;  labourers,  from;;^i  i6s.  tO;^2  per 
month,  except  in  the  case  of  Persians,  who 
work  for  to  4s.  per  month.  The  average 
rate  of  sinking  is  140  feet  per  month.  In  con- 
sequence of  the  extreme  pressure  of  the  gas, 
amounting  sometimes  to  as  much  as  300  lbs. 
per  square  inch,  it  is  found  difficult  to  prevent 
the  oil  from  escaping  between  the  casing  and 
the  ground.  This  difficulty  has  been  overcome 
by  sinking  an  octagonal  well  about  six  feet  in» 
diameter,  and  some  forty  feet  in  depth,  down 
to  the  hard  ground,  and  filling  in  the  space 
round  the  casing  with  masonry  in  cement ; or 
by  tamping  the  space  with  puddled  clay, 
after  the  joint  between  the  casing  and  the 
hard  ground  has  been  caulked  with  rope- 
packing. 

The  depth  of  the  petroleum  wells  in  the 
United  States  increased  from  436  ft.  in  1861,  to 
1,606  ft.  or  more  in  1878.  There  has  been  a 
further  increase  in  depth  since  the  latter  year, 
especially  in  certain  localities.  Thus  the  com- 
paratively recently  drilled  Gordon  well  ia 
Washington  County  has  a depth  of  2,400  feet- 
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The  cost  of  this  well  is  stated  to  have  been 
$7,500  to  $8,000. 

The  average  depth  of  the  petroleum  wells  in 
the  Caucasus  has  also  been  progressive,  having 
increased  from  154  ft.  in  1873,  to  450  ft.  in 
1884.  Certain  of  the  wells  are,  however, 
much  deeper,  one  that  I saw  spouting  having 
a depth  of  721  ft.  It  has  been  estimated  that 
the  average  level  of  the  oil  in  the  Baku 
(Balakhani-Saboontchi)  oil-field  is  lowered 
to  the  extent  of  56  ft.  for  every  500,000,000 
gallons  extracted. 

The  irregular  character  of  the  strata  renders 
the  operation  of  well-drilling,  as  a rule,  more 
costly  in  Southern  Russia  than  in  the  United 
States,  the  expense  of  a well  in  the  Baku 
district  being  stated  at  from  ;^i, 000  to  ;^3,ooo, 
according  to  circumstances. 

Mr.  George  Adams  informs  me  that  the 
depth  of  the  wells  in  Galicia  ranges  from  250 
to  350  metres. 

The  yield  of  petroleum  wells  vaiies  greatly. 
Of  the  producing  wells  in  the  United  States, 
numbering  20,000,  or  more,  the  great  majority 
furnish  only  a few  barrels  of  oil  per  day,  but 
some  are  stated  to  have  yielded,  for  a short 
time,  as  much  as  260,000  gallons  per  24  hours. 
This  splendid  yield  is,  however,  completely 
eclipsed  by  that  of  some  of  the  wells  in  the 
Baku  district.  In  well-drilling  in  the  latter 
locality,  it  is  usual  to  affix  to  the  top  of  the 
casing  a strong  iron  cap,  provided  with  a 
sliding  valve,  as  soon  as  the  oil  is  “struck.” 
The  petroleum  is  thus  bottled  up,  and  is  only 
drawn  off  as  required.  When  in  Baku,  in  the 
autumn  of  1884,  I saw,  through  the  courtesy 
of  Messrs.  Nobel  Brothers,  one  of  these  capped 
wells  opened.  On  drawing  the  slide,  a mighty 
column  of  crude  petroleum,  more  than  a foot 
in  diameter,  immediately  shot  up  to  a height 
of  over  100  feet,  with  a roar,  and  this  magnifi- 
cent fountain  continued  to  play  as  long  as  the 
valve  remained  open,  forming  a lake  of  oil  in 
the  neighbourhood  of  the  derrick.  This  well 
yields  at  the  rate  of  1,125,000  gallons  per 
24  hours  whenever  opened.  The  celebrated 
Droojba  well,  and  one  of  Nobel’s  wells,  both 
yielded,  however,  for  some  time,  about  double 
that  quantity.  In  the  case  of  the  Droojba 
well,  the  flow  commenced  before  the  cap 
could  be  fixed,  and  the  well  was  for  four 
months  quite  uncontrollable,  sending  up 
a fountain  to  a height  of  200  to  300 
feet,  and  deluging  the  surrounding  land 
with  the  oil.  The  sand  thrown  up  with  the 
oil  did  considerable  damage  to  neighbouring 
property,  engine-houses  and  workshops  being 


partially  buried  in  it.  The  use  of  the  caps 
is  not  free  from  difficulty,  for  the  oil  contains 
so  much  sand,  that  in  its  rapid  flow  under  the 
great  pressure  prevailing,  a considerable  thick- 
ness of  iron  is  quickly  cut  through.  The 
principle  of  capping  wells  is  not  adopted  in 
the  United  States,  the  object  there  being  to 
drill  the  territory  acquired  as  quickly  as 
possible,  and  take  out  the  oil.  It  has  been 
demonstrated  in  the  United  States  that  there 
is  a lateral  flow  of  oil  through  the  oil-sand  (in 
one  instance  red  paint  put  into  a well  was 
pumped  out  of  another  about  half-a-mile  dis- 
tant), and  it  is  therefore  impossible  for  an  owner 
or  lessee  of  oil  territory  to  preserve  the  oil 
beneath  the  surface.  The  oil  must  be  raised, 
or  it  would  be  drained  away  by  wells  on  neigh- 
bouring property. 

The  average  length  of  time  during  which 
an  oil  well  in  the  United  States  will  yield  oil 
in  remunerative  quantity  has  been  estimated 
at  five  years,  but,  from  what  has  been  stated,  it 
will  be  apparent  that  the  period  must  neces- 
sarily vary  within  very  wide  limits. 

The  pressure  of  the  oil  in  the  Baku  capped 
wells  is  frequently  as  much  as  200  lbs.,  or  even- 
in  some  cases  probably  300  lbs.,  per  square 
inch,  and  although  the  upper  part  of  the  casing 
is  anchored  to  the  ground,  there  is  some 
danger  of  the  fittings  being  blown  off  when^ 
the  valve  is  closed  after  drawing  off  a 
supply  of  oil.  There  are  about  400  wells 
in  the  Baku  district,  but  at  the  time  of  my 
visit  only  some  100  of  these  were  productive,* 
and  of  the  latter  not  more  than  20  were  flow- 
ing wells.  These  20  wells  would,  however, 
for  a time,  yield  more  than  enough  crude  oil  for 
the  manufacture  of  the  1,800,000  to  2,000,000 
gallons  of  burning  oil  which  the  world  daily 
consumes.  Wells  in  the  Baku  district  which 
do  not  flow  cannot  be  pumped  in  the  ordinary 
way,  in  consequence  of  the  large  quantity  of 
sand  present  (sometimes  as  much  as  30  to  40 
per  cent.),  and  the  oil  is  raised  to  the  surface 
in  cylinders  resembling  the  sand-pump  already 
described.  The  cylinder  used  commonly  holds 
45  gallons,  and  it  is  stated  that  from  18,000  to 
20,000  gallons  can  thus  be  raised  from  each 
well  in  a working  day  of  10  hours. 

The  gas-wells  in  the  United  States  are 
similar  to  the  oil-wells,  the  casing  heads  of 
some  that  I saw  in  the  neighbourhood  of 
Clarksville  last  autumn  being  firmly  secured 
to  the  ground  by  chains. 

According  to  Mr.  Carnegie,  the  largest  gas- 

* Vasilieff  gives  the  average  yield  of  these  loo  wells  as  3-2 
tons  per  well  per  day. 
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weU  kridwn  yields  about  30,000,000  icubic  feet 
of  gas  in  24  hoiirs,  but  half  this  quantity  may 
be  considered  as  the  product  of  a good  gas- 
well.  The  pressure  of  the  gas  at  the  mouth 
of  one  of  these  wells  was  shown  by  the  gauge 
to  be  187  lbs.  on  the  square  inch,  and  at  the 
works  where  the  gas  Was  used,  nine  miles  from 
the  well,  the  pressure  was  75  lbs.  per  inch. 

The  drilling  of  wells  is  an  operation  by  no 
means  free  from  risk.  Occasionally,  when  oil 
is  struck,  the  outrush  is  so  violent  that  the 
ponderous  drilling  tools  are  projected  from  the 
well,  and  the  liberated  gas  is  liable  to  take  fire. 
Dr.  Gesner  gives  the  following  description  of 
an  accident  of  this  class,  which  occurred  in  the 
early  days  of  the  industry  : — 

“ We  had  gone  down  300  feet,  and  were  expecting 
to  strike  oil  at  any  moment.  We  went  up  to  the 
shanty  where  we  boarded,  to  supper,  and  on  our  way 
back  to  the  well,  which  was  just  below  in  the  hollow, 
we  saw  the  men  hurrahing,  and  presently  a jet  of 
gas,  water,  and  oil  rushed  up,  fairly  lifting  the  tools 
out  of  the  well.  It  roared  and  hissed  like  letting  off 
steam  from  a boiler.  The  stream  seemed  to  me  to 
mount  higher  than  the  derrick,  which  was  40  feet 
high.  The  folks  in  the  neighbourhood  ran  down  with 
their  shovels,  and  dug  a circular  trench  around  the 
well,  throwing  up  a bank  to  catch  the  oil,  as  we 
had  not  expected  such  a flood,  and  had  no  large 
tanks  ready.  The  gas  mingled  with  the  air,  and 
for  a distance  about  the  well  the  air  was  almost 
yellow  with  the  gas  and  spray  of  oil  from  the 
fountain.  Mr.  R.  and  myself  looked  on  awhile, 
and  then  started  to  go  to  the  engine  - house  of 
the  next  well  to  have  the  fires  put  out.  Before 
we  reached  it,  however,  the  gas  took  fire  like 
a flash  of  lightning.  Mr.  R.,  who  was  passing  a 
small  tank  of  oil,  was  covered  with  it  as  it  took  fire 
also,  and  I lost  sight  of  him  for  a moment.  My 
hair  and  face  were  burned,  but  I was  not  much  hurt. 
The  sight  of  the  burning  well  was  terrible.  A great 
fountain  of  fire,  it  wavered  to  and  fro  as  the  wind 
took  it,  and  threw  off  blazing  jets  of  oil.  The  poor 
people  who  were  dipping  the  oil  up  in  the  little 
pool  around  the  well  wilted  down  like  leaves  when 
the  forest  is  on  fire.  Some  tried  to  crawl  away,  but 
the  liquid  flame  ran  along  the  ground  and  caught 
them.  Several  hundred  barrels  of  oil  from  a neigh- 
bouring well  caught  fire.  Vast  clouds  of  smoke 
rose  from  the  burning  well,  and  floated  off  over  the 
hills ; and  when  night  set  in,  the  clouds  and  hills 
M'ere  red  with  the  light  of  the  conflagration.  Mr. 
R.  died  veiy^  soon  after.  There  were  a great  many 
lives  lost.” 

In  December,  1884,  a burning-  well  in  the 
Thorn  Creek  district,  estimated  to  be  dis- 
charging more  than  2,500  barrels  of  oil  per 
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day,  created  a great  sensation,  the  column  of 
flame  being  175  feet  in  height. 

When  wSslls  have  ceased  to  yield  oil  in 
remunerative  quantity  in  the  United  States,  it 
is  usual  to  draw  out  the  iron  casing  for  use  in 
other  wells ; but  as  this  operation  allows 
surface  water  to  gain  access  to  the  oil-sand, 
and  as  it  has  been  found  that  the  yield  of 
adjacent  wells  is  prejudicially  affected  by  this 
“flooding,”  as  it  is  termed,  the  Pennsylvania 
Legislature  enacted  that  abandoned  wells 
should  be  “plugged”  by  filling  them  with 
sand.  The  prejudicial  effect  of  the  flooding 
of  the  oil-bearing  strata  has,  it  appears,  re- 
cently been  experienced  in  the  Caucasus,  the 
per-centage  of  water  in  the  oil  raised  in  that 
locality  being,  according  to  Vasilieff,  steadily 
on  the  increase. 

When  the  oil  has  reached  the  surface,  either 
by  flowing  or  being  pumped,  it  is  conducted 
into  a tank,  usually  of  wood,  holding  about 
250  barrels.  In  America,  I may  mention, 
quantities  of  crude  petroleum  are  alway  stated 
in  “barrels”  of  42  American  gallons  (5 
American  gallons  = 4 Imperial  gallons).  In 
the  early  days  of  the  industry',  in  the  United 
States,  the  only  method  of  transporting  the  oil 
from  the  well  was  to  place  it  in  oak  barrels 
holding  40  or  50  gallons,  and  to  convey  these 
barrels  by  road  to  Oil  Creek,  where  their  con- 
tents were  emptied  into  bulk  barges  holding 
about  2,000  barrels.  As  Oil  Creek  was  not 
navigable,  arrangements  were  made  with  mill 
owners  for  the  use  of  the  surplus  water  stored 
in  the  dams,  and  at  intervals  the  barges  were 
floated  down  from  dam  to  dam.  until  they 
reached  the  mouth  of  the  Creek  at  its  junction 
with  the  Alleghany  River,  from  which  point 
there  was  good  flat-boat  navigation  to  Pitts- 
burg. This  method  of  transportation  was  not 
only  very  costly,  but  was  also  attended  with 
frequent  loss  of  oil  through  the  barges  coming 
into  collision  while  being  floated  down. 
On  one  occasion,  from  20,000  to  30,000 
barrels  of  oil  were  thus  lost.  Added  to  this, 
the  roads  over  which  the  barrels  had  to  be 
drawn  to  the  water  were  little  better  than 
paths  through  the  woods,  and  from  my  experi- 
ence of  these  in  the  winter,  I can  readily 
believe  that  they  were  often  quite  impassable. 
Nevertheless,  the  system,  for  want  of  a better, 
was  for  some  time  largely  adopted,  over  1,000 
boats,  40  steamers,  and  4,000  men  being 
engaged  in  the  traffic. 

In  the  latter  part  of  1862,  a branch  of  the 
Atlantic  and  Great  Western  Railway  was 
carried  into  the  oil  regions,  and  at  a later  date 
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the  Alleghany  Valley  Railway  was  opened  up 
from  Oil  City,  at  the  mouth  of  Oil  Creek, 
to  Pittsburg,  and  a number  of  narrow-guage 
railways  were  constructed  as  feeders. 

Crude  oil  was  at  first  conveyed  by  rail,  in 
barrels  coated  internally  with  glue,  but  the 
small  quantity  of  water  present  in  the  oil  was 
found  to  dissolve  the  glue,  and  cause  the 
barrels  to  leak.  To  remove  this  difficulty,  and 
to  reduce  the  cost  of  handling  the  oil,  tank 
waggons  were  adopted  in  1865  or  1866.  These 
waggons  at  first  consisted  of  an  ordinary  truck, 
on  which  were  placed  two  circular  wooden 
tanks,  or  tubs,  holding  from  2,000  to  4,000 
gallons.  In  1871,  the  tank  car  now  employed 
was  introduced.  This  consists  of  a cylinder 
of  boiler-plate,  lying  upon  a four-wheeled  truck, 
and  provided  with  a dome  similar  to  that  which 
a horizontal  steam-boiler  has.  The  tank  is 
furnished  with  means  of  filling  at  the  top,  and 
with  a valve  beneath  by  which  it  can  be  emptied. 
The  tank  is  now  usually  about  24  ft.  6 in.  in 
length  by  66 in.  in  diameter,  and  holds  from 
4,500  to  5,000  gallons. 

Tank  barges,  130  ft.  by  22  ft.  by  16  ft., 
divided  into  eight  compartments  with  water- 
tight bulk-heads,  and  holding  2,200  barrels, 
are  also  at  present  used  for  the  conveyance  of 
crude  oil  on  the  Alleghany  river. 

In  1862,  a Bill  was  introduced  into  the 
Pennsylv'ania  Legislature  for  a pipe-line  from 
Oil  Creek  to  Kitanning,  but  this  and  a sub- 
sequent scheme  for  laying  a pipe-line  down 
the  Alleghany  river  to  Pittsburg,  were  strongly 
opposed  and  came  to  nothing.  According  to 
?dr.  C.  L.  Wheeler,  the  credit  of  having  first 
suggested  the  laying  of  a pipe-line  belongs  to 
General  Karns,  while  a Mr.  Hutchinson  was 
the  first  to  carry  out  the  idea.  Hutchinson’s 
pipe,  which  was  only  about  three  miles  in 
length,  was  however  defectively  constructed, 
and  leaked  so  much  that  little  if  any  of  the  oil 
run  in  at  one  end  reached  the  other.  Mr. 
Peckham  states  that  the  first  successful  pipe 
was  laid  by  Van  Syckle,  of  Titusville,  in  1865. 
This  line,  which  was  four  miles  in  length,  and 
another,  were  afterwards  worked  by  the 
Alleghany  Transportation  Company,  though 
not  at  first  without  considerable  opposition 
from  the  teamsters,  who  more  than  once 
maliciously  severed  the  pipes.  However,  by 
the  employment  of  armed  patrols,  the  lines 
were  preserved  from  destruction,  and  after  a 
time  the  opposition  ceased.  Gradually  a 
system  of  pipe-lines,  running  from  the  wells  to 
central  stations  and  thence  to  loading  stages 
on  the  railway  lineSj  was  constructed,  and  in 


1876  there  were  eight  or  nine  companies 
owning  pipe-lines  in  the  oil  regions,  and 
issuing  negotiable  certificates  for  the  oil  which 
they  collected.  ' 

At  the  present  time  there  is  in  the  oil  regions 
of  the  United  States  a complete  network  of 
2-in.  piping  connecting  the  various  wells  with 
storage  tanks  and  trunk  lines.  These  pipes 
run  across  country  and  through  streets  ; it  is 
impossible  to  get  any  accurate  statistics  of 
their  collective  length,  but  it  is  safe  to  say 
that  there  are  thousands  of  miles  of  this  2-in. 
piping  thus  employed  in  the  collection  of  the 
crude  oil. 

In  1875,  the  first  trunk  line  was  laid.  This 
extended  from  the  lower  oil  country  to  Pitts- 
burg, a distance  of  sixty  miles,  and  was  4 in. 
in  diameter.  Like  the  first  pipe-lines  from  the 
wells  it  had  for  a time  to  be  protected  by 
armed  men. 

As  the  refining  trade  developed  it  became 
concentrated  on  the  seaboard  and  on  the  shore 
of  Lake  Erie,  and  the  transportation  of  the 
crude  material  to  the  refineries  became  a 
business  of  very  great  importance.  From 
1878  to  1881-2,  the  construction  of  great  trunk 
lines  w’as  continuous.  Consolidation  of  the 
transporting  companies  also  took  place,  and 
at  the  present  time  the  pipe-lines,  with  one  ex- 
ception, are  under  the  control  of  a very 
wealthy  corporation,  known  as  the  National 
Transit  Company,  which  is  said  to  have 
$15,000,000  invested  in  oil-transporting  plant. 
This  company  owns  the  following  lines  : — 

Miles. 

From  Glean,  N.Y.,  to  New  York,  Bayonne  and 

Brooklyn (length)  300 

From  Colegrove,  Pa.,  to  Philadelphia..  ,,  280 

From  Mill  way.  Pa.,  to  Baltimore ,,  70 

From  Hilliards,  Pa.,  to  Cleveland  ....  ,,  100 

From  Four  Mile,  Cattaraugus  Co.,  N.Y.,  to 

Buffalo  70 

From  Carbon  Centre,  Butler  Co.,  Pa.,  to 

Pittsburg  ,,  60 

A total,  including  the  duplicate  lines,  of 
about  1,330  miles.  The  New  York  line  con- 
sists of  two  6-in.  tubes  for  the  entire  distance, 
with  a third  6-in.  tube  for  a portion  of  the  way, 
and  is  provided  with  eleven  pumping  stations 
about  28  miles  apart.  The  transporting 
capacity  of  this  line  is  about  28,000  barrels  per 
day.  The  greatest  elevation  of  the  pipe 
between  stations  above  tide-water  is  2,490  feet. 
The  Philadelphia  pipe  has  a diameter  of  6 in. 
with  six  stations  ; the  Baltimore  pipe  is  5 in. 
in  diameter  without  a break  ; the  Cleveland 
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pipe  5 in.  with  four  stations  ; and  the  Buffalo 
and  Pittsburg  pipes  4 in.  with  two  stations. 

The  pipe  is  made  specially,  and  is  of  wrought- 
iron,  lap-welded.  It  is  tested  to  a pressure  of 
1,500  lbs.  per  square  inch,  the  working  pressure 
being  900  to  1,200,  or  even  sometimes  1,500  lbs. 
The  pipe  is  in  lengths  of  18  ft.,  provided  at 
each  end  with  coarse  and  sharp  taper  threads, 
nine  to  the  inch,  and  the  lengths  are  connected 
with  long  sleeve  couplings,  also  screwed  taper. 
The  line  is  usually  laid  two  or  three  feet  below 
the  surface  of  the  ground,  though  in  some 
places  it  is  exposed,  and  at  intervals  bends  are 
provided  to  allow  for  contraction  and  expan- 
sion. At  the  different  pumping  stations  there 
are  storage  tanks  of  light  boiler  plate,  usually 
90  feet  in  diameter  by  30  feet  in  height,  the  oil 
being  pumped  from  the  tanks  at  one  station  to 
those  at  the  next,  though  sometimes  loops  are 
laid  round  the  stations,  and  oil  has  thus 
been  pumped  a distance  of  no  miles  with  one 
engine.  The  pumping  engines  chiefly  em- 
ployed are  the  Worthington  engines,  con- 
structed at  the  Worthington  Works  in  New 
York,  and  at  each  station  there  is  usually  a 
duplicate  set-  The  characteristics  of  these 
pumps  are,  according  to  the  New  York 
Engineermg  News,  independent  plungers 
with  exterior  packing,  valve  boxes  subdivided 
into  small  chambers,  and  leather- lined  metallic 
valves  with  low  lift  and  large  surfaces.  The 
engines  vary  in  size  from  200  to  800  horse- 
power. The  pumps  are  so  constructed  that 
before  one  plunger  has  completed  its  stroke 
another  has  taken  up  the  work.  The  column 
of  oil  is  thus  kept  continuously  in  motion,  and 
the  violent  concussions  which  occur  when  the 
oil  column  is  allowed  to  come  to  rest  between 
the  strokes  are  avoided. 

I visited  the  Olean  station  of  the  New  York 
line  last  autumn,  and  was  much  struck  with 
the  smooth  working  of  the  Worthington 
engine,  as  well  as  the  very  limited  fluctuations 
of  pressure.  At  the  time  of  my  visit  the  pres- 
sure, under  which  the  oil  was  being  driven  a 
distance  of  28  miles,  averaged  900  lbs.  per 
square  inch.  In  the  older  systems  of  pumping 
the  concussions  sometimes  resembled  the 
report  of  a gun,  the  pipes  soon  being  rendered 
defective  by  this  intermittent  strain. 

Besides  the  tanks  at  the  pumping  stations, 
the  National  Transit  Company  owns  an  im- 
mense amount  of  tankage  at  convenient  centres 
of  distribution,  and  has,  at  the  present  time, 
no  less  than  35,000,000  barrels  of  petroleum  in 
its  custody. 

The  tanks  usually  hold  about  30,000  barrels. 


They  are  of  boiler  plate,  roofed  with  wood, 
covered  with  sheet  iron,  the  roof  being  usually 
slightly  conical. 

The  system  of  issuing  certificates  for  the 
crude  oil  stored,  to  which  I have  already 
referred,  is  adopted  by  the  National  Transit 
Company.  When  a producer  has  filled  the 
tank  at  his  well,  he  summons  an  officer  of  the 
company,  who,  in  association  with  the  well 
owner,  gauges  the  quantity  of  oil,  issues  a 
voucher  for  the  amount,  less  3 per  cent,  to  cover 
loss  in  transit,  and  runs  the  oil  into  the  com- 
pany’s pipes.  The  oil  thus  received  by  the 
company  is  treated  like  a deposit  in  a bank, 
and  is  transferable  by  written  order.  Such 
order,  when  accepted  by  the  company,  is 
known  as  a certificate,  but  as  dealings  on  the 
Oil  Exchange  are  usually  on  the  basis  of  1,000 
barrels,  certificates  are,  as  far  as  possible,  made 
out  only  for  this  quantity.  The  oil  is  held 
rent  free  for  30  days,  and  at  the  expiration  of 
this  time  a charge  is  made  for  storage.  Only 
a limited  amount  of  classification  of  the  crude 
oil  in  the  pipe  line  system  is  possible,*  and 
obviously  the  oil  from  a particular  well  loses 
its  identity  as  soon  as  it  passes  into  the  com- 
pany’s pipes.  The  heavy  oil  from  the  Franklin 
and  other  districts,  and  also  some  of  the 
lighter  crude  oils  are,  therefore,  transported 
in  barrels. 

The  National  Transit  Company  has  an  in- 
dependent telegraph  system  extending  to  every 
point  on  its  lines. 

The  trunk  line  to  which  I alluded  when 
stating  that  the  lines  were,  with  one  exception, 
under  the  control  of  the  National  Transit 
Company,  is  owned  by  the  Tidewater  Pipe 
Company.  This  line,  which  consists  of  one 
pipe  6 in.  in  diameter,  extends  from  Rixford, 
in  the  Bradford  field  (about  eight  miles  as  the 
crow  flies  south-east  of  the  town  of  Bradford), 
in  ageneral  south-easterly  direction,  to  Taman- 
end,  in  Schuylkill  county ; there  the  oil  is 
transferred  to  tank  cars,  and  conveyed  by  the 
Reading  Railroad  to  Chester,  a town  fifteen 
miles  from  Philadelphia,  or  to  Bayonne,  New 
Jersey.  From  Rixford  to  Tamanend  is  a 
distance  of  about  170  miles,  and  in  this  distance 
there  are  five  pumping  stations.  Instead  of 


* A notice  issued  by  the  National  Transit  Company  o 
the  3rd  August  last,  was  to  the  following  effect “ On  and 
after  this  date,  and  until  further  notice,  crude  oil  produced 
in  the  counties  of  Forrest  and  Warren  will  be  classed  as 
‘Middle  District  Oil,’  and  that  produced  in  Butler,  Arm- 
strong, and  Clarion  counties,  as  ‘ Lower  District  Oil.’  Oil 
produced  in  each  of  these  districts  will  be  kept  separate  from 
other  oils,  and  will  be  delivered  in  kind  as  received,  upon  the 
receipt  of  order  against  a credit  balance.” 


June  2%  1886.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


845 


the  stations  being  placed,  as  they  are  on  the 
National  Transit  Company’s  lines,  at  pretty 
regular  distances  of  twenty-five  or  thirty  miles 
apart,  they  are  separated  by  intervals  cor- 
responding in  some  measure  with  the  incline, 
•the  greatest  distance  being  fifty-five  miles,  and 
the  shortest  twenty-four  miles.  By  the  use  of 
loop  lines  round  the  stations,  the  oil  is,  how- 
•ever,  frequently  pumped,  in  hot  weather,  when 
it  is  most  fluid,  a distance  of  eighty  miles. 
The  working  pressure  is  1,000  lbs.  per  square 
inch,  and  the  capacity  of  the  line  10,000 
barrels  per  twenty-four  hours.  At  this  high 
pressure  leaks  occasionally  occur,  and  I was 
informed  that  workmen  have  had  their  hands 
cut  to  the  bone  by  the  fine  stream  of  oil 
issuing  from  some  minute  orifice  when  en- 
g-aged  in  stopping  the  leaks. 

The  Holly  Pump,  which  is  a three-throw  pump 
with  gearing,  is  used  on  the  Tidewater  Line. 

A very  interesting  feature  of  the  pipe  line 
system  of  transportation  is  the  arrangement 
adopted  for  cleaning  the  pipes,  and  remov- 
ing obstructions  caused  by  sediment.  The 
apparatus  used  is  termed  a “go  - devil,’’ 
a name  which,  as  we  have  seen,  is  also 
applied  to  the  iron  weight  which  serves  to 
•explode  the  torpedo.  The  pipe  - cleaning 
“go-devil’’  consists  in  many  cases  of  a 
brush  of  steel  wire  of  conical  form,  fitted, 
at  the  base  or  rear  end  of  the  cone,  with  a 
leather  valve  in  four  sections,  strengthened 
with  brass-plates,  and  also  furnished  with  long 
steel  wire  guides.  This  instrument  is  impelled 
by  the  stream  of  oil,  and  travels  at  the  rate  of 
about  three  miles  an  hour.  Its  progress  can  be 
traced  by  the  scraping  sound  which  it  makes, 
and  it  is  followed  from  one  pumping  station  to 
another  by  relays  of  men  on  foot.  It  must 
never  be  allowed  to  get  out  of  hearing,  other- 
wise, in  the  event  of  its  progress  being  arrested 
by  an  obstruction,  it  may  be  necessary  to  take 
up  a considerable  length  of  piping  to  ascertain 
its  position. 

It  is  by  no  means  uncommon  for  storage 
tanks  of  crude  petroleum  to  be  set  on  fire  by 
lightning,  notwithstanding  the  general  employ- 
ment of  lightning  conductors,  the  vapour 
which  the  oil  evolves  readily  taking  fire,  and 
communicating  flame  to  the  oil.  When  a tank 
has  taken  fire,  the  oil  usually  boils  over,  and 
to  prevent  this,  holes  through  which  the  oil 
may  escape  are  made  by  firing  round  shot  at 
the  tank  from  small  cannon.  Such  fires  are 
occasionally  of  great  magnitude,  and,  as  may 
be  imagined,  involve  no  small  danger  to  sur- 
rounding property. 


We  have  now  to  consider  the  method  of 
transportation  of  crude  petroleum  in  the 
Caucasus.  Up  to  the  year  1876,  the  transport 
of  oil  in  this  locality  took  place  in  large  barrels, 
which  were  conveyed  from  the  wells  to  the 
refineries  in  primitive  two-wheeled  Persian 
carts,  termed  “ arbas,’’  one  barrel  beingplaced 
in  the  body  of  the  vehicle,  and  another  slung 
between  the  lofty  wheels.  Thousands  of  these 
carts  were  at  one  time  in  use,  and  it  is  stated 
that  as  much  as  ;^ioo,ooo  per  annum  has  been 
paid  to  the  carters  for  this  method  of  trans- 
portation. Messrs.  Nobel  Brothers  were  the 
first  to  substitute  a pipe  line  for  the  “ arba  ” 
system  of  conveyance,  and  their  example  being 
soon  followed,  there  are  now  seven,  or  more, 
pipes  connecting  the  Balakhani-Saboontchi 
oil-field,  with  the  Baku  refineries  some 
eight  or  nine 'miles  distant.  Of  these  lines, 
Messrs.  Nobel  own  the  two  largest,  of  the 
respective  diameters  of  6 in.  and  5 in.  Messrs. 
Nobel’s  first  line  is  stated  to  have  cost  _j^io,ooo, 
and  the  average  cost  of  a 6-in.  line  is  stated 
by  Mr.  Marvin  to  be  about  8,000  roubles  per 
verst.  Messrs.  Nobel’s  experiment  was  attended 
by  the  same  difficulties  that,  as  I have  already 
staled,  were  experienced  in  laying  the  first 
pipe-lines  in  the  United  States,  the  native 
carters  strenuously  opposing  the  interference 
with  their  business,  and  the  greater  lawless- 
ness prevailing  in  the  Caucasus,  and  the 
ferocity  of  the  opponents,  rendering  the  task 
of  protecting  the  line  one  of  no  small  diffi- 
culty and  danger.  It  was,  in  fact,  found 
necessary  to  erect  a series  of  watch-houses 
along  the  route,  in  which  armed  men  were 
stationed.  These  watch-houses  were  still 
standing  when  I visited  the  district,  but  all 
active  opposition  having  long  since  ceased, 
they  are  no  longer  devoted  to  their  original 
use.  The  capacity  of  the  seven  pipe-lines  is 
estimated  at  more  than  700,000,000  gallons 
per  annum.  A considerable  quantity  of  crude 
oil  is  also  transported  in  tank  waggons  by 
rail. 

I shall  have  occasion,  in  the  succeeding 
lecture,  to  refer  to  the  transport  of  the  refined 
oil  in  Russia  in  tank  waggons  by  the  Trans- 
Caucasian  and  other  railways,  and  to  the  proj ect 
of  laying  a pipe-line  for  the  conveyance  of  this 
product  from  the  Baku  refineries  to  the  shores 
of  the  Black  Sea.  An  alternative  proposal 
has,  however,  recently  received  consideration 
at  the  hands  of  a commission  under  the 
auspices  of  the  Ministry  of  Ways  of  Communi- 
cation. This  proposal  is  to  construct  a pipe- 
line from  Baku  to  Batoum,  for  the  transport 
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of  the  crude  oil,  and  to  establish  a refining 
industry  on  the  Black  Sea  coast. 

The  ozokerit  of  Galicia  is  obtained  by  sink- 
ing shafts,  from  130  ft.  to  260  ft.  in  depth,  to 
the  beds  or  pockets  in  which  the  material 
occurs,  and  then  driving  tunnels.  The  shafts 
generally  pass  through  about  25  ft.  or  30  ft.  of 
gravel  or  boulders,  and  then  through  blue 
loam  and  plastic  clay.  In  this  clay,  usually 
at  a depth  of  140  ft.  to  150  ft.  from  the  surface 
of  the  ground,  the  ozokerit,  or  earth  wax,  is 
found  in  layers  of  from  i ft.  to  3 ft.  in  thickness, 
the  purest  being  of  a honey  yellow  colour,  and 
of  the  hardness  of  beeswax.  Much  of  the 
ozokerit  is,  however,  in  small  pieces,  and  is 
obtained  in  admixture  with  earthy  matter,  from 
which  it  is  separated  by  fusion. 


Miscellaneous. 


OLONIAL  AND  INDIAN  EXHIBIIION. 

Arrangements  have  been  made  for  the  examination 
in  the  Indian  Court  of  certain  commercial  products, 
which  are  believed  to  be  either  insufficiently  known, 
or  to  be  suitable  for  new  purposes. 

These  Conferences  are  being  held  in  the  Com- 
mercial-room attached  to  the  Imperial  Court. 

The  following  are  the  arrangements  ; the  first  four 
meetings  have  already  been  held  : — 

Wednesday,  June  16. — “Fibres  suitable  for  Textile 
Purposes.”  3 to  5 p.m. 

Friday,  June  18.— “Silk  and  Silk  Substitutes.” 
3 to  5 p.m. 

Monday,  June  21. — “Drugs,  including  Cinchona.” 
3 to  5 p.m. 

Wednesday,  June  23. — “Tobacco.”  3 to  5 p.m. 
Friday,  June  25. — “ Fibres  suitable  for  Textile  Pur- 
poses.” 3 to  5 p.m, 

Monday,  June  28.—“  Gum.s  and  Resins,  including 
Lac  and  Cutch.”  3 to  5 p.m. 

Wednesday,  June  30.— “ Minerals.”  3 to  5 p.m. 
Friday,  July  2. — “ Fibres  suitable  for  Paper-making.” 
3 to  5 p m. 

Monday,  July  5. — “Oil,  Oil-seeds,  and  Perfumery.” 
3 to  5 p.m. 

Wednesday,  July  7. — Dyes,  Mordants,  and  Pig- 
ments.” 3 to  5 p.m. 

Friday,  July  9.— “Fibres  suitable  for  Mats,  Ropes, 
also  Basket-work  and  Brushes.”  3 to  5 p.m. 
Monday,  July  12. — “Timbers.”  3 to  5 p.m. 
Wednesday,  July  14.— “Tanning  Materials  and 
Leather.”  3 to  5 p.m. 

Friday,  July  16.-— “Food  Stuffs.”  3 to  5 p.m. 


Gentlemen  desirous  of  attending  any  of  the  meet- 
ings should  communicate  with  klr.  E.  C.  Buck, 
Secretary  to  the  Government  of  India  in  the  Depart- 
ment of  Revenue  and  Agriculture,  at  the  Exhibiton* 


The  number  of  visitors  to  the  Exhibition  for  the 
week  ending  June  19th,  was  252,633  ; making  a total 
since  the  opening  of  1,126,202.  On  Whit  Monday 
80,294  persons  visited  the  Exhibition;  this  is  the 
highest  number  which  has  ever  visited  any  one  of  the 
Exhibitions  in  one  day ; the  numbers  on  Whit  Mon- 
day at  the  previous  Exhibitions  were: — Inventions,. 
73,634;  Health,  64,679;  Fisheries,  42,941.  By 
Whit  Tuesday,  the  thirty-seventh  day  since  the 
opening,  more  than  one  million  visitors  had  passed 
the  turnstiles.  At  the  three  previous  Exhibitions  one 
million  visitors  were  reached  as  follows  : — Inventions,, 
in  45  days ; Health,  in  5 1 days  ; Fisheries,  in  68  days. 


LEATHER  INDUSTRY  IN  CATALOMA. 

The  manufacture  of,  and  trade  in  hides,  skins,  and 
leather  is  of  considerable  importance,  owing,  in  a 
great  measure,  to  the  development  of  mechanical 
industries,  and  also  to  the  constant  increase  of  the 
use  of  leather  boots  and  shoes  in  Spain  and  its 
colonies.  Consul  Scheuch  says  that  Spain  itself 
furnishes  certain  quantities  of  horse  and  ox  hides ; 
the  greater  part,  however,  are  imported  from  the 
River  Plate,  Porto  Rico,  Uruquay,  and  Brazil,  from 
France  and  England,  and  in  smaller  quantities  from 
Germany,  Mexico,  the  United  States,  Algiers, 
Portugal,  and  the  Canary  Islands.  The  hides  most 
preferred  and  commanding  the  highest  prices  are 
from  the  slaughter-houses  of  Bordeaux  and  Paris, 
and  next  are  those  from  South  America  and  the 
Spanish  provinces  of  Cordova  and  Granada.  The 
best  calf  are  chiefly  imported  from  Hamburg.  The 
sheep  skins  most  appreciated  for  tanning  are  those 
weighing  from  19  kilogrammes  and  upwards.  Sheep 
furnishing  this  kind  are  killed  throughout  Spain, 
but  those  in  best  condition,  owing  to  the  better 
pasture  and  healthier  development,  are  from  the 
Mancha  and  Estramadura  districts,  and  the  outlying 
country  beyond  the  cities  of  Tarragona  and  Valencia. 
Lamb  skins  are  received  from  the  Catalan  towns  of 
Manresa,  Vich,  Olot,  Figueras,  Gerona,  and  Ampur- 
dan.  The  principal  cities  or  towns  interested  in  the 
manufacture  of  leather  and  their  specialties,  are  as 
follows : — Igualada  and  Manresa,  sole  leather ; 
Figueras,  straps  and  belting ; Ripoll,  oak  tanned 
sheep  skins;  Reus,  sumac  tanned  sheep  skins; 
Vich,  chamois  leather  ; and  Barcelona,  besides 
the  former,  fine  white  and  coloured  leather,  called 
tafilites.  The  substances  principally  employed 
in  Catalonia  for  tanning  skins  are  (r)  oak  bark, 
gathered  in  spring  when  it  contains  the  greatest 
quantity  of  tannic  acid  ; (2)  pine  bark,  which  is  im- 
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ported  chiefly  from  the  Balearic  Islands;  (3)  sumac 
leaves  and  stems  of  the  bush  of  that  name,  largely 
imported  from  Syria,  Turkey,  and  Greece ; and 
(4)  ruldo,  a native  plant  of  Catalonia.  This  later 
substance,  being  the  cheapest  and  most  easily  ob- 
tained, is  the  most  extensively  used.  As  it  is  practised 
in  Catalonia,  tanning  with  oak  bark  comprises  several 
operations,  comprising  the  cleaning  of  the  skins  or 
liides  both  on  the  exterior  or  hair  side,  and  the  side 
next  to  the  flesh,  the  tanning  proper,  and  the  dressing 
for  merchantable,  leather.  The  cleaning  of  the  skin 
comprises  four  secondary  operations,  the  softening, 
the  cleaning  of  the  hair  side,  the  cleaning  of  the 
flesh  side,  and  swelling  the  cleaned  skins.  For  the 
latter  process  che  skins  must  first  acquire  a uniform 
softness,  all  creases  and  stiffness  must  disappear,  and 
all  particles  of  flesh  and  blood  separated.  In  fresh 
hides  these  objects  are  attained  by  leaving  them  in 
running  water,  or  troughs,  two  or  three  days.  When 
the  hides  are  dry  or  salted  they  are  kept  in  the  water 
from  eight  to  ten  days,  and  if  running  water  is  em- 
ployed the  hides  are  placed  so  that  the  current  runs 
against  the  hair  in  order  that  the  water  should  have 
full  action  on  the  entire  surface  of  the  skin.  After 
they  are  well  softened,  they  are  cleaned  first  on  the 
side  next  to  the  flesh,  and  afterwards  on  the  hair  side. 
The  first  operation  requires  much  skill  and  care.  The 
skins  are  stretched  on  a semi-cylindrical  piece  of 
wood,  one  end  resting  on  the  ground,  the  other  on  a 
block  ; the  operator  uses  a knife  with  two  handles 
and  a blunt  edge,  and  passing  it  over  the  skin  from 
the  block  to  the  ground  separates  all  grease,  and 
whatever  particles  of  flesh  that  may  have  remained 
after  Avashing.  The  skin  is  then  replaced  in  the 
water,  and  after  twenty-four  hours  again  scraped, 
beaten,  and  the  water  allowed  to  drain  off.  After 
cleaning  the  fleshy  side,  the  skin  is  treated  for  the 
hair  or  wool  side.  This  is  done  in  various  manners, 
generally  by  the  use  of  lime,  which  is  applied  in  a 
layer  on  the  flesh  side  after  the  hide  has  been  well 
softened  and  washed.  With  sheep  skins,  where  the 
wool  is  to  be  preserved,  and  which  would  be  damaged 
by  contact  with  the  lime,  the  skins  are  doubled  up 
so  as  to  show  only  the  woolly  side.  The  lime  lays 
between  the  two  contiguous  portions  of  the  inside 
and  gradually  penetrates  the  skin.  This  is  effected 
in  winter  in  fourteen  or  fifteen  days,  and  m summer 
in  nine  to  ten  days,  when  the  w'ool  is  easily  separated. 
If,  however,  instead  of  sheep  skins  where  the  wool  is 
to  be  preserved  for  other  uses,  the  herds  of  other 
animals  are  to  be  treated,  the  process  is  much  more 
simple.  The  skins  are  thrown  into  ditches  dug  for 
the  purpose  in  the  ground,  and  partially  filled  with 
strong  lime.  There  are  several  ditches,  each  con- 
taining lye  of  different  strength,  to  be  used  according 
to  the  different  conditions  of  the  skin.  The  lye  is 
frequently  stirred,  and  the  skms  are  taken  out  and 
replaced  twice  a day ; this  treatment  continues  for 
days,  sometimes  for  two  or  three  weeks.  The  lime 
frees  the  skins  completely  from  hair,  and  changes 
the  grease  contained  in  them  into  lime  soap,  which 
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though  insoluble  in  water,  is  easily  separated  in  the 
swelling  process,  which  frees  the  skins  from  the  lime 
absorbed  and  the  soap  formed,  and  consists  in  the 
application  of  barley  and  bran  that  have  undergone 
acid  fermentation.  The  skins,  when  well  cleaned, 
are  ready  to  go  to  the  tanning  pits.  These  are 
wooden  trenches  of  oak  or  pine,  impenetrable 
to  water,  sunk  in  the  ground,  or  else  of 
masonry  well  cemented.  Each  one  is  capable 
of  receiving  from  fifty  to  sixty  hides.  Before  placing 
the  hides,  the  bottom  is  covered  with  a lay^er  of  two 
to  three  inches  of  old  oak  bark,  and  above  this 
another  layer  of  fresh  bark  about  an  inch  and  a half 
thick.  On  this  is  laid  with  the  hair  side  downwards, 
a skin,  and  then  another  layer  of  bark,  and  so  on 
until  the  pit  is  full.  Fresh  bark  is  then  filled  in  all 
crevices,  and  a final  cover  of  the  same  from  twelve  to 
fourteen  inches  thick.  The  skins  are  then  allowed 
to  remain  eight  or  ten  weeks,  till  a strong  odour  of 
fermentation  is  given  off,  when  they  are  taken  out 
and  placed  in  another  pit,  where  they  remain  four  to 
five  months,  during  which  the  tannin  penetrates 
through  and  through.  They  are  again  taken  out  and 
placed  into  another  pit  containing  less  bark  than  the 
former  two,  and  kept  therein  four  to  five  months 
longer,  so  that  the  skins  in  all,  remain  about  one 
year  in  contact  with  the  bark.  Hides  intended  for 
belling  and  straps,  are  generally  left  in  the  tanning 
pits  two  years ; oak-tanned  sheep  skins  for  shoe- 
making purposes  only  three  months;  sheep  skins 
tanned  with  pine  bark,  mixed  with  ruldo,  and  ex- 
pected to  be  used  for  moroccos  and  leather  for  book- 
binding, need  only  one  month’s  tanning,  and  others 
even  less  time.  The  skins  after  being  taken  out  of 
the  pits  are  washed  twice,  first  in  water  already  used 
for  the  same  purpose,  and  then  in  clear  fresh  water. 
Consul  Scheuch  says,  “the  process  of  tanning,  as 
practised  in  Catalonia,  is  the  same  in  all  Spain,  but 
while  in  the  other  provinces  the  leather  is  placed 
upon  the  market  in  an  incomplete  state,  this  is  not 
so  in  Catalonia,  where  all  the  different  operations 
are  gone  through  with  to  the  end,  so  that  the  half  or 
unfinished  leathers  from  the  other  provinces  are  com- 
pleted here.” 


CRYSTALLIZED  FRUIT  TRADE  AV 
FRANCE. 

The  business  of  preserving  fruit  by  the  ciystallizing 
process  is  peculiar  to  South-Eastern  France,  and  is 
practised  on  a large  scale  at  Apt,  in  the  department 
of  Vaucluse,  at  Clermont,  in  Auvergne,  as  well  as  at 
Marseilles,  Grasse,  Avignon,  and  other  important 
places.  The  product  is  largely  exported  to  England, 
the  United  States,  and  various  other  countries,  in- 
cluding Algiers,  the  East  and  West  Indies,  and 
South  America.  Consul  Mason,  of  Marseilles,  says 
that  the  kinds  of  fruits  preserved  by  the  process  of 
crystallization  are  mainly  pears,  cherries,  apricots, 
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pineapples,  plums,  figs,  citrons,  oranges,  melons,  and 
a kind  of  dwarf  orange  called  chinois,  which  grows 
to  some  extent  in  the  district  of  Nice,  but  is  imported 
mainly  from  Italy  and  Corsica.  Peaches  are  used 
only  to  a limited  extent,  in  the  region  of  Marseilles. 
The  process  of  crystallizing  is  as  follows  : — The  fruit 
is  first  carefully  assorted  in  respect  to  size  and  uniform 
degrees  of  ripeness.  Pears,  pineapples,  and  quinces 
are  peeled,  citrons  are  cut  into  quarters,  and  soaked 
for  a month  in  sea  water,  and  the  stones  of  apricots, 
cherries,  and  peaches  are  carefully  removed.  This 
preparatory  process  requires  a certain  degree  of  skill, 
'since  the  stone  must  be  removed  with  as  little  injury 
as  possible  to  the  form  and  solidity  of  the  fruit. 
This  work  is  performed  mainly  by  women,  and  is 
paid  for  at  the  rate  of  about  2s.  a day.  Thus 
prepared,  the  fruit  is  immersed  in  boiling  water, 
’which  quickly  penetrates  the  pulp,  dissolving  and 
•diluting  the  juice,  which  is  thereby  nearly  elimi- 
nated, when  the  fruit  is  subsequently  taken  from 
the  water  and  drained,  leaving  only  the  solid 
portion  of  the  fruit  intact.  It  is  necessary  that 
this  process,  which  is  termed  “blanching,”  should 
be  performed  with  the  very  greatest  care,  the 
period  of  immersion  in  the  hot  water  being  deter- 
mined by  the  size  and  ripeness  of  the  fruit.  If 
immersed  too  long,  the  pulp  is  either  cooked  too 
much,  or  is  left  too  dry  and  woody.  If  taken  out 
too  soon,  the  juices  left  in  the  pulp  prevent  perfect 
absorption  of  the  sugar  afterwards,  and,  by  eventually 
causing  fermentation,  destroy  the  value  of  the  pro- 
duct. After  being  scalded,  some  of  the  fruits,  espe- 
cially apricots,  are  again  assorted  into  two  or  three 
classes,  according  to  the  degree  of  softness  that  has 
been  produced,  as,  if  they  are  kept  together,  they 
would  take  up  the  sugar  differently,  some  losing 
their  form  entirely,  while  others  would  remain  in- 
•sufficiently  impregnated.  For  these  different  grades, 
5ugar  syrups  of  different  degrees  of  density  are 
required,  the  softer  the  fruit,  the  stronger  the  syrup 
required  for  its  preservation.  For  the  same  reason, 
each  of  the  different  varieties  of  fruit  requires  a syrup 
■of  corresponding  strength.  Pears,  citrons,  and  pine- 
apples, which  remain  hard  and  firm,  take  best  a 
syrup  having  a density  of  from  18*^  to  25°,  while 
apricots,  plums,  and  figs  are  treated  with  syrups 
which  gauge  from  30®  to  42®  by  the  aerometer. 
The  requisite  syrup  having  been  prepared  by  dis- 
solving the  fruit  in  pure  water,  the  fruit  is  immersed 
in  it,  and  left,  for  a certain  period,  in  large  earthen- 
ware pans,  glazed  inside,  and  having  a capacity  of 
about  eight  gallons.  The  syrup  penetrates  the  pulp, 
and  gradually  withdraws  and  replaces  the  remaining 
fruity  juice,  which,  as  it  exudes  and  mingles  with  the 
transparent  liquid,  produces  a certain  filmy  or  clouded 
appearance,  which  marks  the  commencement  of  fer- 
mentation. When  this  has  reached  a certain  stage, 
the  vessel  containing  the  syrup  and  fruit  is  placed  over 
the  fire  and  heated  to  212®  Fahrenheit.  This  corrects 
the  fermentation,  and  raises  all  impurities  to  the 
surface,  whence  they  arc  removed  by  skimming. 


If  the  syrup  is  of  proper  density,  this  process  of  im- 
pregnating the  fruit  with  sugar  will  be  complete  in 
about  six  weeks,  during  which  time  it  is  usually 
necessary  to  perform  this  heating  operation,  as  above 
described,  three  times.  The  impregnation  of  the 
fruit  with  sugar  being  thus  complete,  it  is  taken  out, 
washed  in  pure  water,  to  remove  the  flaky  particles 
that  adhere,  and  is  then  submitted  to  one  or  two 
finishing  processes  as  follows  : — If  the  fruit  is  to  be 
“ glaced  ” — that  is,  covered  with  an  ice  or  transparent 
coating — it  is  dipped  in  a thick  viscid  syrup  of  sugar, 
and  left  to  dry  and  harden  rapidly  in  the  open  air. 
If  it  is  to  be  “ ciystallized,”  it  is  dipped  into  the 
same  syrup,  but  is  then  cooled  and  dried  slowly  in  a 
kiln  or  chamber,  warmed  to  a temperature  of  90® 
Fahrenheit.  This  slow  process  of  cooling  causes  the 
thick  syrup  with  which  the  fruit  is  covered  to  crystal- 
lize, and  assume  the  usual  granulated  appearance. 
The  operation  is  then  complete.  It  is  stated  that 
the  fruit  thus  preserved  will  bear  transportation  to 
any  climate,  and  will  keep  firm  and  unchanged  for 
years.  During  the  process  of  impregnating  the  fruit 
with  sugar,  the  syrup  in  which  it  is  immersed  is 
gradually  deteriorated  by  losing  its  sugar  and  absorb- 
ing the  juices  of  the  fruit.  It  is  finally  utilised  in  the 
preparation  of  confiture  d' Apt^  which  is  made  of  the 
soft  uncooked  and  irregular  pieces  of  fruit  of  all 
kinds,  mixed  in  irregular  proportion,  and  preserv’ed 
in  the  spent  syrup,  which  is  boiled  down  to  the  re- 
quired consistency.  The  net  cost  of  preserving  fruit 
in  France  by  the  crystallizing  process  varies  with  the 
price  of  sugar  and  labour,  but  it  is  estimated  that  in 
the  year  1885  it  was  at  the  rate  of  about  is.  the 
pound. 


INDUSTRIAL  PLANTS  IN  THE  CANARY 
ISLANDS. 

The  dress  of  the  people  is  essentially  Spanish,  the 
cloak  and  white  mantilla  being  common.  Most  of 
the  dress  material  is  imported,  though  local  industry 
produces  coarse  linen  and  woollen  fabrics.  Flax  is 
grown  in  small  quantities,  and  the  American  aloe 
(AgaveJ  affords  abundant  fibre  for  ropes  and  girths. 
Silkworms  are  reared  in  some  numbers,  and  their 
produce  is  partly  manufactured  into  ribbons  and 
hosiery,  and  partly  exported  raw.  Sumach  is  grown 
in  small  quantities  for  dyeing  and  tanning.  Cacti, 
especially  Opuntia  tuna^  cover  a very  large  area, 
being  grown  for  the  support  of  the  cochineal  insect. 
The  dyestuff  obtained  from  this  insect  has  long  been 
one  of  the  chief  articles  of  export,  but  like  madder 
and  the  rest  of  the  organic  dyewares,  it  is  fading 
before  the  competition  of  the  coal-tar  colours ; the 
export  in  1883-4  was  under  2,500,000  lb.,  value 
^112,000.  Another  dyestuff  produced  very  largely 
on  these  islands  is  orchil  (Roccella  tinctoria)^  the 
rocky  coast  offering  a fine  habitat  for  the  lichen ; the 
product  is  chiefly  exported  ; the  figures  for  1883-4 
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were  272  cwt.,  value  Hats  and  other  plaited 

fabrics  are  made  from  the  fibre  of  the  date  leaves. 
The  cultivation  of  the  ice  plant  (Mesoiibryanthemum 
crystallinujii)  is  still  prosecuted  for  the  sake  of  the 
alkali  contained  in  its  ashes,  exported  under  the  name 
of  barilla,  and  used  in  glass  making ; the  shipments 
in  1883-4  were  6,902  cwt,,  value  1,102,  all  to  Spain. 
Tobacco  is  grown  successfully,  and  is  improving  in 
quality;  the  exports  recorded  in  1883-4  were  2,292 
cwt.,  value  ^10,373. 


THE  TUNNY  FISHERY. 

The  migration  of  the  tunny  into  Italian  waters, 
appears  to  have  been  first  observed  by  Pietro  Porta 
towards  the  close  of  the  i6th  century,  and  it  is  from 
that  period,  that  the  fishery  of  this  important  article 
of  food  may  be  said  to  date.  It  was  not,  however, 
until  the  middle  of  the  i8th  century  that  it  had 
reached  a certain  importance,  on  account  of  the 
passage  of  the  fish  being  intercepted  by  17  large  nets 
on  the  Spanish  coast.  The  tunny,  it  is  well-known, 
makes  its  appearance  in  the  Mediterranean  every 
spring  towards  the  end  of  April,  and,  entering  that 
sea  by  the  Straits  of  Gibraltar,  this  fish  follows  the 
coasts  of  Spain  and  France  as  far  as  the  Island  of 
Hyeres,  when  leaving  the  coast  it  takes  a southerly 
course  towards  the  Island  of  Sardinia,  It  appears 
that,  previous  to  1755,  the  year  of  the  great  earth- 
quake of  Lisbon,  the  shoals  of  tunny  passed  closed  to 
the  shore  ; but,  in  consequence  of  a great  upheaval 
of  sand  which  reduced  the  depth  of  water  to  less 
than  30  metres  (depth  at  which  this  fish  inhabits), 
the  route  was  deviated  from  the  coast,  to  the  great 
advantage  of  the  Sardinia  fisheries  on  the  one  hand, 
and  to  the  detriment  of  the  Spanish  on  the  other, 
which  in  consequence  fell  into  decline.  It  has  been 
observed  that,  of  late  years,  the  fish  are  gradually 
returning  to  their  old  route,  which  is  probably 
due  to  the  action  of  submarine  currents,  which 
have  the  effect  of  deepening  the  shallow  places 
along  the  coast,  and  restoring  them  to  their 
primitive  condition ; this  supposition  is  strengthened 
by  the  fact  of  the  increase  in  the  number  of 
fish  taken  every  year  on  the  Spanish,  and  of  a 
corresponding  falling  off  in  that  on  the  Sardinian 
coast.  The  Spanish  fisheries  have  recently  been 
purchased  by  some  enterprising  firms  of  Genoa  and 
Turin,  who  propose  conducting  them  and  preserving 
the  fish  caught  on  a large  scale,  and  in  that  manner 
have  secured  for  Italy  an  almost  exclusive  monopoly 
for  this  industry.- 

Up  to  the  4th  of  June  of  the  present  year  the 
number  of  barrels  of  tunny  landed  at  the  Port  of 
Genoa,  amounted  to  20,021  ; whilst  the  total  quantity 
brought  to  that  port  in  1885,  did  not  exceed  18,800. 
In  the  production  of  the  present  year,  9,539  barrels 
were  brought  from  Sardinia,  2,484  barrels  from 
Sicily,  3,984  barrels  from  Spain,  and  4,014  barrels 
from  Portugal. 


ANIMAL  FOODS  OF  ABYSSINIA. 

The  Abyssinians  are  great  consumers  of  meat. 
This  they  eat  raw,  and  when  guests  are  invited  to  a 
feast,  a bullock  is  slaughtered  in  an  adjoining  apart- 
ment while  they  wait,  and  they  are  offered  slices  of 
the  meat  still  warm  from  the  animal,  sometimes 
even  cut  off  before  death  has  taken  place.  The 
manner  of  eating  is  to  put  one  end  of  the  strip  of 
flesh  into  the  mouth,  holding  the  other  end  in  the 
left  hand,  and  to  slash  off  small  pieces  with  a sword 
or  knife  moved  from  left  to  right  just  clear  of  the 
nose. 

Honey  is  an  important  product  of  the  countr}’-, 
the  Tazma  honey,  from  the  province  of  Abamada, 
being  much  esteemed.  Large  quantities  are  con- 
sumed in  making  a beverage  called  tecc,  for  holding 
which  small  bottles  are  imported  from  Alexandria. 
Among  the  ingredients  incorporated  in  this  mead, 
are  the  astringent  and  bitter  bark  of  a plant  called 
heeto,  whose  leaves  and  fruit  are  narcotic  and 
poisonous ; the  leaves  of  a tree  named  keesho ; and  a 
root  known  as  taddo.  Another  kind  of  mead  is 
termed  77iese. 

The  Abyssinians  take  very  large  quantities  of  milk, 
but  never  in  a fresh  condition.  The  souring  is 
achieved  by  placing  the  fresh  milk  in  dishes  which 
are  never  cleaned,  and  thus  fermentation  is  set  up 
without  adding  any  medium.  Abyssinian  butter  is 
met  with  at  all  the  ports  on  the  Red  Sea,  but,  on 
account  of  the  excessive  heat,  it  is  in  a melted  state, 
and  is  not  a wholesome  or  tempting  article  of  food. 


General  Notes. 

^ 

Swiss  Silk-throwing  Industry. — In  the  year 
1885,  this  trade  occupied  7,756  workpeople,  of  whom 
5,520  were  in  factories,  and  the  remainder  at  their 
own  homes.  The  wages  paid  amounted  to  about 
;^io8,ooo,  and  the  entire  production  was  395  tons, 
thus  classified : — Trams  228,  sewing  silk  and  cordon- 
nets  90,  organzine  64,  and  embroidery  silk  13. 
About  90  per  cent,  of  the  available  machinery  was 
employed. 

Forests  in  Hungary. — Some  recent  statistics 
show  that  the  area  of  country  covered  with  forests  in 
Hungary  is  about  10,000,000  of  hectares  (nearly 
25,000,000  of  acres),  half  of  which  is  covered  with 
beech  and  other  leafy  trees,  whilst  the  remainder  are 
principally  oaks  and  pines.  Some  of  the  forests  be- 
longing to  private  proprietors  are  very  extensive,  and 
of  these  may  be  mentioned  the  domain  of  Munkacs, 
extending  over  106,720  hectares;  the  domain  of 
Arva,  34,530  hectares  ; and  the  domain  of  Malaczka, 
28,140  hectares. 
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Pile  Driving  by  Dynamite. — An  engineer  of 
Pest,  Mr.  Pradanovic,  has  lately  used  dynamite  for 
driving  piles.  A circular  cast-iron  plate,  15  inches 
in  diameter,  and  3f  inches  thick,  is  fixed  on  the  pile 
to  be  driven,  in  a perfectly  horizontal  position.  A 
dynamite  cartridge  made  in  the  form  of  a disc,  6 inches 
in  diameter,  and  f of  an  inch  thick,  and  containing 
1 7|  ounces  of  dynamite,  is  placed  upon  the  cast-iron 
plate,  and  exploded  by  electricity.  It  is  stated  that 
the  depth  to  which  the  pile  is  driven  by  each  explosion 
is  equal  to  five  blows  of  an  ordinary  pile  engine 
weighing  14I  Vienna  cwts.,  falling  9 feet  10  inches. 
A cast-iron  plate  on  an  average  resists  25  explosions. 

Mexican  Textile  Industry. — According  to 
official  statistics,  the  cotton  crop  of  Mexico  increased 
from  50,000,000  lbs.  in  1879,  to  55,000,000  lbs.  in 

1883.  The  imports  from  the  United  Slates  rose 
from  20,500,000  lbs.  in  1883,  to  75,500,000  lbs.  in 

1884.  The  principal  cotton  manufactures  are  brown 
shirtings ; bleached  goods  being  mostly  imported 
from  England  or  America.  There  are  altogether  88 
cotton  factories  in  Mexico,  and  7 wool  factorits. 
The  most  important  is  at  Queretaro,  and  occupies 
8oo  workpeople.  The  water  is  conveyed  from  the 
mountains  by  an  aqueduct  8 miles  in  length.  There 
are  15  or  20  cotton  printing  establishments  in 
Mexico,  the  largest  of  which  has  5 steam-engines. 

Technical  Instruction  in  Austria.— The 
total  grant  for  1886  is  about  ^125,000,  as  compared 
with  ^70,000  in  1883.  The  principal  establishments 
are  the  Vienna  and  Prague  Schools  of  Industrial  Art ; 
13  industrial  schools  in  various  parts  of  the  country  ; 
the  Vienna  Textile  School,  the  machinery  schools  at 
Klagenfurt  and  Komotau,  and  the  Lemberg  Indus- 
trial School.  Special  institutions  also  exist  for 
various  trades  as  follows: — Lace  and  embroidery,  12; 
weaving  and  knitting,  &c.,  28  ; wood  and  stone,  27; 
basket  making,  16;  fancy  hardware,  pottery,  and 
g^ass,  7 ; metal  working,  5.  Schools  of  instruction 
to  the  number  of  159  are  also  in  existence,  which  are 
wholly  or  partly  supported  by  the  State.  There  are 
likewise  six  commercial  museums,  eight  industrial 
societies,  nine  commercial  schools,  and  two  experi- 
mental institutions,  respectively  for  leather  and 
photography. 

Emigration  from  Italy. — According  to  the 
latest  statistics,  a sensible  increase  may  be  observed 
in  the  emigration  from  Italy  duiing  1885  as  compared 
with  that  of  the  previous  year,  being  77,029  persons 
during  the  former  as  compared  with  58,049  during 
the  latter.  On  the  other  hand,  a falling  off  may  be 
observed  in  the  temporary  absence  from  the  country, 
being  88,968  in  1884,  against  80, 164  in  1885.  Of 
the  total  number  who  left  Italy  last  year  (157,193) 
78,232  persons  left  for  European  countries,  of  whom 
33,438  to  France,  16,962  to  Austria,  10,744 
Hungary,  4,583  to  Switzerland,  4,532  to  Geimany, 
&c.  The  emigration  to  ether  continents  increased 


considerably  last  year,  being  6,217  fo  Africa,  and 
72,490  to  America  (as  compared  with  55,467  in  1884), 
of  which  40,054  to  the  Argentine  Republic,  12,311 
to  Brazil,  937  to  Mexico  and  Central  America,  and 
13,096  to  the  United  States  and  Canada. 

Italian  Factory  Statistics. — According  to 
official  statistics,  it  appears  that  on  the  31st 
December,  i88i,  382,131  persons  were  engaged  in 
manufactories  in  Italy.  Of  these  219,844  were 
spinners  (69.447  being  children),  77,779  weavers 
(13,628  children),  and  in  printing  15,499  (618  chil- 
dren) were  employed.  In  1876  there  were  229,538 
weavers  who  worked  at  their  own  homes,  chiefly  in 
S.cily,  Sardinia,  Calabria,  Apulia,  and  the  Marche  of 
Ancona. 

Artesian  Well  at  Pest. — The  deepest  artesian 
well  in  the  world  is  that  now  being  bored  at  Pest, 
for  the  purpose  of  supplying  the  public  baths  and 
other  establishments  with  hot  water.  A depth  of 
951  metres  (3,120  feet)  has  already  been  reached, 
and  it  furnishes  800  cubic  metres  (i 76,000  gallons) 
daily,  at  a temperature  of  70®  Centigrade  (158®  Eahr.) 
The  municipality  have  recently  voted  a large  sub- 
vention in  order  that  the  boring  may  be  contined  to 
a greater  depth,  not  only  to  obtain  a larger  volume 
of  water,  but  at  a temperature  of  80®  Centigrade 
(176^  Eahr.). 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  June  28. ..Colonial  and  Indian  Exhibition,  South 
Kensing-ton,  S.W.,  8^  p.m.  Joseph  Bosisto,  Presi- 
dent of  the  Royal  Commission  of  Victoria, 
“ Australian  Vegetation,  with  special  reference  to 
the  Eucalypti.” 

Tuesdxy,  June  29. ..Colonial  and  Indian  Exhibition,  South 
Kensington,  S.W.,  4 p.m.  Conference  of  the 
Anthropological  Institute.  “Races  of  New  Zea- 
land.” 

Wednesd.\y,  June  30.. .SOCIETY  OF  ARTS,  John- street, 
Adelphi,  W.C.,  4 p.m.  Annual  Meeting. 

Colonial  and  Indian  Exhibition,  South  Kensington, 
S.W  , 4 p m.  Dr.  \V.  Fream,  “ Colonial  Forestry.” 
8|  p.m.  JStajor  Craigie,  “ Home,  Foreign,  and 
Colonial  Sources  of  Meat  Supply.” 

Thursday,  July  i... Colonial  and  . Indian  Exhibition,  South 
Kensington,  S.W , 4 p.m.  Conference  of  the 
Imperial  Federation  League.  “ Imperial  Federa- 
tion.” 8 pm.  Mr.  F.  W.  Pennefather,  “ New 
Zealand  as  a Field  for  Emigration.” 

Friday,  July  2 ...  Colonial  and  Indian  Exhibition,  South 
Kensington,  S.W.,  4 pm.  Conference  of  the 
Imperial  Federation  League.  8 pm.  Mr.  W.  H. 
P.  Greswell,  “ Advance  of  Civilisation  and  Educa- 
tion in  Cape  Colony'.” 

SAruRD.4.Y,  July  3..  Colonial  and  Indian  Exhibition,  South 
Kensington,  S.W.,  3 p.m.  Conference  of  the 
Geologists’  Association.  Dr.  A.  R.  .Selwyn, 
“ Canada.” 


•July  ! 1886J 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


^Journal  of  the  <fodiety  of  girts. 

No.  I,rs4.  VoL.  XXXIV. 

♦ 

FRIDAY,  JULY  2,  1886. 


All communtcafiens  fot  Ike  Society  should  be  addressed  to 
the  Secretary,  ^ohn-street,  Adelpht,  London,  W.C. 


NOTICES. 

♦ 

CONVRRSA  ZIONE, 

The  Society  of  Arts  Conversazione  will  be 
held,  by  permission  of  the  Royal  Commission, 
at  the  Colonial  and  Indian  Exhibition,  South 
Kensington,  on  Friday,  the  i6th  of  July  next. 

Each  member  has  received  a card  for  him- 
self, which  is  not  transferable,  and  a card 
for  a lady.  In  addition  to  this,  cards  will  be 
sold  to  members  of  the  Society,  or  to  persons 
introduced  by  a member,  at  the  following 
prices  : — Until  the  3rd  of  July,  7s.  each  ; after 
that  date  los.  each,  except  on  the  i6th  July, 
when  the  price  will  be  15s. 

Members  are  requested  to  take  notice  that 
all  applications  received  at  the  Society’s 
offices,  whether  personal  or  by  letter,  after  the 
first  post  on  Monday,  July  5th,  must  be 
accompanied  by  a fee  of  los.  Tickets  applied 
for  personally  before  3 p.m.  on  Saturday,  or 
by  letter  posted  before  Monday,  will  be  sup- 
plied at  the  7s.  rate. 

Thp  Council  reserve  the  right  of  stopping 
the  sale  of  tickets  or  of  raising  the  price,  if 
it  is  found  necessary,  in  order  to  restrict  the 
number  of  visitors  within  reasonable  limits. 

Tickets  will  only  be  supplied  to  persons 
presenting  members’  vouchers  (forms  of  w'hich 
can  be  obtained  from  the  Secretary),  or  a letter 
of  introduction  from  a member. 

Members  can  purchase  these  additional 
tickets  by  personal  application,  or  by  letter 
addressed  to  the  Secretary.  In  all  cases  of 
application  by  letter,  a remittance  must  be 
enclosed.  Each  ticket  will  admit  one  person, 
either  lady  or  gentleman. 

Light  refreshments  (tea,  coffee,  ices,  &c.) 
will  be  supplied  at  the  usual  buffets.  No  re- 
freshments can  be  obtained  by  purchase. 
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There  will  be  no  admission  to  the  Exhibi- 
tion on  this  evening  except  by  special  ticket, 
and  no  tickets  can  be  purchased  at  the 
Exhibition. 


Proceedings  of  *the  Society. 

♦ 

A UN  UAL  GENERAL  MEETING. 

The  Annual  General  Meeting  for  receiving 
the  report  from  the  Council,  and  the  Treasurers’ 
Statement  of  Receipts,  Payments,  and  Expen- 
diture during  the  past  year,  and  also  for  the 
Election  of  Officers,  was  held,  in  accordance 
with  the  Bye-laws,  on  Wednesday  last,  the  30th 
instant,  at  four  p.m..  Sir  FREDERICK  Abel, 
C.B.,  D.C.L.,  F.R.S.,  Chairman  of  the  Council, 
in  the  chair. 

The  Secretary  read  the  notice  convening 
the  meeting,  and  the  minutes  of  the  previous 
annual  general  meeting. 

The  following  candidates  were  proposed, 
balloted  for,  and  duly  elected  members  of  the 
Society : — 

Anderson,  James,  16,  Strand-road,  Calcutta. 
Armstrong,  John,  Mansion-house-chambers,  E.C. 
Baden-Powell,  Baden  Henry,  C.I.E.,  8,  St.  George’s- 
place,  Hyde-park-corner,  S.W. 

Bannister,  Richard,  The  Government  Laboiatory, 
Somerset-house,  W.C. 

Begg,  Alexander,  8S,  Cannon-street,  E.C. 

Bousfield,  John  Ebenezer,  6,  Claremont  - road, 
Cricklewood,  N.W. 

Boyd,  James,  The  Manor,  Harefield,  near  Uxbridge. 
Chubb,  Harry  W.,  128,  Queen  Victoria-street,  E.C. 
Clegg,  Harry,  Bias  Llanfair,  Llanfair,  P.G.,  Anglesey. 
Combes,  Edward,  C.M.G.,  New  South  Wales  Court, 
Colonial  and  Indian  Exhibition,  South  Kensing- 
ton, S.W. 

Dalton,  George,  The  Yews,  Headingley,  Leeds. 
Dunne,  Captain  John  J.,  Fly  Fishers’  Club,  10, 
Adelphi-terrace,  W.C. 

Floyer,  George  Wadham,  37,  Old  Jewry,  E.C. 
Garrick,  Hon.  Sir  James  F.,  K.C.M.G.,  Q.C., 
I,  Westminster- chambers,  S.W. 

Gibbs,  James,  C.S.I..,  C.I.E.,  58,  Courtfield- 

gardens.  South  Kensington,  S.W. 

Gittins,  Charles  Edward,  113,  Iverson-road,  West 
Hampstead,  N.W. 

Gladstone,  Lieut.  Charles  E.,  R.N.,  H.M.S. 

Vernon,  Portsmouth. 

Growing,  Henry,  26,  Queen  Anne’s-gate,  S.W. 
Grundy,  Charles,  J.P.,  Melton-lodge,  Havelock- 
road,  Addiscombe. 
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Gwyther,  William  AVarlow,  43,  Lincoln’s-ian-fields, 
W.C.,  and  Reform  Club,  S.W. 

Hockady,  John,  Essex-house,  Peckham-rye,  S.E. 
HoUick,  Thomas  Pratt,  26,  Shore-road,  Hackney,  E., 
and  Regent’s  Canal  Dock,  602,  Commercial-road 
East,  E. 

Lindsay,  C.R.,  Glen  Lea,  Dulwich-common,  S.E. 
Lloyd,  Robert  Hodgens,  M.D.,  Lambeth  Infirmary, 

S.E. 

Matthey,  Edward,  78,  Hatton-garden,  E.C. 

Purves,  George,  8,  De  Vere-mansions  west,  De  Vere- 
gardens,  Kensington,  W. 

Slater,  Alfred  Thomas,  249,  Camden-road,  N. 

Smith,  Albert  Mervyn,  Bangalore,  India. 

Smith,  Dr.  L.  L.,  Victoria  Commission,  Colonial  and 
Indian  Exhibition,  South  Kensington,  S.W. 
Stevenson,  Thomas  Graham,  Eilingham,  Upton- 
lane.  Forest-gate,  E. 

Vickery,  George,  18,  Addle-street,  E.C. 

Vigers,  George,  4,  Frederick’s-place,  Old  Jewry, 
E.C. 

The  Chairman  nominated  Mr.  P.  J.  Reid 
and  Mr.  T.  H.  Blakesley,  scrutineers,  and 
declared  the  ballot  open. 

The  Secretary  then  read  the  following- : — 

ANNUAL  REPORT. 

I. — Ordinary  Meetings. 

The  papers  read  at  the  Ordinary  Meetings 
of  the  Society  during  the  past  Session  have 
spread  over  as  wide  a range  of  subjects  as  is 
usual,  and  they  have  certainly  not  fallen  short, 
either  in  interest  or  in  intrinsic  value,  of  those 
which  have  been  brought  before  the  Society  in 
former  years.  In  the  address  with  which, 
according  to  custom,  the  Chairman  of  Council, 
Sir  Frederick  Abel,  opened  the  proceedings 
of  the  Session,  the  main  topic  dealt  with  was 
the  prevention  of  accidents  in  coal-mines,  a 
subject  which,  as  the  members  are  well  aware, 
has  been  under  the  consideration  of  a Royal 
Commission  for  five  or  six  years.  Sir 
Frederick  Abel’s  position,  as  a member  of 
that  Commission,  enabled  him  to  bring  forcibly 
before  the  Society  some  of  the  principal  points 
connected  with  this  important  question,  a 
question  which  has  since  been  more  fully  dealt 
with  in  the  report  of  the  Commission,  published 
in  April  last. 

Looking  at  the  different  classes  of  papers 
brought  before  the  Society  in  the  Session  just 
concluded,  it  may  perhaps  be  said  that 
the  most  important  series  was  that  dealing 
with  questions  of  mechanical  science.  The 
papers  which  may  be  thus  classed  together 


are  those  by  Captain  Galton,  on  “Tramway 
Motors;”  by  Mr.  Henry  Davey,  on  “Machinery 
in  Mines  by  Professor  Unwin,  on  “ Testing 
Machinery;”  by  Mr.  Boys,  on  “Calculating 
Machines  ;”  by  Professor  Waldo,  on  “ Watch 
Making  by  Machinery;”  and  by  Professor 
Silvanus  Thompson,  on  “ The  Automatic  Ex- 
tinction of  Fires.”  All  of  these  were  of  a 
very  high  order  of  merit,  three  of  them  having 
been  considered  by  the  Council  as  deserving 
the  recognition  of  the  Society’s  silver  medal » 
Captain  Gallon’s  paper,  as  the  work  of  a 
member  of  the  Council,  was  not  eligible  for 
such  an  award.  The  Society  are  especially 
indebted  to  Professor  Waldo,  who  came  over 
from  America  for  the  purpose  of  bringing  before 
the  notice  of  the  Society  the  very  great  improve- 
ments effected  in  the  application  of  machinery 
to  the  manufacture  of  watches,  a subject  to 
which  special  attention  was  attracted  last  year 
by  the  very  fine  collection  of  machinery  for  this 
purpose  shown  by  the  American  Waltham 
Watch  Company  at  the  Inventions  Exhibition. 

Two  papers  dealt  with  the  progress  of  electric 
lighting — a subject  which  has  been  very  pro- 
minently before  the  members  of  the  Society  in 
papers  read  during  the  past  few  Sessions,  but 
one  which  seems  nevertheless  to  have  lost  none 
of  its  interest.  These  papers  were  by  Professor 
Forbes,  on  “ Electrical  Distribution,”  and  by 
Mr.  Preece — a member  of  Council  to  whom 
the  Society  owes  very  much  for  his  lectures- 
and  papers — on  “ Domestic  Electric  Light- 
ing.” Another  paper  dealing  with  one  im- 
portant application  of  electricity  w^as  that  of 
Mr.  Price  Edwards,  who  gave  the  Society  an 
account  of  the  experiments  which  had  been 
made  by  the  Trinity  House  at  the  South 
Foreland  to  test  the  merits  of  the  three 
systems  of  lighthouse  illumination,  by  oil,, 
by  gas,  and  by  electricity. 

Papers  dealing  with  artistic  matters  were 
those  by  Mr.  Hulme,  on  “Technical  Art 
Teaching;”  by  Mr.  George  Simonds,  on 
“ Bronze  Casting  ;”  by  Mr.  Vincent  Robinson, 
on  “ Eastern  Carpets  ;”  by  Mr.  Hodson,  on  the 
“Photographic  Reproduction  of  Drawings;’^ 
and  by  Mr.  Ablett,  on  “ Museums  for  Trade 
Patterns.”  It  will  thus  be  seen  that  the  papers 
dealing  with  the  applications  of  the  fine 
arts  have  been  slightly  more  numerous  in 
this  Session  than  in  some  preceding  ones.  Dr. 
MeymottTidy  gave  a comprehensive  review  of 
the  progress  which  has  been  made  with 
methods  of  dealing  with  sewage.  Though  a 
second  evening  was  allotted  for  the  discussion 
of  the  paper  (which  owing  to  its  length,  and 
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to  the  fact  that  it  was  not  complete,  was 
delivered  in  abstract  by  its  author),  this  did 
not  suffice  to  give  an  opportunity  to  all  who 
wished  to  take  up  some  of  the  many  points 
raised  by  Dr.  Tidy,  and  the  Council  have 
therefore  determined  to  arrange  for  the  renewal 
of  the  discussion  next  Session,  by  which  time 
they  hope  that  Dr.  Tidy  will  have  furnished 
the  Society  with  the  full  text  of  the  paper. 
Mr.  Willis-Bund,  by  a paper  on  the  “ Proposed 
Fishery  Department,”  gave  the  Society  an 
opportunity  of  discussing  the  proposals  now 
before  the  country  for  the  protection  and  de- 
velopment of  the  fishing  industry.  Dr. 
Armitage,  whose  devotion  to  the  cause  of  the 
blind  is  well  known,  supplemented  the  paper 
he  read  years  ago  on  the  “ Education  of 
the  Blind,”  with  one  in  which  he  gave  an 
account  of  the  successful  carrying  into  effect 
of  the  proposals  he  then  made.  Mr.  Brough’s 
paper  on  ” Mining  Industry  at  the  Buda- 
pest Exhibition,”  is  an  important  contri- 
bution to  the  statistics  of  mining  industry. 
Professor  Elgar,  in  his  paper  on  the  “ Load- 
line  of  Ships,”  brought  before  the  Society  the 
main  points  of  the  report  on  this  subject  then 
recently  issued ; and  Mr.  Holt  Hallett,  in  his 
paper  on  “ Burmah,”  made  some  useful  con- 
tributions to  our  knowledge  of  that  country. 

II.— Indian  Section. 

Unlike  last  year,  when  the  number  of 
papers  read  was  eight,  the  evenings  devoted 
to  the  Indian  Section  were  only  six ; in 
variety  of  interest  and  merit  of  execution 
the  papers  were,  however,  quite  equal  to 
those  of  any  previous  Session,  while  the 
average  attendance  show’ed  an  increase. 
The  Session  began  on  January  22nd,  with  the 
very  appropriate  subject  — considering  the 
recent  annexation  of  the  country — of  “ Burma  : 
The  Eastern  Country  and  the  Race  of  the 
Brahmas.”  The  reader  of  the  paper,  Mr. 
J.  George  Scott,  better  known  as  “ Shway 
Yoe,”  contributed  a most  graphic  and 
detailed  account  of  the  life  and  social  customs 
of  the  people  with  whose  habits,  as  the 
Chairman,  Sir  Ashley  Eden,  observed,  no 
one  possessed  greater  familiarity  than  the 
lecturer.  The  paper  formed  the  substance 
of  Mr.  Scott’s  subsequent  book  on  Burmah, 
which  has  been  very  favourably  received 
by  the  public  and  the  press,  and  it  is  per- 
tinent to  state  that  Mr.  Scott  was,  very 
shortly  after  his  lecture,  sent  to  Burmah 
as  Assistant  Commissioner,  to  aid  in  govern- 
ing  the  country  he  had  described  so  well. 


The  second  paper,  contributed  by  Mr.  F. 
C.  Danvers,  Registrar  and  Keeper  of 
Records  at  the  India-office,  dealt  with  the 
subject  of  “ Historical  and  Recent  Famines  in 
India.”  Mr.  Danvers’  statement,  based  on 
official  documents,  provides  an  accurate  and 
easily  accessible  list  of  the  chief  occasions  on 
which  considerable  parts  of  India  have  suffered 
from  dearth.  The  paper  by  Mr.  William 
Simpson,  on  his  “ Experiences  on  the  Afghan 
Frontier”  gave  most  picturesque  details  con- 
nected with  the  residence  of  the  English 
Commission  in  Badghis,  and  on  the  banks  of 
the  Murghab.  The  chair,  on  this  occasion,, 
was  occupied  by  Sir  Peter  Lumsden,  G.C.B., 
who  made  some  very  interesting  remarks  in 
connection  with  the  archaeological  and  non- 
political side  of  the  subject.  The  fourth 
meeting  was  devoted  to  a paper  on  the 
“ History  of  Archaeology  in  India,”  by  Mr. 
James  Gibbs,  C.S.I.,  C.I.E.,  which  provides 
an  exhaustive  resume  of  the  labours  of  such 
men  as  the  Cunninghams,  Major  Keith, 
and  others.  The  fifth  paper,  on  “ Indian 
Manufactures  from  a Practical  Point  of  View,” 
read  by  Mr.  B.  Baden  Powell,  C.I.E.,  affords 
a useful  piece  of  criticism  on  some  of  the 
functions  and  practical  objects  of  the  Colonial 
and  Indian  Exhibition.  The  sixth  and  last 
paper  of  the  Section,  and,  in  some  respects,  the 
most  attractive  of  the  whole  series,  was  by 
Captain  Richard  Carnac  Temple,  the  subject 
being  “ The  Everyday  Life  of  Indian  Women  ; ’ ’ 
a very  carefully  worked  out  and  most  interesting 
description  of  our  Indian  sisters  was  therein 
given. 

III.— Foreign  and  Colonial  Section. 

The  work  of  the  Foreign  and  Colonial  Sec- 
tion of  the  Society  has  been  veiy  well  main- 
tained this  year.  Seven  valuable  papers  have 
been  read.  At  the  opening  of  the  Session 
Mr.  Arnold  White  put  before  the  Society  his 
views  of  the  “ Importance  of  a National 
Scheme  of  Emigration  for  the  Advancement 
of  the  Interests  of  British  Commerce,”  and 
argued  for  the  establishment  of  a national 
council  for  raising  and  distributing  funds,  and 
for  securing  information  as  to  the  particular 
needs  and  capacities  for  absorption  of  the 
various  colonies.  The  Secretary  of  the  Section, 
Dr.  Mann,  communicated  a sketch  of  the 
present  state  of  Colonial  dependencies,  at 
this  time  comprising,  inclusive  of  India, 
an  area  of  about  8,900,000  square  miles, 
and  a population  of  about  315,000,000, 
with  a trade  of  the  annual  value  of  about 
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;^390,ooo,ooo  sterling.  Mr.  John  Mackenzie, 
late  Deputy  Commissioner  of  Bechuanaland, 
filled  a vacancy  caused  by  the  unavoidable 
absence  of  Sir  Charles  Warren,  who  had  under- 
taken a contribution  on  Bechuanaland,  by 
a very  interesting  account  of  the  condition 
and  prospects  of  this  promising  district  of 
South  Africa,  in  reference  to  which  he  con- 
tends that  Great  Britain  has  a great  task  and 
a noble  work  to  perform.  Mr.  Alexander  Begg, 
under  the  presidency  of  Sir  Charles  Tupper,  the 
High  Commissioner  for  Canada,  gave  a very  in- 
terestingaccount  of  the  successful  completion  of 
the  National  Highway  of  Canada,  the  Canadian 
Pacific  Railway,  in  which  not  less  than  961 
miles  of  road  were  constructed  in  three  years, 
and  describes  the  revolution  which  has  been 
effected  in  the  prospects  of  the  colony  by  the 
accomplishment  of  this  gigantic  enterprise.  Mr. 
P.  L.  Simmonds,  in  reference  to  the  work  of 
the  Colonial  and  Indian  Exhibition  at  South 
Kensington,  traced  the  material  progress 
in  the  various  branches  of  productive  and  pas- 
toral industry  made  by  the  British  Possessions 
during  the  lapse  of  a quarter  of  a century, 
during  which  the  number  of  steam  vessels 
employed  in  British  trade  has  been  trebled,  and 
the  number  of  tons  which  they  are  capable  of 
transporting  across  the  ocean  has  been  aug- 
mented sevenfold.  Mr.  Edward  Combes, 
gave  an  exhaustive  history  of  the  commerce 
and  industries  of  New  South  Wales,  a dis- 
trict comprising  a tenth  part  of  the  area  of  the 
Australian  mainland ; in  which  the  number 
of  sheep  have  increased  in  twenty-two  years 
from  6,000,000  to  34,000,000,  the  annual  pro- 
duction of  wool,  at  the  present  time,  amounting 
to  a value  exceeding  000,000  sterling,  and 
in  which  the  coal-producing  area  is  estimated 
at  six  times  that  of  the  British  Isles.  At  the 
last  meeting  of  the  Session,  Mr.  G.  Gordon 
Hake  gave  an  account  of  the  progress  made 
by  Cyprus  since  the  island  was  occupied  by 
Great  Britain  ; the  foreign  trade  was  shown  to 
have  exactly  doubled  in  the  period,  while  the 
annual  value  of  the  export  of  wine  had  increased 
from  £2^,000  to  _;^45,ooo,  locusts  having 
been  gradually  exterminated  under  the 
measures  adopted  by  the  Government.  An 
interesting  discussion  took  place  on  the  bear- 
ing of  the  tribute  upon  the  industrial  capacities 
of  the  island,  upon  the  fostering  of  forest- 
growth,  upon  the  improvement  of  the  port, 
and  the  construction  of  railways.  Sir  Robert 
Biddulph  (who  presided)  urged  that  all  effort 
should  be  directed  to  capitalising  the  charge 
of  the  revenue,  rather  than  abolishing  it,  by  the 


purchase  outright  of  the  possession  of  the 
island. 

The  members  of  the  Society  will  learn  with 
regret  that  Dr.  R.  J.  Mann,  who  has  been  since 
1874  ^he  able  and  indefatigable  Secretary  of 
this  Section,  has  been  compelled,  by  the  state 
of  his  health,  to  resign  his  post.  The  Council 
submit  his  name  to  the  Society  for  election 
upon  the  Council,  so  that  he  may  still  be 
enabled  to  assist  in  the  management  of  the 
Section,  even  if  he  can  no  longer  undertake 
the  constant  and  rather  arduous  duties  attach- 
ing to  the  secretaryship  of  the  Section. 

IV. — Section  of  Applied  Chemistry 
AND  Physics. 

The  Section  of  the  Society  devoted  to  papers 
on  Applied  Physics  and  Chemistry  has  this 
year  had  several  papers  of  a very  high  order. 
The  first,  on  the  “ Magnetism  of  Ships  and 
the  Mariner’s  Compass,”  was  given  by  Mr. 
William  Bottomley,  of  the  University  of  Glas- 
gow, who  has  been  engaged  for  some  time 
with  Sir  William  Thomson  in  improving 
ships’  compasses  ; it  presents  in  a convenient 
and  condensed  form,  the  more  important 
matters  connected  with  such  recent  im- 
provements. The  second  paper  was  by 
Professor  Hartley,  F.R.S.,  of  Dublin,  on 
“ Photography  and  the  Spectroscope  in  their 
Application  to  Chemical  Analysis,”  for  which 
one  of  the  Medals  of  the  Society  has  been 
awarded.  Professor  Hartley  gives  a sum- 
mary of  the  work  done  in  recent  years  on 
the  relations  existing  between  the  chemical 
constitution  and  the  absorption  spectra  of 
substances,  and  on  the  application  of  such 
relations  to  analytical  processes.  In  the  paper 
the  greatest  stress  is  laid  upon  the  relations 
existing  between  organic  substances,  but  the 
application  of  the  methods  to  mineral  analysis 
are  also  treated  of.  The  apparatus  employed, 
which  has  been  most  carefully  elaborated  by 
Professor  Hartley  within  the  last  few  years,  is 
fully  described  in  the  paper. 

Following  Professor  Hartley’s  paper,  one 
on  “Films  and  Paper  as  Substitutes  for 
Glass  in  Photography”  was  given  by  Mr. 
Leon  Warnerke,  whose  name  is  well 
known  in  connection  with  this  recent  im- 
provement in  photography.  Mr.  Warnerke 
traced  the  development  of  what  may  be 
termed  film  photography,  and  described  the 
progress  made  in  the  apparatus  destined  to 
hold  the  film  in  position,  either  by  fixed  squares 
of  wood  or  roller  slides.  The  paper  is  a 
valuable  addition  to  photographic  literature. 
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coming  as  it  does  at  a time  when  light 
paper  films  are  tending  to  supersede  the 
heavy  glass  plate  for  those  who  wish  to  do 
work  while  travelling. 

In  the  fourth  paper  contributed  to  the 
Section,  “ On  some  Appliances  for  the  Utilisa- 
tion of  Refuse  and  Dust  Fuel,”  Mr.  McMillan, 
of  King’s  College,  describes  the  recent  im- 
provements in  this  direction,  paying  special 
attention  to  the  furnaces  devised  by  Mr.  T.  R. 
Crampton,  and  to  Ferret’s  furnace,  specially 
constructed  for  the  combustion  of  dust  fuel. 
The  paper  contains  a condensed  description  of 
the  various  furnaces  employed,  and  is  extremely 
suitable  for  reference. 

In  the  fifth  paper,  Mri  Boyd,  of  the  United 
Asbestos  Company,  gave  a description  of  the 
various  forms  of  asbestos  now  found  in  Italy 
and  Canada,  and  an  account  of  its  many 
practical  applications,  such  as  the  packing 
for  steam-engines  ; its  employment  in  the 
larger  guns  now  used  by  the  artillery  as  an 
efficient  means  of  closing  the  breach  of  the 
gun  ; and  its  conversion  into  cloth,  millboard, 
and  tubing. 

The  Section  closed  by  a most  important 
paper  by  Prof.  Meldola,  of  the  City  and 
Guilds  Technical  College,  Finsbury,  on  the 
“Scientific  Development  of  the  Coal-Tar 
Colour  Industry,”  in  which  Prof.  Meldola 
describes  the  foundation  of  the  industry  by 
Perkin,  in  1856,  by  the  discovery  of  mauve, 
and  the  rise  of  the  industry  in  this  country; 
he  finally  points  out  the  danger  of  its  decline  in 
England,  urging,  as  a means  for  the  stoppage 
of  such  a decline,  a proper  recognition  of  the 
teaching  of  technical,  that  is,  applied  science,  | 
throughout  the  country. 

Considering  the  many  societies  which  now 
exist  throughout  the  country,  whose  object  it 
is  to  collect  and  publish  papers  upon  chemistry 
and  physics  as  applied  to  the  arts  and  manu- 
factures, the  Society  is  to  be  congratulated 
on  having  brought  forward  a series  of  papers 
in  this  Section  of  so  much  importance. 

V.— Cantor  Lectures. 

The  SIX  courses  of  Cantor  lectures  which 
have  been  delivered  during  the  past  Session 
were,  in  accordance  with  the  usual  practice  of 
the  Council,  arranged  to  deal  with  as  many  dif- 
ferent topics  as  possible,  with  the  view  of  meeting 
the  diversified  requirements  of  so  numerous  and 
variously  constituted  a Society  as  the  Society  of 
Arts.  The  course  before  Christmas  was  by  Mr. 
Mayall,  on  “ The  Microscope.”  It  dealt  with 
the  history  of  the  instrument,  and  the  various 


improvements  in  its  mechanical  construction 
which  have  been  introduced  up  to  the  pre- 
sent time.  Additional  value  was  lent  to 
this  course  from  the  fact  that  Mr.  Mayall  was 
enabled  to  illustrate  it  from  the  magnificent 
collection  of  microscopes  possessed  by 
Mr.  Crisp,  which  was  not  only  shown  at 
the  lectures  themselves,  but  was  left  for 
examination  during  the  time  over  which 
the  course  extended.  Professor  Hele  Shaw 
followed  with  a valuable  course  on  “Friction,” 
a subject  to  which  he  has  been  devoting 
special  attention  for  some  time  past.  In 
the  third  course  Professor  Guthrie  brought 
before  the  Society  suggestions,  based  upon 
his  long  experience,  for  the  improvement  of 
our  methods  of  teaching  science.  The  next 
course  was  by  Mr.  Boverton  Redwood,  the 
Secretary  of  the  Petroleum  Association,  on 
“ Petroleum  and  its  Products.”  This,  like  Mr. 
Mayall’s  course,  had  the  advantage  of  being 
very  fully  illustrated  with  apparatus  for  the 
treatment,  examination,  and  burning  of 
petroleum,  and  with  specimens  of  all  the  pro- 
ducts obtained  in  the  manufacture.  Mr.  Alan 
S.  Cole,  whose  lectures  in  April,  1881,  on  “Lace- 
making ” have  had  a very  important  result  in 
the  improvement  of  that  industry  in  Ireland, 
gave  a short  course  on  a similar  subject,  “The 
Arts  of  Tapestry  Making  and  Embroidery.” 
The  last  course  of  the  Session  was  one  by  Dr. 
Richardson  on  “Animal  Mechanics.” 

VI. — Juvenile  Lectures. 

The  Juvenile  Lectures  for  the  Session  were 
delivered  by  Professor  Silvanus  Thompson, 
the  subject  being  “Waves.”  In  his  first 
lecture  sound  waves  were  treated,  and  in  the 
second  waves  of  light  and  electricity.  Both 
lectures  were  very  fully  illustrated  with  experi- 
ments, and  attracted  large  and  attentive 
audiences.  The  usual  system  was  adopted  of 
issuing  special  tickets  for  these  lectures, 
and  it,  as  has  been  the  case  before,  was  found 
to  work  extremely  well,  none  of  the  members 
who  applied  in  reasonable  time  having  been 
disappointed. 

VII. —Albert  Medal. 

The  Albert  Medal  for  the  present  year  was 
(with  the  approval  of  the  President,  H.R.H. 
the  Prince  of  Wales)  awarded  by  the  Council 
to  Mr.  Samuel  Cunliffe  Lister,  “ for  the  ser- 
vices he  has  rendered  to  the  textile  industries, 
especially  by  the  substitution  of  mechanical 
wool-combing,  and  by  the  introduction  and 
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development  of  a new  industry — the  utilisation 
of  waste  silk.” 

The  Council  have  been  enabled  to  recognise 
for  the  first  time  services  rendered  to  the 
textile  manufactures,  by  making  this  award 
to  one  who  may  fairly  be  said  to  have  done 
more  than  any  other  man  of  the  present 
generation  to  promote  the  advance  of  this 
most  important  branch  of  British  commerce. 

Though  the  inventions  of  Mr.  Lister  are  well 
known  to  all  textile  manufacturers,  it  may  yet 
be  interesting  to  place  them  briefly  on  record 
here : — In  1847,  he  was  engaged  in  in- 
troducing a wool-combing  machine  into 
England  and  France  for  fine  wool.  In  1850 
he,  jointly  with  the  late  Mr.  Donisthorpe,  in- 
vented the  only  wool-combing  machine  which 
could  comb  all  kinds  of  wool.  So  important 
was  this  invention  that,  although  the  cost  of  a 
single  machine  was  only  some  £,'^00  or  ^400, 
it  commanded  a royalty  of  ;^i,ooo.  Afteryears 
of  opposition,  Mr.  Lister’s  fellow-townsmen  of 
Bradford  have  acknowledged  him  as  a public 
benefactor,  and  have  erected  a statue  to  him 
him  in  their  Town-hall.  He  embarked  the 
v^hole  of  the  fortune  realised  by  wool-combing, 
in  the  utilisation  of  silk  waste,  that  is,  the  waste 
andrefuse  made  in  winding  silk  from  the  cocoons. 
He  invented  machines  for  combing  this  waste 
silk  and  making  it  up  into  yarn  ; and  then — 
and  this  was  perhaps  the  most  important  of 
all  his  achievements — he  introduced  and  per- 
fected velvet  looms,  by  which  velvets  are  now 
produced  in  this  country  by  machinery.  This 
has,  for  the  second  time,  given  a new  industry 
to  the  country  and  to  Bradford  in  particular. 
Mr.  Lister’s  works  at  Manningham,  for  the 
utilisation  of  this  previously  waste  material, 
cover  eleven  acres,  and  are  the  largest  in  the 
kingdom,  not  excluding  even  those  of  the  late 
Sir  Titus  Salt ; they  give  employment  to  some 
4,000  workmen.  The  annual  value  of  the 
exports  of  velvet  from  these  works  is  reckoned 
in  hundreds  of  thousands  of  pounds,  which  is 
all  created  out  of  what  is  called,  even  to  this 
day,  “ silk  waste.” 

VIII. -Medals. 

In  accordance  with  the  usual  practice  the 
Council  have  awarded  silver  medals  for  certain 
papers  read  at  the  ordinary  meetings,  and  at 
the  meetings  of  the  three  Sections,  the  number 
(twelve  in  all)  being  slightly  in  excess  of  the 
average  of  recent  years.  Of  these  medals  five 
have  been  given  for  papers  read  at  the  Ordinary 
Meetings,  three  for  papers  in  the  Foreign  and 
Colonial  Section,  two  for  papers  in  the  Section 


of  Applied  Chemistry  and  Physics,  and  two 
for  papers  in  the  Indian  Section.  Besides  the 
papers  which  received  this  compliment,  there 
have  been  two  the  merits  of  which,  as  they 
were  the  work  of  members  of  their  own  body, 
the  Council  are,  by  their  invariable  custom, 
precluded  from  recognising  otherwise  than  by 
a vote  of  thanks.  These  papers  are — 

By  Capt.  Douglas  Gallon, D.C.L.,  C.B.,  F.R.S., 
on  “Results  of  Experiments  on  Mechanical  Motors 
for  Tramways  made  by  the  Commission  at  the 
Antwerp  Exhibition.” 

By  W.  H.  Preece,  F.R.S.,  on  “ Domestic  Electric 
Lighting.” 

The  following  is  the  complete  list  of  the 
awards  of  the  medals  : — 

To  Prof.  Francis  Elgar,  LL.D.,  for  his  paper  on 
“ The  Loadlines  of  Ships.” 

To  Henry  Davey,  for  his  paper  on  “ Machinery  in 
Mines.” 

To  Prof.  W.  C.  Unwin,  for  his  paper  on  “The 
Employment  of  Autographic  Records  in  Testing 
Materials.” 

To  C.  V.  Boys,  for  his  paper  on  “ Calculating 
Machines.” 

To  Prof.  Leonard  Waldo,  D.Sc.,  for  his  paper 
on  “ Watch-making  by  Machinery.” 

To  JoH.v  Mackenzie,  for  his  paper  on  “ Bechuana- 
land  and  Austral  Africa.” 

To  Edward  Combes,  C.M.G.,  for  his  paper  on 
“ The  Industries  and  Commerce  of  New  South 
Wales.” 

To  G.  Gordon  Hake,  for  his  paper  on  “Cyprus 
since  the  British  Occupation.” 

To  Prof.  W.  N.  Hartley,  F.R.S.,  for  his  paper 
on  “ Photography  and  the  Spectroscope  in  their 
Application  to  Chemical  Analysis.”  . 

To  Prof.  R.  Meldola,  for  his  paper  on  “ The 
Scientific  Development  of  the  Coal  Tar  Colour  In- 
dustry.” 

To  B.  H.  Baden  Powell,  C.I.E.,  for  his  paper  on 
“Indian  Manufactures  from  a Practical  Point  of 
View.” 

To  Capt.  Richard  Carnac  Temple,  for  his  paper 
on  “ Everyday  Life  of  Indian  Women.” 

IX. — Additional  Lectures. 

Besides  the  usual  courses  of  Cantor  Lectures, 
there  have  been  this  Session  two  additional 
courses  of  lectures.  Mr.  Ernest  Hart  gave  a 
short  but  very  interesting  course  on  “ Japanese 
Art- Work  ’ ’ on  three  Tuesday  evenings  in  May ; 
and  Professor  George  Forbes  delivered  acourse 
of  six  elementary  lectures  on  “Electricity,” 
on  Saturday  afternoons,  in  April  and  May. 
Mr.  Ernest  Hart’s  course  was  illustrated  by 
the  exhibition  of  his  collection  of  Japanese 
articles,  believed  to  be  the  finest  in  existence, 
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which  was  on  view  in  the  library  during  the 
time  of  the  delivery  of  the  lectures ; it  was 
visited  by  more  than  1,000  persons,  and 
attracted  a great  deal  of  public  attention. 
The  Council  are  very  much  indebted  to  Mr. 
Hart  both  for  the  lectures  and  for  the  oppor- 
tunity he  afforded  to  the  members  of  the 
Society  and  to  their  friends  of  inspecting  this 
most  interesting  collection.  Professor  Forbes’s 
lectures  were,  in  accordance  with  the  wishes 
of  the  Council,  of  an  elementary'  nature, 
it  being  thought  that  many  members  of  the 
Society  who  had  not  given  special  attention 
to  the  study  of  electricity  would  be  glad  to 
receive  a certain  amount  of  general  informa- 
tion upon  it.  The  experiment  of  giving 
a course  of  afternoon  lectures  must  be  con- 
sidered to  have  been  successful,  as  the  audience 
was  always  a large  one. 

The  regulations  for  admission  to  these 
additional  courses  of  lectures  were  the  same  as 
for  the  Cantor  Lectures,  every  member  having 
the  right  of  admitting  a friend,  in  addition  to 
his  right  to  attend  personally. 

X.  — Owen  Jones  Prizes. 

These  prizes  are  awarded  on  the  results  of 
the  annual  competition  of  the  Science  and  Art 
Department  to  students  of  the  Schools  of  Art, 
who  produce  the  best  designs  for  household 
furniture,  &c.,  on  the  principles  laid  down  by 
Owen  Jones.  Six  prizes  were  offered  for  com- 
petition last  year,  each  prize  consisting  of  a 
bound  copy  of  Owen  Jones’s  “ Principles  of 
Design  ” and  a Bronze  Medal.  A list  of  the 
successful  candidates  has  appeared  in  the 
Jouj'nal*  A similar  number  of  prizes  has 
been  offered  for  the  present  year  (1885-6),  and 
the  result  of  the  competition  will  be  published 
in  the  Journal  as  soon  as  the  results  have 
been  received  from  the  Science  and  Art 
Department. 

XL— Westgarth  Prize  Essays. 

The  three  essays  to  which  prizes  of  £100 
were  awarded  have  been  published  in  a volume, 
which  is  illustrated  by  reproductions  of  the 
principal  plans  submitted  by  the  essayists 
with  their  essays.  A number  of  copies  have 
been  presented  by  the  Council  to  various  public 
libraries. 

XII.— International  Inventions  Exhi- 
bition Medals. 

It  was  announced  in  the  last  report  of  the 
Council  that  ten  gold  medals  had  been  offered 


on  behalf  of  the  Society  to  exhibitors  at  the 
International  Inventions  PAhibition,  to  be 
awarded  by  the  Council  on  the  recommenda- 
tion of  the  Juries  of  the  Exhibition.  Eight  of 
these  medals  were  duly  awarded,  five  in  the 
Inventions  Division  and  three  in  the  Music 
Division.  Lists  of  the  recipients  appeared  in 
the  Journal.* 

In  addition  to  the  five  medals  offered  in 
Division  L— Inventions — the  Council,  at  the 
special  request  of  the  Council  of  the  Exhi- 
bition, awarded  additional  gold  medals  to  Sir 
Henry  Bessemer,  Mr.  Percy  Gilchrist,  and  the 
Badische  Anilin  und  Soda  Fabrik.  In  making 
the  request,  the  authorities  of  the  Exhibition 
expressed  their  readiness  to  discharge  the  cost 
of  these  three  additional  medals,  but  the 
Council  considered  that  they  were  justified  in 
lettingthis  additional  charge  fall  upon  the  funds 
of  the  Society,  feeling  sure  that  it  would  be 
more  agreeable  to  the  members  that  the 
Society  should  be  at  the  cost  of  the  medals 
awarded  in  its  name.  The  income  from  Trust 
P'unds  available  for  such  purposes  was  sufficient 
to  discharge  the  cost  of  all  the  medals. 

X 1 1 1.  — I N T E RN  AT  I O N AT,  INVENTIONS 

Exhibition. 

The  accommodation  offered  by  the  Society 
to  the  meetings  of  the  Executive  Council, 
the  Jury  Commission,  and  the  various  Com- 
mittees of  the  Inventions  Exhibition,  referred 
to  in  the  last  Annual  Report,  was  continued 
during  the  holding  of  the  Exhibition  and 
after  its  close.  The  meetings  of  the  Executive 
Council  were  held  in  the  Exhibition  itself, 
while  it  was  open,  but  the  few  meetings  held 
since  that  time  have  been  at  the  Society. 
The  Jury  Commission  also  held  many  of  their 
meetings  here.  Reports  on  most  of  the  prin- 
cipal sections  of  the  Exhibition  have  appeared 
in  the  columns  of  the  Journal. 

XIV. — Colonial  and  Indian  Exhibition. 

The  Council  have  also  co-operated  with  the 
Royal  Commission  appointed  to  carry  into 
effect  PI.R.H.  the  Prince  of  Wales’s  sug- 
gestion' for  the  holding  of  a Colonial  and 
Indian  Exhibition  this  year.  As  there  was 
no  ILxecutive  Council  for  this  Ikxhibition,  the 
necessity  did  notarisefor  officeaccommodation, 
as  had  been  the  case  with  its  two  predecessors ; 


* The  awards  In  Division  I.— Inventions— were  given  in  the 
j Journal  for  August  14,  18^5,  p.  949;  and  the  awards  for 
! Division  II. — ]\Iusic— were  given  Journal  for  November 

! 13, 1885,  p.  1131. 
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the  first  meeting-  of  the  Reception  Committee, 
however,  and  of  the  Committee  for  arranging 
the  Conferences  at  the  Exhibition,  were  held  at 
the  Society  of  Arts.  The  Journal  serves,  as 
in  former  instances,  as  the  official  organ  of  the 
Exhibition,  and  a very  full  record  of  the 
growth  and  progress  of  the  Exhibition  up  to 
the  present  time  will  be  found  in  its  pages.  In 
succeeding  numbers  of  the  Joii-rnal  it  is  pro- 
posed, as  far  as  space  may  permit,  to  give 
some  account  of  the  different  classes  of  pro- 
ductions exhibited.  The  Council  have  also 
undertaken  to  superintend  for  the  Royal 
Commission  the  publication  of  the  Reports 
announced  for  preparation  upon  its  Colonial 
Sections,  and  they  have  now  under  con- 
sideration the  arrangements  necessary  for 
carrying  this  proposal  into  effect. 

The  Council  are  gratified  to  learn  that  a 
movement  is  on  foot  for  the  foundation  of  a 
Colonial  Museum,  and  they  trust  that  this  im- 
portant project,  which  has  in  past  years  been 
several  times  under  the  notice  of  the  Society, 
may  at  last  be  carried  to  a successful  issue. 

XV. — Conversazione,  1885. 

The  arrangements  which  were  made  for 
holding  the  Conversazione  last  year  were 
detailed  in  the  last  Annual  Report,  and  in  the 
JoiLrnal*  the  holding  of  the  [^Conversazione 
was  reported.  It  may,  however,  be  interesting 
to  record  here  that  the  financial  arrangement 
made  with  the  Executive  Council  of  the  In- 
ventions Exhibition  fully  bore  out  the  expecta- 
tions expressed  in  last  year’s  report,  the  cost 
to  the  Society  only  amounting  to  a sum 

which  is  about  the  average  of  recent  years. 
There  were  in  all  10,652  persons  present;  the 
amount  received  from  the  sale  of  tickets  was 
;^i,543  17s.  6d. ; the  amount  expended  on  re- 
freshments, bands,  printing,  &c.,  was  ^1,308 
i6s.  iid.,  leaving  a balance  of  ;i^23 4 os.  7d., 
which,  together  with  the  sum  of  £'^o>o  agreed 
to  be  paid  by  the  Society,  was  handed  over 
to  the  Exhibition.  Out  of  this  sum  of 
the  cost  of  the  electric  lighting  and  attendance 
had  also  to  be  defrayed  by  the  Exhibition 
Executive.  Setting  this  amount  against  the 
charges  to  be  paid  by  the  Exhibition,  and  the  \ 
loss  from  the  diminution  of  receipts  caused  by 
the  closing  of  the  Exhibition  for  the  evening, 
it  was  proved  that  the  Exhibition  itself  in- 
curred no  pecuniary  loss  whatever  by  the 
loan  of  its  buildings  to  the  Society.  The 
Exhibition  Executive  were  therefore  enabled 
to  gratify  the  members  of  the  Society  and 


their  friends  without  any  diminution  of 
their  receipts,  and  the  Society  had  the 
benefit  of  a most  interesting  and  attractive 
JUe  without  being  called  upon  to  pay  more 
than  the  ordinary  charges  for  the  annual 
Conversazione. 

XVI.— Conversazione,  1886. 

The  financial  success  which  attended  last 
year’s  Conversazione  justified  the  Council  iio 
applying  to  the  Royal  Commission  that  the 
favour  extended  to  the  Society  last  year  by  the 
Council  of  the  Inventions  Exhibition  might  be 
repeated  this  year,  and  H.R.H.  the  Prince  o*f 
Wales,  the  Executive  President  of  the  Com- 
mission, on  his  being  satisfied  that  there  was 
no  reason  to  believe  that  the  Exhibition  would 
suffer  any  loss  of  revenue,  graciously  gave  the 
permission  asked  for,  and  placed  the  Exhibition 
buildings  at  the  disposal  of  the  Society  on  the 
evening  of  Friday,  the  i6th  July  next. 

The  method  tried  last  year,  has,  therefore,, 
been  again  resorted  to,  that  is  to  say,  members 
of  the  Society  have  been  permitted  to  purchase 
additional  tickets  for  the  use  of  their  friends,  at 
prices  calculated  to  cover  the  probable  cost 
of  the  evening.  The  principle  of  a sliding 
scale  of  prices,  according  to  the  date  at  which 
tickets  are  purchased,  has  also  been  again- 
adopted,  as  this  plan  enables  the  numbers  likely 
to  be  present  to  be  calculated  with  approximate 
accuracy  some  little  time  beforehand,  and 
arrangements  to  be  made  accordingly.  The 
precise  terms  on  which  tickets  can  be  procured 
have  been  announced  in  the  Jour^ial* 

It  may  be  worth  mentioning  that  the  admis- 
sions will  be  restricted  to  members  of  the 
Society,  holders  of  tickets  purchased  by  mem- 
bers, and  persons  specially  invited  by  the- 
Council  on  behalf  of  the  Society  in  accordance 
with  the  usual  practice. 

The  Council  feel  that  the  members  of  the 
Society  are  greatly  indebted  to  H.R.H.  the 
Executive  President  of  the  Exhibition  and  to 
the  Royal  Commission  for  the  privilege  of 
using  the  Exhibition  buildings. 

XVII.— Examinations. 

\ The  Council  observe  with  regret  that  though 
the  number  of  centres  at  which  examinations 
have  been  held  has  increased,  there  has  been 
a slight  falling  off  in  the  number  of  candi- 
dates examined.  Last  year,  1,208  presented 
themselves  at  44  centres;  and  this  year  only 
1,184  entered,  at  50  centres.  This  diminution 
is  the  less  accountable  because  there  has  been 


* Journal  iox  July  lo,  1885. 


See  Journal  of  May  21st,  and  following  numbers. 


July  2 1886  ] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


859 


a steady  growth  in  numbers  since  1882,  the 
year  in  which  the  system  of  examinations  was 
modified,  and  a fee  for  the  first  time  charged. 
Thus,  in  1884,  991  were  examined  at  31  cen- 
tres ; while  in  1883  there  were  808  candidates, 
and  35  centres.  It  may,  however,  be  hoped 
that  the  falling  off  is  only  temporary,  and  that 
next  year  there  may  again  be  an  increase. 
It  is  improbable,  on  the  other  hand,  that 
verj’’  large  numbers  will  ever  be  entered 
for  the  Society’s  examinations,  since  the 
Society  has  no  funds  to  devote  to  the 
payment  of  fees  to  teachers,  with  a view 
to  induce  them  to  form  special  classes,  as  is 
done  in  connection  with  the  Science  and  Art 
Department  examinations,  and  with  those  of 
the  City  and  Guilds  Technical  Institute.  It 
must  always  be  remembered  that  students 
have  no  inducement  to  enter  for  the  Society’s 
examination  except  the  hope  of  gaining  a cer- 
tificate ; and  that  teachers  have  no  induce- 
ment to  prepare  pupils  beyond  the  credit 
which  their  pupils’  success  reflects  upon  them. 

Of  the  1,184  candidates  who  entered  943 
passed,  and  241  failed  ; the  per-centage  of 
successes  being  slightly  higher  than  last  year, 
when  953  passed  and  255  failed.  The  number 
of  pa]>ers  worked  was  1,274;  of  these,  116 
took  first-class  certificates,  451  second  class, 
and  433  third-class,  while  to  274  papers  no 
certificate  was  awarded.  Nine  of  the  twelve 
subjects  set  down  for  examination  were  taken 
up.  In  three  (Italian,  Political  Economy,  and 
Commercial  Geography),  no  examination  was 
held,  as  the  requisite  number  of  candidates  (25) 
did  not  present  themselves.  The  number  of 
papers  worked  in  the  various  subjects  were  : — 
Arithmetic,  186  ; English  (including  composi- 
tion and  correspondence  and  ptecis  writing), 
100;  Book-keeping,  309;  Shorthand,  255; 
French,  112;  German,  40;  Spanish,  20; 
Domestic  Economy,  58  ; Theory  of  Music,  194. 
In  Spanish,  the  stipulated  number  (25)  of 
candidates  entered,  but  only  20  came  up.  The 
per-centage  of  failures  in  Shorthand,  though 
large  (96  out  of  255)  is  decreasing,  which  is 
satisfactory.  In  Arithmetic  the  per-centage  of 
failures  is  large  (85  out  of  186).  Though  the 
total  number  of  candidates  was  less  than  last 
year,  five  of  the  subjects  show  an  increase  in  the 
number,  presenting  themselves,  the  principal 
falling  off  being  in  Theory  of  Music,  which 
appears  very  much  less  popular  this  year  than 
last  year,  when  243  candidates  entered.  The 
difference,  it  will  be  seen,  is  more  than  sufficient 
to  account  for  the  difference  in  the  totals  of  the 
two  years.  It  is  satisfactory  to  note  a respect- 


able increase  in  the  entries  for  German.  This 
year  there  were  40,  against  28  last  year  and 
none  (not  enough  for  examination)  in  1884. 
There  is  still  a slight  falling  off  in  English,  in 
Book-keeping  (still  the  most  popular  subject),, 
and  in  Spanish.  All  the  remaining  subjects 
show  an  increase. 

In  the  general  scheme  of  the  Examination 
there  was,  as  compared  with  that  of  1885,  only 
one  change  of  any  importance— the  omission 
of  the  subject  of  Sanitary  Knowledge,  in  con- 
sequence of  the  Science  and  Art  Department 
now  holding  an  examination  in  “ Hygiene.” 
This  change  was  made  in  accordance  with  an 
announcement  given  two  years  ago  that  this 
examination  would  be  discontinued  after  last 
year.  The  Council  do  not  propose  to  make 
any  alterations  of  importance  in  the  pro- 
gramme for  1887,  which  will  be  issued  very 
shortly. 

XVIII.— Practical  Music  Examinations, 

Examinations  in  practical  music  have  this 
year  been  held  at  the  London  centre  only. 
There  were  152  candidates,  of  whom  140  passed,, 
taking  56  first  class,  and  99  second  class 
certificates,  with  two  second  class  honours. 
It  .should  be  stated  that  many  of  the  candidates 
were  examined  both  in  the  pianoforte  and 
singing,  and  consequently  the  number  of 
certificates  awarded  does  not  agree  with  the 
total  number  of  candidates  passing.  A com- 
parison with  previous  years  shows  that 
though  there  is  a slight  falling  off  in  the 
number  of  candidates  presenting  themselves, 
the  quality  is  improved,  the  per-centage  of  first 
class  certificates  being  higher  than  the  average 
of  recent  years.  The  examinations  was  both 
vocal  and  instrumental,  the  instruments  taken 
up  by  the  candidates  including  the  piano„ 
organ,  and  violin. 

XIX.— Electric  Lighting  Bills. 

During  the  Session  three  Bills  have  beer? 
introduced  in  the  House  of  Lords  for  the  amend* 
ment  of  the  Electric  Lighting  Act,  1882.  The 
first  of  these  was  brought  in  by  Lord  Rayleigh, 
and  had  been  prepared  by  a committee,  of 
which  Lord  Thurlow  was  chairman.  It  pro- 
posed to  put  electric  lighting  companies 
on  the  same  footing  as  gas  companies,  by 
providing  a sliding  scale  under  which  the 
amount  of  dividend  would  be  regulated  by  the 
price  of  the  electricity  supplied,  the  amount  of 
capital  on  which  dividend  could  be  declared 
being  also  regulated  by  an  auction  clause 
similar  to  that  now  introduced  into  Gas  Com- 
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panics’  Acts.  The  second  Bill  was  brought 
in  by  Lord  Bury,  and  merely  proposed  to 
modify  the  existing  Act  by  lengthening  the 
period  before  the  compulsory  purchase  clauses 
would  come  into  operation.  The  third  Bill 
was  brought  in  some  short  time  after  by  Lord 
Houghton  on  behalf  of  the  Government,  and 
its  principal  provisions  also  only  went  to  the 
extent  of  increasing  the  term  prior  to  the 
option  of  compulsory  purchase  arising. 

The  Council,  after  full  discussion,  came  to 
the  conclusion  that  Lord  Rayleigh’s  Bill 
would,  if  passed  into  law,  remove  at  all  events 
the  legislative  difficulties  which  now  stand  in 
the  way  of  electric  lighting,  and  that  it  would, 
at  the  same  time,  preserve  the  interests  of  the 
public  by  protecting  them  from  anything  like 
an  injurious  monopoly.  They  also  decided 
that  the  Government  Bill  would  be  but  a 
slight  improvement  on  the  existing  law,  and 
that  as  it  would  not  provide  sufficient 
security  of  tenure  to  attract  capital  into 
electric  lighting  undertakings,  there  would  be 
no  advantage  in  its  passing,  while  it  would,  if 
passed,  certainly  hinder  any  more  effective 
reform.  They,  therefore,  presented  a petition 
to  the  House  of  Lords  in  favour  of  the  former 
measure,*  and  another,  about  three  weeks  after- 
wards, against  the  latter  one.f  Both  petitions 
were  presented  on  behalf  of  the  Society  by  the 
Duke  of  Abercorn,  one  of  the  Society’s  Vice- 
Presidents.  The  three  Bills  were  referred  to  a 
Select  Committee  of  the  House  of  Lords,  who 
took  some  evidence.  A majority  of  this  Com- 
mittee decided  in  favour  of  the  Government 
Bill,  but  refused  the  insertion  of  certain 
clauses,  proposed  by  Lord  Houghton,  which 
practically  gave  unlimited  power  to  the  Board 
of  Trade. 

When  the  matter  came  before  the  House  of 
Lords  again,  Lord  Houghton  withdrew  the 
Government  Bill.  The  Committee  had  re- 
jected the  two  other  Bills,  and  thus  the  Act  of 
1882  remains  in  full  force,  and  the  distribution 
of  electricity  from  a central  source  is  still 
practically  prohibited  in  the  United  Kingdom. 

XX.— Musical  Pitch. 

It  was  brought  before  the  notice  of  the 
Council  that  the  existence  of  the  pitch  known 
as  the  Society  of  Arts’  pitch — (C  ==  528  vibra- 
tions)— was  an  obstacle  in  the  way  of  those 
who  were  endeavouring  to  secure  the  adoption 
of  a uniform  musical  pitch,  and  the  Council 
therefore  appointed  a committee  to  consider 

* See  Journal,  April  2nd,  1886,  p.  511. 

+ See  Journal,  April  i6th,  1886,  p.  581. 


and  report  whether  or  not  it  would  be  desir- 
able for  the  Society  formally  to  abandon  that 
pitch,  and  to  use  its  influence  to  secure  the 
adoption  of  the  French  pitch  or  diapason 
normal — (A  = 435,  or  C = 517*3)— a pitch  it 
will  be  noted  differing  but  slightly  from  that 
recommended  by  the  Society  of  Arts’  Com- 
mittee in  i860.  The  question  was  carefully 
considered  by  the  Committee,  and  in  accord- 
ance with  their  recommendation,  announce- 
ment was  made  that  the  pitch  known  by  the 
name  of  the  Society  should  be  abandoned,  and 
that  the  influence  of  the  Society  should  be 
employed  in  furthering  the  adoption  of  the 
French  Pitch.  The  reasons  which  led  to  this 
decision  will  be  found  in  the  Committee’s 
report,  which  was  printed  in  the  Journal.* 
The  Committee  was,  therefore,  asked  to  con- 
sider whether  any  active  steps  should  be  taken 
to  secure  uniformity  of  pitch  at  present.  In 
order  to  ascertain  the  state  of  public  feeling  in 
the  matter,  between  1,800  and  1,900  circulars 
were  issued  to  members  of  the  musical  pro- 
fession and  others  interested  in  the  matter.  Of 
the  answers  received,  about  630  were  in  favour 
of  the  adoption  of  the  French  pitch,  while 
80  recommended  the  adoption  of  other 
pitches ; all  were  in  favour  of  uniformity.  It 
thus  appeared  that  a large  proportion  of  those 
of  whom  the  inquiry  was  made  did  not  take  suffi- 
cient interest  in  the  matter  to  return  the  form, 
but  that  of  those  who  did,  a considerable  maj  ority 
was  in  favour  of  the  French  pitch.  It  is  still 
under  consideration  whether  any  active  steps 
in  the  matter  should  be  taken  by  the  Society. 
The  Council  are  by  no  means  anxious  to  move 
unless  it  seems  probable  that  the  action  of  the 
Society  will  be  effectual,  and  that  the  question 
will  be  settled  once  for  all.  It  will  be  recol- 
lected that  a little  time  ago  application  was 
made  to  the  Duke  of  Cambridge,  recommend- 
ing the  change  of  pitch  in  the  case  of  the 
military  bands  ; but  the  answer  was  given  that 
the  War-office  authorities  were  not  prepared  to 
sanction  the  expenditure  necessary.  It  has 
been  assumed  that,  as  many  of  the  wind  instru- 
ment players  in  concert  orchestras  are  drawn 
from  military  bands,  this  would  be  an  obstacle 
to  the  change  in  the  former ; but  the  Council 
believe  this  difficulty  has  been  much  overrated. 
For  if  the  transferred  players  found  that  their 
engagements  were  jeopardised,  or  that  they 
were  exposed  to  competition  with  civilian 
artists,  they  would,  no  doubt,  soon  be  induced  to 
provide  themselves  with  duplicate  instruments, 
and  in  that  case  it  would  matter  very  little  at 

* See  Journal  for  February  12,  1886,  vol.  xxxiv,  p.  265. 
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what  pitch  the  military  bands  might  choose  to 
play.  In  the  meantime  the  change  to  the  French 
pitch  seems  to  be  gradually  effecting  itself 
by  the  volition  of  the  musical  public  generally; 
whenever  singers  can  free  themselves  from 
the  trammels  of  the  regulation  orchestra, 
they  adopt  the  French  pitch.  Church  and 
cathedral  organs  (where  not  wanted  to  be 
used  with  an  orchestra)  are  now,  it  is 
believed,  generally  tuned  to  this  pitch,  as 
are  also  the  great  bulk  of  pianos  sent  out 
for  domestic  use  throughout  the  country ; 
and  it  seems  likely  that  as  the  movement 
extends  in  other  countries,  public  opinion 
here  will  resent  the  idea  that  England 
should  partially  differ  from  the  rest  of  the 
musical  world,  and  that  the  way  will  thus  be 
prepared  for  a formal  and  general  acceptance 
of  the  new  system.  The  Council  will,  at  all 
events,  continue  to  collect  information  on  the 
subject ; they  will,  moreover,  watch  the 
course  of  events,  and,  if  opportunity  occurs, 
use  the  influence  of  the  Society  to  secure 
the  adoption  of  a reform  which  seems  to 
have  a large  majority  of  educated  musical 
opinion  upon  its  side. 

XXL — Memorial  Tablets. 

Since  the  last  announcement.  Tablets  have 
been  set  up  to  mark  the  residences  once  occu- 
pied in  London  by  the  following  distinguished 
persons  ; — 

George  Cruikshank 263,  Hampstead-road. 

Madame  D’Arblay 

(Fanny  Burney) . . . . 1 1 , Bolton-street,  Picca- 
dilly. 

Charles  Dickens  I'  amival’s-inn. 

Thomas  Gainsborough  ....  Schomberg-house  (now 

part  of  the  War- 
office),  Pall-mall. 

The  following  is  a list  of  the  tablets  pre- 
viously set  up  : — 

James  Barry 36,  Castle*  street.  Ox- 

ford-street. 

Edmund  Burke 37,  Gerrard-street,  Soho. 

Lord  Byron  16,  Holles-street. 

George  Canning  37,  Conduit-street. 

John  Dryden  43,  Gerrard-street. 

Michael  Faraday 2,  Blandford  - street, 

Portman- square. 

John  Flaxman 7,  Buckingham  - street, 

Fitzroy-square. 

Benjamin  Franklin  7,  Craven-street,  Strand. 

David  Garrick  5,  Adelphi- terrace. 

George  Frederick  Handel  . . 25,  Brook-street. 
William  Hogarth 30,  Leicester-.square. 


Samuel  Johnson 17,  Gough-square,  Fleet- 

street. 

Napoleon  III 3A,  King  - street,  St. 

James’s. 

Lord  Nelson 147,  New  Bond-street. 

Sir  Isaac  Newton 35,  St.  Martin’s-street. 

Peter  the  Great 15,  Buckingham-street, 

Strand. 

Sir  Joshua  Reynolds  47,  Leicester-square. 

Richard  Brinsley  Sheridan. . 14,  Savile-row. 

Mrs.  Siddons 27,  Upper  Baker-street. 

Sir  Robert  Walpole 5,  Arlington-street. 

The  Council  will  be  glad  to  receive  sugges- 
tions from  members  of  the  Society  or  others 
who  know  of  houses  once  the  residences  of 
celebrated  persons,  the  owners  of  which  would 
permit  the  erection  of  tablets. 

XXIL— New  Council. 

The  Vice-Presidents  retiring  this  year  are — 
Sir  George  Birdwood,  the  Duke  of  Buckingham 
and  Chandos,  Mr.  Cassels,  Sir  Philip  Cunliffe- 
Owen,  and  Lord  Granville.  In  their  place 
the  Council  propose  to  the  Society  for  election 
Mr.  Alfred  Carpmael,  Mr.  T.  R.  Crampton, 
Colonel  Donnelly,  the  Duke  of  Manchester, 
and  Mr.  John  Walter.  The  first  two  gentlemen 
have  served  since  1882  as  ordinary  members  of 
Council.  The  other  two  members  of  Council 
retiring  are  Mr.  Vicat  Cole,  and  Mr.  J.  M. 
Maclean.  To  fill  the  vacancies  thus  created,  the 
Council  propose  for  election  Mr.  W.  H.  Barlow, 
the  eminent  engineer ; Mr.  Henry  Doulton  ; 
Sir  Saul  Samuel,  the  Agent-General  for  New 
South  Wales  ; and  Dr.  R.  J.  Mann,  who  has 
been  for  the  past  ten  years  Secretary  of  the 
Foreign  and  Colonial  Section. 

XXIII. —List  of  Members. 

The  total  number  of  life  members,  sub- 
scribing members,  and  institutions  in  union 
which  subscribe  to  the  Society  from  their  own 
funds,  is  now  3,657,  or  i more  than  at  the 
corresponding  period  last  year,  when  the 
number  was  3,656.  During  the  year  1885-6, 
303  members  have  been  removed  from  the  list 
by  death  or  resignation.  During  the  same 
period,  304  have  been  elected. 

XXIV.— Obituary. 

The  losses  to  the  Society  by  death  have  not 
been  so  heavy  this  year  as  often  happens. 
Amongst  those  who  have  passed  away  may  be 
mentioned  Lord  Shaftesbury ; Dr.  W.  B. 
Carpenter,  who  on  many  occasions  rendered 
valuable  help  to  the  Society ; Mr.  Edward 
Solly,  many  years  ago  its  Secretary ; Sir 
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William  Rose  Robinson,  a constant  attendant 
at  the  meetings  of  the  Indian  Section  ; Mr. 
Cornelius  Walford,  who  contributed  many 
papers  on  statistical  subjects ; Mr.  Walter 
Weldon,  the  well  known  technical  chemist ; 
and  several  others,  of  whom  short  obituary 
notices  have  appeared  in  the  columns  of  the 
Journal. 

XXV.— Finance. 

It  is  very  satisfactory  to  notice  that,  in  a time 
of  such  general  depression  as  the  present,  the 
Society’s  finances  do  not  show  any  sign  of 
decreasing  prosperity.  The  amount  of  annual 
subscriptions  is  higher  than  that  of  last 
year,  viz.,  ;^6,5oo  against  _j^6,474.  The  life 
compositions  are,  however,  less ; so  that 
the  total  amount  received  from  members 
is  nearly  less  than  last  year,  though 

exceeding  that  of  any  previous  year.  The 
gross  receipts  of  the  Society  from  all 
sources  amount  to  ;^i3,45o.  Deducting 
from  this  amount  the  items  for  the  Westgarth 
Prizes,  and  the  sale  of  Conversazione  tickets, 
which  are  not  ordinary  revenue,  the  total 
amounts  to  £10,^00,  the  corresponding  total 
last  year  being  ^^10,094.  The  ordinary  items 
of  expenditure  do  not  vary  greatly  from  those 
of  previous  years.  The  apparently  heavy  out- 
lay on  the  Conversazione,  £1,8^0,  is  of  course 
partly  balanced  by  the  sale  of  tickets  to  the 
amount  of  ;^i, 550.  Thatthecostofthe  Journal 
is  heavier  than  usual  is  accounted  for  by  the  fact 
that  it  has  been  necessary  somewhat  to  in- 
crease the  number  of  pages  in  many  of  the 
numbers  in  order  to  find  room  for  the  increasing 
number  of  papers  and  lectures  delivered  before 
the  Society.  During  the  last  summer  recess 
the  size  of  each  number  of  the  Jour?2al  was 
almost  the  same  as  that  of  the  numbers 
usually  published  during  the  Session.  The 
Council  believe  that  the  members  fully  appre- 
ciate any  additional  outlay  on  this  most 
important  department  of  the  Society’s  work. 

A word  or  two  of  explanation  about  the 
amount  appearing  under  the  head  of  the 
Westgarth  Prizes  maybe  desirable.  The  total 
amount — 1,225— was  made  up  of  the  following 
items  : — Prizes,  £600  ; publication  of  the  prize 
essays,  £22$  ; balance  returned  to  Mr.  West- 
garth, ;^400. 

The  liabilities  of  the  Society  are  rather  less 
then  last  year,  and  the  assets  considerably 
more  ; the  excess  of  assets  over  liabilities  is 
now  _j^i3,092  ; the  corresponding  amount  last 
year  was  1,581. 

Mr.  J.  Oldfield  Chadwick,  the  Society’s 


auditor,  having  been  compelled  by  the  state 
of  his  health  to  leave  England  for  a short 
holiday,  the  account  of  receipts  and  expendi- 
ture, published  in  the  Journal,  was  audited 
and  signed  on  his  behalf  by  his  son,  Mr. 
Andrew  Chadwick,  who  was  appointed  by  the 
Council  auditor  te7n.  for  the  purpose. 


The  Chairman,  in  moving  the  adoption  of  the 
Council’s  Report,  congratulated  the  Society  on  its 
continued  prosperity  and  the  usefulness  of  its  work 
during  the  past  session.  The  Journal  had  never  been 
in  so  efficient  a condition  as  at  present,  and  owing  to 
the  Society’s  connection  with  the  series  of  Exhibitions 
at  South  Kensington,  it  had  been  the  means  of 
communicating  to  the  members,  and  the  very  large 
section  of  the  public  that  looked  at  the  Journal  for 
instruction,  some  especially  valuable  matter. 

Lord  Alfred  Churchill,  in  seconding  the 
motion,  remarked  that  the  members  must  be  fully 
satisfied  with  the  work  done  by  the  Society  in  the 
past  Session,  and  congratulated  the  meeting  upon 
the  satisfactory  state  of  its  finances. 

Mr.  T.  H.  Blakesley,  referring  to  the  arrange- 
ments for  the  Conversazione,  objected  to  the  sale  of 
tickets,  and  asked  for  the  number  of  tickets  issued 
before  the  system  of  sale  was  adopted,  to  compare 
with  the  present  issue.  With  regard  to  the  petition 
to  the  House  of  Lords  against  the  Electric  Lighting 
Bill,  he  expressed  his  regret  that  the  petition  had 
not  been  submitted  to  the  members  of  the  Society 
before  its  presentation,  in  order  that  its  points 
might  have  been  discussed  by  them. 

Mr.  Alfred  Carpmael  explained  that,  on  account 
of  the  shortness  of  time  available  for  the  preparation 
of  the  petition  against  the  Electric  Lighting  Bill, 
owing  to  the  hurried  manner  in  which  the  matter 
was  pushed  through  the  House  of  Lords,  it  was 
necessary  for  the  Council  to  draw  it  up,  have  it  en- 
grossed, and  send  it  in,  all  within  a space  of  twenty- 
four  hours. 

Mr.  B.  F.  Cobb  (Treasurer)  drew  attention  to  the 
fact  that  the  sale  of  tickets  for  the  Conversazione, 
alluded  to  by  Mr.  Blakesley,  brought  no  gain  to  the 
Society,  as  the  whole  of  the  amount  was  paid  over  to 
the  Exhibition  to  meet  the  expenses.  He  referred  to 
the  approaching  expiry  of  the  lease  of  the  Society’s 
premises,  and  urged  that,  with  this  in  view,  it 
behoved  the  Society  to  strengthen  its  invested  funds 
as  much  as  possible. 

Mr.  Wentworth  Scott,  referring  to  the  same 
subject,  hoped  that  the  Society  might  soon  have  in- 
creased accommodation,  as  the  present  meeting  room 
was  often  found  too  small.  He  advocated  the  forma- 
tion of  a building  fund. 
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The  Secretary  pointed  out,  in  answer  to  Mr. 
Blakesley’s  question,  that  the  numbers  at  the  last 
four  Conversazioni  were  as  follows  : — In  1882,  at  the 
South  Kensington  Museum,  2,790;  in  1883,  at  the 
Fisheries,  6,500  ; in  1884,  at  the  Health  Exhibition, 
14,080;  and  in  1885,  at  the  Inventions  Exhibition, 
50,652.  The  expenses  of  the  Conversazione  in 
5883  were  paid  by  the  late  Sir  William  Siemens, 
then  Chairman  of  Council;  that  in  1884  was  a joint 
Conversazione  of  the  Society  and  of  the  Executive 
-of  the  Health  Exhibition  ; and  that  in  1885  of  the 
Society  alone.  Tickets  were  sold  for  the  last  two 
Conversazioni. 


The  ballot  having  remained  open  for  one 
hour,  and  the  scrutineers  having  reported,  the 
Chairman  declared  that  the  following  had 
been  elected  to  fill  the  several  offices.  The 
names  in  italics  are  those  of  members  who 
have  not,  during  the  past  year,  filled  the  office 
to  which  they  have  been  elected. 

President. 

H.R.H.  the  Prince  of  Wales,  K.G. 


Vice-Presidents. 


H.R.H.  the  Duke  of 
Edinburgh,  K.G. 
H.R.H.  Prince  Albert 
Victor  of  Wales, 

K.G. 

Sir  Frederick  Abel,  C.B., 
D.C.L.,  F.R.S. 

Duke  of  Abercom,  C.B. 
Sir  Edward  Birkbeck, 
Bart.,  M.P. 

Sir  Frederick  Bramwell 
F.R.S. 

Alfred  Carpmael 
Edwin  Chadwick,  C.B. 
Lord  Alfred  S.  Churchill. 
T.  Russell  Cra7npton. 
Prof.  James  Dewar, 
M.A.,  F.R.S. 


Colonel  y.  F.  D.  Donnelly, 
R.E. 

Captain  Douglas  Galton, 
C.B.,  D.C.L.,  F.R.S. 
Sir  Frederick  Leighton, 
Bart.,  P.R.A. 

Duke  of  Manchester, K.P. 
George  Matthey,  F.R.S. 
General  Sir  Henry  F 
Ponsonby,  K.C.B. 
William  Henry  Preece, 
F.R.S. 

Sir  Robert  Rawlinson, 

C.B. 

Owen  Roberts,  M.A., 
F.S.A. 

Lord  Sudeley. 

John  Walter. 


Ordinary^  Members  of  Council. 
William  Anderson.  j Sir  Villiers  Listen 

IVilliam  He7iry  Barlow,  I K.C.M.G. 

F.R.S.  j Robe7’t  Ja77ies  Ma7in, 

Sir  Francis  Dillon  Bell,  : MD.,  F.R.C.S. 

K.C.M  G.  j William  George  Pedder, 

Henry  Doulton.  | C.S.I. 

R.  Brudenell  Carter,  ; Sir  Saul  Sa77iuel, 
F.R.C.S.  I K.C.M.G. 

Charles  Cheston,  M.A.  ; Sir  Richard  Webster, 
Lieut.. Colonel  A.  C.  | Q.C.,  M.P. 

Hamilton,  R.E.  | 

Treasurers. 

B.  Francis  Cobb.  | William  Rolle  Malcolm. 
Secretary. 

H.  Tiueman  Wood,  M.A. 


The  usual  vote  of  thanks  to  the  Scrutineers,  moved 
by  the  Chairman,  was  carried  unanimously. 

Mr.  Carpmael,  in  proposing  a vote  of  thanks  to 
the  Chairman,  alluded  to  the  fact  that  his  term  of 
office  as  Chairman  of  the  Society’s  Council  ceased 
from  that  day,  and  remarked  that  the  members  owed 
him  a deep  debt  of  gratitude  for  the  time  and  labour 
he  had  for  so  long  devoted  to  the  interests  of  the 
Society. 

Sir  Robert  Rawlinson  seconded  the  motion, 
which  was  carried  unanimously. 

Sir  F rederick  Abel,  in  replying,  referred  to  the 
fact  that  he  had  had  a somewhat  longer  term  of  office 
than  was  usual,  owing  to  the  lamented  death  of  Sir 
William  Siemens,  his  predecessor.  Though  the 
duties  of  Chairman  of  Council  were  no  small  tax  upon 
his  energies,  it  had  been  a pleasure  to  discharge  them 
to  the  best  of  his  endeavour.  He  concluded  by  pro- 
posing a vote  of  thanks  to  the  Secretary  and  I he 
other  officers  of  the  Society.  This  was  seconded  by 
Lord  Alfred  Churchill,  and  supported  by  Mr. 
Wentworth  Scott,  and  was  acknowledged  by  the 
Secretary. 


Miscellaneous. 

♦ 

COLONIAL  AND  INDIAN  EXHIBITION. 

The  number  of  visitors  to  the  Exhibition  for  the 
week  ending  June  26th,  was  171,899  ; making  a total 
since  the  opening  of  1,298,101. 


STATUES  OF  COLONIAL  WORTHIES. 

By  J.  S.  O’Halloran, 

Secretary  of  the  Royal  Colonial  Institute. 

At  a season  when  the  Colonial  and  Indian  Exhibi- 
tion is  making  a profound  impression  on  the  people 
of  these  Isles,  and  awakening  an  abiding  interest  in 
the  glorious  heritage  they  possess  in  the  Greater 
Britain  beyond  the  seas,  it  seems  peculiarly  appropri- 
ate to  consider  for  a brief  space  the  work  and  worth 
of  those  hardy  pioneers  who  have  so  well  and  truly 
laid  the  basis  of  a far-spreading  empire  on  which  the 
sun  never  sets.  The  pioneers  of  civilisation  are 
called  upon  to  encounter  numerous  difficulties  and 
trials  which  can  only  be  overcome  by  unwearying 
perseverance,  enduring  courage,  untiring  industry,  and 
undimmed  hope  in  eventual  success.  These  high 
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qualities  are  eminently  characteristic  of  the  Anglo- 
Saxon  race,  and  have  contributed  to  rnake  them  the 
most  successful  colonisers  the  world  has  ever  known  ; 
and  what  nobler  mission  has  been  accomplished 
by  our  fellow  countrymen  than  the  founding 
of  New  Englands  in  every  quarter  of  the  globe, 
where  the  mother  country  lives  again  a more 
vigorous  and,  perhaps  in  days  to  come,  a still 
grander  life,  in  that  ever  - expanding  Colonial 
empire  which  her  sons  have  built  up  ? The  imme- 
diate aim  of  the  writer  is  to  place  before  the 
public  the  result  of  investigations  which  he  was 
recently  requested  to  undertake  with  a view  to 
ascertaining  to  what  extent  the  memory  of  our 
famous  navigators,  explorers,  and  other  worthies, 
has  been  perpetuated  in  the  mother  country  and  in 
the  Colonies,  through  the  instrumentality  of  the 
sculptor’s  art.  It  is  hoped  that  the  meagreness  of 
the  present  record  may  serve  to  call  attention  to 
some  conspicuous  omissions  to  do  honour  where 
honour  is  justly  due,  and  tend  to  awaken  a generous 
emulation  throughout  the  empire  to  make  it  more 
thoroughly  representative.  It  certainly  excites  the 
comments  of  many  visitors  to  this  metropolis  that 
space  has  not  been  found  for  statues  of  such  men  as 
Columbus,  Cabot,  Cook,  Flinders,  Drake,  and 
Raleigh,  to  each  of  whom  this  country  owe  so  much. 
Nor  are  the  Colonies  entirely  free  from  cause  for  re- 
proach. In  new  countries  there  are,  however,  few 
men  of  leisure,  and  circumstances  change  M'iih  such 
rapidity  that  the  work  of  those  who  have  passed 
away,  and  upon  the  fruits  of  whose  labours  others 
have  entered,  is  too  apt  to  be  forgotten. 

Canada. 

The  Earl  of  Selkirk  founded  the  first  settlement 
on  the  Red  River  in  1812,  and  his  memory  is  justly 
held  in  high  esteem  throughout  North  Western 
Canada.  In  1811  he  purchased  from  the  Hudson’s 
Bay  Company  a large  tract  of  fertile  land  along  the 
courses  of  the  Red  and  Assiniboine  Rivers,  and  sent 
out  as  pioneers  a party  of  Scotchmen,  who  were  after- 
wards joined  by  some  Norwegians  and  French 
Canadians.  They  were  exposed  to  great  privations 
and  to  the  attacks  of  prowling  Indians,  but  being  for 
the  most  part  hardy  Highlanders,  they  persevered  and 
eventually  triumphed.  The  colony,  which  was  first 
known  as  the  Red  River  or  Selkirk  settlement,  now 
forms  part  of  the  province  of  Manitoba.  A bust,  by 
Chantrey,  is  in  the  possession  of  the  Countess  of 
Selkirk,  at  St.  Mary’s  Isle,  Kirkcudbright. 

Jacques  Cartier,  in  1534,  was  the  pioneer  of 
French  exploration  and  settlement.  In  1835  lie 
occupied  Quebec,  and  navigated  the  River  St. 
Lawrence  as  far  as  Montreal.  Bust  by  L.  P.  Hebert, 
of  Montreal. 

Samuel  de  Champlain,  in  1602,  visited  Canada; 
in  1608  founded  the  city  of  Quebec;  and  in  1615 
reached  Lake  Huron.  Bust  by  L.  P,  Hubert,  of 
Montreal. 


Maisonneuve,  the  founder  of  Montreal.  Bust 
by  L.  P.  Hebert,  of  Montreal. 

Montcalm  and  Wolf. — Equestrian  statues  of 
these  great  and  gallant  men  are  being  prepared  by 
Mr.  L.  P.  Hebert,  of  Montreal. 

Sir  George  Cartier,  a prominent  Canadian 
statesman,  who  died  20th  May,  1873.  In  front  of 
the  Parliament  buildings  at  Ottawa  is  a statue  by 
L.  P.  Hebert,  of  Montreal. 

Sir  Hector  Langevin,  Minister  of  Public 
Works  of  Canada.  Statue  by  L.  P.  Hebert,  in  the 
Canadian  Court  of  the  Colonial  and  Indian  Exhibition. 

Newfoundland. 

John  and  Sebastian  Cabot  first  sighted  New- 
foundland in  1497.  A movement  is  afoot  for  erecting 
a statue  at  St.  John,  which  it  is  hoped  will  be  accom- 
plished at  no  distant  date. 

New  South  Wales. 

Captain  James  Cook,  through  his  voyages  of 
discovery  between  1769  and  1777,  first  practically 
opened  Australia,  Tasmania,  and  New  Zealand  to 
European  settlement.  A bronze  statue  of  the 
famous  navigator  stands  in  Hyde-park,  Sydney,  New 
South  Wales.  It  is  13  ft.  6 in.  in  height,  and  is  the 
work  of  Thomas  AVoolner,  R.  A.,  who  still  possesses- 
the  model.  There  is  another  statue  at  Randwick, 
by  AValter  McGill,  of  Sydney. 

Sir  Richard  Bourke,  K.C.B.,  born  1778,  was 
Governor  of  New  South  Wales  from  1831  to  1837. 
A bionze  statue,  by  Westmacott,  stands  in  the 
Government  Domain,  as  a record  by  the  people  of  New 
South  Wales  “ to  his  able,  honest,  and  benevolent 
administration,”  and  a tribute  “ of  their  gratitude 
for  his  services,  their  admiration  of  his  public  talents, 
and  their  esteem  for  his  private  worth.” 

Thomas  Mort,  a colonist  of  New  South  Wales, 
whose  investigations  led  to  the  successful  importation 
of  fresh  meat  into  this  country.  Bom  in  England  in 
1816,  he  arrived  in  Sydney  in  1838,  and  identified 
himself  with  many  movements  for  the  advancement 
of  the  colony.  He  died  in  1878,  and  a statue  by 
Connolly,  of  Florence,  was  erected  to  his  memory  by 
public  subscription. 

Sir  George  Gipps  was  Governor  of  New  South 
Wales  from  1837  to  1846,  and  died  at  Canterbury, 
in  the  cathedral  of  which  city  a marble  monument 
has  been  erected  to  his  memory. 

William  Charles  Wentworth,  statesman 
and  poet,  was  born  at  Norfolk  Island,  October,  1791, 
and  died  in  England,  March,  1869.  He  was  one  of 
the  founders  of  the  Sydney  University,  in  the  great 
hall  of  which  is  a statue  in  his  honour,  by  Temerani. 
He  foresaw  with  prophetic  eye  the  future  greatness 
of  his  native  land, 

“ And  Australasia  rise  with  flag  unfurled 
A new  Britannia  in  another  world.” 

Sir  George  MacLeay,  K.C.M.G.,  was  educated 
at  Westminster,  went  to  New  South  Wales  in  1830, 
and  accompanied  Captain  Sturt  on  his  adventurous 
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boat  journey  on  the  Murrumbidgee  and  Murray 
Rivers.  He  was  for  some  years  a member  of  the 
Legislature  of  Xew  South  Wales,  and  now  resides  in 
England,  A marble  bust,  by  Charles  Summers,  is 
in  the  possession  of  Sir  George  MacLeay. 

Victoria. 

Robert  O’Hara  Burke  and  John  Wills  left 
Melbourne  in  i860,  with  camels  brought  from 
India,  and  having  succeeded  in  crossing  the  con- 
tinent, died  from  starvation,  at  Cooper’s  Creek,  on 
the  return  journey,  in  1861,  A colossal  group,  in 
bronze,  by  Charles  Summers,  forms  a conspicuous 
object,  which  arrests  the  attention  of  visitors  to 
Melbourne. 

Sir  Redmond  Barry,  K.C.M.G.,  bom  1818, 
settled  in  ^Melbourne  in  1839,  and,  after  filling 
several  important  offices,  was  created  a Judge  of  the 
Supreme  Court  in  1851.  He  may  be  regarded  as 
the  father  of  the  Melbourne  University,  of  which  he 
was  Chancellor  from  its  foundation  in  February, 
lo  the  time  of  his  death  in  November,  1880. 
The  people  of  Victoria  are  indebted  to  him  for  many 
of  the  works  of  art  in  the  National  Gallery,  where  a 
marble  bust,  by  Thomas  Woolner,  R.A.,  has  been 
placed  as  a memorial, 

Edward  Wilson,  a leading  journalist,  gave 
much  attention  to  the  work  of  acclimatisation.  He 
died  in  England,  9th  January,  1878.  There  is  a 
marble  bust,  by  Thomas  Woolner,  R.A.,  in  the 
Melbourne  Public  Library. 

South  Australia. 

Charles  Sturt,  born  April,  1795,  was  a captain 
in  the  39th  Foot ; as  ensign  in  which  regiment  he  was 
the  first  to  unfurl  the  British  flag  in  the  streets  of 
Paris,  after  the  battle  of  Waterloo.  Starting  from 
Sydney  in  1828,  he  discovered  the  River  Darling. 
In  1829  he  followed  the  course  of  the  Murrumbidgee 
to  its  junction  with  the  Murray— the  greatest  of 
Australian  rivers — which  he  descended  1,000  miles 
to  its  outflow  into  the  sea  at  Encounter  Bay,  south 
of  Lakes  Alexandrina  and  Albert.  Through  great 
hardships  and  in  constant  peril  from  hostile  natives, 
he— possessed  of  a rare  combination  of  calm  courage 
and  great  humanity— successfully  accomplished  the 
return  journey  with  his  party,  safe,  though  exhausted  ; 
and,  not  only  without  once  firing  a shot  at,  but 
having  established  a friendship  with,  the  aborigines. 
His  discoveries  led  to  the  colonisation  of  South 
Australia.  In  1844  he  endeavoured  to  penetrate 
from  Adelaide  to  the  centre  of  Australia,  which  he 
reached  within  150  miles,  when,  crippled  by  scurvy, 
his  privations  became  unendurable,  and  he  was  com- 
pelled to  return.  He  was  nominated  K.C.M.G. 
shortly  before  his  death  at  Cheltenham,  i6th  June, 
1869.  A marble  bust,  by  Charles  Summers,  the 
property  of  !Mr.  T.  Halley  Knight,  of  Holland- 
park,  may  be  seen  in  the  South  Australian  Court  at 
the  Colonial  and  Indian  Exhibition.  A replica  has 
been  placed  in  the  Melbourne  Public  Library. 


Sir  Walter  Watson  Hughes,  a public-spirited 
and  munificent  colonist,  who  contributed  liberally  to 
expeditions  for  exploring  the  interior  of  the  continent, 
and  initiated  the  Adelaide  University  in  1872,  by 
endowing  two  professorships.  A marble  bust,  by 
Fugeini,  has  been  placed  in  the  hall  of  the  University 
in  honour  of  its  respected  founder,  who  now  resides 
in  England. 

Augustus  Short,  D.D.,  born  1803,  was  the  first 
Bishop  of  Adelaide,  and  ably  presided  over  the  vast 
diocese  which  he  inaugurated,  from  1847  to  a short 
period  before  his  death,  which  took  place  in  England 
in  1883.  A marble  bust  was  provided  by  public 
subscription  as  a tribute  to  his  memory.  He  was  the 
first  Chancellor  ol  the  Adelaide  University. 

Tasmania. 

Sir  John  Franklin,  who  afterwards  became 
famous  as  an  explorer  in  the  Arctic  Seas  where  he  lost 
his  life — was  Governor  of  the  colony  from  1837  to 
1843.  R bronze  statue  was  erected  to  his  memory 
ill  Hobart  in  1863.  There  is  also  a bronze  statue,  by 
Noble,  in  Waterloo -place,  London. 

New  Zealand. 

Edward  Gibbon  Wakefield,  as  author  of  the 
“Art  of  Colonisation,”  deserves  an  honoured  place 
in  all  records  of  Australasian  development  and  pro- 
gress, his  system  of  dealing  with  the  land  by  selling 
it  at  a substantial  price  and  applying  the  proceeds  to 
immigration  having  been  largely  adopted  in  Australia 
and  New  Zealand.  He  was  born  in  London,  March 
20,  1796,  and  died  at  AVellington,  New  Zealand, 
May  16,  1862.  A marble  bust,  with  an  appropriate 
inscription,  may  be  seen  at  the  Colonial-office  in 
Downing-street. 

John  Robert  Godley,  one  of  the  Canterbury 
pilgrims,  and  the  virtual  founder  of  Christchurch, 
New  Zealand,  in  whose  memory  a bronze  statue  by 
Thomas  AVoolner,  R.A.,  has  been  erected  in  front  of 
the  cathedral. 

William  Sefton  Moorhouse,  born  in  York- 
shire in  1825,  and  emigrated  to  New  Zealand  in  1851. 
He  twice  filled  the  office  of  Superintendent  of  the 
Canterbury  Province,  viz.,  from  1857  to  1862,  and 
from  1865  to  1868.  His  public  services  are  well 
remembered ; but  the  greatest  and  most  enduring 
work  which  marked  his  administration  was  the  con- 
struction of  a tunnel,  2,800  yards  in  length,  cut 
through  the  hard  rock  of  a hill  overlooking  the 
harbour,  and  paving  the  way  for  railway  communica- 
tion between  Port  Lyttelton,  the  town  of  Christ- 
church, and  the  rest  of  the  province.  Mr.  Moor- 
house died  in  1881,  having  been  for  many  years  a 
Member  of  the  House  of  Representatives  at  Wel- 
lington. A bronze  statue,  by  G.  A.  Lawson  (pro- 
vided by  public  subscription),  has  recently  been  placed 
in  the  gardens  of  the  Domain  at  Christchurch,  New 
Zealand. 

(7b  l/e  continued.) 
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BURMAN  GOLD  AND  SILVER  SMITHING. 

The  Burmese  are  adepts  at  artistic  work  in  metal. 
Their  gold  work  consists  chiefly  of  female  trinkets, 
'the  best  being  a kind  of  necklace  called  hayet,  com- 
posed of  several  strings  or  chains  of  filigree  work 
Tfoined  together,  with  little  figures  in  red  gold  of  the 
mythical  henza,  or  sacred  goose.  The  best  silver- 
smiths’ 'work  is  seen  in  large  bowls,  embossed  in  high 
-relief  with  fanciful  designs.  The  plain  cup  or  bowl, 
ha'ving  been  shaped,  is  filled  with  a resinous  com- 
position, in  the  centre  of  which  is  inserted  a 
v/ooden  pin,  so  that  when  the  resin  cools,  the  cup  is 
fixed  as  on  a lathe,  the  pin  forming  a handle.  The 
workman  then  -with  a graver  and  hammer  slightly 
marks  out  the  pattern,  which  he  delineates  by  sinking 
the  surrounding  metal  into  the  yielding  matrix. 

A little  niello  work  is  executed  on  the  same  prin- 
ciples as  the  lacquered  boxes.  The  pattern  is  made 
in  silver  slightly  embossed,  and  the  whole  is  coated 
with  black  varnish  or  enamel.  The  lathe  is  used  to 
take  the  varnish  off  the  raised  ground,  lea'vdng  the 
silver  pattern  in  a black  setting. 

The  smelting  of  silver  for  producing  the  currency 
of  the  country  is  carried  on  in  the  following  manner. 
Silver,  purchased  from  the  Kakhyens  (who  procure 
at  from  the  Chinese)  to  the  amount  of  6 ticals  (say 
3^  oz.)  is  mixed  with  1^  ticals  (378  grains)  of  copper 
wire,  and  the  two  metals  are  melted  together,  the 
smelter  adding  sufficient  lead  (judging  the  weight) 
to  make  up  the  total  weight  to  10  ticals  (5^  oz.). 
The  smelting  is  conducted  in  little  saucers  of  sun- 
-dried  clay,  placed  on  a bedding  of  paddy  husk 
to  make  them  lie  evenly;  charcoal  is  heaped  up 
over  them  in  hollow  pyramids,  which  being 
ignited,  the  bellows  are  vigorously  applied.  As 
soon  as  the  metals  fuse,  little  pieces  of  lead  are 
put  in,  according  to  the  judgment  of  the  smelter. 
When  the  mass  is  at  a red  heat,  the  charcoal  is 
removed,  and  if  a piece  of  wood,  which  is  now  held 
■over  the  alloy,  freely  ignites,  a round,  flat,  brick 
button,  about  the  size  of  a five  shilling  piece,  on 
which  a smooth  layer  of  moist  clay  has  been  spread, 
is  laid  on  the  surface  of  the  molten  mass,  two  men 
previously  blowing  upon  it  through  bamboo  tubes. 
The  brick  disc  does  not  cover  the  whole  of  the  alloy, 
and  the  surplus  metal  round  the  edge  forms  a thick 
ring,  to  which  lead  is  freely  added  to  bring  the  mass 
up  to  the  proper  size  and  weight.  As  it  solidifies, 
there  forms  a white  disc  of  silver  surrounded  by  a 
thick,  dark  brownish  ring,  containing  metal  of  the 
same  purity  as  the  disc,  but  covered  with  a coating 
of  refuse  and  lead.  The  mass  is  removed  from  the 
saucer  before  it  is  perfectly  hard,  and  the  brick  disc 
falls  off,  lea-ving  the  coating  of  moist  clay  adhering 
to  the  silver,  which  is  then  cleaned,  and  a number 
of  round  spots  are  dotted  with  cutch  on  the  face  of 
the  alloy,  to  make  the  mass  look  pretty.  It  is  then 
weighed  and  is  ready  for  cutting  up.  The  saucers  in 
which  the  alloy  is  melted  are  sold  at  80  rupees  (^^8) 
per  1,000  to  the  lead  smelters,  who  extract  any  silver 


and  lead  that  may  remain ; and  the  refuse  of  this 
smelting  is  sold  to  the  potters,  who  use  it  as  a glaze 
for  tiles,  while  it  appears  to  be  sometimes  also  em- 
ployed in  niello  work. 


Correspondence. 


SEWAGE  BY  WATER-CARRIAGE. 

Mr.  Martin  Wood  writes  with  reference  to  Dr. 
Tidy’s  remarks  on  water-carried  sewage  (see  ajite, 
p.  625):  — 

“I  would  direct  Dr,  Tidy’s  attention  to  the  town  and 
island  of  Bombay,  the  unfortunate  population  of 
which — the  second  in  the  British  Empire — is  in 
course  of  being  n®w  subjected  to  the  dire  experiment 
of  water-carriage  sewerage.  It  would  be  too  long  a 
story  to  tell  how  this  artificial  European  abomination 
is  being  forced  on  thac  city  in  the  tropics,  at  enormous 
cost,  including,  and  with  obvious  and  imminent  peril 
to  the  health  of  its  swarming  ‘chawls’  and  ,‘oarts.’ 
If  in  this  climate— sometimes  styled  temperate — Dr. 
Tidy  regards  the  water-carriage  system  as  adapted  to 
‘ steal  our  health,’  and  annoy  with  its  ‘ perpetual 
nuisance,’  by  what  formula  of  scientific  progression 
will  he  estimate  the  pestilent  effects  of  that  system 
in  the  (mainly)  low-lying  island  of  Bombay,  where 
the  mean  temperature  averages  eighty  degrees  ? 
It  is  true  he  can  have  no  feeling  of  responsibility  as 
regards  either  Bombay  or  Calcutta  (and  similar 
remarks  apply  to  the  latter  city),  but  as  he  confesses 
to  having  thought  very  earnestly  on  the  subject,  it 
cannot  be  amiss  for  me  thus  to  assure  him  that  there 
is  yet  a chance  for  that  earnest  thought  being  directed 
towards  checking  the  extension  of  the  e’vil  system 
under  conditions  where  its  noxiousness  will  be  at  least 
tenfold.  Possibly  one  or  other  of  the  recently  half- 
poisoned  senators  at  St.  Stephen’s  maybe  induced  to 
take  up  Dr.  Tidy’s  parable,  and  ask  if  it  is  too  late  to 
save  Bombay  and  rescue  Calcutta  from  the  artificial 
production  of  zymotic  disease  ? ” 

MEETINGS  FOR  THE  ENSUING  WEEN. 

The  following’  are  Conferences  for  the  week  ending  July 
loth,  at  the  Colonial  and  Indian  Exhibition 
Monday,  July  5... Conference  of  the  Anthropological 
Institute,  “ Races  (Aboriginal)  of  India.”  4 p.m. 
Mr.  R.  L.  Nash,  “ Trade  and  Commerce  of 
Queensland.”  8 p.m. 

Tuesday,  July  6...*Congress  of  the  Chambers  of  Com- 
merce of  the  Empire.  10  a.m. 

Wednesday,  July  7...*Congress  of  the  Chambers  of  Com- 
merce of  the  Empire.  10  a.m. 

Thursday,  July  8...'* Autumnal  Meeting  of  the  Chambers  of 
Commerce  of  the  United  Kingdom  who  are  Mem- 
bers of  the  Association  of  Chambers  of  Commerce. 
10  a.m. 

Friday,  July  9. ..Mr.  J.  Sivewright,  “ Colonial  Telegraphs.” 
4 P-m. 

Saturday,  July  10. ..Dr.  Brandis,  “ The  Forests  of  India.” 
4 p.m. 

*■  At  these  Conferences  the  admission  will  be  confined  to 
Delegates  of  Chambers  of  Commerce. 


July  9,  1886.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


867 


journal  of  the  J^otidy  of  g^rts. 

No.  1,755.  VoL.  XXXIV. 

♦ 

FRIDAY,  JULY  1886. 


A II  commuftt nations  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelpht,  London,  W.C. 


NOTICES. 

♦ 

CONFER  SA  ZIONE. 

The  Society  of  Arts  Conversazione  will  be 
held,  by  permission  of  the  Royal  Commission, 
at  the  Colonial  and  Indian  Exhibition,  South 
Kensington,  on  Friday  next,  the  i6th  of  July. 

The  Reception  will  be  held  in  the  Middle 
Court  (Indian  Empire)  by  Sir  Frederick  Abel 
(Chairman  of  the  Council),  and  the  other 
members  of  the  Council. 

Each  member  has  received  a card  for  him- 
self, which  is  not  transferable,  and  a card 
for  a lady.  In  addition  to  this,  tickets  can  be 
sold  to  members  of  the  Society,  or  to  persons 
introduced  by  a member. 

Members  can  purchase  these  additional 
tickets  by  personal  application,  or  by  letter 
addressed  to  the  Secretary.  In  all  cases  of 
application  by  letter,  a remittance  must  be 
enclosed.  Each  ticket  will  admit  one  person, 
either  lady  or  gentleman. 

Tickets  will  only  be  supplied  to  non-members 
on  their  presenting  members’  vouchers  (forms 
of  which  can  be  obtained  from  the  Secretary), 
or  a letter  of  introduction  from  a member. 

The  issue  of  tickets  wdll  be  strictly  confined 
lo  members  of  the  Society  and  their  friends, 

1 and  to  those  specially  invited  by  the  Council. 

Ihe  price  of  tickets  is  now  los.  each.  On 
the  16th  July,  the  day  of  the  Conversazione, 
the  price  will  be  15s.  Each  ticket  admits 
one  person  only. 

The  bands  of  the  Grenadier  Guards,  of 
the  Ro)'al  Horse  Guards,  and  of  the  First 
W est  India  Regiment,  will  perform  during 
the  evening.  Concerts  will  be  given  by  the 
glee-singers  from  the  Criterion,  and  by  Mr. 
Harr}'  Tipper’s  Company  of  bell-ringers  and 
glee  singers. 


There  will  be  special  displays  of  the  illumin- 
ated fountains. 

A District  Railway  special  train  will  leave 
South  Kensington  at  12.33  Charing-cross 
and  Mansion-house),  calling  at  all  stations  to 
Whitechapel. 

A Metropolitan  Railway  special  train  will 
leave  South  Kensington  {ind  Praed-street  and 
Edgware-road),  calling  at  all  stations  to 
Aldgate. 

The  subway  will  be  available  for  the  use  of 
visitors,  and  will  remain  open  till  the  departure 
of  the  special  trains.  Visitors  to  the  Conver- 
sazione can  obtain  their  tickets  at  the  booking- 
office  in  the  subway. 

Light  refreshments  (tea,  coffee,  ices,  fruit, 
claret-cup,  &c.)  will  be  supplied  at  the  usual 
buffets.  No  refreshments  can  be  obtained  by 
purchase. 

There  will  be  no  admission  to  the  Exhibi- 
tion on  this  evening  except  by  special  ticket, 
and  no  tickets  can  be  purchased  at  the 
Exhibition. 


Proceedings  of  the  Society. 

♦ 

CANTOR  LECTURES. 
PETROLEUM  AND  ITS  PRODUCTS. 
By  Boverton  Redwood,  F.I.C.,  F.C.S. 

[The  right  of  reproducing  these  lectures  is  reserved.] 

Lecture  III.— Delivered  March  22,  1886. 

The  third  division  of  our  subject  relates  to 
the  processes  adopted  for  the  manufacture  and 
distribution  of  the  various  commercial  pro- 
ducts, as  well  as  to  the  methods  employed  for 
ascertaining* the  quality  of  these  products,  and 
their  suitability  for  the  purposes  to  which  they 
are  to  be  applied. 

Petroleum,  as  we  have  seen,  consists  of  a 
mixture  of  hydrocarbons  of  varying  volatility, 
and  the  first  operation  performed  upon  the 
crude  oil  consists  in  the  partial  separation  of 
these  hydrocarbons  by  a process  of  fractional 
distillation.  Before  proceeding  to  describe 
the  apparatus  and  process,  however,  I should 
mention  that  some  of  the  heavier  crude  oils 
are  used  for  lubricating  purposes,  either  in  the 
state  in  which  they  are  obtained  from  the  wells, 
or  after  their  density  has  been  increased  by  the 
evaporation,  at  a comparatively  low  tempera- 
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ture,  of  a portion  of  the  more  easily  volatilised 
hydrocarbons  present.  Such  oils,  called 
‘‘‘ natural  oils,”  or  “ reduced  oils,”  are  found 
to  be  of  greater  lubricating  value  than  distilled 
oils  of  similar  density.  They  are  often  purified 
by  filtration  through  animal  charcoal. 

In  the  manufacture  by  this  process  of  the 
best  oils  for  the  lubrication  of  steam-engine 
cylinders,  a product  of  less  density  is  obtained,. 
vvhich,  after  being  filtered  through  animal 
charcoal,  and  subsequently  deprived  of  fluor- 
escence (or  debloomed,”  as  it  is  technically 
termed)  by  exposure  to  the  sun,  is  known  as 
‘‘ neutral  oil.”  The  product  is  employed  for 
oiling  wool,  and  sometimes  as  a spindle  oil  in 
silk  mills,  where  a specially  fine  oil  is  required. 
The  term  “amber  oil”  is  commonly  applied 
to  an  oil  made  similarly  to  cylinder  oil,  but  of 
less  density.  This  oil,  which  is  red  rather  than 
amber  in  colour,  is  purified  simply  by  filtration 
through  animal  charcoal,  and  therefore  without 
the  use  of  acid.  It  is  to  some  extent  used  as 
an  engine  oil  in  the  United  States,  and  as  a 
lubricant  for  printing  presses.  Specimens  of 
these  oils  are  on  the  table. 

The  first  attempts  to  refine  petroleum  com- 
mercially in  the  United  States  were  probably 
made  in  the  year  1854,  when  a still,  having 
a capacity  of  five  barrels,  was  erected 
in  Pittsburg,  for  refining  the  smsall  quantity 
of  crude  oil  obtained  in  the  neighbourhood ; 
but  the  scarcity  of  the  raw  material  prevented 
for  some  time  any  important  development  of 
the  industry.  Up  to  the  year  1862,  the  stills 
commonly  employed  had  a cylindrical  cast-iron 
bod}^  with  boiler-plate  bottom  and  cast-iron 
dome  with  goose  neck  bolted  on.  The  capacity 
of  these  stills  was  usually  about  twenty-five 
barrels,  and  the  charge  was  distilled  to  dryness. 
At  the  present  time  the  process  of  distillation 
is  divided  into  two  distinct  parts.  In  the  first 
part  of  the  process,  stills  of  two  forms  are 
usually  employed.  These  forms  aro  respectively 
the  plain  cylindrical  still,  and  what  is  known 
as  the  “cheese-box”  still.  The  former  con- 
sists of  a cylinder  of  boiler  plate,*  30ft.  in 
length  by  12ft.  6 in.  in  diameter,  furnished 
with  a dome  3 ft.  in  diameter,  from  which 
passes  a vapour  pipe  15  in.  in  diameter.  This 
still  is  set  horizontally  in  a furnace  of  brick- 
work, usually  so  constructed  that  the  upper 
part  of  the  still  is  exposed  to  the  air.  The 
“cheese  box”  still  has  a body  and  dome- 
shaped top  of  boiler-plate,  and  a double  curved 
bottom  of  steel  plate.  It  is  30ft.  in  diameter 
and  9ft.  in  height,  and  is  set  on  a series  of 

* The  lov.  erhalf  of  the  cylinder  is  generally  of  steel. 


brick  arches.  The  vapour  is  passed  from  the 
still  through  three  pipes  into  a vapour  chest, 
and  thence  through  forty  3-inch  pipes.  The 
form  of  the  stills  is  shown  by  the  models  on 
the  table.  Wet  steam  is  usually  introduced 
into  the  exit  pipes  of  these  stills,  so  that  it 
may  mingle  with  the  vapour.  The  working 
charge  of  the  cylindrical  stills  is  about  600 
barrels,  and  of  the  cheese  box  stills  about 
double  that  quantity.  Connected  with  the 
stills  are  the  condensers.  These  were  formerly 
copper  worms,  but  now  consist  of  iron  pipes, 
usually  straight,  passing  through  tanks  of 
cold  water.  A modern  condensing  arrange- 
ment may  be  described  as  consisting  of  a 
series  of  forty  separate  3-inch  pipes,  the 
vapour  passing  in  at  one  end,  and  the  con- 
densed oil  flowing  out  at  the  other  end  of  each 
pipe.  In  some  cases,  methods  of  fractional 
condensation,  more  or  less  complicated,  de- 
signed to  effect  the  more  complete  separatiori 
of  the  commercial  products,  are  adopted. 

In  the  second  part  of  the  process  of  dis- 
tillation, cylindrical  stills,  which  are  commonly 
of  steel,  and  hold  about  260  barrels,  are  em- 
ployed. 

The  crude  petroleum,  on  reaching  the  works, 
is  placed  in  storage  tanks,  and  is  thence 
pumped  into  the  stills.  A Are  having  been 
lighted  in  the  furnace  beneath  the  still,  the 
temperature  of  the  oil  is  gradually  raised,  and 
the  more  volatile  constituents  distilled  off. 
The  crude  naphtha  thus  obtained  is  sometimes 
collected  in  two  fractions.  Sufficient  of  the 
lighter  hydrocarbons  having  been  separated 
to  give  the  next  commercial  product  (which  is 
the  burning  oil  of  commerce)  the  required 
flashing  point  or  Are  test,  the  distillation  is 
continued  until  a point  is  reached  at  which 
the  operation  must  be  arrested,  otherwise  the 
burning  oil  would  have  too  high  a specific 
gravity.  The  product  of  burning  oil  is  fre- 
quently divided  into  two  or  more  fractions.  In 
practice,  the  termination  of  the  collection  of  the 
naphtha  and  of  the  burning  oil  respectively 
takes  place  when  the  distillate  issuing  from 
the  condensers  reaches  a specified  density. 
The  per-centage  of  these  two  commercial 
products  varies  according  to  the  character  of 
the  crude  oil,  and  the  method  of  distillation ; 
the  average  yield  may,  however,  be  stated  to 
be  about  12  per  cent,  of  naphtha,  and  75  per 
cent,  of  burning  oil  (110°  fire  test).  Of  the 
higher  class  of  burning  oil,  known  as  “watcy 
white  oil,”  only  from  12  to  20  per  cent,  is 
obtained.  The  fluid  residue  in  the  still,  known 
as  residuum,  and  amounting  to  about  6 per 
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cent.,  having  been  run  otf,  there  remains  a 
quantity  of  coke,  which  represents  i per  cent, 
to  li  per  cent,  of  the  original  charge.  The 
time  occupied  in  working  a charge  is  from 
three  to  four  days.  This  separation  of  the 
naphtha  and  burning  oil  constitutes  the  first 
part  of  the  process  of  distilling  the  crude 
petroleum.  The  second  part  of  the  process, 
which  is  usually  conducted  at  other  works, 
consists  in  distilling  the  residuum  to  dryness, 
and  obtaining  lubricating  oils  and  solid 
paraffin.  The  residuum,  which  has  an 
average  specific  gravity  of  about  19°  B. 
(equal  to  '942),  is,  when  practicable,  con- 
veyed from  one  refinery  to  the  other  in  bulk 


barges.  The  time  occupied  in  the  working 
of  the  charge  is  about  thirty  hours.  The 
I distilled  products  are  collected  in  several  fluid 
I fractions,  holding  the  solid  hydrocarbons  in 
j solution.  The  coke  which  remains  in  the  still 
; at  the  end  of  the  process  amounts  to  about 
1 2 per  cent.  Superheated  steam  is  often  passed' 
into  the  stills  during  the  distillation.  In  the- 
production  of  some  of  the  special  grades  of 
“ reduced  oils,”  vacuum  stills  are  employed. 
The  crude  naphtha  is  redistilled  by  steam 
heat  in  cylindrical  stills  holding  500  barrels,, 
and  is  sometimes  separated  into  the  following 
commercial  products,  the  more  volatile  of 
which  are  colourless  : — 


No.  Density.  Name. 

1.  90®B  Rhigolene  or  cymogene. 

2.  88®/86®,,  Gasoline. 

3.  76®,,  Boulevard  gas  fluid. 

4*  Prime  city  naphtha  (benzoline) 

5.  62°,,  Benzine. 


The  time  occupied  in  working  the  charge  is 
about  48  hours.  The  percentage  of  these 
products  varies,  but  as  a rule  amounts  to  about 
25  per  cent,  of  the  first  three  collectively,  rather 
more  than  25  per  cent,  of  the  4th,  and  about 
40  per  cent,  of  the  5th. 

Such  is  an  outline  of  the  method  of  distilling 
crude  petroleum  in  the  United  States.  There 
are,  however,  many  detail  variations,  the  pre- 
cise conditions  under  which  the  operation  is 
conducted  being  by  no  means  uniform.  In  all 
cases,  however,  the  principal  object  in  view  is 
to  obtain  the  largest  yield  of  burning  oil, 
lubricating  oil  and  paraffin,  consistent  with 
these  products  being  of  satisfactory  quality. 

The  ne.xt  step  in  the  process  of  refining  con- 
sists in  a treatment  of  the  distillate  with 
sulphuric  acid.  This  operation  is  conducted 
in  tall  cylindrical  wrought  iron  tanks,  40  feet 
or  more  in  height  by  20  feet  or  more  in 
diameter,  sometimes  lead-lined,  holding  from 
1,200  to  1,800  barrels,  and  termed  agitators. 
The  oil  having  been  pumped  into  the  tank,  a 
blast  of  air  under  a pressure  of  5 to  7 lbs.  per 
square  inch  is  introduced  through  a pipe  at 
the  base  of  the  tank,  and  the  oil  thus  brought 
into  a condition  of  active  agitation.  Oil  of 
vitriol  is  then  forced  to  the  top  of  the  tank  by 
air  pressure,  and  is  gradually  “showered” 
into  the  petroleum  through  a perforated  leaden 
pipe,  in  the  proportion  of  about  6 lbs.  of  acid 
to  one  barrel  of  oil.  After  the  agitation  has 
been  continued  for  a sufficient  length  of  time 


Use. 

For  surgical  purposes. 

,,  Air-gas  machines. 

,,  Street  naphtha  lamps. 

,,  “ Sponge  lamps,”  &c. 

,,  Oil -cloth  and  varnish 
making. 

to  bring  the  acid  thoroughly  into  contact  with 
the  oil,  the  air  blast  is  shut  off,  and  the  tarry 
acid  (termed  acid  tar  or  sludge  acid)  having 
been  allowed  to  settle  to  the  bottom  of  the 
tank,  is  drawn  off.  The  acid  is  occasionally 
recovered  and  concentrated  for  further  use.. 
The  oil  is  then  agitated  with  water,  next  with  a 
solution  of  caustic  soda,  to  complete  the  removal 
of  the  acid,  and  finally  with  water  again,  to- 
which  sometimes  a little  ammonia  is  added. 
The  oil  is  then  run  into  a shallow  rectangular 
iron  tank,  usually  provided  with  a steam  coil 
for  raising  the  temperature  in  cold  weather, 
where  the  water  which  it  contains  settles  out, 
and  the  oil  becomes  bright.  In  connection 
with  this  tank  there  is  an  arrangement  for 
“spraying”  the  oil.  This  operation  consists 
in  running  the  oil  in  fine  streams  through 
small  orifices  in  pipes  placed  above  the  tank, 
and  its  effect  is  to  remove  some  of  the  more 
volatile  hydrocarbons  present,  and  thus  brin^ 
the  “test”  of  the  oil  up  to  the  required  point.. 
From  the  settling  tanks  the  oil  passes  to  the 
barrelling  or  canning  tanks. 

The  treatment  of  the  less  volatile  of  the 
naphtha  distillates  with  acid  is  similar  to  that 
which  is  applied  to  the  oil,  but  mechanical 
agitation,  by  means  of  a vertical  revolving 
shaft  fitted  with  arms,  is  usually  substituted 
for  the  air  blast,  as  the  latter  would  cause  the 
evaporation  of  the  more  volatile  constituents- 
A similar  method  of  agitation  was  formerly' 
adopted  in  treating  the  burning  oil.  The 
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acid  treatment  is  applied  to  the  naphtha  with 
the  object  of  deodorising,  but  in  the  case  of 
the  oil  an  improvement  of  colour  as  well  as  of 
odour  results. 

The  lubricating  oil  distillates  are  also  treated 
with  acid,  but  before  being  subjected  to  this 
process  they  are  cooled  in  order  to  separate 
the  solid  hydrocarbons.  The  cooling  was 
formerly  effected  somewhat  rapidly,  but  it  has 
now  become  the  practice  to  operate  upon  a 
considerable  bulk  of  oil,  and  to  reduce  the 
temperature  slowly,  as  it  is  found  that  the 
paraffin  is  thus  obtained  in  a more  crj'^stalline 
form.  The  cooling  or  chilling  tanks,  employed 
at  some  of  the  most  modern  works,  have  a 
capacity  of  3,000  gallons,  and  the  period  occu- 
pied in  the  cooling  is  as  much  as  twenty-six 
hours.  The  reduction  of  temperature  is  effected 
through  the  medium  of  a solution  of  magnesium 
chloride,  brought  to  the  required  temperature 
by  means  of  an  ammonia  refrigerating  ap- 
paratus. This  liquid  circulates  through  a 
number  of  cells  alternating  with  similar  cells 
containing  the  oil.  At  the  expiration  of  the 
period  named,  the  semi-solid  mass  is  removed 
from  the  cooling  tank,  placed  in  bags,  and 
subjected  to  hydraulic  pressure  at  a tempera- 
ture of  40°  F.  To  effect  a further  separation 
of  the  oil,  the  press  cakes  are  then  broken  up, 
or  melted  and  recr}"stallised,  and  subjected  to 
a second  pressure  of  about  200  lbs.  per  square 
inch  at  a temperature  of  70°.  The  residuum 
yields  about  9 per  cent,  of  paraffin  by  this 
treatment.  For  the  production  of  hard  and 
colourless  paraffin  wax,  or  of  wax  suitable  for 
candle  making,  the  paraffin  scale  obtained  as 
described  is  purified  by  crystallisation  from 
petroleum  spirit,  or  by  exposing  it  to  a tempera- 
ture just  sufficient  to  cause  the  fusion  and 
draining  out  of  the  hydrocarbons  of  lowest 
melting  point,  and  by  subsequent  filtration 
through  animal  charcoal.  This  operation  is 
largely  conducted  in  this  country  by  Price’s 
Patent  Candle  Company  and  others.  The 
expressed  oil,  which  varies  in  specific  gravity, 
according  to  the  manner  in  which  the  various 
fractions  have  been  separated  in  the  process 
of  distillation,  is  then  subjected  to  an  acid 
treatment,  similar  to  that  which  the  burning 
oil  undergoes,  and  is  thus  converted  into 
finished  lubricating  oil. 

Some  lubricating  oils  are  finished  by  evapo- 
ration and  by  filtration  through  animal  char- 
coal, the  best  oils  for  the  lubrication  of  engine 
cylinders  passing  through  the  latter  process. 
Petroleum  lubricating  oils  consist  chiefly  of 
olefines  (Cn  H2n).  The  most  volatile  of  the 


fractions  obtained  in  the  distillation  of  the 
petroleum  residuum,  having  a specific  gravity 
of  *820  (42°B.)  and  low  flashing  point,  con- 
tains but  little  paraffin,  and  is  sold  for  gas- 
making in  the  condition  in  which  it  issues  from 
the  condensers. 

The  semi-solid  mixture  of  uncrystalline 
hydrocarbons,  known  as  vaseline,  is  obtained 
by  the  Chesebrough  Manufacturing  Company, 
under  their  patent,  by  evaporating  off  the 
more  volatile  portion  of  a suitable  kind  of 
crude  petroleum  and  purifying  the  residue  by 
filtration  through  animal  charcoal.  The  pro- 
duct thus  obtained  is  a colourless  or  pale 
yellow  translucent  semi  - solid,  possessing 
ing  slight  fluorescence.  It  is  freely  soluble  in 
petroleum  or  shale  spirit,  benzol,  ether,  chloro- 
form, carbon  disulphide  and  turpentine.  Vase- 
line is  a mixture  of  hydrocarbons  of  which  the 
chemical  composition  chiefly  ranges  from 
C16  H34  to  C20  H42.  There  is  reason  to  believe 
that  olefines  are  present,  but  the  substance 
consists  mainly  of  paraffins. 

The  yield  of  burning  oil  from  a crude  petro- 
leum of  given  quality  has  been  largely  in- 
creased during  recent  years.  This  has  been 
accomplished  by  the  adoption  of  the  process 
known  as  “ cracking.”  We  have  seen  that 
the  crude  petroleum  produced  in  the  States  of 
Pennsylvania  and  New  York  consists  prin- 
cipally of  the  hydrocarbons  known  to  chemists 
as  paraffins.  The  researches  of  Thorpe  and 
Young  have  demonstrated  that  the  paraffins 
(Cn  Han-f  2)  when  heated  to  temperatures 
above  their  boiling  points,  are  converted  into 
olefines  (Cn  H2n),  carbon  being  deposited,  and 
gaseous  products  evolved.  It  is  this  operation 
of  dissociation  which  is  termed  “cracking,” 
and  its  employment  enables  the  refiner  to 
break  up  the  hydrocarbons  which  are  too  heavy 
to  be  burned  in  ordinary  lamps,  and  too  fluid  for 
use  as  lubricants,  and  convert  them  into  hydro- 
carbons which  may  be  allowed  to  pass  into  the 
burning  oil  distillate  without  unduly  increasing 
its  density.  The  process  of  cracking  is  carried 
out  by  conducting  the  operation  of  distilling  the 
burning  oil  so  slowly  that  the  less  volatile 
hydrocarbons  become  condensed  in  the  upper 
part  of  the  still,  and  fall  back  into  the  heated  oil, 
where  they  are  heated  to  temperatures  above 
their  boiling  points,  and  become  “cracked.” 
A far  larger  yield  of  burning  oil  is  thus 
obtained.  The  gaseous  products  are  con- 
ducted into  the  still  furnace,  and  serve  as  fuel. 
This  process  has  been  subjected  to  a good  deal 
of  adverse  criticism,  based  upon  the  view  that 
the  chemical  composition  of  the  olefines 
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renders  them  inferior  to  the  paraffin  for  illu- 
minating purposes,  and  that  their  capacity 
of  forming  substitution  compounds  with  the 
acid  used  in  refining  leads  to  the  contamina- 
tion of  the  burning  oil  with  sulphur  products. 
There  is  no  doubt  good  theoretical  ground  for 
this  contention,  and  I have  myself  frequently 
found  that  the  American  petroleum  oil  of 
commerce,  though  showing  no  trace  of  the 
presence  of  acid  when  shaken  with  barium 
chloride  solution,  is  blackened  on  heating,  and 
during  distillation  gives  off  sulphur  dioxide. 
I am  not,  however,  prepared  to  say  that  in  the 
practical  use  of  the  oil  any  distinct  dis- 
advantage can  clearly  be  traced  to  the  action 
of  the  operation  of  cracking,  and  it  is  obviously 
to  the  interest  of  the  poorer  classes,  who  so 
largely  use  petroleum  oil  as  a source  of  light 
and  heat,  that  a system  of  manufacture  which 
considerably  increases  the  yield,  and  therefore 
diminishes  the  cost  of  the  product,  should  not 
be  hastily  condemned.  Moreover,  it  should  be 
borne  in  mind  that  the  proportion  of  cracked 
oil  in  the  product  is  not  usually  very  large,  and, 
therefore,  that  objections  which  would  attach  to 
the  use  of  the  cracked  oil  alone  may  not 
apply  to  the  product  as  a whole.  By  some  it 
is  claimed  that  distillation  of  the  burning  oil 
over  caustic  alkali  has  the  effect  of  removing 
the  substitution  products  formed  in  the  acid 
treatment.  The  burning  oils  chiefly  manu- 
factured in  the  United  States  are  of  the 
following  grades : — 1 10*’  fire  test,  70°  Abel 
test;  120*^  fire  test,  73®  Abel  test;  150®  fire 
test. 

The  colour  of  the  first  four  grades  usually 
ranges  from  “Prime  White”  to  “Standard 
White”  (straw  colour  to  pale  yellow),  while 
the  fifih  grade  is  “ Water  White  ” (colourless). 
I he  rules  of  the  New  York  Produce  Exchange 
provide  that  refined  petroleum  for  contract 
purposes  shall  be  standard  white  or  better, 
with  a burning  test  of  no®  Fahrenheit,  or 
upwards,  and  a specific  gravity  not  below 
^4®  Beaume,  United  States  Dispensatory 
Standard  (not  above  '811  specific  gravity), 
hormerly  the  bulk  of  the  oil  intended  for 
export  was  refined  to  1 10®  fire  test,  the  United 
Kingdom,  however,  taking  120®  fire  test  oil. 
Since  the  introduction  of  the  Abel  system  of 
testing,  however,  a large  proportion  of  the  oil 
has  been  refined  to  a test  of  70®  Abel  for  ship- 
ment to  the  Continent  of  Europe,  and  of  73° 
Abel  for  shipment  to  this  country.  The  oil  of 
150®  fire  test  is  considerably  lower  in  specific 
gravity  than  the  other  grades  (say  ‘786  to 
793)-  Oils  are  also  specially  refined,  that  is. 


made  to  stand  special  tests,  for  use  in  the 
various  States  of  the  Union,  as  we  shall 
presently  see  when  considering  the  subject  of 
testing.  In  addition  to  the  products  enume- 
rated, an  oil  of  high  specific  gravity,  and  high 
flashing  point,  intermediate  in  character,  in 
fact,  between  the  ordinary  burning  oils  and  the 
lubricating  oils,  is  made.  This  oil  was  origin- 
ally produced  by  the  Downer  Kerosene  Oil 
Company,  under  the  name  of  mineral  sperm 
oil,  for  use  in  lighthouses,  and  its  use  is  now 
compulsory  on  some  of  the  American  railroads. 
It  is  also  largely  used  on  board  ship.  Of  this 
oil,  as  now  manufactured,  the  crude  petroleum 
yields  about  10  per  cent.,  the  product  having 
a specific  gravity  of  about  *829,  and  a fire  test 
of  about  300®  F.  (Flashing  point,  open  vessel, 
about  270®  F. ; closed  vessel,  about  240®  F.). 
This  product  is  frequently  termed  mineral 
colza  oil,  or  mineral  seal  oil. 

Through  the  courtesy  of  several  of  the 
American  refiners,  I am  able  to  place  before 
you  samples  of  the  various  products  in  different 
stages  of  manufacture. 

The  number  of  grades  of  lubricating  oil 
manufactured  are  so  great,  and  their  qualities 
so  various,  that  it  is  difficult  to  give  any  satis- 
factory enumeration  of  them.  The  oil  varies 
in  colour  from  yellow  to  very  dark  red,  and  is 
strongly  fluorescent.  I have  on  the  table  a 
large  selection  of  the  lubricating  oils  sold  by 
the  Thompson  and  Bedford  Company,  Limited, 
including  the  following: — 

Pale  oils— sp.  gr.  885,  905,  915,  920. 

Amber  machinery  oil. 

Dark  machinery  oils  — Summer,  winter, 
medium. 

Cylinder  oils. 

This  company  also  sells  an  oil  for  wool 
dressing,  a curriers’  oil,  as  well  as  rope  and 
jute  oils.  “Bloomless”  oils,  devoid  of  the 
natural  fluorescence  of  petroleum  products, 
are  also  made. 

The  solid  paraffin  (using  the  term  in  its 
commercial  sense)  is,  like  the  oil,  a mixture  of 
various  hydrocarbons  of  different  specific 
gravities,  boiling  points,  and  melting  points. 
The  paraffin  scale  separated  from  the  oil  of 
•905  specific  gravity  has  an  average  melting 
point  of  about  125®  F.  (American  test),  and 
that  from  the  oil  of  -885  specific  gravity  a 
melting  point  of  about  117®  F. 

“ Paraffin  wax,”  manufactured  as  already 
described,  is  a white  or  bluish-white  translucent 
waxy  solid  of  lamino-crystalline  structure, 
devoid  of  taste  and  smell.  The  hydrocarbons 
of  which  it  is  composed  are  characterised 
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by  chemical  indifference ; hence  the  name 
f ;parum  affi?2zsj.  The  specific  gravity,  melt- 
ing point,  and  boiling  point  of  the  material 
vary  with  its  composition.  At  a temperature 
below  its  melting  point  paraffin  wax  becomes 
plastic,  a characteristic  which  is  of  such 
practical  inconvenience  when  the  substance  is 
used  as  candles,  that  it  is  the  practice  in 
candle  making  to  add  a small  quantity  of 
stearic  acid,  which  to  some  extent  diminishes 
the  tendency  of  the  candle  to  bend  in  a warm 
room. 

When  two  pieces  of  paraffin  wax  are  struck 
together,  a sharp  metallic  sound  is  emitted, 
especially  if  the  melting  point  of  the  specimen 
be  high.  Exposed  for  some  time  under  a 
slight  pressure  to  a temperature  below  its 
melting  point,  paraffin  wax  undergoes  a mole- 
cular change,  and  becomes  transparent ; but 
upon  a change  of  temperature,  or  upon  being 
struck,  the  original  translucent  appearance 
returns. 

Paraffin  wax  is  freely  soluble  in  petroleum 
or  shale  oil  and  spirit,  in  ether,  in  benzol,  and 
in  essential  oils.  It  is  sparingly  soluble  in  hot 
absolute  alcohol,  but  separates  on  cooling.  It 
is  insoluble  in  rectified  spirit  and  in  water. 

When  boiled  with  concentrated  nitric  acid, 
paraffin  is  oxidised  with  the  formation  of  suc- 
cinic acid,  and  a small  quantity  of  butyric 
acid.  Paraffin  is  also  oxidised  when  heated 
with  potassium  permanganate  and  sulphuric 
acid.  At  a high  temperature  it  is  slowly 
attacked  b}'’  concentrated  sulphuric  acid,  and 
chlorine  passed  into  melted  paraffin  attacks  it 
slowly.  When  heated  with  sulphur,  paraffin 
is  decomposed,  sulphuretted  hydrogen  being 
evolved  and  carbon  deposited. 

A considerable  quantity  of  crude  petroleum 
as  exported  from  the  United  States  to  France, 
to  be  refined  there,  the  French  duty  on  the 
refined  oil  encouraging  the  home  industry. 
The  rules  of  the  New  York  Produce  Exchange 
provide  that  crude  petroleum  shall  be  under- 
stood to  be  pure  natural  oil,  neither  steamed 
nor  treated,  free  from  water,  sediment  or  any 
adulteration,  and  of  the  gravity  of  43°  to  48° 
Beaume  (‘Sifi  to  794  sp.  gr.). 

Crude  naphtha  and  residuum  are  also  ex- 
ported in  comparatively  small  quantities.  The 
naphtha  is  required  to  be  water  white  and 
sweet,  and  of  gravity  from  68°  to  73°  Beaume, 
while  the  residuum  is  to  be  understood  to  be 
the  refuse  from  the  distillation  of  crude  petro- 
leum, free  from  coke  and  water,  and  from  any 
foreign  impurities,  and  of  gravity  from  16°  to 
21°  Beaume  ('96  to  *93  sp.  gr.). 


Natural  and  reduced  lubricating  oils  (West 
Virginia,  &c.)  are  sold  under  contract  rules, 
fixing  the  limit  of  setting  point,  the  latter  oils 
being  divided  into  two  grades  termed  respec- 
tively summer  reduced  oil  and  winter  reduced 
oil. 

Some  of  the  refineries  in  the  United  States 
are  of  great  size.  Thus  the  works  at  Bayonne, 
New  Jersey,  owned  by  the  Standard  Oil  Com- 
pany, in  whose  hands  the  greater  part  of  the 
refining  trade  is  concentrated,  covers  about 
67  acres,  and  is  capable  of  turning  out  from 
10,000  to  12,000  barrels  of  refined  oil  per  day. 
At  some  of  the  most  modern  w'orks,  the  plant 
is  for  the  most  part  uncovered  by  roofing. 
Precautions  are,  however,  taken  against 
the  spread  of  fire,  water  sprinklers  and 
steam  jets  being  fitted  to  the  storage  tanks, 
and  hydrants  being  provided.  At  all  large 
refineries  there  is  a well-drilled  fire-staff. 
At  the  Bayonne  works  the  fire  brigade  is 
drilled  twice  a month,  and  on  the  occasion 
of  my  visit,  four  fire  hoses  were  brought 
into  action  upon  a tank  in  30  seconds, 

I min.  10  secs.,  i min.  20  secs.,  and  i min. 
30  secs,  respectively  from  the  blowing  of  the 
alarm  whistle,  three  of  the  hoses  being  brought 
some  distance.  At  the  works  of  the  Pratt 
Manufacturing  Company  there  is  a fire  wall 
which  prevented  the  spread  of  fire  from  a 
burning  tank  some  time  ago,  although,  accord- 
ing to  evidence  laid  before  me,  the  fire  burned 
with  great  fierceness  until  the  whole  of  the  oil 
in  the  tank  had  been  consumed,  and  the  wind 
was  blowing  towards  the  wall.  It  is  con- 
sidered that  a properly  protective  fire  wall 
should  be  5 feet  higher  than  the  tank,  and 
about  10  feet  distant  from  it. 

A considerable  proportion  of  burning  oil  for 
consumption  in  the  United  States  is  now  trans- 
ported over  the  railways  in  tanks,  even  water 
white  oil  being  thus  conveyed  to  Chicago,  or 
sometimes  as  far  as  San  Francisco,  and  is  dis- 
tributed in  tank  road  waggons,  which  deliver 
the  oil  at  the  shops  of  the  retailers,  or  even  at 
the  doors  of  the  consumers.  Barrels  holding 
about  fifty  American  gallons  and  tin  cans  of 
various  sizes  are  also  employed.  At  the  pre- 
sent time,  Mr.  Edward  Phillips  is  engaged,  in 
conjunction  with  Messrs.  Fraser  and  Sons,  in 
the  construction  of  appliances  for  the  delivery 
of  petroleum  oil  in  bulk  from  the  wharves  in 
London  to  the  storage  tanks  of  the  retailers. 

The  export  of  the  oil  has,  with  the  exception 
of  one  shipment  to  be  referred  to,  hitherto 
taken  place  exclusively  in  barrels  of  the  size 
mentioned,  or  in  tin  cans  of  rectangular  form. 
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holding  five  American  (or  four  'Imperial) 
gallons,  which  are  packed  in  twos  in  \vooden 
cases.  The  manufacture  of  the  barrels,  cans, 
and  cases,  is,  as  may  be  supposed,  a very  im- 
portant business.  The  barrel  works  of  the 
Standard  Oil  Company  at  Bayonne  are  ca- 
pable of  turning  out  10,000  to  12.000  barrels 
per  day,  and  the  operation  of  barrel  making 
at  these  works  is  an  interesting  one  to 
witness.  The  oak  staves  are  purchased^ 
ready  jointed  and  seasoned,  in  Michigan, 
and  the  barrel  heads  are  brought  to  the 
Bayonne  works  ready  glued  up.  At  the  time 
of  my  visit  there  were  more  than  a million 
heads  in  stock.  The  first  operation  in  barrel 
making  at  these  works  consists  in  fitting  the 
necessary  number  of  staves  together  in  a thick 
wrought-iron  ring  encircling  their  lower  ends. 
This  is  an  operation  requiring  some  e.xperience 
and  judgment.  The  embryo  barrel  is  then 
placed  in  an  iron  cylinder  and  steamed, 
whereby  the  wood  is  softened.  The  staves  are 
ne.Kt  encircled  by  a wire  rope  connected  with 
an  engine,  and  are  thus  bent  into  shape  and 
drawn  together,  a second  strong  iron  hoop 
being  slipped  over  their  upper  ends,  to  hold 
them  in  position.  The  barrel  is  then  “fired” 
by  burning  some  readily-combustible  material 
in  the  interior,  and  the  curvature  of  the  staves 
thus  rendered  permanent.  A number  of  extra 
temporar}’  iron  hoops  of  great  thickness  are  next 
slipped  on,  and  drawn  towards  the  bulge  of  the 
barrel  by  means  of  an  ingenious  arrangement 
of  iron  hooks  or  claws,  actuated  by  steam- 
power.  The  final  operation  performed  upon 
the  staves  consists  in  placing  the  barrel  in  a 
lathe,  paring  off  the  rough  ends,  and  cutting 
the  grooves  for  the  heads.  The  barrel  is  then 
ready  to  receive  the  heads,  and  to  be  hooped. 
The  hoops  weigh  collectively  about  12  lbs.,  and 
the  total  length  of  iron  required  for  a set  is 
44.^1  inches,  so  that,  putting  the  out-turn  of 
finished  barrels  from  this  one  factory  at  10,000 
per  day,  we  have  a length  of  about  70  miles 
of  hoop  iron  (weighing  about  55^  tons)  used 
daily. 

In  order  to  render  the  barrels  capable  of 
holding  their  fluid  contents  without  leakage, 
they  are  coated  internally  with  glue,  about 
I lb.  of  glue  to  3 barrels  being  required.  The 
glue  solution  is  poured  into  the  barrels  hot, 
the  barrel  bunged  up,  and  rotated  so  that  the 
solution  coats  the  entire  surface,  the  surplus 
being  afterwards  drained  out.  There  is  some 
pressure  of  steam  in  the  barrel  during  this 
operation,  and  a leak  is  thus  at  once  shown. 
The  barrels  finally  receive  a coating  of  the 


well-known  blue  paint  on  the  staves,  and 
white  paint  on  the  heads.  Old  barrels  re- 
turned to  be  refilled  are  often  cleaned  ex- 
ternally by  an  arrangement  of  rapidly  revolving 
wire  brushes,  are  steamed  out,  reglued,  and 
repainted. 

Before  the  barrels  are  filled,  the  hoops  re- 
quire “ driving,”  to  take  up  the  shrinkage  of 
the  wood.  This  was  formerly  done  exclusively 
by  hand,  but  Mr.  Hopper  has  invented  a 
successful  machine  for  doing  this  by  steam 
power.  In  this  apparatus  the  barrel  stands 
on  a platform  arranged  like  an  inverted  steam 
hammer,  and  on  turning  on  the  steam  is 
brought  with  a succession  of  blows  against  a 
number  of  hinged  stops,  which  closely  encircle 
the  barrel  and  on  which  the  hoops  strike.  With 
one  such  machine  the  hoops  of  2,000  barrels 
can  be  driven  in  ten  hours  by  one  man  and 
two  boys,  an  amount  of  work  which  formerly 
entailed  the  hand  labour  of  ten  men. 

The  barrels  are  filled  from  a rack  provided 
with  a series  of  pipes  connected  with  a barrel- 
ling tank.  Each  pipe  has  at  its  exit  end  a float 
connected  with  a valve,  which  shuts  off  the  oil 
when  the  barrel  has  been  filled  to  within  one 
gallon  of  its  contents.  The  shives  with  which 
the  barrels  are  closed  are  of  wood,  and  are  put 
in  with  glue.  A package  which  remains  per- 
fectly tight  and  free  from  leakage  as  long  as 
it  is  handled  carefully,  and  the  continuous 
skin  of  glue  remains  intact,  is  thus  produced. 

The  manufacture  of  cases  is  perhaps  an  even 
more  interesting  sight.  At  the  Devoe  Works, 
where  I witnessed  it,  no  less  than  60,000  cans 
and  30,000  cases  can  be  turned  out  per  day. 
The  first  operation  in  the  making  of  the  cans 
consists  in  trimming  the  edges  of  the  tin  plates 
with  a cutting  machine  capable  of  trimming 
250  boxes  of  120  sheets  each  per  day.  The 
trimmed  plates  then  pass  to  the  next  machine, 
which  cuts  the  ends  off,  stamps  the  panels, 
and  bends  the  edges  for  the  laps.  Another 
machine  bends  the  plates  at  a right  angle,  and 
another  forms  the  body  of  the  can  by  clinching 
the  two  sheets  together.  Yet  another  machine 
cuts  out  the  tops  and  bottoms,  and  stamps  the 
panels  on  them,  another  puts  the  top  and 
bottom  into  the  body  at  the  rate  of  3,500  cans 
per  day,  and  another  rolls  the  joints  to  make 
them  secure,  at  the  rate  of  10,000  cans  per  day, 
with  the  labour  of  one  man  and  two  boys.  The 
adding  and  soldering  of  the  joints  is  also 
accomplished  by  highly  ingenious  machinery, 
the  solder  being  kept  fluid  by  air-gas  flames. 
The  galvanised  wire  handles  are  cut  and  bent 
by  machinery’,  and  the  tin  attachment  similarly 
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made,  the  only  operation  performed  by  hand 
in  the  case  of  those  tins  which  have  exclusively 
angle  joints  being  the  soldering  on  of  the 
handles.  In  the  construction  of  the  caps  with 
which  the  cans  are  closed,  machinery  is  also 
employed,  the  caps  passing  through  nine 
different  operations.  The  caps  are  in  two 
parts,  the  outer  being  removable  by  unscrew- 
ing ; the  inner  cap  can  therefore  be  perforated 
when  the  oil  is  required  for  use,  and  the  outer 
cap  replaced  to  preserve  the  contents  of  the 
can  from  evaporation. 

The  wood  used  in  the  construction  of  the 
cases  is  Canadian  pine,  and  the  cases  are  very 
rapidly  nailed  by  machinery;  one  nailing 
machine  which  I saw  in  action  taking  the 
nails  from  a hopper,  and  neatly  inserting  them 
at  the  rate  of  5,500  to  6,000  complete  cases 
per  day.  I was  told  that  the  maximum  capacity 
of  this  machine,  under  skilful  handling,  was  no 
less  than  6,700  cases  per  da)^ 

I have  on  the  table  a set  of  patterns  illus- 
trative of  the  process  of  can  manufacture.  The 
cans  are  filled  on  a revolving  table  provided 
with  an  automatic  arrangement  for  shutting 
off  the  oil  when  a given  weight  has  been 
delivered  into  each  can.  The  caps  are  then 
soldered  on,  and  the  cans  placed  in  pairs  in 
the  cases. 

The  can  of  petroleum  is  a package  standing 
a good  deal  of  rough  usage.  Thus,  I saw  a 
filled  can  taken  from  stock,  and  thrown  to  a 
considerable  distance  in  the  air.  It  fell  on 
one  corner  on  the  wooden  floor  of  the  ware- 
house, and  was  knocked  somewhat  out  of 
shape,  but  on  picking  it  up  I found  that  it  was 
quite  free  from  leakage.  The  empty  can  is  so 
strong,  notwithstanding  that  the  tin  plate  of 
which  it  is  made  is  thin,  that  a full-sized  man 
may  stand  upon  it  without  crushing  it.  Cans 
are  used  exclusively  in  the  shipment  of  oil  to 
warm  climates,  as  the  barrel,  though  less  ex- 
pensive per  gallon  of  oil,  is  liable  to  become 
leaky  when  subjected  to  a high  temperature. 

Within  the  past  few  months  two  vessels,  the 
Crtisader  and  the  A7zdromeda,  have  been 
fitted  with  tanks  for  the  conveyance  of  the 
refined  burning  oil  in  bulk.  The  formervessel 
is  provided  with  an  arrangement  of  tanks 
patented  by  Mr.  L.  V.  Sone,  of  New  York.  The 
patent  specification  contains  twelve  claims,  but 
the  most  important  feature  of  the  system  ap- 
pears to  be  the  provision  of  auxiliary  tanks  above 
the  level  of  the  storage  tanks  and  in  com- 
munication with  them.  The  storage  tanks  can 
thus  always  be  kept  quite  full  of  oil,  the 
auxiliary  tanks  serving  to  hold  the  surplus 


when  the  contents  of  the  storage  tanks  become 
expanded  by  heat,  and  supplying  the  deficiency 
when  contraction  takes  place.  The  tanks  with 
which  the  Crusader  is  fitted  are  of  boiler 
plate,  cylindrical  in  form,  of  various  sizes,  but 
of  the  average  capacity  of  125  barrels..  There 
are  45  tanks,  and  the  total  carrying  capacity 
of  the  vessel  is,  therefore,  about  5,500  barrels. 
All  the  tanks  are  connected  with  a steam  pump 
on  deck,  by  means  of  which  they  can  be  charged 
or  discharged  in  about  ten  hours. 

About  a month  after  the  Crusader  arrived 
in  London,  the  Androifteda  reached  Bremen) 
with  a cargo  of  684,641  American  gallons  of 
petroleum  oil  in  bulk.  This  vessel  contains 
72  tanks,  which  instead  of  being  cylindrical 
are  principally  rectangular.  Expansion  tanks 
similar  to  the  auxiliary  tanks  of  the  C^'usadcr 
are  provided. 

The  only  special  feature  in  the  process  of 
refining  petroleum  in  Canada  is  the  treatment 
of  the  burning  oil  distillate  with  a solution  of 
litharge  and  caustic  soda  for  the  purpose  of 
removing  sulphur.  Notwithstanding  the  adop- 
tion of  this  process,  the  refined  petroleum,  or 
burning  oil,  has  not,  however,  always  been  free 
from  this  impurity.  In  1876,  a sample  of 
Canadian  petroleum  oil  was  submitted  to  me 
which  produced  a deposit  of  a bluish-black 
colour  on  the  chimney  of  the  lamp  in  which  it 
was  burned.  On  examining  the  deposit  I 
could  distinctly  see  small  beads  of  liquid,, 
which  were  deposited  where  the  glass  was  very 
hot,  and  a piece  of  litmus  paper  applied  to- 
these  beads  w^as  reddened  and  then  charred. 
On  washing  out  the  chimney  with  water,  and 
adding  to  the  liquid  a solution  of  barium, 
chloride,  a copious  precipitate  w'as  produced. 
It  was  evident  that  the  liquid  condensed  on 
the  glass  was  sulphuric  acid,  and  on  burning  a 
w^eighed  quantity  of  the  oil,  and  collecting  the 
products  of  combustion,  I found  that  sulphur 
was  present  in  the  oil  to  the  extent  of  116 
grains  per  gallon . Another  sample  of  Canadian 
oil,  brought  to  me  subsequently  by  a gentle- 
man who  had  burned  the  oil  in  a greenhouse, 
and  had  found  the  plants  injured  in  a manner 
that  to  him  was  inexplicable,  contained  119 
grains  of  sulphur  to  the  gallon. 

We  now  pass  to  the  consideration  of  the 
method  of  refining  and  transporting  petroleum 
oil  adopted  in  Russia.  Most  of  the  Caucasian 
refineries  are  situated  in  the  Tchomi  Gorod  or 
Black  Town  of  Baku,  on  the  shores  of  the 
Caspian.  There  may  be  seen  refineries  of  all 
sizes,  the  smallest  being  constructed  and 
managed  in  a primitive  fashion.  The  largest 
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works  are  those  of  the  Nobel  Company,  an 
organisation  occupying  in  relation  to  the 
refining  of  Russian  petroleum,  a position 
analogous  to  that  which  the  Standard  Oil 
Company  holds  in  regard  to  the  American 
refining  trade.  The  works  of  the  Nobel  Com- 
pany cover  from  78  to  80  acres,  and  the  dwell- 
ings of  the  employes  another  40  acres.  In 
regard  to  the  substantial  character  of  the 
buildings,  and  completeness  of  the  arrange- 
ments, the  refinery  is  equal  to  any  that  I 
have  seen  in  the  United  States.  The  only 
essential  respect  in  which  the  plant  differs 
from  that  which  I have  already  described, 
in  treating  of  the  American  refineries,  is  in 
the  adoption  of  a process  of  continuous  dis- 
tillation, the  stills,  each  of  the  capacity  of 
4,400  gallons,  being  arranged  in  groups  or 
series  of  not  more  than  twenty-five,  and  a 
stream  of  oil  continuously  flowing  through  the 
entire  number.  The  crude  oil  entering  the 
first  still  parts  with  its  most  volatile  con- 
stituents, passing  into  the  next  still,  has  rather 
less  volatile  hydrocarbons  distilled  from  it,  and 
finally  flows  from  the  last  still  in  the  condition 
of  residuum,  which,  in  Russia,  is  termed 
astatki  ox  masut.  The  several  stills  are  main- 
tained at  temperatures  corresponding  with  the 
boiling  points  of  the  products  to  be  volatilised. 
Attempts  have  been  made  to  carry  on  a system 
of  continuous  distillation  of  petroleum  in 
America,  and  an  apparatus  for  the  purpose  was 
patented  in  the  United  States  by  Stombs  and 
Brace,  of  Newport,  Kentucky,  April  10,  i860 
(Patent  No.  27,842),  but  the  process  has  never 
been  practically  employed  in  that  country.  Mr. 
Ludwig  Nobel  informed  me  that  the  method 
of  continuous  distillation  adopted  in  his  works 
was  specially  suited  to  Baku  petroleum,  the 
quantity  of  burning  oil  separated  being  com- 
paratively small,  and  the  residuum,  therefore, 
not  very  much  less  fluid  than  the  crude  oil. 
The  fuel  used  under  all  the  stills  in  Baku  is 
petroleum  residuum  or  astatki.  At  many  of  the 
smaller  works,  the  liquid  fuel  is  simply  allowed 
to  flow  on  the  hearth  of  the  furnace,  and  in  thus 
using  it  a very  large  amount  of  dense  black 
smoke  is  evolved  ; but  in  the  larger  and  better 
conducted  refineries,  arrangements  are  adopted 
for  burning  the  fuel  with  a proper  admixture 
of  air,  and  smokeless  combustion  is  thus 
obtained.  At  the  Nobel  refinery  the  two  most 
volatile  distilled  products  are  of  specific 
gravity  754,  and  787  respectively,  while  the 
kerosene  (burning  oil)  has  a specific  gravity 
of  *820  to  *822.  The  more  volatile  products 
are  largely  burned  as  fuel,  as  there  is  little 


demand  for  them,  and  in  fact  a considerable 
quantity  is  burned  to  waste  in  order  to  get  rid 
of  it. 

At  the  Nobel  works  the  kerosene  distillate 
is  pumped  into  lead-lined  agitators  of  the 
capacity  of  57,000  gallons,  where,  in  the 
manner  already  described,  it  is  treated  with 
about  per  cent,  of  sulphuric  acid,  washed 
with  sea  water  (fresh  water  being  very  scarce  in 
Baku),  treated  with  caustic  soda  solution,  and 
washed  again.  The  oil  then  passes  to  the 
settling  tanks,  and  is  afterwards  stored  in 
large  tanks,  one  of  which  holds  1,500,000 
gallons.  The  whole  process  of  treatment 
occupies  15  to  16  hours.  The  sulphuric  acid 
is  made  in  a neighbouring  factory,  from  sul‘- 
phur  imported  from  Daghestan.  The  oil  is 
almost  superfine  white  in  colour,  and  has  an 
average  flashing  point  of  about  32°  C.  (Abel 
test).  Of  such  product  the  crude  oil  yields,  on 
an  average,  only  about  27  per  cent.,  and  of  oil 
quite  free  from  colour,  or  water  white,  and 
having  a flashing  point  of  50®  C.,  only  about 
22  per  cent,  can  be  obtained.  At  the  time  of 
my  visit  to  Baku,  the  Caspian  Company  were 
making  three  grades  of  burning  oil  of  the 
respective  specific  gravities  and  flashing  points 
of  (i)-8i5— 30°  C.,  (2)  •820—25“"  C.,(3)  -82I/-822 
— 22®  C.  Of  the  first  quality,  the  crude  oil 
yielded  20  per  cent.,  of  the  second  33  per  cent., 
and  of  the  third  38  per  cent.  The  yield  of 
burning  oil  from  Baku  petroleum  is  therefore 
comparatively  very  small,  and  to  this  the  fact 
that  the  oil,  although  of  so  high  a specific 
gravity,  burns  well  is  no  doubt  partly  due,  since 
the  product  is  necessarily  very  homogeneous, 
the  most  volatile  hydrocarbons  present  not 
differing  very  greatly  in  boiling  point  from  the- 
least  volatile  present.  Besides  this,  however, 
the  hydrocarbons  of  which  the  Baku  oil  is  com- 
posed possess  apparently  greater  power  of 
ascending  the  wick  of  the  lamp  by  capillary 
attraction  than  is  found  in  ordinary  American 
oils.  Taking  ordinary  petroleum  lamp  wicks 
of  two  different  qualities,  and  using  them  as 
siphons,  I found  that  in  a given  time  the  fol- 
lowing quantities  of  the  oils  enumerated  were 
removed  by  capillary  attraction  from  a vessel 
into  which  the  wicks  dipped,  the  conditions  of 
the  test  being  the  same  in  each  case  : — 

Best  wick.  Inferior  wick, 
grs.  grs. 

American  oil  (“ water  white”)  205*0  ....  104*2 

Russian  oil  202*6  ....  94 

American  oil  (ordinary) 146*0  ....  69*7 

Russian  oil  does  not  burn  equally  well  in 
all  the  forms  of  lamps  which  have  been  con- 
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structed  for  use  with  the  American  product, 
but  as  the  result  of  a large  amount  of  com- 
parative photometrical  testing  of  the  two 
classes  of  oils  burning  in  lamps  of  various 
construction  during  the  past  two  or  three 
years,  I have  formed  the  opinion  that  taking 
the  lamps  now  in  common  use  as  a whole,  the 
Russian  oil,  though  giving  less  light  than  good 
ordinary  American  oil  at  the  commencement 
of  the  burning,  when  the  lamp  is  full  of  oil 
and  freshly  trimmed,  alfords  a flame  of  some- 
what greater  permanence,  the  light  emitted  in 
the  burning  of  the  American  oil  diminishing 
to  a greater  extent  as  the  level  of  the  oil  in  the 
reservoir  becomes  depressed,  the  difference 
being,  doubtless,  due  to  the  greater  power 
which  the  Russian  oil  has  of  ascending  the 
wick,  as  already  mentioned.  In  the  use  of 
Russian  oil,  however,  it  is  essential  that  the 
air  passages  in  the  burner  should  be  quite 
free  from  obstruction  by  dirt,  otherwise  the 
flame  will  receive  an  insufficient  supply  of 
oxygen,  will  be  of  comparatively  feeble  lumino- 
sity, and  will  be  liable  to  smoke.  As  a rule, 
the  Russian  oil  burns  better  in  a flat-wick 
burner  than  in  a round- wick  burner,  but  burners 
of  the  latter  class  are  now  being  constructed 
in  which  it  yields  a good  flame. 

The  astatki,  or  residuum,  as  it  flows  from  the 
kerosene  still  has  a specific  gravity  of  about 
•903,  and  is  chiefly  used  as  fuel.  A portion  of 
it  is,  however,  converted  into  lubricating  oil, 
and  a smaller  portion  into  an  oil  or  oils  similar 
to  the  “mineral  sperm  oil”  obtained  from 
American  petroleum.  Of  the  lubricating  oil 
the  residuum  yields  about  30  per  cent.,  and  of 
a product  similar  to  the  American  “ Mineral 
Colza”  oil,  about  12  percent.  Messrs.  Ragosine 
were  the  first  to  introduce  an  oil  of  this  cha- 
racter made  from  Russian  petroleum.  This  oil, 
which  is  frequently  termed  “ pyronaphtha,”  as 
now  imported  into  this  country,  has  a specific 
gravity  of  about  -865,  a fire  test  of  265®  F., 
and  a flashing  point  of  about  230°  F.  open 
test,  or  205®  F.  closed  test.  This  oil,  like  the 
similar  American  product,  has  not  hitherto 
been  much  used  for  domestic  purposes,  as  the 
lamps  intended  to  burn  it  did  not  give  a satis- 
factory light.  Lamps  are  now,  however,  being 
introduced  which  burn  it  well. 

The  lubricating  oil  distillates  obtained  from 
Baku  petroleum  differ  from  the  American  pro- 
ducts in  containing  little  or  no  solid  hydro- 
carbons, the  greatest  quantity  obtainable 
amounting,  I believe,  only  to  a quarter  of  one  per 
cent,  of  the  crude  oil.  In  the  Island  of  Tcheleken 
there  is,  however,  petroleum  to  be  obtained 


which  yields  as  much  as  6 per  cent,  of  paraffin. 
This  absence  of  solid  hydrocarbons  deprives 
the  Baku  refiner  of  a source  of  profit  possessed 
by  the  American  refiner,  but  on  the  other  hand 
enables  him  to  make  cheaply  a lubricating  oil 
which  bears  exposure  to  a very  low  temperature 
without  becoming  solidified  or  even  depositing 
any  paraffin.  Professor  Dewar  has  suggested 
that  the  products  of  Baku  petroleum  may  be 
distinguished  from  those  of  American  petro- 
leum by  exposing  them  to  a temperature 
sufficiently  low  to  cause  the  separation  of  the 
solid  hydrocarbons  which  are  held  in  solution 
at  common  temperatures.  Professor  Dewar 
has  kindly  lent  me  the  series  of  specimens  of 
Baku  petroleum  products  placed  before  you. 

The  lubricatingoils  manufactured  by  Messrs. 
Ragosine,  specimens  of  some  of  which  I am 
enabled  to  show  you  through  the  courtesy  of 
Mr.  E.  G.  von  Glehn,  of  the  Ragosine  Com- 
pany, are  termed  “oleonaphthas.”  The  speci- 
mens shown  include  the  following:  — 

Extra  heavy  cylinder  oil,  sp.  gr.  '920. 

Cylinder  and  valve  oil,  sp.  gr. 

Engine  machinery  oil,  sp.  gr.  -go^f'goj. 

Dark  cylinder  oil,  sp.  gr.  ‘giSj'gzo. 

Russian  lubricating  oils  are  characterised  by 
the  possession  of  great  viscosity  in  relation  to 
specific  gravity,  as  is  shown  in  the  tabular 
record,  on  page  877,  of  the  viscosities  of  some 
Russian  and  American  oils  of  similar  specific 
gravities.  The  viscosities  of  a sample  of 
refined  rape  oil  at  the  temperatures  specified 
are  added  for  comparison.  The  results  are 
expressed  in  the  number  of  seconds  occupied 
in  the  outflow  of  50  cubic  centimetres  from  the 
viscometer  I am  accustomed  to  use,  and  no 
correction  for  differences  in  specific  gravity 
has  been  made. 

It  will  be  noted  that  the  viscosity  of  the 
Russian  oils  is  more  affected  by  a rise  in 
temperature,  a feature  which  undoubtedly  is  a 
disadvantage,  but  in  the  case  of  both  classes 
of  oils  the  greater  the  viscosity  the  greater  the 
diminution  in  viscosity  as  the  temperature  is 
raised. 

I have  pointed  out  that  when  paraffins  are 
heated  to  temperatures  above  their  boiling 
points  dissociation  occurs  and  olefines  are 
produced:  — 

C20H,,  = -f  + 

^13^26’ 

At  a very  high  temperature  hydrocarbons  con- 
taining still  less  hydrogen  are  produced.  This 
well  known  fact  has  been  taken  advantage  of 
by  Mr.  Nobel  to  manufacture  from  Russian 
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Viscosities  of  Russian  and  American  Oils, 


Temperature 

Fahr. 

I 

2 

1 

3 

5 

6 

7 

Degrees. 

5Q 

7I2i 

145 

425 

! 

1030  j 

2040 

1 

2520 

_ 

60 

540 

105 

295-2 

680  j 

1235 

X980  1 

— 

70 

405 

90 

225 

485  j 

820 

1320 

— 

80 

326 

73 

I7I 

375 

580 

900 

— 

90 

260 

63i 

136 

262  ' 

426 

640  I 

- 

100 

213J 

M 

III 

200  ' 

315 

440 

10x5 

no 

169 

50 

89-2 

153 

226  ' 

335 

739-2 

120 

147 

47 

78 

126 

174 

245 

531 

130 

1232 

44l 

63i 

lOI 

i35i  j 

185 

398.^- 

140 

105-i 

1 41 

58 

82 

xx6  1 

145 

3^7^ 

150 

95s 

1 37i 

52 

7oi 

95  i 

115  I 

250 

160 

85 

— ! 

I 46 

63i 

83V 

932 

200 

170 

76 

_ 

1 _ 

58 

70-2 

77i 

x6i 

180 

69 

— 

: — 

52-i 

6xJ  i 

1 i34i 

190 

642 

— 

' — 

47 

5^2 

61 

1 ii5i 

200 

58^ 

i 

i ~ 

42 

48.^ 

54 

1 99i 

210 

54 

, — 

■— 

40 

— 

— 

! 

220 

50 

; — 

— 

38 

— 

— 

i 77 

230 

47] 

— 

— 

— 

— 

— 

1 70-2 

240 

45^ 

^ — 

— 

— 

— 

— 

: 644 

250 

43l 

' — 

— 

— 

— 

— 

1 59f 

260 

— 

' — 

— 

— 

— 

— 

i 54 

270 

— 

. — 

— 

— 

— 

— 

j 48-2 

2S0 

- 

— 

— 

j — 

1 — 

— 

46-2 

290 

— 

— 

— 

— 

— 

; — 

444 

300 

— 

— 

— 

— 

— 

— 
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1.  Refined  rape  oil. 

2.  American  mineral  oil,  sp.  gr.  *885 

3-  „ „ ,,  '913 


4- 

5.  Russian 

6. 


7- 


•923 

•909 

•915 

•884* 


petroleum  residuum,  or  astatki,  benzene,  naph- 
thalene, and  anthracene.  The  process  em- 
ployed consists  in  breaking  up  the  astatki  on 
the  highly  heated  floor  of  a cupola  regenerative 
furnace.  The  first  destructive  distillation  thus 
effected  is  stated  to  yield  from  30  to  40  per 
cent,  of  tar,  containing  from  15  to  17  per  cent, 
of  50  per  cent,  benzol.  By  a second  destruc- 
tive distillation  of  the  heavy  oils  remaining 
after  the  separation  of  the  benzol,  70  per  cent, 
of  tar  is  obtained,  containing  from  7 to  10  per 
cent,  of  5 per  cent,  benzol,  16  per  cent,  of 
naphthalene,  2 to  3 percent,  of  dr}^  “green 
grease  ” (or  30  per  cent,  anthracene),  and  24 
per  cent,  of  pitch.  There  is  also  obtained  in 
the  process  75  to  100  cubic  feet,  per  c.f.  of 
astatki,  of  gas  having  an  illuminating  power 
described  as  five  times  that  of  coal-gas. 

We  have  already  seen  that  American  petro- 
leum oil  is  principally  transported  in  barrels 
and  cases.  As,  however,  suitable  timber  for 


barrel  making  is  scarce  in  Russia,  Mr.  Nobel 
found  it  necessary  to  devise  some  other  method 
of  distributing  the  oil,  and  great  credit  attaches 
to  him  for  the  admirable  system  of  bulk  trans- 
portation he  has  organised.  The  oil  is  pumped 
from  the  refineries  at  Baku  into  tank  steamers 
on  the  Caspian  sea.  These  steamers,  which 
were  constructed  at  Motala,  in  Sweden,  are 
about  250  ft.  in  length  by  28  ft,  beam,  and  have 
a draft  of  water  when  loaded  of  10  ft.  to  12  ft. 
The  whole  of  the  forward  portion  of  the  vessel 
forms  one  great  tank,  the  engines  and  boilers 
are  amidships,  and  two  cylindrical  tanks  are 
placed  aft.  The  oscillation  of  the  oil  in  the 
forward  tank  is  prevented  by  bulkheads.  The 
tanks  hold  collectively  225,000  gallons  (5,500 
barrels),  and  can.be  filled  in  4^- hours.  The 
fuel  used  for  steam  generation  is  petroleum 
residuum,  29  tons  being  consumed  on  the 
voyage  from  Baku  to  the  mouth  of  the  Volga, 
a distance  of  about  460  miles.  The  engines 
are  of  120  horse-power  nominal,  and  the  mean 
speed  of  the  vessels  10  knots  per  hour.  Several 
tank  steamers  have  recently  been  constructed 
for  the  shipment  of  petroleum  oil  in  bulk  from 
Batoum  to  ports  on  the  Black  Sea,  the  Baltic, 
and  elsewhere.  These  vessels  are  built  on  the 
principle  of  the  boilers  and  engines  being 
placed  in  the  stern,  and  the  oil  storage  tanks 
forward.  Two  bulkheads  with  water  between 
prevent  the  possibility  of  any  oil  finding  its 
way  into  the  boiler  space.  The  steamers  are 
constructed  throughout  of  Bessemer  steel,  and 
have  been  favourably  classed  at  Lloyds. 

In  the  tank  steamers  described,  the  oil  is 
conveyed  to  the  mouth  of  the  Volga,  where  in 
consequence  of  the  water  being  shallow,  it  is 
transferred  to  tank  barges,  in  which  it  is 
carried  to  Tsaritsin,  an  important  storage 
centre  on  the  Volga,  364  miles  from  the  point 
at  which  the  steamers  discharge.  At  Tsaritsin 
the  oil  is  pumped  into  tank  waggons  (similar 
to  those  used  in  America)  on  the  Tsaritsin- 
Griazi  railway,  and  thus  finds  its  way  to  a 
large  number  of  storage  centres  throughout 
Russia.  From  these  centres  the  oil  is  dis- 
tributed in  barrels  which  can  easily  be  returned 
to  be  refilled. 

A considerable  quantity  of  the  oil  is  also 
conveyed  from  Baku  to  Batoum,  on  the  Black 
Sea,  over  the  Trans-Caucasian  railway,  in  tank 
waggons,  a distance  of  560  miles,  but  the  carry- 
ing capacity  of  this  line  is  only  about  one  million 
and  a half  of  barrels  per  annum,  in  consequence 
of  its  being  carried  over  a pass  (the  Suram 
Pass)  3,000  feet  above  sea  level,  where  the 
gradient  is  in  places  as  much  as  i in  22.  It 
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is  contemplated  to  largely  increase  the  carry- 
ing capacity  of  the  line  by  tunnelling  the  pass, 
and  it  has  also  been  proposed  to  lay  a pipe 
line  from  Baku  to  Batoum.  In  the  meantime, 
however,  arrangements  are  being  completed 
to  fully  utilise  the  existing  facilities  by  ship- 
ping the  oil  from  Batoum  in  tank  steamers, 
and,  as  the  Volga  navigation  is  closed  in 
winter,  there  is  no  doubt  that  the  Trans- 


Caucasian  route  will  be  largely  made  use 
of. 

I have  already  given  a list  of  certain  kinds 
of  crude  petroleum  which  I have  had  occasion 
to  examine  in  the  course  of  the  past  fifteen 
years,  and  I have  pointed  out  the  great  varia- 
tion in  physical  characters  which  the  series  ex- 
hibits. In  the  following  Table  the  equally  varied 
yield  of  commercial  products  is  shown: — 


Naphtha.  | 

Burning  Oil. 

Lubricating  Oil. 

Persia  

,.(sp.  gr. 

777) 

Per  cent. 

i'4 

87'5 

Per  cent. 

Per  cent. 

East  India 

..(  „ 

•821) 

3-6 

62-5 

(sp.  gr.  -8oo) 

32-0 

Kyouk  Phyou,  Burmah  

•818) 

none 

55'7 

0 

0 

00 

3i'3 

Minbyin,  Burmah 

..(  „ 

•866) 

none 

i5'i 

( „ -8io) 

65 '9 

Western  Barangah,  Burmah.  . 

•888) 

none 

7'2 

( „ '815) 

89'3 

n ^ • 

•835) 

2 '5 

66'i 

( „ '810) 

27'3 

Assam 

•933) 

none 

none 

94'2 

India  

'935) 

none 

200 

(sp.  gr.  -805) 

6o'o 

Russia 

•836) 

20‘0 

40‘0 

37'5 

•942) 

none 

none 

90-0 

Hanover 

'843) 

10-0 

c^ 

q 

6 

(sp.  gr.  -8i2) 

27'5 

South  America 

•852) 

none 

0 

b 

lO 

( „ -8o8) 

45'o 

>9  

•900) 

none 

none 

9i'5 

New  Zealand 

•828) 

none 

6o^o 

(sp.  gr.  -8o8) 

38-0 

Italy 

•787) 

45  0 

45 ‘0 

0 

CO 

5'o 

United  States,  Wyoming  . . . . 

..(  „ 

•911) 

2'5 

27-5 

57'5 

„ 

'945) 

none 

1 lO’O 

i 

72'5 

The  petroleum  from  Upper  Burmah  is  very 
rich  in  paraffin.  On  the  table  I have  some 
specimens  of  paraffin  in  the  crude  state, 
manufactured  from  Yenangyoung  petroleum 
in  Rangoon,  which  have  been  given  to  me  by 
Messrs.  Henry  Hill  and  Sons. 

(To  le  continued.) 


Miscellaneous. 

♦ 

COLONIAL  AND  INDIAN  EXHIBIIION. 
THE  INDIAN  SCREENS. 

Part  I. 

The  arrangement  of  the  Indian  collections  in  the 
Art  Ware  Court  is  based  on  topographical  position, 
and  the  visitor  is  thus  at  once  able  to  compare  the 


various  styles  of  art  existing  throughout  the  Empire. 
It  is  proposed  in  the  present  notice  to  describe 
the  screens  which  divide  the  courts  the  one  fronr 
the  other,  and  which  form  a double  fa9ade  down 
the  central  gallery ; leaving  for  a future  article  the 
many  examples  of  Art  Ware  which  the  court  con- 
tains. These  screens  give  a good  idea  of  the  various 
styles  of  carving  in  wood  and  stone  met  with  in 
India,  and — so  far  as  the  limitations  imposed  by 
the  Exhibition  arrangements  permit— a fair  notion 
of  the  details  of  the  different  styles  of  Indian  archi- 
tecture. 

Acting  on  the  principle  which  left  to  each  Colony 
participating  in  the  Exhibition  the  organisation  and 
treatment  of  its  own  section,  the  design  of  each 
screen  was  entrusted  to  the  province  which  contributed 
it,  the  only  limitation  being  as  regards  length  and 
height.  Although  this  plan  has  resulted,  in  parts,  in 
somewhat  incongruous  combinations,  yet  it  cannot 
but  be  felt  that  greater  harmony  in  the  scheme  of  the 
two  facades  would  have  caused  a corresponding  loss 
of  individuality  in  the  screens.  In  a five  minutes’ 
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walk  we  may  here  see  upwards  of  fifty  different 
■styles  of  Eastern  art. 

The  following  account  of  the  screens,  to  which 
reference  has  already  been  made  (ante  p.  462),  are 
taken  principally  from  the  descriptions  in  the  official 
catalogue  published  by  the  Royal  Commission,  which 
were  supplied  from  the  various  Indian  provinces. 
They  are  described  from  east  to  west. 

The  full-page  illustrations  to  this  notice,  produced 
by  Mr.  Griggs,  are  taken  from  the  “Journal  of 
Indian  Art,”  which  is  devoted  exclusively  this  year 
to  the  art  of  the  Indian  Empire  at  the  Exhibition. 
The  representation  of  the  Baroda  pigeon-house  has 
kindly  been  lent  by  Messrs.  Clowes  and  Son,  from  the 

Official  Guide.” 
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The  Jeypore  Gateway. 

The  courts  are  entered  through  a gateway,  con- 
tributed by  his  Highness  the  Maharaja  of  Jeypore, 
and  carved  by  his  subjects,  Shekhawati  carpenters. 
The  gateway  is  surmounted  by  a Nakar-khana,  or 
drum-house  (from  the  Arabic  Nakara,  a kettle-drum), 
such  as  is  usually  found  over  the  entrance  to  royal 
residences  or  temples.  It  is  used  by  musicians  who 
play  in  honour  of  the  sovereign  or  god. 

In  the  kiosk  on  the  top  are  arranged  all  the  musical 
instruments  which  are  usually  played  in  a drum- 
house,  and  on  the  platform  are  grouped  life-size 
representations  of  the  musicians.  On  the  front  of 
the  platform  has  been  carved  the  Shamsha,  or  picture 
of  the  sun,  which  is  symbolical  of  the  descent  of  the 


Jeypore  Pavilion  and  Screen,  Rajputana. 


\ords  of  Jeypore,  and  of  the  Rajput  chiefs  of  the 
solar  race. 

On  the  opposite  side  will  be  found  a representation 
of  the  moon,  from  which  the  Chandrabansi,  the  other 
great  branch  of  the  Rajput  race,  represented  by  the 
Rajas  of  Jeysulmere  and  Karauli,  are  said  to  have 
sprung.  On  the  same  beam  below  the  cornice  on 
the  front  of  the  gate  is  engraved  the  motto  of  the 
Jeypore  house,  Yato  dhann  stato  jaya,  in  Sanskrit, 
wTth  Latin  (Ubi  virtus  ibi victor)  and  English  versions. 
On  the  corresponding  beam  at  the  back,  is  seen  the 
motto.  Ex  Oriente  lux. 

The  above  illustration  affords  but  an  indica- 
tion of  the  form  of  the  gateway;  the  lithograph 
of  the  head  of  one  of  the  arches  gives  a good  idea  of 
the  style  of  the  carving. 


Rajputana. 

From  the  twenty  States  forming  Rajputana,  eight 
screens  are  contributed. 

Jeypore. — This  screen  has  coloured  panels  of 
mythologic  subjects  for  which  Jeypore  is  celebrated, 
fitted  into  the  horizontal  portion.  The  general 
design  is  the  modified  Saracenic  in  vogue  in  Upper 
India  and  Rajputana.  The  only  instructions  issued 
to  the  wood  carvers  were,  that  as  great  a variety  of 
patterns  should  be  employed  as  possible,  the  ornament 
to  be  purely  Indian,  and  no  attempt  to  be  made  to 
work  on  other  than  traditional  lines. 

Bhartpur,  Karauli,  and  Dolphur. — This  screen 
is  made  throughout  of  red  sandstone  procured  from 
the  celebrated  quarries  in  the  immediate  vicinity  of 
the  city  of  Karauli;  it  was  constructed  entirely 
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by  local  stonemasons  and  stone-carvers,  under  the 
general  supervision  of  the  State  Public  Works  De- 
partment. The  style  of  architecture  can  not  be 
exactly  defined,  as  the  screen  is  in  reality  a mixture 
of  copies  of  parts  of  several  local  buildings,  fitted  to 
the  dimensions  required. 

Jodhpur, — This  screen  is  carved  in  teak  wood  ; it 
was  designed  and  made  at  Jodhpur  by  native  artists 
and  workmen.  The  architecture  is  the  modified 
Delhi  adopted  in  Rajputana. 

Ulwar. — The  front  consists  of  panels  of  white 
marble,  from  the  celebrated  quarries  of  Makrana, 
perforated  and  carved  in  relief,  fitted  in  a frame- 
work of  black  marble,  and  supported  upon  three 
beautifully-carved  white  marble  pillars.  A deco- 
rative design  of  glass-work,  on  which  the  crest  and 
arms  of  His  Highness  the  Maharao  Raja  are  em- 
blazoned, surmounts  the  whole.  The  designs  of  the 
pillars  and  panels  are  taken  from  carvings  existing  in 
the  Ulwar  Palace,  and  are  of  pure  Hindu  style.  The 
glass-work  decoration  is  also  taken  from  the  Ulwar 
Palace.  The  screen  is  altogether  of  Ulwar  workman- 
ship. 

Kotah. — This  screen  consists  of  a front  and  side 
piece  made  of  shisham  wood  {Dalbergia  sisit)  and 
inlaid  with  ivory.  This  style  of  work  is  much 
practised  in  the  town  of  Etawah  in  the  Kotah 
State.  The  architectural  design,  which  is  Hindu,  has 
been  copied  from  old  buildings  in  the  city  of  Kotah. 
The  whole  screen  may  be  judged  by  the  example 
which  will  be  given  with  the  second  part  of  this 
article. 

Ajmere. — This  screen  is  designed  to  represent 
a sample  of  the  ordinary  street  architecture  in 
Ajmere  city.  The  archways  or  arcades  are  similar 
to  those  used  in  verandahs  of  houses,  serais,,  and 
shop  fronts.  These  arcades  are  often  surmounted 
by  a system  of  ornamental  bracketing  and  open 
carved  work,  supporting  upper  balconies.  The 
materials  generally  used  in  street  architecture  of  this 
kind  are  a mixture  of  cut  stone  and  stone  masonry 
and  plaster  work,  the  whole  being  either  white- 
washed or  decorated  by  painting  in  bright  water- 
colours. This  model  is  carved  in  wood  and  painted 
white  to  represent  the  original  type  as  nearly  as 
possible. 

Bikanir. — This  screen  of  wood  is  constructed  to 
show  to  the  best  advantage  a style  of  decoration 
applicable  to  wood,  stone,  earthenware,  ivory, 
and  glass,  and  believed  to  be  peculiar  to  Bikanir. 
The  following  brief  description  may  not  be  un- 
interesting ; — On  the  surface  of  the  wood,  which 
had  been  previously  well  scrubbed  with  liquid 
clay  and  allowed  to  dry,  the  outlines  of  a flower 
pattern  were  stencilled  with  a bag  of  powdered 
charcoal  through  perforated  paper.  Successive  layers 
of  liquid  clay  were  then  applied  with  small  squirrel’s- 
hair  brushes  within  the  outlines  of  the  pattern,  each 
layer  being  allowed  to  dry  before  the  next  application, 
until  a raised  surface  bringing  out  the  stalks,  leaves, 
and  petals  with  sufficient  distinctness,  had  been  pro- 


duced. The  whole  surface  was  then  fixed  by  a coat 
of  paint,  and  when  this  was  dry,  gold  leaf  was 
applied  over  all.  The  ground  work  was  then  painted 
in,  the  flower  pattern  standing  out  in  gilt  relief. 

Central  India. 

On  the  north  side,  the  Central  India  screen  con- 
sists of  three  bays,  intended  to  illustrate  both  Bud- 
dhist and  Hindu  sculptures  as  found  in  Central  India, 
The  pillars  are  modelled  on,  though  not  exactly 
copied  from,  sculptures  existing  at  Khajurahu,  in 
Bundelkhand.  The  centre  is  occupied  by  an  imago 
of  Ganesh,  the  elephant-headed  son  of  Shiva.  The 
bays  flanking  this  central  gateway  show  examples  of 
Gwalior  stone  carving  in  relief.  These  pillars  are 
of  simpler  style  than  the  central  pair,  but  are  also 
modelled  on  the  carvings  of  Khajurahu.  Some  of 
the  stone  panels  and  plaques  are  copied  from  the 
Sanchi  Tope,  near  Bhopal,  and  from  the  Fort  at 
Gwalior,  which  was  restored  to  the  late  Maharaja 
Scindia  shortly  before  his  death. 

On  the  south  side  the  style  of  screen  is  altogether 
lighter.  Here,  again,  there  are  three  bays.  The 
side  portions  are  fitted  with  glazed  tiles.  One 
flanking  bay  is  fitted  with  perforated  stonework  from 
Gwalior,  and  the  other  with  perforated  wood-carving 
from  Ujjain.  The  three  pairs  of  pillars  are  copied 
from  those  often  seen  in  temples  and  dwelling- 
houses  in  Indore  and  its  neighbourhood.  As  an 
example,  a base  of  one  of  these  pillars  will  be  given 
with  the  second  part  of  the  article. 

Bombay. 

The  screen,  the  general  design  for  which  was  made 
by  Mr.  Griffiths,  the  Superintendent  of  the  Bombay 
School  of  Art  and  Secretary  to  the  Bombay  Com- 
mittee for  the  Exhibition,  consists  of  two  lengths, 
each  80  feet  long,  made  up  of  eight  open  bays.  In 
addition  to  these  are  the  four  ends,  the  total  length 
of  the  screen  being  208  feet,  with  a uniform  height  of 
10  feet.  It  was  designed  with  a view  to  illustrate 
as  fully  as  possible  the  wood-carving  characteristic 
of  the  Presidency. 

The  sections  belonging  to  the  Royal  Commission, 
to  His  Highness  the  Gaikwar  of  Baroda,  and  to  His 
Highness  the  Rao  of  Cutch,  were  executed  by  native 
artisans  under  the  superintendence  of  Mr.Wimbridge, 
of  the  East  India  Art  Manufacturing  Company, 
Bombay.  The  carved  details  for  the  Royal  Com- 
mission and  Cutch  sections  w’cre  selected  by  Mr. 
Wimbridge  from  mosques  at  Ahmedabad,  and  the 
detail  for  the  Baroda  section  from  various  houses 
in  Surat.  The  illustration  of  a portion  of  this  screen, 
which  will  be  given  with  the  second  part  of  this 
article,  amply  proves  its  beauty  of  design  and  rich- 
ness of  detail. 

The  Bhavnagar  section,  which  comprises  four  of 
the  richest  bays,  was  constructed  in  Bhavnagar  itself, 
under  the  immediate  supervision  of  Mr.  Proctor 
Sims,  the  state  engineer.  The  details  of  the  work 
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are  taken  from  the  old  palace  and  from  some  of  the 
old  houses  in  the  town. 

The  details  of  the  other  screens  in  this  court, 
selected  from  the  ancient  mosques  (built  towards  the 
end  of  the  15th  and  the  beginning  of  the  i6th  century ) 
of  the  city  of  Ahmedabad,  once  the  greatest  in 
Western  India,  illustrate  the  action  of  Mohammedan 
influence  upon  the  Hindu  style.  The  work  is  exe- 
cuted in  teak.  Plaster  casts  of  the  panels  and  pillar 
in  this  screen  have  been  taken  by  the  Royal  Com- 
mission for  the  decoration  of  nearly  the  whole  of  the 
private  Exhibitors’  Court. 

The  Banniii  Pigeon  House. — The  Baroda  pigeon 
house,  a lofty  structure,  most  elaborately  carved, 


presented  by  H.H.  the  Gaikwar  of  Baroda,  has, 
for  the  sake  of  convenience,  been  removed 
from  the  Bombay  Court,  and  placed  in  the 
centre  of  the  gallery  to  mark,  the  turning  to  the 
central  courts  of  the  Exhibition.  The  four  smaller 
pigeon  houses,  which  were  intended  to  be  placed 


around  its  base,  have,  however,  been  left  in 
Bombay  Court.  In  Baroda  and  throughout  Gujarat, 
the  inhabitants  erect  pigeon  houses  for  feeding  not 
only  pigeons,  but  parrots,  sparrows,  and  all  birds 
living  in  or  near  their  towns.  The  Gujeratis  con- 
sider it  a sin  to  kill  any  animal,  and  to  feed  them  is 
held  to  be  a great  act  of  charity.  Pigeon  houses, 
therefore,  are  erected  by  the  wealthy  natives  from 
motives  of  piety.  The  accompanying  illustration 
gives  an  idea  of  the  general  design ; the  detail  of 
the  carving  is  somewhat  similar  to  that  of  the 
Baroda  screen. 

(To  he  continued) . 


STATUES  OF  COLONIAL  WORTHIES. 

By  J.  S.  O’Halloran, 

fCottlintted f7'07n  p.  86$. J 

West  Indies. 

Christopher  Columbus,  the  famous  navigator, 
born  1546,  dicovered  Jamaica,  the  Bahamas,  and 
other  groups  in  1592-94.  The  original  model  of  a 
bronze  statue,  by  D.  Chidoni,  of  Milan,  surrounded 
by  emblematical  figures  of  the  savage  and  civilisation, 
navigation  and  geography,  may  be  seen  in  the  West 
Indian  Court  of  the  Colonial  and  Indian  Exhibition. 
A marble  statue  of  Columbus  was  erected  in  Genoa 
in  1862,  and  stands  on  a pedestal  adorned  with  ships’ 
prows ; at  the  feet  of  the  statue,  which  rests  on  an 
anchor,  kneels  the  figure  of  America.  The  monu- 
ment is  surrounded  by  allegorical  figures  representing 
religion,  geography,  strength,  and  wisdom. 

IIoNG  Kong. 

Sir  Arthur  Kennedy,  K.C.M.G.,  C.B.,  was 
Governor  of  the  colony  from  1872  to  1876.  A photo- 
graph of  a bronze  statue,  by  M.  Raggi,  which  will 
shortly  be  erected  in  the  public  gardens,  is  on  view 
in  the  Hong  Kong  Court  of  the  Colonial  and  Indian 
Exhibition. 

Straits  Settlements. 

Sir  Tho:mas  Stamford  Raffles  was  born  in 
1781,  and  died  in  1826.  Selected  at  an  early  age  to 
administer  the  government  of  the  British  colonies  in 
the  Indian  Ocean,  he  raised  Java  to  a condition  of 
prosperity  and  happiness  which  was  unknown  under 
previous  rulers.  After  the  surrender  of  that  island 
to  the  Dutch,  and  during  the  period  of  his  govern- 
ment of  Sumatra,  he  founded  an  emporium  at 
Singapore,  where  he  established  a free  post,  and 
secured  to  the  British  flag  the  maritime  ascendancy 
of  the  Indian  seas.  A statue  by  Chantrey  is  in  West- 
minster Abbey,  and  Thomas  Woollier,  R.A.,  has 
completed  a model  in  clay,  which  is  about  to  be  cast 
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into  bronze  for  erection  in  Singapore.  It  is  9 feet 
in  height. 

Ceylon. 

General  Sir  Edward  Barnes,  K.C.B.,  ad- 
ministered the  government  of  Ceylon  from  1820  to 
1822,  and  from  1824  to  1831.  There  is  a statue  to 
his  memory  at  Colombo. 

Right  Hon.  Sir  William  Gregory,  K C.M.G., 
Governor  of  Ceylon  from  1871  to  1875.  Statue  at 
Colombo. 

Sir  Henry  Ward,  K.C.M.G.,  Governor  of 
Ceylon  from  1855  to  i860.  Statue  at  Kandy. 

Mauritius. 

Mahe  de  Labourdonnais  was  Governor  of  the 
island  from  1734  to  1746.  Under  his  able  adminis- 
tration, the  cultivation  of  the  sugar-cane  was  intro- 
duced and  the  foundation  of  its  future  prosperity 
was  laid.  A bronze  statue  was  erected  to  his  memory 
in  1859  as  a tribute  from  British  subjects  to  one  who 
governed  the  island  before  it  became  a British 
colony.  Facing  the  landing  place  “it  greets  the 
eye  as  you  step  on  shore,  and  it  does  not  need  much 
stretch  of  the  imagination  to  fancy  he  is  welcoming 
the  stranger  to  the  shores  for  which  he  spent  so  many 
years  of  untiring  devotion.” 

Sir  William  Stevenson,  K.C.B.,  governed  the 
eolony  from  September,  1857,  to  January,  1863,  and 
shortly  after  his  death  a statute  to  his  memory  was 
placed  in  the  Quadrangle  at  Government  House, 
Port  Louis. 

Gibraltar, 

Lord  Heathfield  rendered  important  ser- 
vices to  his  country  by  his  gallant  defence  of 
Gibraltar — of  which  colony  he  was  governor — 
-against  the  combined  attack  of  the  French  and 
JSpanish  forces  on  September  13th,  1782.  He  died 
July  6th,  1790.  Statue  at  St.  Paul’s  Cathedral,  by 
Charles  Rossi. 

Cape  of  Good  Hope, 

Sir  George  Grey  vvas  Governor  from  1854  to 
1861.  He  was  previou^y  Governor  of  South 
Australia,  and  subsequently  of  New  Zealand,  in 
which  colony  he  now  resides.  His  statue  stands  in 
the  Botanic  Gardens  at  Cape  Town,  and  faces  the 
Grey  Library,  containing  a valuable  collection  of 
rare  books  and  manuscripts  which  he  presented  to 
the  colony. 

The  Right  Hon.  Sir  Bartle  Frere,  Bart., 
Governor  and  High  Commissioner  from  1877  to 
1880,  was  an  able  and  experienced  administrator, 
-who  had  served  his  country  during  a lengthened  and 
active  career  in  India.  Although  his  South  African 
policy  has  been  freely  criticised,  recent  events  have 
largely  contributed  to  endorse  its  wisdom.  Through- 
out his  career  he  earnestly  sought  to  maintain  the 
honour  of  his  country  and  the  integrity  of  the 


empire.  He  died  in  1884,  and  was  accorded  a public 
funeral  at  St.  Paul’s  Cathedral.  A bronze  statue, 
by  Thomas  Brock,  A.R.A.,  will  shortly  be  erected 
on  the  Thames  Embankment,  at  the  foot  of 
Northumberland-avenue,  as'  a tribute  of  respect  and 
general  esteem. 

West  Africa. 

William  Wilberforce,  Granville  Sharp, 
Thomas  Clarkson,  whose  names  will  ever  be 
specially  identified  with  those  exertions  which  re- 
moved from  England  the  guilt  of  the  African  slave 
trade,  and  prepared  the  way  for  the  abolition  of 
slavery  in  the  Empire.  The  two  first-named  philan- 
thropists were  amongst  the  first  proprietors  of  the 
Sierra  Leone  Company,  which  was  incorporated  in 
1791.  A statue  of  William  Wilberforce — born  24th 
August,  1759,  died  29th  July,  1833 — is  in  AVest- 
minster  Abbey,  Joseph,  sculptor.  There  are  busts 
of  Granville  Sharp  and  Clarkson  in  the  Guildhall, 
London. 

Space  does  not  here  permit  of  an  enumeration  of 
the  various  statues  of  distinguished  Anglo-Indians 
which  have  been  erected  in  India  and  in  this  countrj-, 
and  include  the  work  of  some  of  our  leading  sculptors. 

Any  account  of  statuary  in  relation  to  the  Colonics 
would,  however,  be  incomplete  without  a reference 
to  the  large  number  of  representations  of  her 
Majesty  the  Queen  which  are  to  be  found  in  the 
British  Colonies,  and  which  give  outward  expression 
to  that  sentiment  of  loyalty  to  the  throne  by  which 
all  colonists  are  alike  animated. 

The  information  contained  in  this  article  is  derived 
from  personal  observations  in  various  parts  of  the 
British  Empire,  supplemented  by  a somewhat  volu- 
minous correspondence.  As. the  subject  embraces  so 
wide  a scope  that  it  is  obviously  impossible  for  any 
one  writer  to  deal  with  it  exhaustively,  the  author 
indulges  in  the  hope  that  his  Colonial  friends  will 
kindly  supply  such  further  notes  as  will  serve  to  make 
complete  what  is  admittedly  an  imperfect  sketch. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

The  following  are  Conferences  for  the  week  ending  July 
17th,  at  the  Colonial  and  Indian  Exhibition  : — 

Monday,  July  12... Sir  Robert  Biddulph,  ‘‘  Cyprus.”  4 p.m. 

Tuesday,  July  13  ...  Conference  of  the  Anthropological 
Institute.  “ Races  of  the  Straits  Settlements  and 
Borneo.”  4 p.m. 

Wednesday,  July  14. ..Prof.  Leone  Levi,  “ Wages  of  Labour 
in  relation  to  Cost  of  Living.”  4 p.m. 

Thursday,  July  15. ..G.  Wall,  “Capabilities  of  Ceylon.” 
4 p.m. 

Friday,  July  16. ..Dr.  Brandis,  “The  Forests  of  India.” 
3 P-m. 

Saturday,  July  17. ..Conference  of  the  Geologists’  Associa- 
tion. “ New  Zealand.”  3 p.m. 
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NOTICES. 

♦ 

CHAIRMANSHIP  OF  COUNCIL. 

On  Monday  last,  12th  inst.,  at  their  first 
meeting,  the  Council  elected  Capt.  Douglas 
Galton,  C.B.,  D.C.L.,  F.R.S.,  as  Chairman 
for  the  ensuing  year.  The  various  committees 
v.'ere  also  re-appointed. 


CON  VERS  A ZIONE. 

The  Society  of  Arts’  Conversazione  will  be 
held,  by  permission  of  the  Royal  Commission 
of  the  Colonial  and  Indian  Exhibition,  at  the 
Exhibition  Buildings,  this  evening  (Friday) 
i6th  July. 


Proceedings  of  the  Society. 

♦ 

CANTOR  LECTURES. 

PETROLEUM  AND  ITS  PRODUCTS. 

By  Boverton  Redwood,  F.I.C.,  F.C.S. 

fThe  right  of  reproducing  these  lectures  is  reserved.] 

Lecture  III.— Delivered  March  22,  1886. 

(Continued from  p.  878.) 

W e now  enter  upon  the  consideration  of  the 
process  of  manufacturing  the  various  com- 
mercial products  from  shale.  True  shales,  when 
heated  to  redness  in  a closed  vessel,  do  not 
cake,  so  that  the  soft  and  black  residue,  after 
all  the  volatile  matter  has  been  driven  off, 
retains  the  original  form  of  the  fragments. 
The  proportion  of  mineral  matter  in  the  shale 
is  usually  73  per  cent.,  but  is  occasionally  as 
much  as  So  per  cent.  Mr.  Henderson,  of  the 


Broxburn  Oil  Company,  to  whom,  as  well  as 
to  Mr.  Kennedy,  managing  director  of  the 
Company,  I am  indebted  for  much  valuable 
information,  informs  me  that  the  Broxburn 
shale  yields  : — 

Per  cent. 


Crude  oil  12*5 

Water 8*5 

Gas 3’o 

Ash 67*0 

Carbon  in  spent  shale 9-0 


loo-o 

In  the  earlier  days  of  the  industry  two 
methods  of  distillation,  one  intermittent  and 
the  other  continuous,  were  employed.  In  the 
former  system,  which  was  that  first  adopted, 
the  shale,  previously  broken  into  fragments  of 
suitable  size,  was  heated  in  cast-iron  retorts, 
similar  to  those  employed  in  coal-gas  manu- 
facture, the  retorts  being  discharged  and  re- 
charged when  the  whole  of  the  volatilisable 
matters  had  been  driven  off.  The  latter  system 
was  conducted  in  a cylindrical  or  oval  retort 
of  cast-iron,  about  2 ft.  in  diameter  by  8 ft.  or 
10  ft.  in  length,  set  vertically  in  a furnace. 
In  this  vessel  the  shale,  previously  broken  by 
machinery,  was  exposed  to  a dull  red  heat  for 
twelve  to  twenty  hours  ; a jet  of  steam  being 
introduced  at  the  bottom  of  the  retort,  and  the 
products  conducted  from  the  top.  The  steam 
was  employed  to  sweep  away  the  products  as 
formed,  and  prevent  their  dissociation  by  over- 
heating. The  furnace  was  so  constructed  that 
the  lower  part  of  the  retort  received  the 
greatest  heat,  and  from  time  to  time  a portion 
of  the  exhausted  shale  was  removed  from  the 
bottom  of  the  retort,  which  was  sealed  with 
water,  and  a corresponding  quantity  of  fresh 
shale  was  introduced  at  the  top  ; the  process 
being  thus  continuous.  By  this  process  about 
33  gallons  of  crude  oil  and  80  gallons  of 
ammoniacal  liquor  per  ton  of  shale  were 
obtained,  the  latter  being  large  in  volume  and 
of  low  strength,  in  consequence  of  the  con- 
densation of  the  steam  employed. 

The  method  of  distillation  devised  by  Mr. 
Henderson  differs  principally  from  the  inter- 
mittent system  already  described  in  the  re- 
torts being  vertical,  and  in  the  provision  of 
an  arrangement  for  employing  as  fuel  the 
spent  shale,  which  sometimes  contains  as 
much  as  12  to  14  per  cent,  of  carbon.  The 
retorts  are,  in  this  system,  placed  in  an  oven 
above  the  furnace.  They  are  about  15  ft. 
in  length,  and  hold  about  i8cwt.  of  shale. 
The  bottom  of  the  retort  consists  of  a door. 
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which  can  be  opened  so  as  to  allow  the  spent 
shale  to  drop  into  a combustion  chamber 
beneath  the  oven.  The  material,  as  it  is  dis- 
charged from  the  retort,  is  black,  but  it  soon 
becomes  incandescent,  and,  aided  by  the  in- 
condensable gaseous  products  of  distillation 
(occasionally  also  by  the  addition  of  a small 
quantity  of  coal),  it  constitutes  a valuable 
fuel.  In  this  system  of  distillation  the  upper 
part  of  the  retort  is  the  most  highly  heated, 
and  the  products  are  removed  from  the 
bottom,  a stream  of  superheated  steam  being 
passed  in  at  the  top.  There  are  four  retorts 
in  each  oven,  and  each  retort  is  charged 
£>nce  in  sixteen  hours ; but  the  charging 
takes  place  in  rotation  at  intervals  of  four 
or  five  hours,  so  that  a regular  supply  of  fuel 
is  furnished  to  the  combustion  chamber  below. 

Although,  in  the  meantime,  the  older  method 
of  intermittent  distillation  had  been  improved, 
it  is  generally  admitted  that  the  introduction 
of  the  Henderson  retort  resulted  in  an  in- 
creased yield  of  paratfin. 

The  retort  invented  by  Messrs.  William 
Young  and  George  Beilby,  the  Pentland 
pattern  of  which  is  now  also  largely  in 
use,  is  composite,  the  upper  part  being  of 
iron,  and  the  lower  of  fire  brick.  In  this 
apparatus  the  shale  is  exposed  to  a com- 
paratively low  temperature  while  in  the  iron 
portion — the  oil  products  being  thus  driven  oif 
without  risk  of  their  being  overheated — and 
then  passing  downwards  into  the  more  highly 
heated  fire  brick  portion,  in  consequence  of 
the  withdrawal  of  a portion  of  the  spent 
material,  is  subjected  to  a heat  suitable  for 
the  formation  of  the  ammonia.  Steam  is 
passed  into  the  retort  at  the  base.  The  retorts 
are  set  in  groups  of  four,  and,  as  I saw  them 
in  operation  at  the  Pentland  Works,  are 
heated  through  the  medium  of  a gas-producer 
instead  of  by  an  ordinary  open  furnace.  By 
this  method  of  distillation  the  yield  of  paraffin 
is  increased,  while  the  gain  of  sulphate  of 
ammonia  is  stated  to  be  no  less  than  14  lbs.  per 
ton  of  shale. 

The  oil  vapours  are  condensed  by  being 
passed  through  a series  of  70  to  100  vertical 
4 in.  pipes. 

Crude  shale  oil  is  of  a dark  green  colour, 
and  has  a specific  gravity  of  *865  and  upwards. 
The  first  step  in  the  process  of  refining  con- 
sists in  the  distillation  of  the  oil  to  dryness  in 
cast-iron  pot-shaped  stills,  into  which  steam, 
often  superheated,  is  passed,  the  product 
being  condensed  in  the  manner  I have  already 
described  when  treating  of  the  distillation  of 


petroleum.  The  oil  having  been  treated  with 
sulphuric  acid  and  caustic  soda,  these  pro- 
cesses being  termed  “ washing,”  is  next  sub- 
jected to  fractional  distillation  in  cylindrical 
boiler-plate  stills  of  a capacity  of  4,000  to 
5,000  gallons.  Steam  is  introduced  into  the 
stills  after  the  more  volatile  products  have 
passed  off.  The  first  product  obtained  is 
crude  naphtha,  and  at  a higher  temperature 
the  burning  oil  distillate  issues  from  the  con- 
densers and  is  collected  separately.  The 
heavy  oil  which  remains  is  distilled  in  cast 
iron  vessels.  The  burning  oil  distillate  thus 
produced  is  subjected  to  acid  and  alkali  treat- 
ment, and  undergoes  a second  fractional  dis- 
tillation, an  additional  quantity  of  naphtha 
being  separated,  and  some  heavy  oil  remain- 
ing in  the  still.  The  burning  oil  distillate 
then  passes  through  a third  chemical  treat- 
ment and  distillation,  and  is,  in  some  cases, 
finally  agitated  with  acid  and  alkali,  and 
thoroughly  washed.  The  crude  naphtha  re- 
ceives the  usual  chemical  treatment,  and  is 
separated  by  fractional  distillation  into  com- 
mercial products.  From  the  heavy  oil  lubri- 
cating oils  are  manufactured,  and  paraffin 
separated  and  purified  substantially  as  in  the 
case  of  the  similar  petroleum  products.  It 
was  formerly  the  practice  to  crystallise  the 
paratfin  rapidly,  by  bringing  the  heavy  oil  into 
contact  with  the  surface  of  a revolving  drum 
through  which  cooled  calcium  chloride  solu- 
tion was  made  to  circulate,  the  paraffin  ad- 
hering to  the  cool  surface  being  scraped  off 
and  removed.  Mr.  Henderson,  and  subse- 
quently Mr.  Beilby,  however,  patented  systems 
of  slow  cooling  in  considerable  bulk,  similar 
to  that  which  I have  described  as  being 
adopted  in  petroleum  refineries  in  the  United 
States.  Various  other  systems  have  been 
adopted  at  Addiewell  and  Bathgate  for 
the  slow  cooling  of  the  oil  containing 
paraffin,  it  being  now  generally  recognised 
that  the  production  of  large  crystals  of 
paraffin  resulting  from  this  method  of  working 
facilitates  the  expression  of  the  oil,  and  effects 
a saving  in  press  cloths.  From  the  gaseous 
products  passing  away  through  the  con- 
densers crude  gasoline  is  obtained,  by  a pro- 
cess of  scrubbing  with  heavy  oil  in  a coke 
tower,  or  by  subjecting  the  gas  to  pressure. 
The  crude  gasoline  passes  through  a similar 
process  of  purification  to  that  which  the  crude 
naphtha  undergoes. 

From  the  intermediate  oils  burning  oils  of 
high  specific  gravity  and  flashing  point  are 
obtained. 
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Without  going  minutely  into  details  of 
manufacture,  which  are  by  no  means  the  same 
at  all  works,  I have  endeavoured  to  give  an 
intelligible  outline  description  of  the  compara- 
tively lengthy  and  complicated  process  by 
which  the  various  shale  products  are  obtained. 
In  practice,  the  various  similar  distillates 
obtained  in  the  intermediate  operations  are 
mixed  together,  the  process,  as  a whole, 
having  for  its  object  to  classify  the  various 
hydrocarbons  by  successive  fractional  distilla- 
tions. It  should  be  stated  that  the  crude 
shale  oil  yield,  in  addition  to  the  products 
enumerated,  acid  and  basic  bodies. 

At  the  works  of  Young’s  Paraffin  Light  and 
Mineral  Oil  Company,  the  following  is  the 
average  yield  of  the  various  commercial  pro- 
ducts from  the  crude  shale  oil ; — 


Per  cent. 


Gasoline 

Naphtha — sp.  gr.  *700  to  -760 

Burning  oils — j 

No.  I,  sp.  gr.  ’802  to  *804,  F.P.  no® 

(Abel  test)  

No.  2,  sp.  gr.  -8io  to  *8i2,  F.P.  100®  ^ 

(Abel  test) ( 

Cr}’stal  (No.  i chemically  treated)  .... 
Lighthouse  oil,  sp.  gr.  *810  to  '820 

F.P.  140°  (Abel  test) ^ 

Lubricating  oils  of  various  specific  gravities.  . 

Paraffin  (solid) 

Loss 


0-25 

5*75 


38-00 


14*50 

ii-oo 

30-50 


100-00 

The  per-centages  given  are  only  approxi- 
mate, and  are  often  purposely  varied  by 
alterations  of  the  processes  to  suit  the  require- 
ments of  the  markets.  The  loss  is  no  doubt 
frequently  considerably  smaller  than  the  pro- 
portion stated. 

At  the  Broxburn  works  the  average  yield  is 
as  follows ; — 

Per  cent. 


Naphtha— sp.  gr.  -730 5-00 

Burning  oils  : — 

Petroline — sp.  gr.  -800/-802 ^ 

No.  I oil — sp.  gr.  -808/-810 ( 37-28 

Lighthouse  oil— sp.  gr.  -810  \ 

Lubricating  oils 17-40 

Solid  paraffin 12-52 

Loss 27-80 


100-00 


Mr.  John  Fyfe,  managing  director  of  Young’s 
Company,  has  kindly  supplied  me  with  the 
interesting  collection  of  shale  oil  products  on 
the  table,  and  with  much  valuable  information 
in  regard  to  the  processes  of  manufacture. 


A process  for  the  continuous  distillation  of 
shale  oil  was  patented  by  Mr.  Henderson  in 
1883.  I am  informed  by  Mr.  Kennedy,  of  the 
Broxburn  Oil  Company,  that  Mr.  Henderson’s 
process  is  in  successful  operation  at  the  works 
of  that  company,  and  is  giving  very  satisfactory 
results. 

Mr.  Alfred  H.  Allen,  in  his  “ Commercial 
Organic  Analysis,”  a work  containing  much 
useful  information  on  the  chemistry  and  ex- 
amination of  mineral  oils,  asserts  that  shale- 
burning oil  contains  about  36  per  cent.,  by 
measure,  of  paraffins,  and  64  per  cent,  of 
olefines  and  other  hydrocarbons  acted  on  by 
fuming  nitric  acid  ; while  in  American  refined 
petroleum  (burning  oil)  these  proportions  are 
reversed  ; and  he  gives  the  following  com- 
parative statement,  based  upon  the  relative 
per-centages,  by  measure,  of  hydrocarbons  pre- 
sent in  the  various  commercial  products  which 
withstand  a consecutive  treatment  with  nitric 
acid,  1-45  specific  gravity,  concentrated  sul- 
phuric acid,  fuming  sulphuric  acid,  and 
caustic  soda ; remarking,  however,  that  the 
quantitative  composition  is  liable  to  consider- 
able variation,  and  hence  must  not  be  inter- 
preted too  literally  :* — 

Naphtha. 

From  Shale. — At  least  60  to  70  per  cent,  of 
heptylene,  C 7 H14,  and  other  hydrocarbons  of  the 
olefine  series,  Cn.Han.  The  remainder  paraffins, 
C n H211  4-  2.  No  trace  of  benzene  or  its  homologues. 

From  Petroleum. — At  least  70  per  cent  of  heptane, 
C 7 Hi6,  and  other  hydrocarbons  of  the  paraffin 
series,  CnHan-fa.  The  remainder  apparently 
olefines,  with  distinct  traces  of  benzene,  C 6 H 6,  and 
its  homologues. 

Burning  Oil. 

From  Shale. — 50  to  80  per  cent,  or  more,  of  the 
higher  members  of  the  olefine  series,  CnHan.  The 
remainder  paraffins,  C n H211  + 2. 

From  Petroleum. — 50  to  80  per  cent,  of  the  higher 
members  of  the  paraffin  series,  CnH2n-f-2.  The 
remainder  chiefly  olefines,  CnILn. 

Lubricating  Oil. 

From  Shale. — Chiefly  olefines,  CnH2n,  with  some 
polymerised  members  of  acetylene  series,  CnH2n  —2. 

From  Petroleum. — A large  proportion  of  higher 
olefines,  C n H2n ; but  less^han  in  corresponding  shale 
product. 

Vaseline. 

From  Shale. — No  such  product. 

From  Petroleum. — Chiefly  higher  paraffins  of  low 
melting  point. 

• I may  remark  that,  especially  as  regards  the  burning  oil 
made  from  American  petroleum,  the  proportion  of  olefines 
present  depends  upon  the  extent  to  which  the  process  of 
“ cracking”  has  been  adopted,  as  I have  already  explained. 
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Paraffin  Wax. 

Ftotti  Shale, — Solid  paraffins,  C n H211  + 2. 

From  Petroleum, — Solid  paraffins,  C n H211  + 2. 

Instead  of  acting  on  the  olefines  by  nitric 
and  sulphuric  acids  as  described,  bromine  may 
be  used  to  effect  their  separation  from  the 
paraffins,  and  a process  of  analysis  based  upon 
this  fact  has  been  devised  by  Mr.  Allen. 

Mr.  J.  J.  Coleman  found  that  the  liquid 
obtained  on  subjecting  the  gaseous  products 
of  shale  distillation  to  cold  and  pressure,  con- 
sisted chiefly  of  olefines: — Butylene,  C4H8,* 
amylene,  C5H10;  and  hexylene,  C6H12. 

The  following  results,  obtained  by  Mr. 
Galletly  with  paraffin  from  Boghead  coal,  show 
that  the  specific  gravity  of  this  product  in- 
creases with  its  melting  point : — 


Specific 

Melting 

gravity. 

point. 

•8236  

89-6°  F. 

•8480  

•8520  

M 

•9090 

•9110  

•9243  

•9248  

•9400  

cr\ 

6 

0 

The  ozokerit,  separated  by  melting  from  the 
earthy  matter  with  which  it  is  associated,  and 
purified  by  treatment  with  Nordhausen  oil 
of  vitriol,  has  a deep  yellow  colour,  and  in 
that  condition  is  stated  to  be  used  as  an 
adulterant  of  beeswax.  To  obtain  a material 
suitable  for  candle  making,  it  has,  how- 
ever, hitherto  been  necessary  to  subject  the 
ozokerit  to  distillation  in  a current  of  super- 
heated steam,  the  products  being  about  5 per 
cent,  of  gaseous  hydrocarbons,  3 per  cent,  of 
naphtha,  6 per  cent,  of  semi-solid  “ozokerine,’’ 
12  per  cent,  of  soft  paraffin  (melting  point 
44^-°  to  46^  C.),  distilled  ozokerit  (melting 
point  61'^  C.),  and  a black  waxy  residue.  The 
greyish  coloured  distilled  ozokerit  thus  obtained 
is  refined  by  a process  similar  to  that  which 
paraffin  from  petroleum  or  shale  undergoes. 
The  refining  of  ozokerit  is  carried  out  on  a 
large  scale  by  Messrs.  J.  C.  and  J.  Field,  to 
whom  1 am  indebted  for  the  samples  on  the 
table. 

I have  already  referred  to  peat  as  a source 
of  mineral  oils  and  paraffin.  About  the  time 
when  Mr,  James  Young  laid  the  foundation  of 
the  present  shale  oil  industry,  Mr.  Reece  Reece 
and  Sir  Robert  Kane  were  working  upon  Irish 
peat,  and  Sir  Frederick  Abel  has  stated  that 
in  1851  or  1852  he  saw  some  small  candles 


made  from  peat  paraffin.  According  to  Dr. 
Edmund  J.  Mills,  peat  furnishes  from  3 to  6 per 
cent,  of  tar,  the  specific  gravity  of  which  is 
about  *954,  and  Vohl  states  that  peat  tar  yields, 
on  the  average,  about  20  per  cent,  of  burning 
oil  (specific  gravity  ‘82),  and  about  22  percent, 
of  lubricating  oil.  The  per-centage  of  paraffin 
appears  to  vary  considerably,  as  it  is  placed  by 
different  writers  at  from  0‘i  per  cent,  to  3 -4  per 
cent. 

It  will  be  interesting  at  this  point  to  consider, 
briefly,  the  extent  of  the  world’s  consumption 
of  mineral  illuminating  oils.  We  find  that 
the  estimated  total  out-turn  by  all  the  refineries 
in  the  United  States,  for  the  year  ended  De- 
cember 31st,  1885,  was  732,650,628  American 
gallons,  or  14,365,698  barrels  of  51  American 
gallons  (equal  to  about  40  imperial  gallons). 
The  approximate  home  consumption  in  the 
United  States  amounted  to  about  253,665,075 
American  gallons,  or  4,973,825  barrels  ; and 
the  quantity  exported  was  5,381,099  barrels, 
and  17,254,611  cases,  collectively  equal  to 
446,982,159  American  gallons.  The  detailed 
shipping  statistics  give  the  respective  quan- 
tities for  the  year  1885  as  6,985,637  barrels, 
and  16,528,844  cases,  a discrepancy  which  may 
be  due  to  differences  in  dates.  On  the  latter 
basis,  the  total  gross  weight  of  the  barrels 
would  be  1,222,486  tons.  If  piled  six  high,  as 
they  commonly  are  when  stored,  the  barrels 
would  cover  a space  of  about  half  a square 
mile,  and  if  placed  end  to  end  would  extend 
for  a distance  of  3,638  miles.  The  tin-plate 
used  in  the  manufacture  of  the  cases  amounts 
to  nearly  38,502  tons,  and  would  cover  more 
than  five  square  miles,  and  431  acres. 

The  burning  oil  manufactured  in  Baku 
during  the  year  1885  amounted  to  27,000,000 
poods,  equal  to  118,800,000  imperial  gallons. 
Of  this,  about  17,000,000  poods  were  consumed 
in  Russia,  and  about  5,000,000  poods,  equal  to 

22.000. 000  gallons,  were  exported,  leaving  a 
balance  of  5,000,000  poods  in  stock  at  the  end 
of  the  year.  We  have  thus  a total  of  over 

700.000. 000  gallons  of  burning  oil  manufac- 
tured per  annum  in  the  United  States  and 
Russia;  to  this  the  similar  products  manu- 
factured at  the  refineries  on  the  continent  of 
Europe  and  in  Scotland  have  to  be  added. 

We  have  seen  that  petroleum  consists  of  a 
mixture  of  hydrocarbons,  varying  in  volatility, 
and  that  the  line  of  demarcation  between 
petroleum  spirit  and  petroleum  oil  is  a purely 
arbitrary  one,  there  being  but  little  difference 
between  the  inflammability  of  the  least  volatile 
I hydrocarbon  present  in  the  spirit  and  the 
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most  volatile  in  the  oil  on  the  one  hand,  and 
between  the  most  volatile  hydrocarbon  present 
in  the  still  heavier  product  and  the  least 
volatile  in  the  oil  on  the  other  hand.  The 
presence  of  too  large  a proportion  of  the 
denser  products  prevents  the  oil  from  burning 
freely ; while  the  presence  of  an  undue  pro- 
portion of  the  hydrocarbons  of  lower  boiling 
point  renders  the  oil  unsafe  for  use  in  ordinary 
mineral  oil  lamps.  At  an  early  period  in  the 
development  of  the  mineral  oil  industry,  atten- 
tion was  accordingly  directed  to  the  necessity 
of  drawing  such  lines  of  demarcation  as 
would  insure  the  supply  to  the  consumer  of 
an  oil  of  satisfactory  character.  The  specific 
gravity  of  the  product  was  found  to  afford  a 
sufficient  indication  of  the  amount  of  the 
denser  hydrocarbons  present,  but  not  of  the 
inflammability  of  the  product,  since  a per- 
centage of  the  more  volatile  hydrocarbons,  too 
small  to  materially  alter  the  specific  gravity 
of  the  oil,  was  found  to  be  sufficient  to  produce 
an  inflammable  atmosphere  in  the  oil  reservoir 
of  the  lamp.  It  was,  therefore,  obviously 
necessary  to  apply  a special  test  to  determine 
the  inflammability  of  the  liquid.  The  earliest 
attempts  in  this  direction  took  the  form  of 
pouring  the  oil  on  to  water  heated  to  a given 
temperature,  passing  a light  over  the  surface, 
and  noting  whether  the  oil  evolved  inflammable 
vapour  or  itself  ignited,  the  temperature  at 
which  the  oil  first  gave  off  enough  vapour  to 
ignite  being  termed  its  “ flashing  point,” 
and  that  at  which  it  caught  fire  its  “fire 
test.” 

Subsequently,  special  apparatus  were  con- 
structed for  the  more  convenient  application 
of  this  test,  the  principal  of  which  I will 
presently  describe. 

After  some  years  of  experience,  it  was  found 
that  the  testing  of  the  oil  in  an  open  cup  was 
attended  with  certain  disadvantages,  and 
various  forms  of  closed  cup  were  introduced. 

The  greater  number  of  the  petroleum  testing 
instruments  employed  at  the  present  time,  and 
all  those  whose  use  is  prescribed  by  law  may 
be  divided  into  the  two  classes  referred  to,  viz., 
those  which  have  an  open  cup  and  those  in 
which  the  oil  cup  is  provided  with  a cover,  and 
the  use  of  instruments  of  the  latter  class  is 
largely  on  the  increase.  It  has  also  been  pro- 
posed, however,  to  determine  the  inflammability 
of  the  oil  by  noting  the  tension  of  its  vapour 
at  a given  temperature,  and  various  forms  of 
apparatus  have  been  devised  with  this  object, 
but  since  there  is  no  definite,  or  at  any  rate  no 
simple,  relation  between  vapour  tension  and 


inflammability,  this  method  of  testing  has  not 
found  favour. 

Of  the  forms  of  open  cup  tester,  that  which 
is  known  as  Tagliabue’s  has  been  very  largely 
used  for  many  years.  The  apparatus,  which  is 
before  you,  consists  of  a glass  cup  containing 
the  oil,  placed  in  a water  bath  heated  by  means 
of  a small  spirit  lamp.  A thermometer  is  sus- 
pended in  the  oil,  and  the  temperature  noted 
at  which  on  passing  a burning  splinter  of 
wood  across  the  surface  of  the  oil  either  a flash 
of  ignited  vapour  is  obtained,  or  the  oil  itself 
takes  fire.  The  ignition  of  the  oil  is  always 
preceded  by  a flash,  but  the  number  of  degrees 
of  temperature  through  which  the  oil  must  be 
raised  between  its  flashing  and  igniting  varies 
acccording  to  the  character  of  the  oil. 

The  English  Petroleum  Act,  passed  on  the 
29th  July,  1862,  provided  that  “Petroleum  for 
the  purposes  of  this  Act  shall  include  any  pro- 
duct thereof  that  gives  off  an  inflammable 
vapour  at  a temperature  of  less  than  100'^  of 
Fahrenheit’s  thermometer,”  but  as  the  method 
of  testing  was  not  described,  the  Act  w^as 
practically  inoperative.  On  the  13th  July, 
1868,  an  amending  Act  was  passed,  defining 
“ petroleum  ” for  the  purposes  of  the  Acts  as 
including  “all  such  rock  oil,  Rangoon  oil, 
Burmah  oil,  any  product  of  them,  and  any  oil 
made  from  petroleum,  coal,  schist,  shale,  peat, 
or  other  bituminous  substance,  and  any  pro- 
duct of  them,  as  gives  off  an  inflammable 
vapour  at  a temperature  of  less  than  100°  of 
Fahrenheit’s  thermometer.”  Appended  to  the 
Act  was  a schedule  prescribing  the  form  of 
apparatus  and  method  of  testing  to  be  adopted. 
The  apparatus,  which  I have  on  the  table, 
consists  of  a slightly  conical  oil  cup  of  thin 
sheet  iron,  provided  with  a flat  rim,  and  a 
raised  edge,  J-inch  high.  Across  the  cup, 
and  fixed  to  the  edge,  is  a wire,  which 
is  thus  J-inch  above  the  flat  rim.  The 
oil  cup  is  supported  by  the  rim  in  a tin 
water  bath.  The  water  bath  having  been 
filled  “with  cold,  or  nearly  cold,”  water,  the 
oil  cup,  supported  as  described,  was  filled 
with  the  oil  to  be  tested,  care  being  taken  that 
the  liquid  did  not  cover  the  flat  rim.  A thermo- 
meter with  a round  bulb,  and  so  graduated 
that  every  10°  F.  occupied  not  less  than  | in. 
on  the  scale,  was  then  placed  in  the  oil  so  that 
the  bulb  was  immersed  about  i^in.  beneath 
the  surface.  A screen  of  pasteboard  or  wood 
of  specified  dimensions  was  then  placed  round 
the  apparatus,  and  a “ small  flame”  applied 
to  the  bottom  of  the  water  bath.  When  the 
temperature  reached  90'’  F.,  a “very  small 
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flame  ’ ’ was  passed  across  the  surface  of  the 
oil  on  a level  with  the  wire,  this  application 
of  the  test  flame  being  repeated  for  every  rise 
of  “two  or  three  degrees”  in  temperature 
until  a “pale  blue  flicker  or  flash”  was  pro- 
duced. The  temperature  was  then  noted,  and 
the  experiment  repeated  with  a fresh  sample 
of  the  oil,  withdrawing  the  source  of  heat 
when  the  temperature  approached  that  noted 
in  the  first  experiment,  and  applying  the  test 
flame  at  every  rise  of  two  degrees.  Various 
modifications  of  the  open  vessel  tester  have 
been  devised,  especially  in  the  United  States. 

Arnaboldi’s  apparatus  is  similar  to  Taglia- 
bue’s,  but  is  of  larger  size,  and  in  one  form 
has  an  adjustable  mechanical  arrangement 
for  applying  the  test  flame  at  a prescribed  dis- 
tance from  the  surface.  When  I visited  the 
United  States  in  1870,  Messrs.  Lockwood 
Brothers  and  Holly,  petroleum  inspectors, 
gave  me  the  apparatus  on  the  table,  which  is, 
as  you  see,  provided  with  an  independent  oil 
lamp,  by  means  of  which  a test  flame  can  be 
moved  across  the  testing  cup  at  any  required 
height  above  the  oil  surface.  In  Mr.  George 
M.  Saybolt's  testing  apparatus,  which  was  a 
few  years  ago  adopted  by  the  New  York  Pro- 
duce Exchange,  the  ignition  of  the  vapour  is, 
as  you  see,  effected  by  means  of  an  electric 
spark. 

The  greater  part  of  the  earlier  petroleum 
legislation  in  the  United  States  was  based  upon 
fire  test  and  not  upon  flashing  point ; and  the 
present  rules  of  the  New  York  Produce 
Exchange  recognise  no  other  test  as  the  basis 
of  commercial  transactions  in  petroleum  oil, 
but  in  many  of  the  States  the  petroleum  laws 
now  prescribe  a test  of  flashing  point. 

One  of  the  earliest  forms  of  closed  vessel 
testers  is  that  of  Tagliabue.  This  is  provided 
with  a brass  oil  cup  with  a cover,  attached  to 
which  is  a spring  valve  and  dwarf  chimney. 
The  opening  of  this  valve,  and  the  simultaneous 
passing  of  a small  flame  into  the  chimney 
through  a lateral  orifice  determines  a current 
of  air  through  the  upper  part  of  the  oil  cup, 
which  sweeps  out  the  inflammable  vapour  and 
brings  it  into  contact  with  the  flame.  The 
Michigan  and  Wisconsin  States  tester  has  a 
copper  oil  cup  with  a copper  cover,  provided 
with  a small  orifice  to  which  the  test  flame  is 
applied.  The  present  New  York  State  tester 
is  precisely  similar  to  that  last  described, 
except  that  the  oil  cup  is  of  large  size  and 
has  a glass  instead  of  ,a  copper  cover 
to  the  oil  cup.  The  closed  vessel  tester 
employed  in  Austria  is  similar  in  principle 


to  Tagliabue’ s.  Parrish’s  naphthometer  used 
in  Holland  is  provided  with  a stationary 
flame,  fed  by  the  oil  in  the  testing  cup.  The 
Foster  tester  is  similar  in  principle.  In  Mills- 
paugh’s  tester  the  oil  cup  is  of  glass,  and  is 
immersed  only  to  the  extent  of  one-tenth  of 
its  depth  in  the  water  bath,  the  object,  ap- 
parently, being  to  prevent  the  overheating  of 
the  surface  of  the  oil.  Mann’s  tester  repre- 
sents an  attempt  to  reproduce  in  the  testing 
apparatus  the  conditions  which  prevail  in  an 
ordinary  petroleum  lamp,  the  burner  of  the 
lamp  being  replaced  by  a tube,  the  stopper  of 
which  is  blown  out  when,  upon  the  introduc- 
tion of  a flame  through  a lateral  opening, 
ignition  of  the  vapour  occurs.  In  Pease’s 
closed  tester  the  vapour  is  ignited  by  an 
electric  spark. 

Professor  Arthur  H.  Elliott,  of  New  York, 
has  recently  made  a large  number  of  com- 
parative experiments  with  the  various  instru- 
ments described,  and  has  embodied  the  results 
in  a report  to  the  New  York  State  Board  of 
Health.  I am  indebted  to  Professor  Elliott 
for  a copy  of  this  report. 

I well  remember  seeing,  about  the  year 
1870,  a closed  tester,  with  electric  spark 
arrangement,  in  use  by  the  late  Dr.  Letheby 
in  his  laboratory  at  the  London  Hospital.  The 
oil  cup  was  of  glass,  and  was  provided  with  a 
hinged  metal  cover,  which  was  blown  open 
when  the  vapour  was  ignited  by  the  spark. 

Dr.  Attfield  has  recommended  that  the 
flashing  point  should  be  taken  by  warming 
the  oil  in  a test-tube,  and  inserting  a flame  into 
the  mouth  of  the  tube. 

Several  years  ago  the  late  Mr.  Keates,  in 
his  capacity  of  chemist  to  the  Metropolitan 
Board  of  Works,  proposed  the  use  of  the 
simple  form  of  closed  vessel  tester  now  before 
you,  this  little  tin  cup  which  he  gave  me  at 
the  time  being,  I believe,  the  one  actually 
used  in  his  earlier  experiments. 

A Petroleum  Bill,  which  besides  amending 
the  law  in  several  desirable  respects  would 
have  legalised  the  use  of  Mr.  Keates’ s tester, 
was  introduced  into  Parliament  in  1871,  but  in 
consequence  mainly  of  the  test  standard 
being  fixed  at  a point  (85*^  F.)-  which  was 
higher  than  the  equivalent  of  the  existing 
test  standard,  the  Bill  was  opposed  by  the 
petroleum  trade,  and  the  proposal  to  change  the 
method  of  testing  withdrawn.  The  Bill  passed 
on  the  nth  August  in  that  year,  repealing  the 
two  previous  Acts,  but  prescribing  the  open 
test. , In  the  following  year  the  subject  of 
testing  was  investigated  by  a Select  Committee 
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of  the  House  of  Lords,  and  a great  deal  of 
evidence  was  taken,  but  no  satisfactory  con- 
clusion was  arrived  at. 

At  this  period  the  position  of  the  petroleum- 
testing question  in  this  country  was  by  no 
means  promising.  It  had  been  found  that  the 
existing  legal  directions  for  testing  were  not 
sufficiently  precise  ; the  results  obtained  differ- 
ing greatly,  according  to  the  interpretation  of 
the  expression  “ small  flame,”  as  applied  to 
the  source  of  heat ; and  ” very  small  flame,” 
as  applied  to  the  test  flame  ; the  officials  em- 
ployed by  the  local  authorities  frequently  con- 
demned oil  that  had  been  passed  by  indepen- 
dent and  unbiassed  experts  acting  on  behalf 
of  the  traders  ; and  retailers  had  thus  no 
means  of  protecting  themselves  from  the  risk 
of  being  fined  for  selling  oil  flashing  below 
the  legal  standard.  Accordingly,  with  the 
concurrence  and  approval  of  the  Metropolitan 
Board  of  Works,  and  of  the  Petroleum  Asso- 
ciation, Sir  Frederick  Abel  was  requested  by 
the  Government  to  undertake  the  investigation 
of  the  subject  of  petroleum  testing,  with  the 
object  of  devising  a satisfactory  test.  The 
outcome  of  Sir  Frederick  Abel’s  long  and 
painstaking  experimental  inquiry,  in  which 
Dr.  Kellner  rendered  valuable  assistance,  was 
the  adoption  by  Parliament,  on  the  nth 
August,  1879,  of  what  is  now  so  well  known  as 
the  Abel  test.  The  instrument  and  its  use  are 
thus  described  in  the  Schedule  of  the  1879 
Petroleum  Act : — 

Specification  of  the  Test  Apparatus. 

The  following  is  a description  of  the  details  of  the 
apparatus  : — The  ©il  cup  consists  of  a cylindrical 
vessel  2 in.  diameter,  2/^  in.  height  (internal),  with 
outward  projecting  nm  -r®yin.  wide,  fin.  from  the 
top,  and  1 1 in.  from  the  bottom  of  the  cup.  It  is 
made  of  gun  metal  or  brass  (17  B.W.G.)  tinned 
inside.  A bracket,  consisting  of  a short  stout  piece 
of  wire  bent  upwards,  and  terminating  in  a point,  is 
fixed  to  the  inside  of  the  cup  to  serve  as  a gauge. 
The  distance  of  the  point  from  the  bottom  of  the 
cup  is  i^in.  The  cup  is  provided  with  a close- 
fitting  overlapping  cover  made  of  brass  (22  B.W.G. ), 
which  carries  the  thermometer  and  test  lamp.  The 
latter  is  suspended  from  two  supports  from  the  side 
by  means  of  trunnions  upon  which  it  may  be  made 
to  oscillate ; it  is  provided  with  a spout,  the  mouth 
of  which  is  one-sixteenth  of  an  inch  in  diameter. 
The  socket  which  is  to  hold  the  thermometer  is 
fixed  at  such  an  angle,  and  its  length  is  so  adjusted 
that  the  bulb  of  the  thermometer  when  inserted  to 
full  depth  shall  be  if  in.  below  the  centre  of  the  lid. 

The  cover  is  provided  with  three  square  holes,  one 
in  the  centre,  Iwo  smaller  ones, 


yfjin.  by  Aj  in.,  close  to  the  sides,  and  opposite  each 
other.  These  three  holes  may  be  closed  and  un- 
covered by  means  of  a slide  moving  in  grooves,  and 
having  perforations  corresponding  to  those  on  the  lid. 

In  moving  the  slide  so  as  to  uncover  the  holes,  the 
oscillating  lamp  is  caught  by  a pin  fixed  in  the  slide, 
and  tilted  in  such  a way  as  to  bring  the  end  of  the 
spout  just  below  the  surface  of  the  lid.  Upon  the 
slide  being  pushed  back  so  as  to  cover  the  holes, 
the  lamp  retunis  to  its  original  position. 

Upon  the  cover,  in  front  of  and  in  line  with  the 
mouth  of  the  lamp,  is  fixed  a white  bead,  the  dimen- 
sions of  which  represent  the  size  of  the  test  flame 
to  be  used. 

The  bath  or  heated  vessel  consists  of  two  flat- 
bottomed  copper  cylinders  (24  B.W.G.),  an  inner 
one  of  3 in.  diameter  and  z\  in.  height,  and  an  outer 
one  of  5f  in.  diameter  and  5f  in.  height ; they  are 
soldered  to  a circular  copper  plate  (20  B.W.G.)  per- 
forated in  the  centre,  which  forms  the  top  of  the 
bath,  in  such  a manner  as  to  enclose  the  space  be- 
tween the  two  cylinders,  but  leaving  access  to  the 
inner  cylinder.  The  top  of  the  bath  projects  both 
outwards  and  inwards  about  I in. ; that  is,  its  diameter 
is  about  I in.  greater  than  that  of  the  body  of  the 
bath,  while  the  diameter  of  the  circular  opening  in 
the  centre  is  about  the  same  amount  less  than  that  of 
the  inner  copper  cylinder.  To  the  inner  projection  of 
the  top  is  fastened,  by  six  small  screws,  a flat  ring  of 
ebonite,  the  screws  being  sunk  below  the  surface  of 
the  ebonite,  to  avoid  metallic  contact  between  the 
bath  and  the  oil  cup.  The  exact  distance  between 
the  sides  and  bottom  of  the  bath  and  of  the  oil  cup 
is  one  half  of  an  inch.  A split  socket  similar  to  that 
on  the  cover  of  the  oil  cup,  but  set  at  a right  angle, 
allows  a thermometer  to  be  inserted  into  the  space 
between  the  two  cylinders.  The  bath  is  further  pro- 
vided with  a funnel,  an  overflow  pipe,  and  two  loop 
handles. 

The  bath  rests  upon  a cast-iron  tripod  stand,  to 
the  ring  of  which  is  attached  a copper  cylinder  or 
jacket  (24  B.W.G.)  flanged  at  the  top,  and  of  such 
dimensions  that  the  bath,  while  firmly  resting  on  the 
iron  ring,  just  touches  with  its  projecting  top  the 
inward  turned  flange.  The  diameter  of  this  outer 
jacket  is  6|  in.  One  of  the  three  legs  of  the  stand 
serves  as  a support  for  the  spirit  lamp  attached  to  it 
by  means  of  a small  swing  bracket.  The  distance  of 
the  wick  holder  from  the  bottom  of  the  bath  is  i in. 

Two  thermometers  are  provided  with  the  apparatus, 
the  one  for  ascertaining  the  temperature  of  the  bath, 
the  other  for  determining  the  flashing  point.  The 
thermometer  for  ascertaining  the  temperature  of  the 
water  has  a long  bulb  and  a space  at  the  top.  Its  range 
is  from  about  90°  to  190°  Fahrenheit.  The  scale  (in 
degrees  of  Fahrenheit)  is  marked  on  an  ivory  back 
fastened  to  the  tube  in  the  usual  way.  It  is  fitted 
with  a metal  collar  fitting  the  socket,  and  the  part  of 
the  tube  below  the  scale  should  have  a length  of  about 
3|  in.  measured  from  the  lower  end  of  the  scale  to 
the  bulb.  The  thermometer  for  ascertaining  the  tern- 
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perature  of  the  oil  is  fitted  with  collar  and  ivory  scale 
in  a similar  manner  to  the  one  described.  It  has  a 
round  bulb,  a space  at  the  top,  and  ranges  from 
about  55°  Fahr.  to  150®  Fahr.;  it  measures  from  end 
of  ivory  back  to  bulb  2|  in. 

Note. — A model  apparatus  is  deposited  at  the 
Weights  and  Measures  Department  of  the  Board  of 
Trade. 

Directions  for  Applying  the  Flashing 
Test. 

1.  The  test  apparatus  is  to  be  placed  for  use  in  a 
position  where  it  is  not  exposed  to  currents  of  air  or 
draughts. 

2.  The  heating  vessel  or  water  bath  is  fiUed  by 
pouring  water  into  the  funnel  until  it  begins  to  flow 
out  at  the  spout  of  the  vessel.  The  temperature  of 
the  water  at  the  commencement  of  the  test  is  to  be 
130°  Fahrenheit,  and  this  is  attained  in  the  first 
instance  either  by  mixing  hot  and  cold  water  in  the 
bath,  or  in  a vessel  from  which  the  bath  is  filled, 
until  the  thermometer  which  is  provided  for  testing 
the  temperature  of  the  water  gives  the  proper  in- 
dication; or  by  heating  the  water  with  the  spirit 
lamp  (which  is  attached  to  the  stand  of  the  apparatus) 
until  the  required  temperature  is  indicated. 

If  the  water  has  been  heated  too  highly,  it  is  easily 
reduced  to  130°  by  pouring  in  cold  water  little  by 
little  (to  replace  a portion  of  the  warm  water)  until 
the  thermometer  gives  the  proper  reading. 

When  a test  has  been  completed,  this  water  bath 
is  again  raised  to  130°  by  placing  the  lamp  under- 
neath, and  the  result  is  readily  obtained  while  the 
petroleum  cup  is  being  emptied,  cooled,  and  refilled 
with  a fresh  sample  to  be  tested.  The  lamp  is  then 
turned  on  its  swivel  from  under  the  apparatus,  and 
the  next  test  is  proceeded  with. 

3.  The  test  lamp  is  prepared  for  use  by  fitting  it  with 
a piece  of  flat  plaited  candle  wick,  and  filling  it  with 
colza  or  rape  oil  'up  to  the  lower  edge  of  the  opening 
of  the  spout  or  wick  tube.  The  lamp  is  trimmed, 
so  that  when  lighted  it  gives  a flame  of  about  0'i5  of 
an  inch  diameter,  and  this  size  of  flame,  which  is  repre- 
sented by  the  projecting  white  bead  on  the  cover  of 
the  oil  cup,  is  readily  maintained  by  simple  manipula- 
tion from  time  to  time  with  a small  wire  trimmer. 

When  gas  is  available,  it  may  be  conveniently  used 
in  place  of  the  little  oil  lamp,  and  for  this  purpose  a 
test-flame  arrangement  for  use  with  gas  may  be  sub- 
stituted for  the  lamp. 

4.  The  bath  having  been  raised  to  the  proper 
temperature,  the  oil  to  be  tested  is  introduced  into 
the  petroleum  cup,  being  poured  in  slowly  until  the 
level  of  the  liquid  just  reaches  the  point  of  the 
gauge  which  is  fixed  in  the  cup.  In  warm  weather 
the  temperature  of  the  room  in  which  the  samples  to 
be  tested  have  been  kept  should  be  observed  in  the 
first  instance,  and  if  it  exceeds  65^,  the  samples  to  be 
tested  should  be  cooled  down  (to  about  60°)  by  im- 
mersing the  bottles  containing  them  in  cold  water,  or 
by  any  other  convenient  method.  The  lid  of  the 


cup,  with  the  slide  closed,  is  then  put  on,  and  the- 
cup  is  placed  into  the  bath  or  heating  vessel.  The 
thermometer  in  the  lid  of  the  cup  has  been  adjusted 
so  as  to  have  its  bulb  just  immersed  in  the  liquid,  and 
its  position  is  not  under  any  circumstances  to  be 
altered.  When  the  cup  has  been  placed  in  the  proper 
position,  the  scale  of  the  thermometer  faces  the 
operator. 

5.  The  test  lamp  is  then  placed  in  position  upon 
the  lid  of  the  cup,  the  lead  line  or  pendulum,*  which 
has  been  fixed  in  a convenient  position  in  front  of  the 
operator,  is  set  in  motion,  and  the  rise  of  the  ther- 
mometer in  the  petroleum  cup  is  watched.  When 
the  temperature  has  reached  about  66°,  the  operation 
of  testing  is  to  be  commenced,  the  test-flame  being 
applied  once  for  every  rise  of  one  degree,  in  the; 
following  manner : — 

The  slide  is  slowly  drawn  open  while  the  pendulum 
performs  three  oscillations,  and  is  closed  during  the 
fourth  oscillation. 

Note. — If  it  is  desired  to  employ  the  test  apparatus 
to  determine  the  flashing  points  of  oils  of  very  low' 
volatibility,  the  mode  of  proceeding  is  to  be  modified 
as  follows  : — The  air-chamber  which  surrounds  the 
cup  is  filled  with  cold  water  to  a depth  of  i|  inch, 
and  the  heating  vessel  or  water  bath  is  filled  as  usual, 
but  also  with  cold  water.  The  lamp  is  then  placed 
under  the  apparatus  and  kept  there  during  the  entire 
operation.  If  a very  heavy  oil  is  being  dealt  with, 
the  operation  may  be  commenced  with  water  pre- 
viously heated  to  120°,  instead  of  with  cold  water. 

By  no  means  the  easiest  part  of  Sir  Frederick 
Abel’s  task  was  the  determination  of  the- 
equivalent  test  standard,  since  the  Abel  in- 
strument furnishes  no  exception  to  the  rule 
that  the  flashing  point  of  a given  sample  of 
mineral  oil  is  far  lower  in  a closed  than  in  an 
open  vessel,  and  it  was  therefore  necessary  to 
deal  with  the  conflicting  views  already  referred 
to,  as  to  the  proper  mode  of  conducting  the 
test  with  the  open  cup  instrument,  in  order  to 
determine  the  equivalent  standard.  I had  the 
honour  of  being  associated  with  Sir  Frederick 
in  the  conduct  of  this  portion  of  the  inquiry, 
but  before  the  test  s';andard  was  fixed,  Mr.  T- 
W.  Keates,  as  representing  the  Metropolitan 
Board  of  Works,  and  Mr.  John  Calderwood, 
on  behalf  of  the  Scottish  Mineral  Oil  Asso- 
ciation, were  also  consulted.  Eventually,  as 
the  outcome  of  the  joint  experiments,  it  was  as- 
certained that  the  difference  between  the 
results  afforded  by  the  open-cup  instrument 
and  the  Abel  tester  ranged  from  25®  to  29*^ 
Fahr.  Taking  the  mean  difference  of  27®,  the 
new  standard  was  accordingly  fixed  at  73*^ 
Fahr. 

* The  pendulum  should  be  24  inches  in  length  from  the 
point  of  suspension  to  the  centre  of  gravity  of  the  weight. 
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The  Abel  testing  apparatus,  in  the  form  in 
which  it  was  adopted  by  the  Legislature,  was 
by  far  the  most  perfect  instrument  that  had 
been  devised  for  the  purpose,  and  all  those 
who  are  commercially  or  officially  interested  in 
petroleum,  owe  Sir  Frederick  Abel  a debt  of 
gratitude  for  devising  a comparatively  precise 
method  of  determining  flashing  point. 

In  1880,  the  German  Government  ordered  an 
inquiry  into  the  subject  of  petroleu  n testing 
similar  to  that  which  Sir  F.  Abel  had  con- 
ducted. The  investigation  was  carried  out 
with  characteristic  attention  to  detail,  a large 
number  of  different  forms  of  apparatus  were  ex- 
perimented with,  and,  in  the  end,  the  Abel  tester 
was  declared  to  be  the  best.  It  was,  however, 
considered  desirable  to  render  the  action  of 
the  apparatus  as  nearly  as  possible  automatic, 
and  accordingly  clockwork  mechanism  for 
moving  the  test-slide  was  added.  The  Ger- 
man modification  of  the  Abel  apparatus  is 
before  you,  and  you  will  observe  that,  with  the 
exception  referred  to,  the  instrument  is  prac- 
tically the  same  as  the  English  model.  The 
clockwork  movement,  which  is  wound  up  prior 
to  each  application  of  the  test-flame,  and 
released  by  pressing  a trigger,  is,  in  my 
opinion,  a decided  improvement.  The  rate  of 
moving  of  the  test-slide  is,  it  is  true,  defined 
in  the  English  Act,  but  it  has  been  found  that 
the  element  of  personal  error  is  occasionally 
of  more  importance  than  might  have  been 
expected.  The  German  test  standard  is  21°  C. 
at  a barometric  pressure  of  760  mm.  In  the 
English  Abel  instrument,  alternative  arrange- 
ments for  igniting  the  vapour  by  means  of  an  oil 
lamp  and  gas  jet  are  provided  ; but  the  German 
apparatus  is  supplied  with  the  oil  lamp  only, 
as  it  was  found  that  the  two  arrangements 
did  not  furnish  in  all  cases  precisely  con- 
cordant results. 

The  Abel  tester  had  not  been  very  long  in 
use  in  this  country  before  it  was  found  that  the 
results  afforded  by  it  were  materially  affected 
by  atmospheric  pressure.  I believe  the  effect 
of  variations  in  pressure,  which  might  safely 
have  been  predicted  if  it  had  been  thought  of, 
was  first  accidentally  observed  in  Germany. 
At  any  rate  the  first  series  of  experiments, 
having  for  their  object  to  determine  the  extent 
of  the  effect,  was  made  in  that  country. 
The  results  were  obtained  by  using  the  appar- 
atus in  an  air-tight  chamber  in  the  Jewish 
Hospital  in  Berlin.  This  chamber  had  been 
constructed  for  the  treatment  of  cases  of  pul- 
monary affections,  and  it  was  so  arranged 
that  either  a reduced  or  an  increased  atmo- 
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spheric  pressure  could  be  maintained  within  it. 
The  experiments  thus  made  showed  that  the 
difference  in  flashing  point  amounted  to  about 
0*30°  C.  for  10  mm.  in  the  height  of 
the  barometric  column,  though  some  of  the 
earlier  results  showed,  I believe,  even  greater 
differences.  Subsequently,  in  association  with 
Sir  Frederick  Abel,  I made  some  similar  ex- 
periments at  different  altitudes  in  Switzerland. 
The  number  of  samples  thus  examined  was. 
too  small  to  justify  the  basing  of  a table  of 
corrections  on  the  results  afforded,  and  in  fact,, 
the  experiments  were  undertaken,  not  so  much 
with  this  object  as  to  obtain  further  tangible- 
evidence  of  the  influence  of  barometric  changes- 
upon  the  flashing  point.  The  differences  noted- 
in  these  experiments  were  somewhat  greater 
than  those  which  had  been  observed  in  the 
Berlin  pressure  chamber,  being  at  the  rate  of 
about  2®  F.  for  i in.  of  barometric  pressure. 
Experiments  afterwards  made  by  Dr.  Lyon,  in- 
India,  afforded  results  confirmatory  of  those 
which  had  been  obtained  in  Germany. 

Some  experiments  made  jointly  by  Dr.  Lyon,. 
Chemical  Analyser  to  the  Bombay  Government, 
and  by  myself,  in  Bombay  and  in  London, 
respectively,  seem  to  show  that  the  results 
afforded  by  the  open  cup  testing  instrument 
are  still  more  affected  by  changes  in  baro- 
metric pressure.  These  experiments  were 
made  with  an  apparatus  devised  by  Dr.  Lyon,, 
and  constructed  by  Mr.  Casella,  wherein  the- 
vapour  was  ignited  by  the  flame  of  a small 
gas  jet  sliding  on  a fixed  support  at  a given, 
distance  above  the  surface  of  the  oil. 

About  five  years  ago,  the  Abel  test  was- 
adopted  by  the  Indian  Government,  and  some- 
what unwisely,  as  it  turned  out,  the  directions 
for  the  use  of  the  test  were  copied  verbatim 
from  the  English  Act.  These  directions  had 
been  framed  by  Sir  Frederick  Abel  with  a view 
to  the  use  of  the  test  in  a temperate  climate,, 
and  although  provision  had  been  made  for  the 
cooling  of  the  sample  when  the  temperature  of 
the  air  exceeded  65®  Fahr.,  this  was  not  found, 
to  be  the  only  precaution  necessary  when  the 
test  was  employed  in  a tropical  country.  The 
discovery  of  the  need  for  the  adoption  of  a 
modified  system  of  procedure  in  the  use  of  the 
test  was  made  somewhat  unpleasantly  in 
connection  with  the  condemnation  by  the 
authorities  in  Calcutta  of  several  cargoes  of 
petroleum  oil.  I proceeded  to  India  when  this 
occurred,  and  as  the  result  of  experiments 
made  in  that  country,  and  a further  series  ef 
tests  conducted  by  Sir  Frederick  Abel  and 
myself,  with  the  assistance  of  Dr.  Kellner,  in 
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an  apartment  heated  to  a tropical  temperature 
at  Woolwich  Arsenal,  it  was  found  that  a much 
lower  flashing-  point  than  that  given  in  a 
temperate  climate  was  liable  to  be  obtained 
when  the  Abel  test  was  applied  in  tropical 
•countries  in  the  manner  prescribed  by  the 
English  Act.  Further  experiments  made 
independently  and  jointly  by  Dr.  Warden, 
analyst  to  the  Bengal  Government,  Professor 
Pedler,  Dr.  Lyon,  Sir  Frederick  Abel,  Dr. 
Kellner,  and  myself,  showed  that  the  depression 
of  the  flashing  point  was  largely  due  to 
vapour  which  became  disengaged  in  the  act  of 
filling  the  oil  cup  and  collected  on  the  surface 
of  the  oil  in  the  cup.  Prolonged  cooling  of 
the  oil  appeared  to  reduce  the  liability  to  this 
disengagement  of  vapour,  but  the  only 
practically  available  method  of  eliminating 
this  source  of  discrepancies  was  found  to  be 
the  adoption  of  some  method  of  getting  rid  of 
the  vapour  before  commencing  the  operation 
of  testing,  or  before  the  flashing  point  of  the 
oil  was  reached.  Various  methods  of  effect- 
ing this  object  were  tried.  The  vapour  was 
easily  removed  by  gently  blowing  over  the 
surface  of  the  oil  in  the  cup  or  by  the  use  of  an 
aspirator  attached  to  the  cover,  or  by  leaving 
the  test-slide  withdrawn  for  some  time,  but  it 
was  ultimately  decided  to  recommend  the 
commencement  of  the  test  many  degrees 
below  the  flashing  point.  The  effect  ot 
this  modification  is  to  withdraw  the  separated 
vapour  in  successive  quantities  too  small 
to  produce  a flash,  and  the  apparatus  is  thus 
caused  to  give  results  in  a tropical  country 
which  agree  very  closely  with  those  which  it 
furnishes  in  a temperate  climate.  Obviously, 
a portion  of  the  volatile  constituents 
of  the  oil  become  dissipated  in  this  mode  of 
conducting  the  test,  but  since  petroleum  oil 
cannot  be  exposed  to  the  air  in  the  tropics 
without  this  loss  occurring,  the  defect  is  not  of 
practical  importance.  Further  details  in  con- 
nection with  the  subject  of  petroleum  testing 
will  be  found  in  Sir  Frederick  Abel’s  elaborate 
report  to  the  Secretary  of  State,  dated  12th 
August,  1876,  in  an  interesting  lecture  delivered 
by  Sir  Frederick  Abel  to  the  Society  of 
Chemical  Industry,  in  1882,  and  (as  regards 
the  influence  of  a tropical  climate)  in  a joint 
communication  by  Sir  F.  Abel  and  myself 
published  in  the  Chemical  News,  on  the  2nd 
May,  1884. 

There  are  yet  some  other  systems  of  testing 
to  which  I must  now  direct  your  attention.  In 
1882,  Braun,  of  Berlin,  patented  a magnetic 
pendulum  arrangement  for  applying  the  test 


flame  in  the  Abel  apparatus.  In  1881,  Engler 
and  Haas  made  a number  of  experiments  with 
the  Abel  apparatus  and  other  testing  instru- 
ments, and  expressed  the  opinion  that  the 
addition  of  an  arrangement  for  agitating  the 
oil  was  desirable.*  They  based  their  opinion 
apparently  upon  the  facts  that  in  all  the  closed 
testers  there  is  during  the  operation  a layer  of 
vapour  of  gradually  increasing  thickness 
formed  upon  the  surface  of  the  oil  ; that  con- 
sequently no  two  apparatus  will  give  con- 
cordant results  unless  the  size  and  shape  of 
the  oil  cup,  the  height  to  which  the  cup  is 
filled,  the  rate  of  heating,  the  distance  from 
the  surface  of  the  oil  at  which  the  test-flame 
is  applied,  the  size  of  the  test-flame,  the 
dimensions  of  the  orifices  in  the  cover,  and 
other  conditions  are  the  same ; and,  further, 
that  since  the  temperature  of  the  oil  is  not 
uniform  throughout,  the  position  of  the  thermo- 
meter bulb  must  be  precisely  defined.  I have 
no  doubt  that  with  the  use  of  a mechanical 
arrangement  for  agitating  the  oil  and  the  air 
in  the  cup,  results  less  dependent  upon  the 
conditions  enumerated  are  obtained,  but  since 
all  the  standard  measurements  are  most  care- 
fully adhered  to,  and  the  position  of  the 
thermometer  bulb  is  prescribed,  the  objections 
to  the  apparatus  are  not  in  my  opinion  valid, 
and  it  is  quite  possible  that  the  use  of  a stirrer 
might  in  practice  be  found  to  introduce  some 
element  of  error.  I have  had,  in  the  discharge 
of  my  duties,  a very  large  experience  in  the  use 
of  the  Abel  tester  in  its  English  and  German 
forms,  and  I should  be  sorry  to  see  the 
apparatus  further  modified,  since  I know  that  it 
is  easy  to  obtain,  with  ordinary  care,  results 
with  it  not  varying  more  than  1°  Fahr. 
Liebermann  has  recommended  the  blowing  of 
air  through  the  oil  during  the  process  of 
testing,  and  Beilstein  devised  an  apparatus, 
based  upon  this  principle,  which  consisted  of  a 
glass  cylinder  to  hold  the  oil,  with  a tube 
passing  to  the  bottom,  and  furnished  with  a 
rose  jet.  At  intervals,  air  was  forced  through 
the  jet  at  a rate  sufficient  to  raise  a foam  of  a 
prescribed  depth  upon  the  surface  of  the  oil, 
and  the  test-flame  was  at  the  same  time  applied. 
Stoddard  subsequently  suggested  a modifica- 
tion of  Beilstein’ s apparatus,  in  which  the 
rose  jet  was  replaced  by  a glass  tube  drawn 
out  to  a small  orifice. 

Bernstein’s  tester  is  constructed  on  the  prin- 
ciple of  gradually  heating  the  oil  until  a tem- 
perature is  reached  at  which,  on  raising  the 

* Victor  Meyer  is  stated  to  have  been  the  first  to  propose 
the  addition  of  a stirrer. 
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level  of  the  oil,  vapour  is  forced  out  of  the 
testing  chamber,  and  ignited  at  a stationary 
flame.  Ehrenberg  has  proposed  to  use  a 
syringe  to  expel  the  vapour  from  the  closed 
testing  cup,  and  thus  bring  it  into  contact 
\N  ith  a flame. 

Of  apparatus  in  which  the  flashing  point  of 
the  oil  is  only  determined  inferentially  by 
noting  the  vapour  tension,  the  best  known  is 
the  Salleron-Urban  instrument,  which  is  used 
to  some  extent  in  France. 

In  a Table  published  in  1866,  Salleron  and 
Urbain  give  the  following  figures  of  specific 
gravity  and  vapour  tension  of  petroleum  pro- 
ducts at  15*^  C.  : — 

Density  at  15®  C.  Tension  in  ram.  of  water_ 

•812  O 

797  5 

788  15 


772  40 


756  125 

735  410 

■695  930 

•680  1,185 

*650  2,110 

I am  indebted  to  Professor  Sell,  of  Berlin, 
a. id  to  Mr.  Berthold  Pensky,  of  Berlin,  for 
specimens  of  certain  of  the  instruments  de- 
scribed. 

I have  now  referred  to  the  principal  though  not 
the  whole  of  the  arrangements  for  testing  the 
flashing  point,  or  fire  test,  of  petroleum,  and 
we  must,  in  the  next  place,  give  some  further 
consideration  to  the  subject  of  petroleum 
legislation. 

In  the  United  States  we  find  considerable 
diversity  of  opinion  among  authorities  as  to 
the  method  of  testing  and  the  standard  to  be 
selected,  and  almost  all  the  States  have 
adopted  different  legislation  in  these  principles. 
When  petroleum  was  first  introduced  in  that 
country  as  an  illuminant,  it  was  often  used 
carelessly  and  improperly,  and  many  accidents 
occurred.  An  exaggerated  estimate  of  the 
risk  involved  in  the  use  of  the  oil  was  thus 
formed,  and  laws  were  then  passed  which,  in 
some  instances,  were  so  stringent  that  they 
could  not  be  enforced.  Moreover,  recent  ex- 
periments by  Sir  F.  Abel  and  myself,  in  this 
country,  and  by  the  officials  of  the  Normal 
Eichungs  Kommission  in  Berlin,  have  shown 
that  an  oil  of  high  flashing  point  may,  in  some 
cases,  be  actually  less  safe  than  one  of  lower 
flashing  point.  The  experience  of  several  years 
has  demonstrated  that  the  proper  use  of  an  oil 


of  comparatively  low  flashingpoint  (say  70®  Abel 
test)  is  free  from  danger,  and  there  is  reason 
to  believe  that  authorities  in  the  United  States 
are  beginning  to  realise  that  their  petroleum 
laws  would  be  rendered  far  more  effective  for 
the  protection  of  the  public  by  the  substitution 
of  more  moderate  test  requirements. 

Petroleum  legislation  in  this  country  has 
hitherto  been  confined  to  those  products  which 
give  off  an  inflammable  vapour  below  the  legal 
limit.  Exception  has,  however,  been  taken  to 
this  by  the  Metropolitan  Board  of  Works,  who 
contend  that  between  oil  which  flashes  at  72°, 
and  oil  which  flashes  at  73°,  there  can  be  no 
practical  difference  in  regard  to  inflamma- 
bility. In  advancing  this  view,  however,  it 
appears  to  have  been  forgotten  that  since  the 
liquids  which  flash  below  the  standard  can 
only  be  stored  and  sold  in  comparatively  small 
quantities,  and  under  troublesome  restrictions, 
the  practical  effect  of  such  legislation  is  that 
elaborate  precautions  are  adopted  to  insure 
that  all  the  burning  oil  imported  has  a flashing 
point  not  below  the  limit ; the  only  liquid  dealt 
with  in  accordance  with  the  provisions  of  the 
Acts  being  petroleum  spirit  (benzoline  and 
gasoline).  I am  of  opinion  that  the  placing 
of  the  sale  of  burning  oil  (flashing  not  below 
73®  F.)  under  legislative  restrictions  would  be 
to  obliterate,  to  some  extent,  the  distinction 
which  the  present  laws  have  created.  More- 
over, I am  not  aware  there  are  any  grounds 
for  supposing  that  petroleum  oil  constitutes 
a dangerous  article  in  the  ordinary  stock  of 
an  oilman.  On  the  contrary,  I have  collected 
in  the  discharge  of  my  official  duties  a good 
deal  of  evidence  in  support  of  the  opposite 
view.  Thus,  to  take  one  instance  only, 
on  visiting  the  scene  of  one  of  the  most 
recent  fires  at  an  oilman’s  shop,  in  com- 
pany with  an  officer  of  the  Metropolitan  Board 
of  Works,  I found  that  almost  the  only  portion 
of  the  contents  of  the  shop  which  had  escaped 
destruction  were  three  barrels  of  petroleum  oil, 
constituting,  according  to  the  evidence  given, 
the  whole  stock  of  this  material  on  the  premises 
at  the  time  of  the  fire.  These  barrels  were  a 
good  deal  charred,  but  still  held  a considerable 
quantity  of  oil.  Petroleum  is,  in  fact,  a far 
less  dangerous  liquid  than  is  commonly  sup- 
posed, as  was  pointed  out  some  years  ago,  and 
again  last  year,  by  Sir  Frederick  Abel  in 
lectures  at  the  Royal  Institution.  Statistics 
show  that  the  destruction  of  petroleum-laden 
ships  by  fire  is  very  rare,  and  at  least  one  case 
is  on  record  where  a vessel  carrying  petroleum 
having  been  set  on  fire  by  lightning,  the  fire 
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was  extinguished  and  the  cargo  brought  safely 
into  port.  I saw  many  barrels  discharged  from 
the  vessel  in  question  which  bore  evidence  of 
the  heat  to  which  they  had  been  subjected, 
being  in  some  cases  so  much  charred  that  a 
penknife  blade  could  be  driven  through  the 
staves,  and  yet  these  barrels  still  held  the  oil 
intact. 

In  consequence,  partly,  of  the  expressed 
views  of  the  Metropolitan  Board  of  Works,  to 
which  I have  alluded,  a Petroleum  Bill  was 
introduced  by  the  Government  in  1883  to  place 
the  storage  and  sale  of  petroleum  oil  under 
legal  restrictions ; but  the  measure  was 
practically  condemned  by  a Select  Committee 
of  the  House  of  Lords,  and  was  withdrawn. 
Subsequently  I accompanied  Colonel  Majendie, 
her  Majesty’s  Chief  Inspector  of  Explosives, 
on  a visit  to  Germany,  Austria,  France, 
Belgium,  and  Holland,  with  the  object  of 
assisting  him  in  the  collection  of  information 
in  regard  to  petroleum  legislation  in  those 
countries.  In  a memorandum  issued  in  1884, 
Colonel  Majendie  set  forth  the  result  of  his 
observations  and  inquiries,  the  information  he 
collected  being  supplemented  by  particulars 
obtained  from  consular  reports  and  other 
sources.  The  result  of  the  inquiry  showed  that 
in  all  the  principal  countries  of  Europe  the 
traffic  in  mineral  oil  was  to  a greater  or  less 
extent  under  the  control  of  State  or  municipal 
authorities,  but  in  many  respects  the  restrictions 
were  far  less  stringent  than  those  proposed  by 
the  Bill  of  1883.  There  is  no  doubt  much  to 
be  said  in  favour  of  the  contention  that  the 
storage  of  mineral  oils  in  large  quantities 
should  take  place  only  under  specified  con- 
ditions, so  that  in  the  event  of  a fire  occurring, 
outflow  of  burning  oil  from  the  premises  could 
not  occur,  but  it  is  difficult  to  see  how  legislation 
to  give  effect  to  this  view  could  fairly  and 
justifiably  be  advocated  unless  it  took  the 
shape  of  a comprehensive  measure  embracing 
other  inflammable  liquids. 

We  have  now  dealt  with  that  which  is  the 
most  important  of  all  the  tests  applied  to 
petroleum  products,  since,  as  we  have  seen, 
legislative  enactments  framed  in  the  interest  of 
public  safety  are  based  upon  it.  There  are, 
however,  many  commercial  tests  to  which  I 
must  now  direct  your  attention  for  a brief  space 
of  time. 

The  colour  of  petroleum  oil  is  determined  in 
this  country,  in  America  (as  regards  oil  for 
export),  in  Germany,  and  in  Russia  (in  the 
case  of  oil  for  export),  by  the  use  of  a I 
chromometer  patented  by  Mr.  R.  P.  Wilson,  a 1 
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member  of  the  committee  of  the  Petroleum 
Association  of  London,  in  1870.  This  instru- 
ment is  fitted  with  two  parallel  tubes  furnished 
with  glass  caps,  and  at  the  low’er  end  of  the 
tubes  is  a small  mirror,  by  means  of  which 
light  can  be  reflected  upwards  through  the 
tubes  into  an  eye-piece.  One  of  the  tubes  is 
completely  filled  with  the  oil  to  be  tested, 
and  beneath  the  other  tube,  which  remains 
empty,  is  placed  a disc  of  stained  glass  of 
standard  colour.  On  adjusting  the  mirror 
and  looking  into  the  eye-piece,  the  circular 
field  is  seen  to  be  divided  down  the  centre, 
each  half  being  coloured  to  an  extent  corre- 
sponding with  the  tint  of  the  oil  and  of 
the  glass  standard  respectively.  An  accurate 
comparison  of  the  two  colours  can  thus 
be  made.  The  glass  discs,  which  for  the 
English  trade  are  of  five  shades  of  colour, 
termed—  good  merchantable,  standard  while, 
prime  w'hite,  superfine  white,  and  water  white, 
are  issued  by  the  Petroleum  Association  of 
London,  and  the  instruments  are  all  precisely 
similar  in  construction ; thus  the  testing  of 
colour,  wherever  these  chromometers  are  used, 
is  placed  upon  a uniform  basis. 

A German  modification  of  the  instrument 
(devised  by  Stammer),  now  before  you,  is  pro- 
vided wuth  an  arrangement  for  shortening  the 
column  of  oil,  and  thus  obtaining  an  exact 
match  with  the  standard.  The  extent  of 
shortening  being  indicated  on  the  scale,  the 
colour  of  the  oil  can  be  recorded  in  terms  of 
the  standard  with  considerable  precision. 

Both  fire  test  and  flashing  point  of  lubricating 
oils  are  determined  by  testing  the  oil  in  an 
open  cup.  One  form  of  apparatus  employed 
is  on  the  table.  There  is  no  generally,  or  at 
any  rate  universally,  accepted  method  of  apply- 
ing these  tests,  and  important  discrepancies 
between  the  results  of  different  operators 
frequently  occur.  These  discrepancies  chiefly 
arise  from  variations  in  the  rate  of  heating  the 
oil.  Peiisky,  of  Berlin,  constructs  a closed 
cup  apparatus  for  testing  lubricating  oils, 
which,  as  you  see,  in  principle  resembles  the 
Abel  instrument.  As,  however,  the  trade  are 
accustomed  to  judge  of  the  volatility  of  lubri- 
cating oils  by  their  open  vessel  flashing  points 
or  their  fire  tests,  the  closed  cup  cannot  usually 
be  employed.  The  method  of  heating  the  oil 
adopted  by  Pensky,  which  consists  in  placing 
the  oil  cup  in  an  air  chamber  in  a cast-iron 
vessel  which  can  be  strongly  heated,  is  a con- 
venient one,  and  I find  that  on  using  the 
Pensky  apparatus  without  the  oil-cup  covers 
and  adjusting  the  Bunsen  burner  flame,  which 
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is  used  as  a source  of  heat,  so  that  the  tem- 
perature of  the  oil  is  raised  at  the  rate  of  about 
10°  per  minute,  I obtain  concordant  flashing 
points  and  fire  tests,  which  agree  with  those 
furnished  by  the  method  of  testing  usually 
adopted  in  America.  A gas  flame  not  more 
than  a quarter  of  an  inch  in  diameter,  produced 
by  the  use  of  a small  jet,  is  a good  test  flame 
to  use. 

The  so-called  “cold  test”  of  lubricating 
oils  is  the  temperature  at  which  the  oils  either 
become  cloudy  or  cease  to  flowthrough  crystal- 
lisation of  parafiin.  The  test  is  usually  applied 
by  slowly  cooling  a sample  of  the  oil  in  a 
tube  about  if  in.  in  diameter,  and  noting  the 
temperature  at  which  on  inclining  the  tube  the 
oil  no  longer  flows,  or  that  at  which  separation 
of  parafiin  commences. 

The  viscosity  of  mineral  lubricating  oils  is  a 
feature  which  is  intimately  associated  with 
their  lubricating  properties.  I have  recently 
dealt  somewhat  fully  with  this  subject  in  a 
paper  read  at  a meeting  of  the  Society  of 
Chemical  Industry,*  and  I will  therefore  only 
say  that  the  apparatus  commonl}^  employed  in 
testing  consists  of  an  arrangement  for  noting 
the  length  of  time  occupied  by  a given  quantity 
of  the  oil  in  fiowing  through  a small  orifice  of 
given  dimensions  and  form  at  a given  tempera- 
ture. The  viscosimeter  employed  in  my  labora- 
tory  is  on  the  table.  This  instrument,  properly 
standardised,  can  be  obtained  of  Messrs. 
James  How  and  Co.,  73,  Farringdon-street. 

Paraffin  scale,  or  partially  refined  parafiin 
wax,  usually  contains  oil,  and  sometimes  water. 
The  per-centage  of  oil  is  determined  by  sub- 
jecting a weighed  quantity  of  the  material  to 
a given  pressure  at  a given  temperature  for  a 
specified  time,  and  noting  the  loss  in  weight. 

I published  in  the  JouriiaL  of  the  Society  of 
Chemical  Industry,  in  August,  1884,  the 
particulars  of  the  method  of  testing  which  I 
am  accustomed  to  adopt,  and  gave  compara- 
tive results  obtained  under  various  pressures, 
with  various  lengths  of  exposure  to  the 
pressure  at  various  temperatures,  and  with 
various  quantities  of  material.  My  experi- 
ments showed  that  differences  of  tempera- 
ture affect  the  results  far  more  than 
differences  in  pressure  and  in  the  quantity  of 
material  do.  This  is  not  surprising  when  we 
consider  that  there  is  no  actual  line  of  de- 
marcation between  the  solid  and  liquid  hydro- 
carbons obtained  from  petroleum.  It  is,  how- 
ever, important  that  the  same  pressure  should 

• Published  in  the  Journal  of  the  Society  of  Chemical 
/i.dustiy,  on  tke  29th  March  last. 


always  be  employed,  and  accordingly,  some 
years  ago,  I had  a press  constructed  which 
indicates  the  amount  of  pressure  by  the  extent 
of  deflection  (magnified  by  levers)  of  the  steel 
cross-head.  The  test  is  made  at  60°  F.,  the 
temperature  of  the  press  plates  being  indicated 
by  thermometers  placed  in  mercury  cups  ; the 
quantity  of  material  employed  is  500  grains, 
the  pressure  is  9 tons  over  the  whole  surface 
of  the  circular  press  cake,  5f  in.  in  diameter, 
and  this  pressure  is  maintained  for  five 
minutes,  the  oil  expressed  being  absorbed  by 
blotting  paper.  I have  recently  had  a press 
constructed  in  the  United  States  for  use  in 
testing,  which  is  furnished  with  a long, 
heavily-weighted  lever  in  place  of  the  spring 
cross-head.  With  this  press  I find  that  I 
obtain  similarly  concordant  results,  and  the 
objection  to  a spring,  that  it  may  become 
weaker  through  use,  does  not,  of  course, 
attach  to  the  weighted  lever  method  of  indicat- 
ing pressure.  Some  time  after  I commenced 
the  regular  use  of  the  spring  press  referred 
to,  Mr.  McCutchon,  of  Young’s  Paraffin  Oil 
Company,  constructed  a testing  press  in  which 
coiled  steel  springs  were  substituted  for  the 
elastic  cross -head,  and  this  press  has  been 
adopted  by  the  Scottish  Mineral  Oil  Associa- 
tion. Mr.  William  Walls,  of  Glasgow,  re- 
commends the  use  of  a hydraulic  press,  and 
Messrs.  Clarkson  and  Beckitt,  of  Glasgow, 
a few  months  ago,  sent  me  a well-made 
press  of  this  nature,  with  which  I have 
conducted  a number  of  experiments.  A 
hydraulic  press  is  portable,  occupies  less  space 
than  a screw  press,  and  admits  of  a specific 
I pressure  beingapplied  with  ease  and  certainty. 
I found  that  the  press  acted  promptly  even 
after  being  out  of  use  for  many  days.  I do 
not,  however,  recommend  the  use,  with  a 
hydraulic  press,  of  a greater  pressure  than  I 
am  accustomed  to  apply  with  the  screw-press. 
Under  a great  pressure  the  scale  is  liable  in 
some  cases  to  be  squeezed  out  of  the  cloth, 
and  I have  not  found  that  the  quantity  of  oil 
expressed  is  materially  increased.  Thus,  in 
some  comparative  experiments  conducted  at 
various  pressures,  all  the  other  conditions 
being  alike,  I obtained  the  following  results:  — 

Pressure  on  whole  Cake. 

9 tons  I3'3  tons  20  tons 

Sample.  oil.  oil.  oil. 

A..  2*9  per  cent.  3*1  per  cent.  . . not  taken. 

B ..  14-8  „ ..  I4-4*'  „ ..  not  taken. 

C ..  2-5  ,,  ,,  not  taken.  ..  2‘9percent. 

D ..  5-5  „ ..  not  taken.  ..  6*i  ,, 

* Temperature  slightly  lower. 
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Water  in  paraffin  scale  is  usually  determined 
by  heating  a weighed  sample  to  a temperature 
somewhat  above  the  boiling  point  of  water,  and 
maintaining  it  at  that  temperature  until  it 
ceases  to  lose  weight. 

The  so-called  “melting  point”  of  paraffin 
is,  in  the  case  of  the  recognised  American  and 
English  methods  of  making  the  test,  the 
temperature  at  which  the  sample,  after  having 
been  melted,  and  while  in  the  process  of 
cooling,  begins  to  solidify.  The  American  test 
is  conducted  by  melting  sufficient  of  the 
sample  to  three  parts  fill  a hemispherical  dish 
3f  in.  in  diameter.  A thermometer  with  a 
round  bulb  is  suspended  in  the  fluid  so  that  the 
bulb  is  only  three-fourths  immersed,  and  the 
material  being  allowed  to  cool  slowly,  the 
temperature  is  noted  at  which  the  first  indica- 
tion of  filming  extending  from  the  sides  of  the 
vessel  to  the  thermometer  bulb  occur.  The 
English  test  is  made  by  melting  the  sample  in 
a test  tube,  about  three-quarters  of  an  inch  in 
diameter,  and  stirring  it  with  a thermometer  as  it 
cools,  until  a temperature  is  reached  at  which 
the  crystallisation  of  the  material  produces 
enough  heat  to  arrest  the  cooling,  and  the 
mercury  remains  stationary  for  a short  time. 
The  results  afforded  by  this  test  are  usually 
from  2^°  to  3°  F.  lower  than  those  furnished  by 
the  American  test.  The  melting  point  is  also 
sometimes  determined  by  observing  the  tem- 
perature at  which  a minute  quantity  of  the 
sample,  previously  fused  into  a capillary  tube 
and  allowed  to  set,  becomes  transparent  when 
the  tube  is  slowly  warmed  in  a beaker  of  water. 


Miscellaneous. 


COLONIAL  AND  INDIAN  EXHIBITION. 

THE  INDIAN  SCREENS. 

Part  II. 

Bengal. 

The  screens  of  this  court  illustrate,  chiefly  by 
means  of  papier  mdche  castings,  the  styles  of 
architectural  ornament  characteristic  of  the  best 
Hindu  and  Mohammedan  buildings  in  Bengal  proper. 
The  northern  is  Hindu,  the  southern  Mohammedan. 

The  Hindu  Screen  is  adapted  from  the  temple  of 
Krishna  at  Kantanagar,  near  Dinajpur,  built  between 
1704  and  1722  A.D.  This  temple  forms  an  example 
of  the  brick  architecture  of  Lower  Bengal,  and  one 
of  its  chief  constructive  peculiarities,  the  bent  cornice 
(supposed  by  the  late  Mr.  Fergusson  to  have  been 


copied  from  the  common  bamboo  hut  of  the  country) 
has  been  reproduced  in  the  screen. 

The  Mohammedan  Screen  was  designed  by  the 
late  Mr.  Jules  Schaumberg,  artist  to  the  Geolo- 
gical Survey  of  India,  on  the  lines  of  the 
architecture  of  the  ancient  city  of  Gaur  and  its 
suburb  Panduah.  The  general  idea  of  the  screen 
was  derived  from  the  Qadam  Rasul  Mosque,  built  by 
Nusrah  Shah  in  1530  ; the  flat  pilasters  bulging  out- 
wards at  the  bottom  are  adapted  from  the  tomb  of 
Sultan  Ghyasuddin  (1211 — 1227),  known  as  the 
Eklahi  Mosque,  at  Pandua,  while  the  detailed  orna- 
mentation consists  of  casts  taken  from  the  remains  of 
these  and  other  buildings  presented  in  the  India 
Museum,  Calcutta.  The  painted  design  at  the  east 
end  of  the  screen  is  a composition  from  carved  stones 
and  tiles  in  the  museum,  and  is  intended  to  represent 
the  enamelled  tiles  with  which  the  Gaur  and  Pandua 
buildings  were  overlaid. 

Nepal. 

The  front  face  of  this  elaborate  screen,  which  is 
double,  consists  of  a large  central  plaque,  and  two 
smaller  side  plaques  of  carved  birch  wood,  divided 
and  bordered  by  panels  of  carved  satisal  wood. 

The  central  plaque  is  a copy,  half  the  actual  scale, 
of  a window  (about  two  or  three  hundred  years  old) 
above  the  entrance  of  an  ancient  Newar  Vihar,  or 
monastery  in  the  town  Patan.  The  side  plaques  are 
copies  on  a reduced  scale  of  windows  frequently  seen 
in  old  Newar  buildings — either  monasteries,  temples, 
darbars,  or  private  dwellings.  An  example  of  this 
portion  of  the  screen  was  given  with  the  first 
part  of  this  article.  The  inner  face  of  the  screen 
is  of  carv'ed  birch-wood,  the  patterns  shown 
being  reproductions  of  types  of  ancient  Newa, 
decorative  carving.  The  double  row  of  pillars  and 
arches  supporting  the  screen  are  copied  from  the 
enclosure  of  the  temple  at  Tripureswar,  on  the  banks 
of  the  river  Baghmati  near  Katmandu.  The  carving 
of  the  front  face  of  the  central  arch  is  supposed  to 
represent  a cloudy  sky,  the  winged  figures  being  angels, 
or  the  substitute  for  them  in  Newar  mythology,  and 
the  dragons  are  symbolic  of  lightning. 

A recognised  authority  on  Indian  art  has  said  that 
‘‘  the  ornamental  details  of  this  screen  are  rendered 
with  the  utmost  dexterity,  and  are  deeply  interesting 
as  showing  at  once  the  near  affinity  of  Nepaulese 
with  Chinese  art,  and  its  uninterrupted  descent  from 
the  ancient  Buddhistic  art  of  India,  as  exemplified  by 
its  remains  at  Sauchi,  Amravati,  and  elsewhere. 

North-West  Provinces. 

Agra. — The  screen  in  this  court  may  be  divided 
into  three  series.  The  marble  pillars  were  found  to 
be  too  large  to  be  placed  in  the  position  they  were 
intended  to  occupy  across  the  Court,  and  have  there- 
fore been  placed  outside  between  the  Private  Exhibi- 
tion Court  and  the  Indian  Palace.  They  are  inlaid 
with  precious  stones,  and  have  been  taken  from  a large 
number  of  pillars  of  similar  design  now  lying  in  the 
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Fort  at  Agra;  they  constitute  a gift  from  the 
Government  of  the  United  Provinces  to  the  National 
collection  at  South  Kensington.  The  inlaid  work  on 
the  pillars  is  similar  to  much  of  that  on  the  world- 
famed  Taj,  and  it  is  supposed  that  they  were  con- 
structed with  a view  to  the  extension  of  the  buildings 
known  as  the  Diwan-i-khas. 

One  of  the  screens  placed  in  the  court  consists 
entirely  of  stone-car\ing  executed  at  Muttra  and 
Agra  for  the  Royal  Commission.  The  trellised 
screens  are  faithful  copies  of  similar  screens  in  the 
Taj  and  at  Fatehpur  Sikri,  respectively,  while  the 
open  arches  are  in  like  manner  copies  of  work  to  be 
seen  in  the  Agra  Fort  and  Fatehpur  Silai. 

The  other  is  entirely  of  wood-work.  The  ends  of 
the  court  were  furnished  by  workmen  from  the  districts 
of  Bulandshahr  and  Mainpuri,  while  the  greater 
portion  of  the  frontage  \vas  dug  out  of  ancient 
houses  in  Lucknow  City. 

The  Punjab. 

This  screen  consists  of  six  sections  or  arcades.  The 
northern  of  the  longer  ones,  WTOught  in  shisham, 
the  cabinet  wood  of  the  Punjab,  was  made  at  Udoki, 
a village  in  the  Amritsar  district,  by  a large  family  of 
Sikh  carpenters.  The  pillars  are  slightly  varied  in 
detail,  and  the  proportion  of  the  parts  is  according 
to  the  received  canons  of  to-day,  as  derived  from 
^logul  architecture.  The  horizontal  panels  are  in 
framed  geometric  lattices  (not  perforated),  locally 
known  as  Pinjra,  literally  “ cage-work,”  strongly 
resembling  the  lattice  work  seen  in  Arabic  architec- 
ture. One  set  of  the  horizontal  panels  is  in  shisham 
wood,  inlaid  w’ith  ivorj’. 

The  southern  length  opposite,  in  deodar  or 
Himalayan  cedar  {Cedrus  deodara),  is  the  >vork  of 
various  Sikhs  in  Lahore.  Deodar  wood  is  full  of 
resin,  and,  consequently,  is  not  attacked  by  insects, 
and  is  extremely  durable. 

The  end  arcades— two  in  shisham  and  two  in 
deodar— are  designed  in  a different  style,  known 
among  Punjab  workmen  as  Akbari. 

Kashmir. 

“ The  screen  for  the  Kashmir  Court,”  writes 
Sir  Oliver  St.  John,  Resident  in  Kashmir,  “is 
copied  from  the  verandah  of  an  old  wooden 
mosque  near  Chakoti,  on  the  Kashmir  Murree 
road,  to  which  the  attention  of  travellers  is  invited 
in  Ince’s  handbook.  The  date  of  its  erection  was 
not,  as  far  as  I could  find,  anywhere  marked  on 
the  building,  but  tradition  and  the  character  of  the 
carvnng  seem  to  point  to  the  earlier  part  of  the  last 
century.  The  pillars,  brackets,  and  architrave  beam 
of  the  screen  are  almost  an  exact  copy  of  the  original 
both  in  design  and  proportion.  . . . The  material  is 
deodar  wood.” 

Central  Provinces. 

The  screens  are  the  handiwork  of  native  carpenters 
at  Nagpur,  and  are  very  fair  specimens  of  the 


wood-carving  which  is  very  characteristic  of  the 
Central  Provinces.  Carving  in  wood,  and  to  a less 
degree  in  stone,  is  perhaps  the  only  art  in  vLich 
these  provinces  can  hold  their  own  against  other 
provinces  in  India.  Carved  wood  plays  an  important 
part  in  Nagpur  architecture,  and  the  Maratha  palaces 
in  the  vicinity  of  the  city  are  distinguished  by  their 
high  verandahs  of  black  teak  often  very  elaborately 
decorated. 

Assam. 

This  screen  is  composed  almost  entirely  of  bamboo 
and  cane,  but  a kind  of  mat  locally  known  as  sital 
patti  and  some  native  silk  cloths  have  been  also  used 
in  its  manufacture.  The  whole  length  of  the  screen 
is  covered  by  a board,  the  under-surface  of  which 
is  covered  with  the  best  sital  patti  matting.  The 
workmanship  is  so  fine  that  twenty-three  strips  of  the 
patti  go  to  one  inch. 

Burma. 

The  screen  is  made  of  carved  teak  with  halaga  (or 
cloth  hanging)  panels.  The  upper  part  resembles 
the  carving  placed  round  the  eaves  and  gables  of 
Burmese  monasteries,  palaces,  and  shrines.  The 
small  flame-like  pinnacles  perhaps  point  back  to  a 
former  fire-worship  era.  The  frame-work  just  below 
is  an  example  of  the  ordinary  wood-carving  of  the 
country,  and  the  kalagas  (or  applique  work)  which 
are  placed  as  panels,  are  part  of  the  hangings  used 
as  screens,  roofings,  or  backgrounds  at  open-air 
festivals  or  in-door  feasts.  The  pillars  are  ornamented 
in  red  and  gold,  in  a manner  common  in  shrines  and 
monasteries  of  the  country. 

Madras. 

The  screens  are  in  a style  of  the  Dravidian  archi- 
tecture of  Southern  India  of  the  Vijaynagar  period,. 
i.e.,  about  the  15th  or  i6th  century.  Avoiding  as 
far  as  possible  the  grotesque  eccentricities  of  the 
style,  it  is  attempted  to  show  that  South  Indian 
carvers  are  capable  of  much  good  work.  The 
columns  are  fluted  and  ribbed,  and  crossed  at 
intervals  with  bands  of  elaborate  ornament.  The 
upper  portion  is  cut  in  representation  of  a chatty,  or 
earthen  vessel,  from  which  the  capital  springs  in  the 
shape  of  a lotus.  The  Hindu  architects  use  an 
elaborate  system  of  brackets  in  place  of  the  arch 
construction  of  Saracenic  and  European  builders. 
The  long  beam  on  which  the  entablature  of  the 
screen  rests  is  divided  into  panels  filled  with  various 
designs  of  foliage,  birds,  gryphons,  and  other 
monsters  of  Hindu  mythology.  That  which  might 
be  called  the  frieze  of  the  entablature  is  divided  into 
panels  by  carved  upright  struts.  The  panels  them- 
selves are  each  divided  into  three  niches,  the  design 
being  adapted  from  the  metal  shrines  in  which  the 
Hindus  place  the  images  of  their  gods.  The  variety 
of  the  patterns  on  the  screen,  and  the  treatment  of 
animal  forms,  will  give  a good  idea  of  the  facility  for 
ornamental  design  possessed  by  most  Oriental  handi- 
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craftsmen.  The  screen  is  constructed  of  Burma 
teak,  by  a Madras  carpenter.  The  general  design 
was  prepared  by  the  Superintendent  of  the  Madras 
School  of  Arts,  and  executed  under  his  direction  by 
about  twenty  Madras  carvers. 

Hyderabad. 

The  screen  consists  of  a series  of  arches,  giving 
-excellent  examples  of  the  brass  work  a d lacquer 
work  of  the  provinces,  and  of  Bidri  ware,  i.e., 
blackened  pewter  inlaid  with  gold,  silver,  or  copper. 
The  central  portion  of  the  screen,  or,  as  it  may  well 
be  termed,  the  central  gateway,  is  a Tazzia,  such  as 
is  commonly  constructed  during  the  Mohorran  fes- 
tival, to  represent  the  Mausoleum  of  Hassain  and 
Hussain. 

Mysore  and  Coorg. 

The  front  elevation  is  divided  into  seven  bays,  five 
for  Mysore  and  two  for  Coorg.  The  designs  for  the 
pillars  and  arches  are  copied  from  the  Daria  Daulat 
Bagh  (the  Garden  Palace,  built  by  Tippoo  Sultan  at 
Seringapatam,  and  long  occupied  by  the  Duke  of 
Wellington,  then  Colonel  Wellesley),  reduced  to 
half  the  original  dimensions.  The  pillars  and  panels 
are  carved  by  local  carpenters  of  different  sorts  of 
Mysore  timber.  The  plain  panels  above  the  arches 
of  the  front  elevation  and  at  the  sides  and  top  of 
the  three  partition  screens  are  filled  in  with  coloured 
photographs  of  Mysore  scenery  and  native  mytho- 
logical paintings.  Across  the  end  of  the  gallery  is 
placed  a screen  of  Hyderabad  design,  in  lacquer 
■work.  Over  the  central  arch  is  the  motto,  in  Arabic 
and  English,  “ With  God  alone  is  victory.” 

The  number  of  visitors  to  the  Exhibition  for  the 
week  ending  July  loth,  was  167,489;  making  a total 
•since  the  operdng  of  1,650,448. 


Obituary. 

^ 

Edward  Carleton  Tufnell.— Mr.  Edward 
Carleton  Tufnell,  who  was  a member  of  the 
Society  since  1853,  died  on  the  3rd  inst.,  in  the 
8 1st  year  of  his  age.  Mr.  Tufnell  was  for  nearly 
forty  years  one  of  her  Majesty’s  Inspectors  of  Poor 
Law  and  Industrial  Schools.  The  great  results  of 
the  district  schools  of  the  metropolis,  notably  of 
Han  well  and  Anerley,  are  largely  due  to  him ; 
indeed,  he  was  one  of  the  earlier  supporters  of  the 
half-time  system  of  industrial  education,  the  leading 
feature  of  those  schools.  ISIr.  Tufnell  travelled  ex- 
tensively on  the  Continent  in  1838-6  with  the  late  Sir 
James  Kay-Shuttleworth,  to  examine  into  the  state 
■of  elementary  education;  and  on  their  return  they 
became  the  founders  of  Battersea  College,  the  first 
training  institution  of  its  kind  in  England,  which  was 
at  first  largely  supported  by  Mr.  Tufnell’s  private 
liberality.  The  extensive  development  of  the  pupil 


teacher  scheme  in  national  schools  has  been  in  great 
measure  owing  to  him,  and  he  was  instrumental,  in 
conjunction  with  Mr.  Edwin  Chadwick  and  Sir  Henry 
Cole,  in  introducing  drill  into  elementary  schools. 
On  his  retirement  from  the  public  service  in  1875,  he 
was  presented  with  a service  of  plate  by  head 
masters  of  elementary  schools  and  others,  in  recogni- 
tion of  his  services,  Mr.  Chadwick  presided  at  the 
meeting  at  which  the  presentation  was  made,  and  in 
an  address  which  he  delivered,  gave  a very  full 
account  of  Mr.  Tufnell’s  labours.  Mr.  Tufnell,  in 
his  reply,  described  the  spirit  by  which  he  had  been 
actuated  in  his  efforts  to  promote  the  advance  of 
education.  A report  of  both  speeches  will  be  found 
ii\  ih.Q  yournal  for  May  21,  1875.  Mr.  Tufnell  was 
on  the  Society’s  Council  from  1869  to  1877, 
always  took  a prominent  part  in  the  educational  work 
of  the  Society. 


General  Notes. 


Industrial  Exhibition  at  Stockholm. — An 
Exhibition  of  motors  and  machine  tools,  tools  and 
models  for  small  industries,  was  opened  at  Stock- 
holm, on  the  1 2th  July,  and  will  be  kept  open 
until  the  12th  September  ; it  includes  the  following 
groups: — I.  Motors  for  small  industries;  2. 
Machine  tools  for  wood,  stone  and  metal;  3. 
Machines  for  textile  fabrics,  leather,  skins, 
paper,  &c.,  with  auxiliary  machines  and  appliances; 
4.  Machines  and  apparatus  of  small  size  for  the 
production  and  application  of  electricity.  Only  small 
machines  are  admitted,  objects  requiring  more 
than  21'^  square  feet  of  ground  space  only  being 
admitted  exceptionally.  No  charge  is  made  for 
space;  and  applications  are  to  be  made  to  the 
Utstallnings  Komiterade,  Stockholm,  Handtverks 
foreningenshus,  Sweden.  An  agricultural  show  and 
congress  is  also  being  held  from  12th  to  i8th  July. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

The  following  are  Conferences  for  the  week  ending  July 
24th,  at  the  Colonial  and  Indian  Exhibition  : — 

Monday,  July  19. ..Mr.  R.  W.  Murra}',  “Table  Bay  as  a 
Harbour  of  Refuge.”  4 p.m. 

Tuesday,  July  20. ..Mr.  D.  Morris,  “Tropical  Fruits.” 
(Illustrated  with  specimens  and  diagrams.)  4p.m. 

Wednesday,  July  21. ..Mr.  J.  Fforde,  “ South  African  Rail- 
ways, Harbours,  and  other  Public  Works.” 
4 p.m.  Mr.  J.  Peter,  “ Indian  Tea.”  8 p.m. 

Thursday,  July  22. ..Colonel  Campbell,  “ Coffee  Growing 
in  Mysore  and  Southern  India.”  p.m.  Mr. 
F.  W.  Pennefather,  “ New  Zealand  as  a Field  for 
Tourists.”  (With  Lime  - light  illustrations.) 
82  p.m. 

Friday,  July  23. ..Mr.  Alexander  Begg,  “ Emigration  to  the 
Canadian  North-West.”  (With  Lime-light  Illus- 
trations.) p.m. 

Saturday,  July  24..  Conference  of  East  India  Association. 

Mr.  William  Martin  Wood,  “The  Indian  Gold 
and  Silver  Plate  Industries.”  3 p.m. 
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DETAIL  OF  DARODA  SCREEN. 

Photo-lith.  W,  Griggs. 
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DETAIL  OF  KOTAH  SCREEN. 
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NOTICES. 

♦ 

CONVFRSA  ZIONE. 

The  Society’s  Conversazione  was  held,  by 
permission  of  the  Royal  Commission  for  the 
Colonial  and  Indian  Exhibition,  at  the  Exhi- 
bition buildings,  South  Kensington,  on  Friday 
■evening  last,  i6th  July. 

The  reception  was  held  in  the  Middle  Court, 
•(Indian  Empire)  by  Sir  Frederick  Abel,  C.B., 
D.C.L.,  F.R.S.,  and  the  following  members  of 
•the  Council : — Mr.  William  Anderson,  Sir 
Francis  Dillon  Bell,  K.C.M.G.,  Sir  Frederick 
Bramwell,  D.C.L.,  F.R.S.,  Mr.  Brudenell 
Carter,  F R.C.S.,  Mr.  Edwin  Chadwick,  C.B., 
Lord  Alfred  S.  Churchill,  Mr.  B.  Francis 
Cobb.  Mr.  Vicat  Cole,  R.A.,  Sir  Philip 
Cunliffe-Owen,  K.C.B.,  K.C.M.G., C.I.E.,  Col. 
Donnelly,  Mr.  H.  Doulton,  Captain  Douglas 
Galton,  C.B.,  D.C.L.,  F.R.S.,  Lieut. -Colonel 
A.  C.  Hamilton,  R.E.,  Mr.  J.  M.  Maclean, 
M.P.,  Dr.  R.  J.  Mann,  F.R.C.S  , Mr.  W.  H. 
Preece.  F.R.S.,  Mr.  Owen  Roberts,  Sir  Saul 
Samuel,  K.C.M.G.,  Lord  Sudeley,  Sir  Richard 
Webster,  Q.C.,  M.P. 

Several  special  displays  of  the  illuminated 
fountains  took  place  during  the  evening. 

The  Band  of  the  Grenadier  Guards,  con- 
ducted by  Mr.  Dan  Godfrey,  performed  in  the 
Western  Kiosk  ; the  band  of  the  Royal  Horse 
Guards,  in  the  Eastern  Kiosk,  conducted  by 
Mr.  Charles  Godfrey;  and  the  band  of  the 
1st  West  India  Regiment,  conducted  by  Mr. 
^ ' J*  Quord,  in  the  gardens  to  the  east  of  the 
Indian  Palace.  The  Royal  Handbell  Ringers 
and  Glee  Singers,  under  the  direction  of  Mr. 
Harry  Tipper,  performed  in  the  Conservatory, 
and  the  Glee  Choir,  from  the  “Criterion,” 
under  the  direction  of  Mr,  Richard  Mackway, 


performed  in  the  Indian  Palace,  and  in  “ Old 
London.” 

The  number  of  visitors  present  at  the  Con- 
versazione was  9,527. 


Proceedings  of  the  Society. 

<► 

CANTOR  LECTURES. 
PETROLEUM  AND  ITS  PRODUCTS. 
By  Boverton  Redwood,  F.I.C.,  F.C.S. 

[The  right  of  reproducing  these  lectures  is  reserved.] 

Lecture  IV. — Delivered  March  zc^th,  1886. 

By  far  the  most  important  of  the  uses  to 
which  the  products  of  petroleum  are  as  yet 
applied  is  that  of  illumination,  and  it  is  to  this 
use  that  we  should  accordingly  first  direct  our 
attention.  In  regard  to  the  employment  of  the 
solid  products  of  petroleum  in  the  form  of 
paraffin  candles  I have  not  a great  deal  to  say. 
Liebig,  in  1851,  expressed  the  opinion  that  “It 
would  certainly  be  esteemed  one  of  the  greatest 
discoveries  of  the  age  if  anyone  could  succeed 
in  condensing  coal-gas  into  a white,  dry,  solid, 
odourless  substance,  portable,  and  capable  of 
being  placed  upon  a candlestick  or  burned  in 
a lamp,”  and  it  may  fairly  be  said  that  in  the 
paraffin  candle  we  have  a source  of  light 
possessing  all  the  characteristics  which  Liebig 
considered  so  desirable.  Price’s  Patent 
Candle  Company  and  Messrs.  J.  C.  and  J. 
Field  are  well  known  to  have  been  con- 
spicuously successful  in  their  efforts  to  improve 
the  manufacture  of  paraffin  candles,  the  intro- 
duction of  the  “self-fitting”  end,  and  the 
adoption  of  various  devices  (some  of  which  are 
illustrated  by  the  specimens  on  the  table)  to 
render  the  candle  more  ornamental,  being 
among  the  many  improvements  for  which  the 
public  are  indebted  to  these  enterprising 
manufacturers. 

The  principal  defect  possessed  by  paraffin 
candles  is  a liability  to  bend  when  exposed  to 
the  air  of  a warm  room.  This  tendency  is  to 
some  extent  overcome  by  mixing  the  paraffin 
with  a small  per-centage  of  palmitic  or  stearic 
acid,  and  it  is  found  that  candles  made  of  this 
mixture  are  also  less  liable  to  smoke  than  those 
manufactured  from  pure  paraffin.  Ozokerit 
candles  have  a higher  melting  point  than  those 
which  are  made  of  petroleum  or  shale  paraffin, 
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and  are  in  this  respect  better  suited  for  use  in 
warm  climates. 

Young’s  Paraffin  Light  and  Mineral  Oil 
Company  have  made  an  ingenious  use  of  soft 
paraffin  in  the  handy  little  miners’  lamp 
exhibited. 

I am  not  aware  of  the  existence  of  any 
exhaustive  account  of  the  various  improve- 
ments which,  from  time  to  time,  have  been 
effected  in  appliances  for  burning  mineral  oils 
with  a view  to  the  production  of  light ; and  in 
the  attempt  to  compile  a record  having  any 
pretensions  to  completeness,  and  to  collect 
specimens  of  the  earlier  forms  of  mineral  oil 
lamps,  I have  met  with  far  greater  difficulties 
than  I anticipated,  notwithstanding  that  I have 
received  ready  assistance  from  all  the  principal 
firms  engaged  in  the  lamp  trade,  both  in  this 
country  and  abroad. 

We  know,  from  the  accounts  given  by 
historians  who  wrote  prior  to  the  commence- 
ment of  the  Christian  era,  that  petroleum  was 
used  as  an  illuminant  in  remote  ages.  The 
appliances  for  burning  the  oil  were,  without 
doubt,  of  a very  primitive  description,  con- 
sisting simply  of  an  oil  vessel  furnished  with  a 
wick  of  some  fibrous  material.  Lamps  of  this 
character  are  still  used  for  burning  crude 
petroleum  in  various  localities.  The  earthen- 
ware petroleum  lamp  of  somewhat  artistic 
form,  but  very  primitive  construction,  which  is 
now  before  you,  I found  in  use  in  provincial 
Russia,  and  the  little  glass  and  tin  lamps  I met 
with  in  the  bazaars  in  India,  where  they  are 
sold  at  the  price  of  one  anna. 

For  the  lighting  of  the  derrick  during  the 
operation  of  well-drilling  in  the  United  States, 
the  large  iron  two-spouted  kettle-shaped 
lamp,  fed  with  crude  petroleum,  is  still  com- 
monly employed.  With  none  of  these  lamps 
is  a chimney  used,  and  the  flame  produced  is 
dull  and  smoky. 

Much  interesting  and  valuable  information 
in  reference  to  the  subject  of  mineral  oil  lamps 
was  given  by  Sir  Frederick  Abel  in  a lecture 
delivered  at  the  Royal  Institution  last  year. 
The  lecturer  expressed  the  belief  that  mineral 
oil  lamps  were  first  constructed  in  Germany, 
about  the  years  1852-3,  and  somewhat  exten- 
sive inquiries  which  I have  since  made  quite 
confirm  this  view.  Many  years  previously, 
however,  viz,,  in  1820,  coal-naphtha,  produced 
under  Lord  Dundonald’s  patent  of  1781,  was 
introduced  as  an  illuminant  by  Mr.  Astley,  for 
use  in  the  so-called  founder’s  blast  lamp,  in 
which  the  combustion  was  aided  by  a current 
of  air  artificially  produced.  Read  Holliday 


was  also  among  the  first  to  suggest  the  em- 
ployment of  coal-naphtha  for  illuminating 
purposes,  and  the  vapour  lamp  which  he 
patented  is  still  largely  employed. 

Other  inventors  designed  lamps  for  vapor- 
ising coal-naphtha,  and  burning  the  vapour 
at  a jet.  Various  ingenious  arrangements  for 
maintaining  a uniform  oil  level  were  also 
devised  during  the  latter  part  of  the  18th 
century.  These  arrangements,  many  of  which 
were  described  by  Mr.  Leopold  Field  in  his 
Cantor  Lectures  on  “ Solid  and  Liquid  Illumin- 
ating Agents,”  delivered  in  1883,  were  applied 
to  lamps  burning  fixed  oils  ; * but  some  are  of 
special  interest  to  us  as  being  applicable  to 
mineral  oil  lamps.  Thus  the  “ bird-fountain  ” 
system  of  maintaining  the  oil  level,  which 
is  stated  to  have  been  first  adopted  by 
Miles  in  1781,  is  applied  in  one  class  of  petro- 
leum lamps  now  in  use.  This  arrangement 
consists  of  an  oil  reservoir  closed  at  the  top, 
and  communicating  by  a tube  with  the  wick 
case  of  the  burner,  which  is  at  a lower  level 
than  the  top  of  the  reservoir.  As  the  oil  in 
the  wick  case  is  drawn  up  to  the  flame  and 
consumed,  a few  bubbles  of  air  pass  into  the 
reservoir,  and  a corresponding  quantity  of  oil 
flows  out.  The  principle  of  pumping  the  oil 
up  to  the  flame,  which  was  devised  by  Carcel 
in  1798,  is  also  at  present  in  use  in  burning 
mineral  oils,  chiefly  for  lighthouse  illumina- 
tion, but  also,  to  a small  extent,  for  domestic 
lighting 

The  first  lamps  in  which  mineral  oils  were 
burned  in  this  country  with  any  degree  of 
success  were  those  which  had  been  designed 
some  years  previously  for  use  with  rectified 
oil  of  turpentine,  known  as  “ camphine.”" 
These  lamps  were  constructed  upon  the  prin- 
ciples described  by  Ami  Argand  in  the  speci- 
fication of  the  patent  granted  to  him  in  1784, 
and,  in  view  of  its  great  value,  it  will  be 
interesting  to  consider  the  nature  of  Argand’s 
invention.  The  specification  states  that  the 
patent  is  for  ‘‘a  lamp  that  is  so  constructed 
as  to  produce  neither  smoak  nor  smell,  and  to 
give  considerably  more  light  than  any  lamp 
hitherto  known;”  and  the  method  by  which 
these  results  are  attained  is  thus  described  : — 
“ My  method  of  giving  light  by  lamps,  or  any 
other  illuminating  instruments  or  things,  con- 
sists in  wholly  converting  into  flame  and  light 
any  inflammable  and  combustible  matter  what- 
ever that  may  be  used  as  the  pabulum,  fuel,  or 
subject  of  such  light,  which  in  the  common 

* I was  indebted  to  Messrs  J.  and  C.  Christie  for  several 
interesting  specimens  of  these  lamps. 
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mode  of  producing  light  is  only  in  part  burnt, 
consumed,  and  converted  into  flame,  the  rest 
going  off  in  smoak  or  soot.  This  is  effected 
in  its  various  modes  of  application,  first  by 
causing  a current  of  air  to  pass  through  the 
inside  of  the  flame  ; secondly,  by  increasing 
that  current  of  air,  and  producing  another 
current  of  air  on  the  outside  of  the  flame  by 
means  of  a chimney,  dome,  funnel,  tube,  pipe, 
or  other  contrivance,  covering,  surrounding, 
or  enclosing  the  flame,  or  the  vehicle,  or  the 
receptacle  or  vessel  containing  it,  so  that  the 
fresh  air  which  continually  rushes  into  the 
said  chimney,  dome,  funnel,  tube,  or  pipe,  or 
passes  through  it  to  supply  the  place  of  that 
which  is  decomposed  and  rarified  by  fire  or 
flame,  and  which,  growing  lighter,  escapes 
continually  through  the  top  of  the  said 
chimney,  dome,  funnel,  tube,  or  pipe,  shall 
have  free  access  and  circulation  ; or  thirdly, 
by  applying  such  chimney,  dome,  funnel,  tube, 
or  pipe  to  common  wicks,  where  the  full  effects 
of  the  principle  are  not  required.*  This  effect 
of  increasing  the  light,  by  converting  the 
smoak  into  flame,  is  obtained  by  the  means 
above  mentioned,  which  may  be  used  either 
separately  or,  where  a greater  advantage  is 
required,  the  methods  above  described  may 
be  combined.  The  vehicles  which  contain 
the  light  are  made  of  various  forms  and 
various  materials.” 

The  Argand  lamp,  to  quote  a description  of 
it  published  many  years  ago,  “embraces  so 
many  improvements  upon  the  common  lamp, 
and  has  become  so  general  throughout 
Kurope,  that  it  may  be  justly  ranked  amongst 
the  greatest  discoveries  of  the  age.  As  a 
substitute  for  the  candle,  it  has  the  advantage 
of  great  economy  and  convenience,  with  much 
greater  brilliancy  ; and  for  the  purpose  of 
producing  heat,  it  is  an  important  instrument 
in  the  hands  of  the  chemist.  We  may,  with 
some  propriety,  compare  the  common  lamp 
and  the  candle  to  fire  made  in  the  open 
air,  without  any  forced  method  of  supplying 
it  with  oxygen  ; while  the  Argand  lamp  may 
be  compared  to  a fire  in  a furnace,  in  which  a 
rapid  supply  of  oxygen  is  furnished  by  the 
velocity  of  the  ascending  current.  This, 
however,  is  not  the  only  advantage  of  this 
valuable  invention.  It  is  obvious  that  if  the 
combustible  vapour  occupies  a considerable 
area,  the  oxygen  of  the  atmosphere  cannot 
combine  with  the  vapour  in  the  middle  part  of 
the  ascending  column.  The  outside,  there- 

*  It  is  stated  that  the  use  of  a chimney  had  been  previously 
suggested  by  Quinquet. 


fore,  is  the  only  part  which  enters  into  com- 
bustion ; the  middle  constituting  smoke.  This 
evil  is  obviated  in  the  Argand  lamp,  by  direct 
ing  a current  of  atmospheric  air  through  the 
flame,  which,  instead  of  being  raised  from  a 
solid  wick,  is  produced  by  a circular  one, 
which  surrounds  the  tube  through  which  the 
air  ascends.”  Argand’s  original  lamp  had 
an  iron  chimney,  but  a cylinder  of  glass  was 
soon  substituted.  Smethurst,  or  Lange,  aftei- 
wards  proposed  the  employment  of  a chimney 
with  a shoulder  or  constriction  in  place  of 
the  simple  cylinder. 

In  1818,  Sir  Thomas  Cochrane  obtained  a 
patent  for  “ lamps  in  streets,  which  effectuate 
and  regulate  the  combustion  of  a certain 
purified  essential  oil  or  spirit  obtained  from 
different  ligneous,  carbonaceous,  or  bituminous 
substances  usually  called  spirit  of  tar,  or  oil 
of  tar.”  The  principal  feature  of  the  invention 
seems  to  liave  been  the  construction  of  the 
“burner  or  wick-holder  of  a length  propor- 
tioned to  the  volatility  of  the  said  essential  oil 
or  spirit  compared  to  that  of  the  viscous  oil  of 
whales,  or  of  other  gross  and  sluggish  oils  now 
in  use.”  In  1822,  A.  and  D.  Gordon  patented 
the  construction  of  lamps  with  wicks  made  of 
platinum,  gold,  silver,  or  copper  drawn  into 
fine  threads,  or  of  glass  drawn  into  capillary 
tubes,  bound  into  a compact  bundle  ; also  the 
use  with  such  wicks  of  a burning  fluid  com- 
posed of  spirit  of  wine  or  wood  spirit  mixed 
with  essential  oils.  In  1839,  Goldsworthy 
Gurney  and  Frederick  Rixon  obtained  a patent 
for  the  “ oleo-ox}^gen  or  Bude  light,  produced 
by  administering  to  the  flame  of  oil  or  gas 
lamps  or  burners  a jet  or  stream  of  pure 
oxygen.”  In  1840,  George  Halpin,  jun., 
patented  the  application  of  a mechanically 
produced  air  blast  to  an  Argand  burner,  and 
described  the  use  of  “an  additional  tube 
placed  within  that  usually  forming  the  inner 
casing  of  an  Argand  lamp.”  The  drawings 
accompanying  the  specification  also  show 
the  construction  of  a burner  with  three  con- 
centric wicks.  In  the  same  year  Thomas 
Young,  of  Queen-street,  London,  obtained 
protection  for  improved  methods  of  supplying 
the  oil  to  the  burner,  and  for  the  use  of  a 
perforated  plate  “ at  a position  above  the 
point  of  combustion  of  the  wick  of  lamps,  and 
thereby  obtaining  a more  favourable  applica- 
tion of  air  to  the  flame  of  lamps.”  A year 
later,  a patent  was  granted  to  William  Newton 
for  “lamps,  burners,  and  apparatus  for  the 
production  of  light  and  heat  for  domestic  and 
other  useful  and  ornamental  purposes,  partly 
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from  certain  substances  which  .have  not  yet, 
to  the  best  of  my  knowledge  and  belief  been 
brought  into  igeneral.  use  for  such  purposes 
and  by  such  means,  some  of  the  said  snh*. 
stances  being  the  hydro-carbons  usually  called 
coal-tar,  oils  or  Jiquids,  naphtha,  vegetable 
tar,  oils  or  .liquids,  and  the  liquids  obtained 
by  distillation  and  rectification  of  the  resins, 
schistus,  petroleum,  maltha  or  mineral  pitch, 
mineral  naphtha,  asphaltum,  bitumen,  caout- 
chouc, animal  oil,  and  the  various  hydro- 
carbonaceous  substances  that  may  be  extracted 
from  vegetables,  grain,  plants,  and  trees,  and 
most  of  the  inflammable  oleaginous  or 
resinous  substances  that  are  both  to  be 
vaporised  at  certain  temperatures,  according 
as  they  may  vary  in  nature  and  specific 
gravity."  The  burners  in  respect  of  which  the 
use  of  this  remarkably  comprehensive  list  of 
burning  fluids  was  claimed,  were  provided 
with  various  complicated  arrangements  for 
supplying  the  fluid  to  the  wick,  and  in  some 
cases  for  causing  the  vaporisation  of  the  fluid 
before  its  ignition,.  In  the  same  year  (1841) 
William  Young  filed  a lengthy  specification  of 
improvements  in  lamps,  part  of  which  related 
to  arrangements  for  burning  “ naphtha  or  tur- 
pentine spirit."  William  Young’s  lamp,  which 
was  of  the  Argand  type,  was  at  first  used 
with  rectified  oil  of  turpentine,  known  as 
camphine,.  but  on  the  introduction  of  coal  oil  as 
an  illuminating  agent.  Young’s  “Vesta" 
lamps,  one  of  which,  kindly  lent  me  by  Messrs. 
Browne  and  Co.,  of  Piccadilly,  is  on  the  table, 
were  used  to  burn  it.  In  one  form  of  this  lamp 
two,  three,  or  more  flat  wicks  were  so  held  in 
curved  wick*holders  as  to  produce  a tubular 
flame,  and  air  was  admitted  to  the  inner  surface 
of  the  flame  between  the  wick  tubes.  A collar 
of  wood  was  inserted  between  the  burner  and 
the  oil  reservoir,  to  prevent  the  conduction  of 
heat  to  the  latter. 

In  1842,  George  Roberts,  a miner,  was 
granted  a patent,  part  of  which  related  to  im- 
provements in  lamps  for  burning  “naphtha, 
turpentine,  or  such  spirits  as  are  usually 
burned  in  lamps."  The  lamp  described  in 
the  specification  as  suitable  for  use  with 
naphtha  or  other  spirits  was  of  the  Argand 
form,  the  essential  feature  of  the  invention 
being  the  use  of  as  many  as  four  perforated 
disc  air  deflectors,  so  arranged  as  to  “ deflect 
air  on  to  the  wick,  and  also  on  to  and  all 
around  the  flame  after  it  is  formed,  such  de- 
flection Of  the  air  being  at  intervals  apart, 
consequently  the  air  will  be  deflected  on  to 
the  flame  at  different  heights,  the  air  being 


prevented  passing  into  the  upper  part  of  the 
chimney  except  with  the  flame.  " The  patentee 
states  that  “ by  combining  the  use  of  the  four 
discs,  :qs.  above  described,  a lamp,  such  as 
above . described,  may  be  made  suitable  for- 
burning  naphtha  and  other  spirits,  without 
smoke,  producing  a very  powerful  light."  This 
early  recognition  of  the  important  principle  of 
distributing  the  air  supply  is  of  considerable 
interest.  Three  years  later,  viz.,  in  1845,  the 
same  inventor  obtained  protection  for,  among 
other  improvements  in  the  construction  of 
lamps,  the  use,  in  the  centre  of  an  Argand 
wick  tube,  of  “a  flat  disc  of  metal,  to  the  outer 
edge  of  which  a curved  piece  of  perforated 
metal  is  attached,  thus  forming  a cap  through 
which  the  air  will  pass  in  small  streams  to 
the  flame;"  also  for  the  similar  use  of  a 
trumpet  - mouthed  deflector  receiving  air 
through  a hollow  rod,  the  top  of  the  deflector 
being  closed  with  a flat  disc,  and  the  sides 
perforated.  Air  diffusers  of  similar  con- 
struction form,  as  we  shall  presently  see, 
important  features  of  mineral  oil  lamps 
patented  later.  Mr.  Roberts  also  specified 
the  use  of  wicks  of  cane  or  porous  wood,  or 
of  asbestos.  Samuel  King’s  patent  of  1856 
relates  chiefly  to  arrangements  for  pro- 
viding in  a suitable  manner  a supply  of 
air  to  the  flame  of  an  Argand  burner.  An 
additional  patent  for  further  improvements  in 
the  arrangements  for  the  distribution  of  the 
air  was  taken  out  by  King  in  1859.  One  of 
King’s  “Brighton"  burners,  lent  by  Messrs. 
Browne  and  Co.,  is  on  the  table.  A patent 
for  a chimneyless  burner  (flat  wick)  was 
granted  to  George  Young  in  1867.! 

Among  the  lamps  on  the  table  are  some  very 
interesting  specimens  kindly  lent  by  Messrs. 
Bright  and  Co.,  successors  to  the  firm  of 
Argand  and  Co.  One  of  these  is  a camphene 
lamp,  with  central  air-tube  extending  through 
the  reservoir,*  and  another  is  a “ solar-oil 
lamp,"  also  with  a central  air-tube.  In  the 
case  of  the  latter  lamp,  the  wick  is  held  in  a 
tube,  and  through  the  action  of  a pin,  working 
in  a spiral  groove  cut  in  the  air-tube,  is  raised 
or  lowered  by  rotating  the  burner  collar.  The 
chimney  of  the  solar-oil  lamp  is  slighly  conical, 
and  has  no  shoulder  or  constriction.  I have 


* I am  greatly  indebted  to  Mr.  Edward  Phillips  for  search- 
ing the  records  of  the  Patent-office  and  obtaining  thus,  and 
by  consulting  those  who  have  been  longest  engaged  in  the 
lamp  trade,  much  valuable  information  in  relation  to  the 
early  use  of  mineral  oils  for  illuminating  purposes.  Mr. 
Phillips  informs  me  that  Mr.  Morris,  of  the  Patent-office, 
gave  him  considerable  assistance  in  his  search, 

+ Roberts’s  “ Gem  ’’  spirit  lamp. 
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also  to  express  my  indebtedness  to  Messrs. 
White,  Child,  and  Co.,  for  the  loan  of  some 
lamps  of  considerable  historic  value. 

. Mr.  N.  J.  Fenner  informs  me  that  a turpen- 
tine distiller,  of  the  name  of  Baker,  carrying 
on  business  on  Bow-common,  was  probably 
the  first  to  introduce  rectified  oil  of  turpentine 
as  an  illuminating  agent  under  the  name  of 
camphine.  This  was  somewhere  about  the 
year  1835.  The  manufacture  of  camphine  was 
subsequently,  according  to  Mr.  Fenner,  carried 
on  by  Messrs.  Jupp,  C.  Price  and  Co.,  P. 
Murphy,  Flockton,  Carton,  and  Fenner,  all  of 
whom  were  turpentine  and  rosin  distillers, 
the  wet-steam  process  of  rectification  being 
generally  employed.  In  consequence  of  the 
high  price  of  colza  and  fish  oils,  camphine  had 
at  this  time  a large  sale  as  an  illuminant,  not- 
withstanding its  liability  to  fill  the  room  with 
"blacks”  and  its  many  other  defects.  In 
1856,  Mr.  Chappel,  a solicitor,  consulted 
Messrs.  Fenner  as  to  commercially  utilising  an 
asphaltum  imported  from  Cuba,  and  experi- 
ments having  shown  that  the  material  yielded 
75  per  cent,  of  crude  oil  from  which  good 
burning  and  lubricating  oils  could  be  made,  a 
company  was  formed  and  the  process  success- 
fully carried  on  for  some  time,  the  oil  selling  at 
3s.  7d.  to  3s.  8d.  per  gallon.  Before  long, 
however,  the  introduction  of  the  cheaper 
American  petroleum  rendered  the  industry  un- 
profitable. 

The  products  at  first  manufactured  by  James 
Young  were  not  well  adapted  for  illuminating 
purposes,  attention  having  been  concentrated 
upon  the  manufacture  of  lubricating  oils  ; but 
in  1853,  increasing  consumption  of  the 
burning  oil  which,  for  three  or  four  years  pre- 
viously, had  been  manufactured  in  Hamburg, 
by  Noblee,  led  Mr.  Young  to  make  inquiries 
which  resulted  in  his  finding  that  suitable 
burners  were  being  constructed  by  Mr.  C.  H. 
Stobwasser,  of  Berlin.  Mr.  Youngthen  obtained 
some  of  the  burners  in  question,  and  entrusted 
to  Messrs.  R.  Laidlaw  and  Son,  of  Edinburgh, 
the  manufacture  of  similar  appliances. 
Through  the  courtesy  of  the  present  firm  of  C. 
H.  Stobwasser  and  Co.,  of  Berlin,  I am  enabled 
to  place  before  you  historically  interesting 
specimens  of  the  first  mineral  oil  lamps  made 
by  Mr.  Stobwasser.  The  earliest  of  these  is  on 
the  Argand  principle,  with  an  annular  wick 
case,  and  is  called  a " solar-oil  lamp,”  while 
those  made  subsequently  for  burning  petroleum 
have  flat  wick  tubes. 

Messrs.  Stobwasser  and  Co.  inform  me  that 
they  first  made  the  solar  oil  (Argand)  burners, 


and  the  flat-wick  burners  about  1852  or  1853. 
The  solar-oil  burner  was  constructed  > for  use 
with  the  liquid  termed  " photogene,” ‘made  by 
Noblee  from  coal,  while  the  flat-wick’  burner 
was  used  with  the  oil  distilled  from- 1 lignite. 
The  solar  oil  at  first  manufactured  would  not 
burn  in  the  flat-wick  burners,,  as  'originally 
constructed,  but  a slight  alteration'  'of  the 
burner,  and  an  improvement  in  the 'quality  of 
the  oil,  overcame  the  difficulty,  i '<  ■ 1 ! 

Messrs.  R.  Laidlaw  and  Son : have,  also 
kindly  furnished  me  with  the  equally  interest- 
ing specimens  of  the  first  burrtet’  inaade  for 
Mr.  Young  on  the  German  model,  land  an 
improved  burner  shortly  afterwards 'constructed 
for  Young’s  Paraffin  Light  and  Mineral  Oil 
Company.  Both  burners  have,  asuyou  see, 
flat-wick  tubes.  Mr,  W.  Lightbody  of  the 
firm  of  Thomas  Rowatt  and  Sons,  has  ibeen 
good  enough  to  furnish  me  with  some 'valuable 
information,  from  which  I gather'.that  the 
business  of  selling  mineral  oil  larhps,  manu- 
factured by  Messrs.  R.  Laidlaw  and  Son,  was 
commenced  by  Mr.  Young,  in  1, Edinburgh, 
in  the  year  1857,  Mr.  Thomas 'Rowkttj' 'sen., 
acting  as  manager.  At  that  time,  the 
burners  sold  consisted  of  f in.y  >'|  in.,  and 
fin.  flat-wick  burners,  and  lo' 1. ' and : 14  1. 
round  burners  ; such  burners  as  are  how  sold 
at  gd.  costing  3s.  ' f ’ 

Gesner  states  that  the  first  lamps  suitable 
for  burning  kerosene  that  were  employed  in 
America,  were  imported  from  Vienna'  by  Mr. 
J.  H.  Austen,  who,  about  the  year?  1854, 
engaged  in  the  coal  oil  industry.  According 
to  Dr.  Schweitzer,  Professor  of  Chemistry  in 
the  University  of  Missouri,  the  coal?  oil  manu- 
factured about  this  time  was  of  i siich  com- 
paratively high  density  that  it  could  be  burned 
in  ordinary  lamps.  The  subsequent  develop- 
ment of  the  petroleum  industry,' ) however, 
rendered  it  very  necessary  to  devise  special 
lamps.  The  first  patent  taken  out  for  a 
petroleum  lamp,  so-called,  in  the  United 
States,  was  dated  1859,  and  in  that  year  forty 
applications  for  patents  for  petroleum  Tamps, 
burners,  and  appliances  in  general,  i were 
granted.  In  the  succeeding  year  the  number 
of  similar  grants  was  71,  in  the  next  year  53, 
and  in  the  one  after  loi.  From  that  time  to 
1878,  the  number  ranged  from  63  to  186 ; and, 
judging  by  the  number  of  new  kinds  of  lamps 
which  are  every  year  offered  for  sale  in 
America,  the  energy  of  the  American  in- 
ventor shows  no  signs  of  diminution. 

Meanwhile,  in  this  country,  the  improve- 
ment of  appliances  for  burning  mineral  oils 
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was  steadily  progressing.  Messrs.'  Joseph 
Hinks  and  Son,  of  Birmingham,  who  had  com- 
menced business  as  lamp  manufacturers  about 
the  year  i860,  patented  Oct.  28th,  1865,  the 
well-known  duplex  burner,*  the  introduction 
of  which  has  done  so  much  to  popularise  the 
use  of  mineral  oils  for  illuminating  purposes. 
The  patent  which  was  granted  to  James  and 
Joseph  Hinks  was  described  as  being  for 
“the  improvements  hereinafter  described  in 
the  burners  of  lamps  for  burning  paraffin  oil 
and  other  volatile  liquid  hydrocarbons,  whereby 
two  or  more  flat  flames,  or  one  circular,  or 
nearly  circular,  flame  may  be  produced  by  the 
use  of  two  or  more  single  flat  wicks.”  The 
general  construction  of  the  burner  was  thus 
described  : — “ Our  invention  consists  in  the 
employment  in  the  same  burner  of  two  or 
more  flat  or  curved  wick  cases  or  holders,  in 
which  said  cases  or  holders  single  flat  wicks 
are  placed.  Each  of  the  said  wick  cases  is 
provided  with  an  axis  and  pinions  for  raising 
and  lowering  the  wick  therein  contained.  The 
wick  cases  or  holders  are  either  straight  or 
slightly  curved,  or  of  the  figure  of  semi- 
ellipses, or  semicircular,  so  as  to  produce,  when 
arranged  in  the  burner,  flat,  or  elliptical,  or 
circular  flames.  The  cone,  or  deflector,  has 
two  or  more  straight  or  curved  openings  in  it, 
through  which  the  wicks  may  pass.  That 
portion  of  the  top  of  the  cone  between  the 
curved  openings  (when  curved  openings  and 
curved  wick  holders  are  employed)  serves  as  a 
substitute  for  the  ordinary  button  used  with 
circular  wicks  ; or  a circular  hole  may  be  used 
in  the  cone,  and  the  ordinary  button  employed. 
When  flat  wick  cases  are  employed  straight 
openings  are  made  in  the  cone.”  In  the 
original  form  of  the  fiat-wick  burner  the  two 
vv'icks  were  brought  together  into  one  wick 
tube  in  the  lower  part  of  the  burner.  Sub- 
sequent improvements  effected  by  this  firm 
have  resulted  in  the  production  of  a burner, 
the  good  features  of  which  are  too  well  known 
to  need  enumeration  ; and  I will  only  call  your 
attention  to  the  conspicuous  merit,  from  an 
artistic  as  well  as  mechanical  point  of  view, 
of  the  collection  of  Blinks  lamps  on  the  table. 
In  1871,  Holver  Holverstone,  of  Cambridge, 
Mass.,  patented  a dual  burner,  having  two 
flat  wicks  in  a cone  furnished  with  a single  slot. 
Litigation  between  this  inventor  and  Messrs. 
Hinks  resulted  in  an  amicable  arrangement. 
The  dual  burners  on  the  table  were  supplied  to 
me  some  time  ago  by  Mr.  John  G.  Rollins. 

* Dr.  Angus  Smith  had  previously  constructed  a tv\’0-\vick 
burner. 


On  January  22nd,  1866,  Messrs.  Thomas 
Rowatt  and  Sons  patented  the  “ anucapnic  ” 
burner,  which  differs  from  those  already  re- 
ferred to  in  being  provided  with  a double  cone. 
The  use  of  this  appliance  admits  of  the 
ordinary  chimney  being  replaced  by  a globe, 
without  any  diminution  in  the  brilliancy  of  the 
light.  The  provisional  specification,  filed  by 
Thomas  Rowatt,  the  younger,  states  that  his 
“improvements  in  lamps  for  burning  paraffin, 
petroleum,  belmontine,  and  other  hydrocarbon 
oils  without  the  use  of  a chimney,”  consists  in 
obtaining  “the  necessary  current  of  air  by 
carrying  down  a tube  of  metal  or  any  other 
suitable  material  from  the  dome  to  within  a 
short  distance  of  the  bottom  of  the  burner,  ex- 
tending its  lower  rim  laterally,  so  that  the 
opening  remaining  between  the  edge  of  this 
rim  and  the  lower  body  of  the  burner  becomes 
an  air  channel  with  a much  greater  superficial 
area  than  the  area  of  the  bottom  neck  of  the 
tube,  consequently  the  tube  becomes  an  air- 
sluice  when  the  lamp  is  lighted.”  The 
specification  further  states  that  in  order  that 
complete  combustion  might  be  effected,  it  was 
found  that  a second  current  of  air  must  be 
projected  on  to  the  flame  above  the  dome  re- 
ferred to.  The  arrangement  is,  therefore, 
described  in  the  complete  specification  as 
consisting  of  “ two  round-topped  hollow  cones 
or  domes,  one  exterior  and  the  other  interior, 
both  being  so  arranged  as  to  produce  two 
separate  and  distinct  currents  of  air.”  Messrs. 
Thomas  Rowatt  and  Sons  patented  an  improved 
anucapnic  burner  in  1878,  and  in  1882  obtained 
protection  for  a duplex  chimneyless  burner 
with  single-slotted  double  dome,  which  they 
term  the  “Lome”  burner.  In  the  latter 
burner  the  wick  tubes  are  inclined  towards 
each  other  at  the  top  and  bottom,  so  that  the 
flames  coalesce,  and  the  wicks  beneath  the 
burner  are  in  contact.  Increased  luminosity 
and  increased  capillary  attraction  result. 
Messrs.  Thomas  Rowatt  and  Sons  have  been 
good  enough  to  provide  me  with  specimens  of 
the  three  forms  of  burners.  I may  here  mention 
that  this  firm  was  the  first  to  construct  burners 
with  a screw  to  attach  them  to  the  collar 
of  the  lamp,  the  burners  previously  made 
in  this  country  being  provided  simply  with  a 
conical  tube  fitting  into  the  collar. 

Young’s  Paraffin  Light  and  Mineral  Oil 
Company,  some  years  ago,  commenced  the 
manufacture  of  lamps  on  a large  scale,  and 
have  introduced  several  burners  of  novel  and 
valuable  character.  Among  these  are  the 
“Champion”  burner,  with  circular  wick,  the 
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Regulator ” burner,  and  the  “Triplex” 
burner,  which  is  furnished  with  three  flat  wicks 
arranged  triangularly.  The  “Champion” 
burner  was  patented  by  A.  E.  Ragg,  in  1878 
and  1880.  The  claims  in  the  specification  of 
the  former  patent  are  for  the  use  of  a central 
perforated  cone  or  tubular  chamber  within  the 
wick  - tube  circle  for  supplying  the  upper 
portion  of  the  flame,  with  a series  of  small 
separate  injected  currents  ; for  the  use  of  a 
series  of  rays  or  divisions  projecting  from  or 
approaching  close  to  the  wick-tube  or  tubes, 
“so  as  to  separate  the  impinging  current  of 
air  into  a series  of  currents  separated  by 
quiescent  intervals,  thus  causing  serrations  in 
the  flame;”  for  the  mode  of  “preventing 
smoke  in  lamps  by  adjusting  the  cap  to  that 
height  above  the  surface  of  the  wick,  that  on  j 
the  cap  being  placed  in  position  the  flame 
changes  from  yellow  to  white;”  and  for  the 
use  of  two  flat  wicks  in  an  Argand  burner,  in 
such  a manner  that  they  are  brought  to  a 
cylindrical  contour  at  the  top.  In  the  specifi- 
cation of  the  subsequent  patent  the  claims  are 
for  the  use  of  a disc  or  button  (cither  alone  or 
in  conjunction  with  a perforated  tube),  of  such 
size  as  to  extend  over  the  entire  area  embraced 
by  the  inner  wick  tube,  and  the  greater  portion 
or  whole  of  the  wick,  “so  as  to  deflect  the 
flame  outwards  to  a much  greater  extent  than 
heretofore,  and  at  the  same  time  to  cause  the 
central  current  of  air  to  be  deflected  into  the 
flame  above  the  wick  with  a correspondingly 
greater  force.”  Under  this  patent,  improve- 
ments in  the  construction  and  fitting  of  the  air 
chamber  and  galler}’-,  and  an  arrangement  for 
regulating  the  level  of  the  oil,  are  also  claimed 
as  novelties.  The  patent  for  Ragg’ s “ regu- 
lator ” burner,  dated  24th  October,  1878,  is 
based  upon  his  other  patent  of  the  same  year 
(dated  3rd  June)  already  referred  to.  A 
considerable  portion  of  the  specification 
relates  to  improvements  in  the  method  of 
constructing  the  wick  tubes  so  as  to  admit 
of  the  use  of  two  flat  wicks  as  described. 
One  claim  is,  however,  for  the  “regu- 
lator,” which  consists  of  a cap  attached  to 
the  cone,  and  so  formed  that  is  covers  up  a 
portion  of  the  wick,  and  excludes  it  from  the 
action  of  the  flame.  “ It  is  preferred  that  the 
portion  of  the  wick  covered  up  shall  be  the 
extreme  ends.”  The  inventor  states  that  this 
addition  to  the  burner  regulates  the  height  to 
which  the  wick  may  be  turned  up,  and  thus 
prevents  it  from  being  turned  up  high  enough 
to  cause  the  throwing  off  of  smoke  or  un- 
consumed carbon,  and  ensures  a uniform  and 


perfect  trimming  of  the  wick.  The  unconsumed 
portion  of  the  wick  protected  by  the  “regu- 
lator” is  also  said  to  act  as  a feeder  to  the 
flame,  so  that  in  the  use  of  the  lighter  oils 
the  flame  is  maintained  of  full  size  for  a 
greater  length  of  time,  while  oils  too  heavy 
for  use  in  lamps  of  the  usual  construction 
are  caused  to  burn  satisfactorily.  An 
additional  claim  is  for  a chimneyless  flat- 
wick  burner,  provided  with  a shallow  trough 
placed  above  the  wick-tube,  and  with  the 
bottom  cut  away  over  the  wick.  This  trough 
becomes  heated,  and  is  stated  to  deflect  the 
air  currents  so  as  to  produce  a broad  flame. 
The  “ Triplex  ” burner  was  patented  by  Doty, 
in  1876,  the  claims  being  for  the  arrangement 
of  three  flat  wicks  triangularly ; for  the 
“flaring”  or  outward  inclination  of  the  wick- 
tubes  ; and  for  the  construction  of  the  cap  with 
three  intersecting  hemispheres.  lam  indebted 
to  Mr.  John  Fyfe,  Managing  Director  of 
Young’s  Paraffin  Oil  Company,  for  specimens 
of  the  lamps  described,  and  for  much  valuable 
information  regarding  iheir  construction. 

Mr.  A.  M.  Silber  is  well  known  to  have 
devoted  a large  amount  of  time  and  attention 
to  the  improvement  of  mineral  oil  burners,  and 
j has  published  the  results  of  his  efforts  in  an 
instructive  paper  read  before  this  Society  in 
1870.  The  excellent  results  obtained  with  the 
Silber  burner,  which  is  of  the  round,  or  Argand 
form,  are  due  largely  to  the  use  of  an  inner 
tube  so  constructed  and  placed  as  to  direct  a 
current  of  air  on  to  the  inner  surface  of  the 
flame  at  a point  some  distance  above  its  base. 
Professor  Barlf  has  stated  that  the  prismatic 
spectrum  of  the  light  emitted  by  this  burner  is 
nearly  identical  with  that  of  the  solar  ray  ; it 
should,  therefore,  allow  nearly  all  shades  of 
colour  to  be  distinguished  as  in  daylight.*  The 
Silber  burner  with  central  tube  was  patented 
in  April,  1873,  and  the  claim  specified  is  for 
“ the  improved  burner  hereinbefore  described, 
in  which  there  are  one  or  more  air-tubes  re- 
ceiving atmospheric  air  through  apertures  in 
their  sides  or  peripheries  at  the  lower  part 
thereof,  substantially  as  described.”  Two  years 
previously  Mr.  Silber  patented  a lamp  provided 
with  an  annular  air-space  passing  vertically 
through  the  body  of  the  lamp  between  the  wick 
chamber  and  the  oil  reservoir.  Oil  was  sup- 
plied to  the  wick  through  several  small  tubes 
connecting  the  base  of  the  oil  reservoir  with 
the  wick  case,  and  thus  the  main  body  of  the 

* This  remark  would,  no  doubt,  be  equally  applicable  to 
the  light  given  by  other  mineral  oil  lamps  of  modern  con- 
struction. 
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oil  was  kept  cool,  while  the  small  quantity 
supplied  to  the  wick  became  considerably 
heated.  I am  indebted  to  Mr.  A.  M.  Silber, 
and  to  Mr.  J.  J.  Collins,  for  some  of  the  par- 
ticulars given ; and  to  Messrs.  Silber  and 
Fleming  for  the  loan  of  the  specimens  of  the 
Silber  lamps  exhibited. 

Sugg’s  “ Westminster  ” burner  has,  as  you 
may  see  on  examining  the  specimen  exhibited, 
wick  tubes  of  steatite. 

Among  those  who  have  done  much  to  im- 
prove petroleum  lamps  are  Messrs.  Wright 
and  Butler,  to  whose  lamps  and  stoves  for 
warming  and  cooking  I shall  have  occasion 
again  to  refer.  I am  indebted  to  this  firm  for 
furnishing  a large  collection  of  lamps. 

The  lamp  which  has  been  recently  introduced 
by  Messrs.  J.  Defries  and  Sons  has  several 
valuable  characteristic  features,  to  some  of 
which  I shall  have  occasion  to  refer  later.  It 
is  on  the  Argand  principle,  and  is  the  inven- 
tion of  Mr.  Sepulchre.  The  air  passes  to  the 
interior  of  the  flame  through  the  base  of  the 
lamp,  and  the  wick  is  contained  in  an  annular 
space  formed  by  the  air-tube  (which  passes 
completely  through  the  oil  reservoir)  and  an 
outer  tube  attached  to  the  burner  collar.  The 
latter  tube  reaches  nearly  to  the  bottom  of  the 
oil  reservoir,  and,  being  slightly  longer  than 
the  wick,  is  always  sealed  by  the  oil.  Thus 
the  passage  of  flame  from  the  burner  to  the 
air  space  of  the  oil  reservoir  is  prevented,  and 
the  oil  cannot  flow  out  in  the  event  of  the 
lamp  being  overturned.  Messrs.  Defries  have 
contributed  several  specimens  of  this  excellent 
lamp. 

The  “ Lampe  Beige,”  exhibited  by  Messrs. 
Palmer  and  Co.,  has  a similarly  placed  central 
air-tube,  but  is  not  provided  with  the  long 
outer  wick-tube.  The  “Excelsior”  lamp 
supplied  by  this  firm  has  an  Argand  burner 
with  two  flat  wicks,  which,  meeting  in  the 
wick  case,  furnish  a tubular  flame.  The 
wicks  are  fixed  in  wick-holders  sliding  in  the 
wick-tube,  and  are  raised  or  lowered  by  a rack 
and  pinion. 

Messrs.  Dietz  and  Co.  have  supplied  me 
with  the  specimens  exhibited  of  their  well- 
known  “Paragon”  burner,  and  other  burners 
for  mineral  oils. 

The  Albion  Lamp  Company,  of  Birmingham, 
who  are  well  known  as  the  largest  manufac- 
turers of  mineral  oil  stoves,  have  furnished 
me  with  specimens  of  their  “Empire”  and 
“ Peerless  ” chimneyless  burners. 

I am  also  indebted  to  Messrs.  Williams  and 
Bach,  to  Messrs.  Barclay  and  Son,  to  Messrs. 


Messenger  and  Son,  to  Mr.  George  Mordaunt,. 
and  to  Mr.  J.  Rowe,  for  the  loan  of  a number 
of  specimens  of  lamps. 

I have  on  the  table  a representative  collec- 
tion of  American  lamps,  for  the  loan  of  some 
of  which  I am  indebted  to  Sir  Frederick  Abel. 
The  “Waterbury”  lamp  has  an  Argand 
burner  provided  with  an  ingenious  arrange- 
ment for  facilitating  the  insertion  of  the  wick, 
and  with  an  equally  ingeniously  contrived  ex- 
tinguisher, to  which  I must  again  refer.  The 
“ Star”  lamp  is  also  on  the  Argand  principle, 
and  has  the  annular  air-space,  surrounding  the 
wick-tube  and  passing  through  the  oil  reservoir,, 
that  I have  already  described  as  having  been 
patented  by  Mr.  Silber  several  years  ago.  It  is. 
an  objection  to  lamps  so  constructed  that  the  oil 
creeps  over  the  upper  edge  of  the  wick-tube„ 
and  it  has  accordingly  been  found  necessary 
to  provide  a drip-cup  in  the  base  of  the  lamp. 
A later  form  of  the  “Star”  lamp,  manu- 
factured by  Holmes,  Booth,  and  Hayden  Co.,. 
New  York,  and  contributed  by  Messrs.  Lotz, 
Abbott,  and  Co.,  has  a good  extinguisher. 
One  of  the  Argand  burners  shown  (patented 
by  J.  Funck  in  1882)  has  a long  inner  wick- 
tube,  extending  almost  to  the  bottom  of  the. 
cylinder,  which  serves  as  an  outer  wick-case. 
The  wick  is  held  in  another  long  tube  of  thin 
metal,  to  which  is  attached  a stud  working  in 
a spiral  groove  made  in  a fourth  tube  extending 
downwards  from  the  collar  which  supports  the 
cone.  The  tube  which  holds  the  wick  is 
revolved  by  a pinion  working  in  teeth  cut  iu 
the  lower  edge  of  the  cone  ; and  through  the 
action  of  the  spiral  groove,  the  wick  is  thus 
raised  or  lowered.  Of  the  various  flat- wick 
burners  shown,  the  “ Sun-hinge”  is  so  made 
that,  without  removing  the  chimney,  the  cone 
can  be  raised  like  the  hinged  lid  of  a box,  for 
trimming  the  wick  or  lighting.  Another,  the 
“Manhattan,”  an  exceedingly  good  burner 
giving  a tall,  well- shaped  flame,  is  provided 
with  two  cones.  The  principal  general  features 
of  the  American  flat- wick  burners  are  the 
comparative  thinness  of  the  metal  of  which 
they  are  constructed,  and  the  shortness  of  the 
wick- tubes. 

Both  in  this  country  and  in  America  flat- 
wick  burners  have  hitherto  been  far  more 
largely  used  than  Argand  or  round  burners. 
On  the  European  continent,  on  the  other 
hand,  flat-wick  burners  are  rarely  employed. 
The  commonest  form  of  German  round  burner 
is  that  which  is  known  as  the  “Cosmos.” 
This  burner  has,  as  you  see,  neither  the  addi- 
tional inner  tube  nor  the  button,  and  accord- 
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ingly  it  is  necessary  to  use  with  it  a chimney 
much  constricted  a short  distance  from  the 
base.  Better  results,  especially  with  the 
larger  sizes,  are  obtained  with  the  improved 
burners  supplied  by  Messrs.  C.  H.  Stobwasser 
I and  Co.,  Messrs.  Wild  and  Wessel,  and 
j Messrs.  Schuster  and  Baer,  under  the  names 
of  the  “Victoria,”  the  “Phoenix,”  the 
“Moon,”  the  “Helios,”  and  the  “Solar-oil” 
burners.  These  improved  burners  differ  from 
the  old  form  of  “ Cosmos  ” burner  principally 
in  being  provided  with  an  air-tube  within  the 
inner  wick-tube,  or  with  a button  to  deflect  the 
inner  air  current. 

The  Russian  burners  placed  before  you  are 
manufactured  by  Kumberg.  They  differ  only 
in  details  of  construction  from  those  which  I 
have  described.  One  of  the  Argand  burners 
and  the  flat-wick  burner  are  intended  for  use 
with  the  heavier  oils.  The  latter  burner  has 
a short  but  capacious  wick-tube,  and  takes  a 
wick  of  unusual  thickness.  The  former  burner 
has  a slightly  conical  chimney  held  in  posi- 
tion by  a metal  collar  fitting  over  its  base. 
In  1884,  the  Committee  of  the  Russian 
Chemical  and  Physical  Society  awarded  to 
Kumberg  the  premium  which  had  been  offered 
for  a lamp  suited  to  Caucasian  oils  of  specific 
gravity  -865  to  -875. 

In  the  construction  of  all  mineral  oil  lamps, 
the  principal  points  aimed  at  are  the  pro- 
duction of  a current  of  air  passing  into  the 
burner  with  suitable  velocity  ; and  the  direc- 
tion of  this  air-current  on  to  the  flame  in  a 
manner  best  adapted  to  secure  the  proper 
combustion  of  the  oil.  The  heated  chimney 
or  other  arrangement  induces  the  required 
flow  of  air,  but  if  in  the  case  of  an  Argand 
lamp  the  chimney  be  cylindrical  and  the 
burner  merely  two  tubes  to  hold  the  wick,  the 
air  would  not  do  what  is  required  of  it,  and 
the  lamp  would  burn  with  a flame  of  com- 
paratively little  luminosity.  In  the  simplest 
forms  of  flat-wick  burners  the  metallic  dome 
which  surrounds  the  top  of  the  wick-tube 
serv'es  to  cause  the  air-current  to  impinge 
upon  the  flame,  the  base  of  the  burner  being 
fitted  with  a disc  of  perforated  metal  to 
moderate  the  velocity  of  the  current.  In  the 
best  round  burners  the  result  is  attained  by 
the  use  of  a metallic  disc  or  other  contrivance, 
sometimes  in  conjunction  with  a cone  surround- 
ing the  wick-tube ; or  as  in  the  Silber  lamp, 
and  other  lamps,  by  the  use,  in  addition  to 
the  cone,  of  an  inner  air-tube  of  suitable  size 
and  form.  The  “air  diffuser”  of  the  Defries 
lamp  (Sepulchre’s  patent)  may  be  described 


as  a combination  of  the  button  and  a per- 
forated tube  closed  at  the  top,  while  the  air 
diffuserofthe“  Rochester”  lampandofYoung’s- 
“Champion”  burner  consists  of  a cylinder 
closed  at  the  top  and  with  perforated  walls.. 
The  action  of  the  button  or  tube  is  aided  b}r 
the  employment  of  a chimney  formed  with  a 
shoulder,  and  if  the  chimney  be  constricted 
just  above  the  top  of  the  burner,  the  use  of  the: 
button  or  tube  may  in  fact  be  dispensed  with. 
The  upper  part  of  the  Bayle  chimney  is  in  the 
form  of  a truncated  cone,  the  chimney  practi- 
cally consisting  of  two  cones  united  at  their 
smaller  ends.  It  is  claimed  that  the  employ- 
ment of  this  form  of  chimney  causes  the  outer 
air-current,  entering  between  the  glass  and.', 
the  wick-tube  of  an  Argand  burner,  to  pass 
upwards  with  the  same  velocity  as  that, 
of  the  inner  current  which  supplies  the 
centre  of  the  flame  with  air.  I have  already 
referred  to  the  use  of  the  double  cone  of  the 
anucapnic  lamp,  as  a substitute  for  the 
chimney.  Lamps  are  made  in  which  the  air 
current  is  supplied  by  a revolving  fan,  driven, 
by  clockwork  in  the  base  of  the  lamp  ; this^ 
method  of  construction  being  illustrated  in  the 
lamp  exhibited  by  Messrs.  Gardners.  Martin 
Rae,  in  1861,  patented  the  use  of  a small  lamp 
in  the  base  of  the  lamp  proper  to  create  a. 
current  of  air,  the  use  of  a flame  “of  the  size 
of  a common  pea”  being,  he  states  in  his 
specification,  “sufficient  to  rarify  the  air  of  a 
lamp  with  a flame  of  two  inches  square.” 

The  “ blast  lamp,”  patented  by  Robert 
Lavender  in  1875,  and  introduced  by  Young’’s> 
Paraffin  Oil  Company  for  use  in  illuminating 
large  spaces  in  the  open  air,  was  provided 
with  an  arrangement  for  introducing  a jet  of 
steam  into  the  chimney,  on  the  principle  of  the 
“blast”  employed  in  locomotives,  and  thus 
producing  a strong  upward  current  of  air,^. 
suitable  for  the  combustion  of  the  heavier 
mineral  oils. 

In  the  case  of  Argand  oil  burners,  it  may  be 
said  that  there  are  four  principal  points  at 
which  the  air  currents  impinge  upon  the  flame.. 
Thus  as  regards  the  interior  surface  of  the- 
flame,  the  current  of  air  first  comes  into  contact 
with  the  base  of  the  flame,  while  a portion  is,, 
by  the  use  of  a deflector  or  central  tube,  or 
other  contrivance,  caused  to  strike  the  flame  at 
a higher  point.  Similarly  as  regards  the  outer 
surface  of  the  flame  a portion  of  the  air  current 
meets  the  flame  at  its  base,  and  another 
portion  comes  into  contact  with  the  flame 
surface  higher  up.  As  we  shall  presently  see„ 
when  considering  the  subject  of  lighthouse 
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illumination,  Sir  James  Douglass’s  mineral  oil 
^burner  has  a cone  provided  with  three  openings 
for  air,  at  gradually  increasing  heights  from  the 
base,  and  the  air  is  thus  supplied  to  the  exterior 
of  the  flame  in  comparatively  small  quantities 
at  different  elevations. 

Scarcely  less  important  than  the  production 
and  direction  of  the  air  current  is  the  main- 
tenance of  a proper  supply  of  oil  to  the  flame. 
With  most  mineral  oil  lamps  this  is  effected 
through  the  unaided  capillary  attraction  of  the 
wick,  and  it  is  obvious  that  the  quality  of  the 
wick  is  a point  of  great  importance.  To  this, 
however,  I propose  to  refer  later.  In  the 
student  or  reading-lamp  the  action  of  the  wick 
is  aided  by  maintaining  a constant  level  of  oil 
on  the  principle  of  the  bird  fountain  already 
mentioned.  The  principle  of  the  “Moderator” 
lamp  is  also  sometimes  applied  to  lamps  for 
domestic  use,  as  in  the  Peigniet-Changeur 
lamp  shown  at  the  International  Health 
Exhibition,  the  oil  pumped  up  being  however 
allowed  to  overflow  at  a lower  level  in  the 
wick-tube  than  in  the  case  of  colza  oil.  Mr. 
Silber  has  proposed  to  lay  on  a supply  of 
oil  to  the  various  burners  throughout  a dwelling 
house  from  a reservoir  on  each  floor,  kept 
filled  from  a storage  tank,  the  supply  being 
regulated  by  the  use  of  ball  valves.  Peter 
Brash  and  William  Young  patented  a similar 
arrangement  in  1867,  and  Mr.  D.  C.  Defries 
has  recently  patented  a method  of  arriving  at 
the  same  result.  Messrs.  Hinks  some  years 
ago  manufactured  a lamp  in  which  the  oil  con- 
tainer from  which  the  wick  drew  its  supply 
could  be  caused  to  descend  into  a well  or 
reservoir  forming  the  base  of  the  lamp,  and 
could  thus  be  refilled.  In  some  lamps  the 
action  of  the  wick  proper  is  aided  by  the  pro- 
vision of  a “wick-feeder,”  consisting  of  a thick 
and  loosely  woven  wick  attached  to  the  under 
surface  of  the  burner,  in  contact  with  the  wick 
proper,  and  dipping  into  the  oil. 

The  wick  is  usually  raised  or  lowered  in  the 
wick  case  by  the  action  of  toothed  wheels 
pressing  lightly  against  it,  the  revolution  of 
the  wheels  being  effected  by  turning  a button 
on  the  end  of  a spindle  which  carries  them. 
In  some  instances,  however,  the  wick  is  held 
in  a tube,  or  frame,  which  is  raised  or  lowered 
by  a rack  and  pinion,  or  by  a worm  cut  on  the 
burner  tube,  and  actuated  by  revolving  the 
burner,  or,  as  in  the  ‘ ‘ Rochester  ’ ’ lamp,  by  means 
of  a vertical  rod  attached  to  the  wick  frame. 
The  flame  has  always  hitherto  been  produced 
from  the  extremity  of  the  wick,  but  an  arrange- 
ment for  presenting  a fold  of  a continuous  flat 
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wick  as  the  burning  surface  was  shown  in  the 
International  Inventions  , Exhibition.  The 
burner  thus  fitted  was  provided  with  a device 
for  causing  the  wick  to  travel  through  the 
burner  so  that  a fresh  portion  of  wick  could  be 
exposed  when  desired. 

The  wicks  at  first  employed  in  lamps  for 
burning  fixed  oils  were  of  the  nature  of  a loosely 
woven  cord  or  solid  cylinder.  In  1773,  Leger 
used  a flat  wick,  and  a few  years  later  Argand 
adopted  a tubular  wick.  Ditmar  and  others 
have  used  two  wicks  ; one  to  bring  the  oil  up 
to  the  burner,  and  the  other  to  burn  it.  With 
a large  number  of  the  round  burners  of  the 
present  day,  a flat  wick  of  such  breadth  that 
the  edges  meet  in  the  annular  wick  space  is 
employed,  and  in  some  instances  two  flat 
wicks  are  similarly  used.  The  “Mitrailleuse” 
burner  is,  however,  furnished  with  a number 
of  solid  cylindrical  wicks,  arranged  in  a circle, 
and  held  in  a frame,  which  is  raised  or 
lowered  by  a rack  and  pinion.  Specimens  of 
this  form  of  burner,  supplied  by  Messrs. 
Browne  and  Co.,  and  by  Mr.  Rettich,  are  on 
the  table.  The  Rettich  “Mitrailleuse”  burner 
has,  I may  point  out,  an  air  deflector  of  im- 
proved form.  The  “ Sirius  ” burner,  patented 
by  Morrison  and  Smith,  and  one  form  of  the 
“ Martin  ” burner,  are  provided  with  two  con- 
centric wicks  ; but  compound  Argand  burners 
are,  for  the  most  part,  used  only  for  lighthouse 
illumination. 

Considerable  attention  has,  for  some  years 
been  paid  to  the  construction  of  wicks  in  the 
United  States,  and  last  autumn  I was  afforded 
the  opportunity  of  inspecting  the  process  of 
wick  manufacture  at  a factory  in  Troy.  On 
the  table  is  a set  of  specimens  (with  which  I 
have  been  supplied  by  Mr.  Dowd)  illustrating 
the  method  of  wick  construction  adopted  in 
the  United  States.  The  various  operations, 
in  the  order  in  which  the  cotton  is  subjected 
to  them,  are  in  the  United  States  termed: — 
(i)  opening;  (2)  lapping;  (3)  carding;  (4) 
railway  drawing;  (5)  doubling  and  first  draw- 
ing; (6)  doubling  and  second  drawing;  (7) 
slabbing  and  roving ; (8)  speeder  roving ; (9) 
spinning;  (10)  twisting,  which  makes  the 
yarns  ready  for  the  looms. 

I am  indebted  to  Mr.  Herbert  Morgan,  of 
the  firm  of  Joseph  Morgan  and  Son,  of  Man- 
chester, who  manufacture  mineral  oil  lamp- 
wicks  more  largely  than  any  other  firm  in  this 
country,  for  the  following  particulars,  and  fora 
complete  collection  of  illustrative  specimens:  — 

“The  raw  cotton  employed  in  the  construction  of 
a wick  should  be  a good  quality  of  American,  care- 
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fully  selected,  and  of  long  staple.  The  length  of 
the  staple  forms  a very  important  feature,  as  this  to 
a large  extent  govern?  its  capillary  attraction.  The 
cotton  should  be  spun  into  what  is  known  as  coarse 
counts,  because  it  can  be  easily  understood  that  a 
fine  thread  cannot  draw  the  oil  with  anything  like 
the  same  power  that  a coarse  loose  thread  can. 
AYhen  spinning,  great  care  must  also  be  taken  to 
see  that  only  sufficient  twist  is  put  into  the  yam  to 
enable  it  to  pass  through  its  succeeding  processes,  as 
all  twist  over  and  above  this  necessar)"  quantity,  will 
be  detrimental  to  its  burning  power.  Here  again 
the  benefit  of  the  long  staple  is  at  once  evident.  A 
short  staple  cotton  must  require  extra  twist  to  give 
it  sufficient  strength  to  make  up  for  its  deficiency  in 
staple,  whei'eas  the  long  staple  cotton  will  have  the 
required  strength  with  the  minimum  of  twist.  After 
we  have  got  the  raw  cotton  into  the  single  yarn,  it 
must  then  be  doubled  into  its  requisite  number  of 
folds,  two,  three,  or  more  ends  as  the  case  may  be, 
and  here  again  great  care  is  required  in  the  doubling 
process  to  prevent  undue  twist,  for  the  same  rule 
applies  exactly  in  this  process  as  in  the  spinning 
process.  If  more  twist  is  put  into  the  yarn  in  its 
doubled  state  than  is  required  to  pass  it  through  the 
weaving  process  which  immediately  follows,  this 
excess  of  twist  will  injure  the  quality. 

“We  have  now  got  the  cotton  into  the  doubled 
state  ready  for  being  made  into  warp,  and  here  we 
will  more  fully  explain  the  component  parts  of  a wick, 
so  that  their  technical  terms  may  be  clearly  under- 
stood. There  are  two  recognised  ways  of  manu- 
facturing a wick  ; the  easier  one  of  the  two,  and  the 
one  generally  adopted,  is  to  make  a wick  of  only 
three  distinct  parts.  First  of  all  the  ‘warp,’  which 
means  the  coarse  threads  running  perpendicularly 
through  the  wick  and  seen  distinctly  on  the  outside. 
Next  the  very  fine  threads  of  cotton  passing  through 
the  centre  of  the  wick,  which  work  from  top  to 
bottom,  and  bind  the  two  surfaces  of  the  wick 
together.  These  are  called  ‘ binders,’  and  are  plainly 
seen  in  the  sample,  wherein  they  have  been  coloured 
mauve,  one  side  of  the  wick  having  been  removed  to 
show  their  internal  position.  If  the  wick  were  woven 
without  the  binders,  it  would  be  simply  a circular 
wick  and  not  flat.  Next  we  come  to  the  ‘weft,’ 
which  is  the  fine  cross  threads  in  the  wick,  seen  on 
the  surface,  passing  under  and  over  the  W’arp,  holding 
the  w’arp  threads  and  binders  in  their  proper  position, 
and  this  completes  the  construction  of  an  ordinary 
wick. 

“ The  second  mode  of  manufacturing  a wick  is 
exactly  as  we  have  already  stated,  but  with  one 
addition,  and  this  we  take  to  be  a most  important 
part  of  a really  good  wick.  In  addition  to  the  binders, 
which  we  have  said  before  pass  through  the  centre  of 
the  wick  and  hold  the  top  and  bottom  together,  are 
placed  what  are  known  as  ‘ gut  ’ threads.  These 
threads  run  perfectly  straight  through  the  centre  of 
the  wick  in  the  same  direction  as  the  warp-threads, 
but  are  not  crossed  or  interfered  with  in  any  way. 


909 


either  by  the  weft  or  the  binder.  They  can  be  drawn 
out  from  the  wick  without  any  perceptible  difference 
being  made  in  its  external  appearance,  showing  that 
although  they  form  part  of  the  wick  they  are  totally 
distinct  and  independent  of  it.  In  the  ‘ duplex  ’ 
size,  which  is  perhaps  the  one  most  universally 
known,  the  number  of  gut  ends  should  be  twelve,  and 
among  the  samples  are  wicks  woven  both  with  and 
without  the  gut  threads.  One  sample  has  had  part 
of  its  warp  or  outside  portion  removed,  so  as  to  show 
distinctly  the  exact  position  that  the  gut  occupies, 
and  also  the  appearance  of  the  wick  when  constructed 
without  gut.  We  claim  for  these  gut  threads  that  as 
they  pass  direct  from  the  oil  to  the  flame  without  any 
impediment  whatever,  they  must  prove  a most  im- 
portant auxiliary  to  the  capillarity  of  the  wick,  and 
materially  assist  its  burning  power. 

“ The  weft  employed  in  wick  making  should  also 
receive  careful  consideration,  and  be  made  from  a 
good  quality  of  single  cotton,  two  or  more  fold  ; hard 
twisted  yarn,  such  as  is  often  employed,  being  highly 
detrimental  to  the  free  flow  of  oil.  The  weft  is  easily 
seen,  as  already  indicated,  on  the  surface  of  the  wdck 
as  it  crosses  the  warp-threads,  and  the  number  of 
these  cross  threads  per  inch  should  not  exceed 
thirteen,  except  in  the  case  of  very  broad  wicks, 
although  in  some  samples  we  have  seen  sixteen,  and 
even  more  are  put  in,  but  these  are  unnecessary,  and 
only  retard  the  flow  of  oil  to  the  flame.  In  construct- 
ing a wick,  it  is  only  necessary  to  make  it  of  sufficient 
firmness  to  wind  properly,  and  when  you  have  got 
the  required  resisting  power  to  the  racks,  all  over  that 
is  detrimental,  and  not  one  pick  of  weft  over  the 
number  which  is  absolutely  necessary  should  be 
inserted. 

“But  to  return  to  the  warping  process.  This 
there  is  nothing  special  about,  as  the  cotton  has 
simply  to  be  put  together  in  warp  of  the  re- 
quired number  of  ends  to  make  the  width  of  wick 
wanted.  The  warp  when  made  is  taken  to  the  loom 
and  woven  into  wick.  After  the  wick  leaves  the 
loom,  a most  important  process  should  take  place,  as 
on  this  depends,  to  a very  large  extent,  whether  you 
will  reap  the  full  benefit  of  the  care  already  bestowed 
on  the  wick  in  its  manufacture.  We  refer  to  the 
boiling  process.  It  will  be  seen  that  in  the  number 
of  processes  through  which  the  cotton  is  compelled 
to  pass  from  its  raw  state  until  it  appears  as  a woven 
wdck,  there  must  of  necessity  pass  into  it  a con- 
siderable amount  of  impurity.  This  it  is  quite  im- 
possible to  avoid,  seeing  that  it  goes  through  no  less 
than  twelve  distinct  preparations.  These  impurities 
consist  of  the  natural  oil  in  the  cotton,  and  particles 
of  dust  and  dirt  wffiich  are  always  flying  about 
machinery  when  in  motion,  and  should  without  doubt 
be  entirely  removed  before  the  wick  is  to  perform  its 
duty  in  the  lamp,  and  they  must  be  removed  in  such 
a way  as  not  to  injure  in  any  degree  the  cotton  of 
which  the  wick  is  made.  It  will  readily  be  seen  that 
the  wick  really  acts  as  a filter,  through  which  the  oil 
must  pass  on  its  w'ay  to  the  flame,  and  unless  a wick 
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is  absolutely  pure  to  begin  with,  it  is  utterly  im- 
possible for  it  to  perform  its  duty  properly.  If  in 
this  boiling  process,  chemicals  of  any  description  are 
used,  either  to  improve  the  colour  of  the  wick  or  to 
act  more  stringently  upon  it,  just  to  that  extent  will 
the  fibre  of  the  cotton  be  injured,  and  its  burning 
power  reduced.  By  continued  experiments  and 
practice  it  has  been  found  that  wick  boiled  in  pure 
spring  water  gives  the  best  result.  The  impurities  of 
the  wick  will,  during  this  process,  pass  into  the  water, 
and,  to  a ceitain  extent,  discolour  it,  and  float  upon 
the  surface.  After  this  boiling  bath,  which  varies  in 
duration  according  to  necessity,  the  wick  should  be 
thoroughly  rinsed  in  cold  water,  and  then  put  into  a 
hydro -extractor  before  being  removed  to  hot  closets 
heated  to  about  130  degrees.  It  is  kept  at  this 
temperature  until  perfectly  dry,  and  without  a particle 
of  moisture  remaining  in  it.  The  only  process  that 
now  remains  to  be  done  is  to  make  the  wick  up  into 
its  required  state  for  the  market,  either  in  rolls  or  in 
cut  lengths,  and  it  is  now  ready  for  use. 

“Perhaps  it  ,will  be  interesting  to  mention,  in 
detail  and  briefly,  each  of  the  separate  processes 
through  which  the  cotton  passes  during  its  course  of 
manufacture.  We  first  of  all  have  the  cotton  in  its 
raw  state  as  received  in  the  bale  from  America,  The 
machine  it  enters  first  is  called  an  ‘ opener,’  for 
breaking  up  the  cakes  into  which  the  cotton  has  been 
formed  by  the  pressure  of  the  hydraulic  packing. 
When  this  is  done,  it  passes  to  a machine  called  the 
‘scutcher,’  which  removes  the  sand  and  seed,  and 
then  coils  the  cotton  into  the  form  of  a ‘lap,’  ready 
for  the  next  process,  termed  ‘ carding.’  This  removes 
the  lighter  vegetable  matter,  such  as  broken  seeds, 
dead  leaves  and  motes,  and  also  disentangles  the 
knotted  fibres,  and  delivers  the  clean  cotton  into  a 
‘can’  ready  for  the  ‘drawing  frame,’  through 
which  it  next  has  to  pass.  By  passing  through  this 
machine,  the  cotton  gains  much  greater  regularity 
and  uniformity  of  weight.  We  next  come  to  the 
‘ stubbing  frame,’  which  receives  the  cans  of  cotton 
from  the  drawing  frame ; these  are  passed,  without 
doubling,  through  this  frame,  being  drawn  out  to 
four  or  five  times  their  original  length,  and  after 
being  slightly  twisted,  are  wound  on  to  bobbins.  To 
give  the  cotton  greater  regularity  and  finish,  it  next 
passes  through  what  is  called  the  ‘intermediate 
frame,’  which  is  a repetition  of  the  process  of  the 
slabbing  frame.  The  bobbins  from  this  intermediate 
frame  are  then  passed  on  to  the  ‘roving  frame,’ 
which  draws  off  two  bobbins  together,  and  forms  a 
‘ roving  ’ about  one-third  the  thickness  of  the  slab- 
bing. It  here  receives  a further  small  amount  of 
twist,  and  passes  on  to  the  roving  bobbin.  The 
roving  bobbins  are  then  placed  in  the  creel  of  the 
mule,  and  passed  through  the  rollers  without 
doubling,  but  with  a draught  of  about  8 to  i,  which 
means  that  the  yarn  is  drawn  out  to  the  extent  of 
about  eight  times  its  original  length,  producing  a 
thread  one-eighth  of  the  thickness  of  the  roving, 
and  here  it  receives  the  amount  of  twist  required  for 


the  purpose  for  which  the  yam  is  intended,  and  on 
leaving  the  rollers,  is  wound  on  to  the  spindle  in  the 
form  of  a ‘ cop,’  which  constitutes  a perfect  yam  in 
the  single  state.  These  cops  are  in  their  turn  taken 
to  the  doubling  frame  to  be  doubled  two,  three,  or 
more  ends  together  as  may  be  required.  This 
doubled  yarn  is  then  taken  to  the  warping  frame, 
and  the  requisite  number  of  ends  being  put  together, 
for  whatever  width  of  wick  may  be  required,  is  then 
made  into  the  warp ; the  warp  being  taken  to  the 
loom,  where  it  gets  woven  together  with  the  binder, 
gut,  and  weft ; these  four  uniting  in  this  weaving 
process,  and  forming  a perfect  wick.” 

It  is  important  to  dry  the  wick  before  it  is 
used,  and  I may  take  this  opportunity  of 
stating-  that  wicks  are  frequently  found  to  have 
absorbed  from  4 to  6 per  cent,  of  their  weight 
of  moisture,  and  to  the  extent  to  which  this 
moisture  is  present,  the  capillary  attraction  of 
the  wick  when  used  in  the  lamp  is  impaired. 
The  following  results  of  experiments  which  I 
have  made  with  wicks  of  various  qualities  in 
common  use,  clearly  indicate  the  importance 
of  employing  a wick  of  good  quality.  The 
figures  indicate  the  relative  quantities  of  a 
given  oil  of  good  quality,  drawn  through  wicks 
of  the  same  width,  by  capillary  attraction,  in, 


a given  time  : — 

Wick  of  best  quality 198 

Wick  of  medium  quality  100 

Wick  of  inferior  quality  76 


The  extent  to  which  the  behaviour  of  the  lamp 
is  affected  by  the  quality  of  the  wick,  especially 
with  oils  that  do  not  flow  very  freely  under  the 
influence  of  capillary  attraction,  is  strikingly 
shown  by  the  following  results  which  I obtained 
under  otherwise  similar  conditions  : — 


Wick  of  best 

Wick  of 
ordinary 

quality. 

quality. 

Maximum  illuminating  power 

10-43 

9*99 

1 ^ 
■ ^ 

Minimum  illuminating  power 
after  six  hours’  burning .... 

9-63 

7-64 

Is 

Average  illuminating  power 
during  six  hours’  burning  , . 

10-14 

8-99 

cs 

c 

Diminution  in  illuminating 
power,  per  cent 

7-6 

J 

23-5 

t/J 

Oil  consumed  per  hour 

529 

500  > 

I 

Oil  consumed  per  candle-light 
per  hour 

52-17 

55'6iJ 

[1 

Many  of  the  complaints  of  unsatisfactory 
burning  quality  of  oil  have  undoubtedly  arisen 
from  the  use  of  inferior  wicks.  As  an  illustration 
of  the  ignorance  which  frequently  prevails  as 
to  the  importance  of  using  a good  wick,  I may 
mention  that  an  American  friend,  engaged  in 
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the  petroleum  trade,  being  unable  to  account  j 
for  the  reiterated  statements  of  a customer 
that  the  oil  supplied  would  not  burn,  caused 
an  examination  to  be  made  of  the  .lamp  in 
which  the  oil  was  used,  and  found  that  the 
wick  having  become  short  the  complainant 
had  ingeniously  lengthened  it  by  attaching 
with  two  pins  a strip  torn  from  an  old  flannel 
garment.  This  arrangement  appeared  to 
have  answered  the  purpose  fairly  well  until 
one  of  the  pins  fell  out  unperceived,  when  the 
surfaces  of  contact  of  the  flannel  and  wick 
were  no  longer  sufficiently  large,  and  the  lamp 


j having  ceased  to  burn,  the  oil  was  hastily 
assumed  to  be  in  fault. 

In  certain  cases,  however,  it  is  found  that  a 
wick  gives  satisfactory  results  for  several 
days  and  then  appears  to  become  choked. 
Even  in  such  cases,  how’ever,  the  use  of  a 
sufficiently  good  wick  overcomes  the  difficulty, 
as  is  shown  in  the  following  tabular  statement 
of  the  results  of  some  experiments  made  two 
years  ago.  For  convenience  of  comparison,  I 
have  expressed  the  illuminating  power  at  the 
commencement  of  the  experiment  as  100  in 
each  case : — 


Wick  of  best 
quality. 

Maximum  illuminating  power  when  the  wick  was  new  100 

,,  ,,  ,,  after  the  wuck  had  been  used  for  a total  of  21 

hours  on  3 successive  days  — 

,,  ,,  ,,  after  the  wick  had  been  used  for  a total  of  32^ 

hours  on  5 successive  days  — 

,,  ,,  ,,  after  the  wick  had  been  used  for  a total  of  50 

hours  on  7 successive  days  93-8 


Wick  of 
ordinary 
quality. 

100 

58-5 

17-8 


Mr.  Nakamura  formed  the  opinion  that  this 
choking  results  from  the  deposition  of  water  in 
the  wick,  since  the  wdek  recovers  its  capillary 
power  on  drying.  Among  those  who  have 
experimentally  investigated  the  subject  of  the 
diminution  in  illuminating  power  in  petroleum 
lamps  are  Colonel  Junker,  director  of  the 
Test-Bureau  of  the  Bremen  Petroleum-Borse, 
Mr.  L.  Schmelk,  chemist  to  the  Norwegian 
Sea-lighting  establishment,  and  Dr.  J.  Biel,  of 
St.  Petersburg. 

While  on  the  subject  of  wick  manufacture,  I 
may  point  out  that  it  is  much  to  be  desired 
that  lamp  manufacturers  w^ould  adopt  standard 
gauges  for  the  wick-tubes.  At  the  present 
time  an  unnecessarily  large  number  of  wicks, 
varying  in  thickness  and  in  width  by' sixteenths 
of  an  inch,  have  to  be  made  and  kept  in  stock, 
and  since  the  nominal  widths  of  the  wick-tubes 
sometimes  differ  to  a considerable  extent  from 
the  actual  widths,  it  frequently  results  that  the 
w’ick  supplied  does  not  fit  the  tube  properly. 
The  wicks  in  use  in  this  country  with  mineral 
oils  range  in  width  from  i-qth  of  an  inch  to 
5 inches,  the  greatest  difference  in  width 
betw’een  any  tw’o  of  the  intermediate  sizes  being 
i-qth  inch,  and  the  difference  being,  as  I have 
said,  in  many  cases  as  little  as  i-i6th  inch. 
There  is  also  considerable  variation  in  dif- 
ferent burners  in  regard  to  the  thickness  of  the 
wick  w’hich  the  holder  will  properly  take.  If 
the  wick  is  too  narrow,  the  lamp  will  not  burn 
well,  and  its  use  may  even  be  dangerous.  If 


the  wick  be  too  thin,  it  is  deficient  in  capillary 
attraction,  and  if  too  thick  will  not  move 
freely'. 

Several  kinds  of  incombustible  wicks  have  at 
various  times  been  introduced.  I have  already 
referred  to  the  use  of  metallic  and  glass  wicks. 
The  wick  patented  in  1876,  and  in  an  improved 
form  in  1877,  by  Heinrichs,  with  which  the 
reading  lamp  on  the  table  is  fitted,  consists  of 
a lower  portion  of  felt,  an  intermediate 
portion  of  mineral  w'ool,  and  an  asbestos  tip 
or  ring.  In  the  International  Inventions  Exhi- 
bition last  year,  a lamp  with  an  asbestos  wick 
patented  by  Messrs.  Flatau  and  Turner  was 
shown.  One  of  the  claims  in  the  patent 
specification  relating  to  this  lamp  is  for  the 
division  of  the  wick  horizontally  into  two 
portions,  one  of  which  can  be  moved  up  or 
down  so  as  to  be  put  into  or  out  of  contact  with 
the  other  portion.  The  inventors  appear  to 
prefer  that  the  upper  part  of  the  asbestos  wick 
should  be  a fixture  in  the  w'ick-tube,  and  that 
the  lower  part  should  be  moved  downwards 
out  of  contact  with  the  upper  part  when  it  is 
desired  to  extinguish  the  lamp. 

It  is  now  usual  to  fit  the  larger  burners  with 
some  form  of  extinguishing  apparatus.  The 
earliest  attempt  to  fit  an  extinguisher  that  has 
come  to  my  knowledge  was  made  in  the  case 
of  the  improved  “ Brighton  " burner,  patented 
in  1862.  This  burner,  a specimen  of  which 
has  been  contributed  by  Mr.  E.  I.  Moon,  has 
an  air-deflector  or  button,  the  stem  of  which 
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rests  upon  a pin  passing  horizontally  through 
the  burner.  On  withdrawing  the  pin,  the  button 
drops  on  the  wick  and  extinguishes  the  flame. 
In  the  -‘Waterbury”  burner,  the  dropping  of 
the  button  is  also  effected  by  drawing  out  a 
pin,  but  the  action  compresses  a spring,  and  the 
button  resumes  its  normal  position  on  the  pin 
being  released.  The  button  extinguisher 
of  the  new  ‘‘Star”  lamp  is  brought  into 
action  by  depressing  a thumb  plate,  and 
in  this  case  also  the  button  returns  to  its 
original  position  when  the  pressure  is  re- 
moved. The  “Duplex”  burners  of  Messrs. 
James  Hinks  and  Son,  Messrs.  Wright  and 
Butler,  and  others,  are  fitted  with  ingeniously 
contrived  extinguishing  apparatus,  which,  on 
depressing  a lever,  bring  a pair  of  metallic 
plates  into  contact  over  the  top  of  each  wick- 
tube.  In  one  of  the  “Duplex”  lamps  shown  by 
Messrs.  Wright  and  Butler,  the  extinguisher  is 
automatically  brought  into  action  as  soon  as  a 
weighted  rod  suspended  beneath  the  burner 
passes  to  any  material  extent  out  of  a line 
perpendicular  to  the  base  of  the  lamp.  It  is 
therefore  impossible  for  the  lamp  to  become 
tilted  when  falling  without  the  flames  being 
extinguished.  An  automatic  extinguisher  has 
also  been  patented  by  Messrs.  King  and 
Godfrey. 

Two  of  the  “Duplex”  burners  and  Rettich’s 
“Mitrailleuse”  burner  are  provided  with 
mechanical  arrangements  for  raising  the  gallery 
carrying  the  chimney  and  globe,  so  that  the 
wicks  may  be  conveniently  lighted.  In  Wright 
and  Butler’ s ‘ ‘ Duplex  ’ ’ the  gallery  is  supported 
on  levers,  which,  on  turning  a key,  not  only 
raise  the  chimney  and  globe,  but  also  move 
them  to  some  extent  horizontally.  In  Hinks’ 
“Duplex”  themovementof  the  gallery,  effected 
by  turning  the  key,  is  vertical  only.  In  Rettich’ s 
“Mitrailleuse  ” there  is  no  key  action,  but  the 
gallery  slides  up  to  an  extent  sufficient  to  admit 
of  inserting  a lighted  taper. 

Messrs.  C,  H.  Stobwasser  and  Co.,  of  Berlin, 
have  recently  adopted  a process  for  preventing 
the  oil  from  “creeping”  over  the  edge  of  the 
burner  collar  and  soiling  the  exterior  of  the 
reservoir.  The  process  consists  in  placing  in 
the  collar,  between  the  edge  of  the  reservoir 
and  the  plaster  of  Paris  which  is  used  to  attach 
the  collar,  a layer  of  some  compound  which 
looks  like  a mixture  of  gelatine  and  glycerine. 
The  oil  will  pass  through  the  plaster,  but  is 
arrested  by  the  compound  referred  to.  The 
upper  surface  of  the  collar  of  the  lamp  is  also 
made  slightly  conical,  and  at  its  inner  and 
lower  edge,  at  the  junction  between  the  collar 


and  the  burner,  a small  hole  communicating 
with  the  oil  reservoir  is  made.  Any  oil,  there- 
fore, which  drops  from  the  burner  returns  to 
the  reservoir.  On  the  pin  of  the  wick-winder 
is  soldered  a small  star-shaped  wheel,  the 
points  of  which  are  over  the  conical  collar. 
Oil  passing  along  the  pin  is  stopped  by  the 
star-wheel,  and  drops  from  its  lowest  point  on 
to  the  collar. 

We  have  now  to  consider  the  principles  of 
construction  of  mineral  oil  lamps  in  relation 
to  the  question  of  safety.  This  subject  has 
been  dealt  with  by  Sir  Frederick  Abel,  who,  in 
the  lecture  already  referred  to,  gave  the  results 
which  have  been  so  far  arrived  at  in  the  course 
of  an  experimental  inquiry  on  which  we  are 
still  engaged.  It  is  well  known  that  accidents 
in  the  use  of  mineral  oil  lamps  are,  unfortu- 
nately, of  by  no  means  rare  occurrence,  though 
the  number  bears  a very  small  proportion 
to  that  of  the  lamps  in  use.  The  attention 
of  authorities  and  experts  in  the  United  States 
has  long  since  been  directed  to  the  compara- 
tive frequency  of  such  accidents,  and  Dr. 
Chandler,  of  New  York,  as  long  ago  as  1871, 
published  a report  of  a lengthy  series  of  ex- 
periments which  he  had  undertaken  with  the 
object  of  ascertaining  the  conditions  under 
which  the  accidents  occurred.  It  seems,  how- 
ever, to  have  been  somewhat  hastily  assumed 
that  the  accidents  were  the  result  of  ex- 
plosions of  the  mixture  of  petroleum  vapour 
and  air  formed  in  the  upper  part  of  the  oil- 
container,  and  the  experiments  were  therefore 
chiefly  directed  to  ascertaining  the  relation 
between  the  flashing  point  of  the  oil  and  the 
temperature  to  which  the  oil  was  raised  when 
burning  in  various  forms  of  lamps.  Com- 
menting on  these  experiments,  Mr.  Beckham 
very  properly  points  out  in  his  census  report  that, 
although  explosions  undoubtedly  sometimes 
break  lamps,  the  danger  arises  principally 
from  the  risk  of  overturning  and  breaking  the 
lamp. 

In  a previous  lecture,  delivered  at  the  Royal 
Institution  eleven  years  ago.  Sir  Frederick 
Abel  stated  that  a large  proportion  of  the 
accidents  arising  out  of  the  use  of  mineral  oil 
lamps  were  not  actually  due  to  the  occurrence 
of  explosions  ; and  in  the  subsequent  lecture 
he  added,  that  instances  might  be  quoted  in 
which  the  breaking  out  of  a fire,  or  the 
destruction  of  or  injury  to  life,  which  had 
evidently  been  caused  by  upsetting  or  allow- 
ing to  fall  a mineral  oil  lamp,  had  been 
erroneously  ascribed  to  an  explosion.  There 
are,  however,  as  Sir  F.  Abel  said,  numerous 
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cases  of  accidents  which  have  been  caused  by 
explosions  in  lamps,  followed  by  the  ignition 
of  the  oil.  The  experiments  which  have  been 
made  by  Sir  Frederick  Abel  and  myself,  with 
the  valuable  aid  of  Dr.  \V.  Kellner,  Assistant 
Chemist  of  the  War  Department,  have  enabled 
us  to  arrive  at  several  definite  conclusions 
with  respect  to  the  immediate  causes  of  lamp 
explosions,  and  to  certain  circumstances  which 
may  tend  to  favour  the  production  of  such 
explosions.  These  conclusions  were  so  clearly 
set  forth  by  Sir  Frederick  Abel,  that  I cannot 
do  better  than  quote  his  remarks  verbatim  : — 

“ If  the  lamp  of  which  the  reservoir  is  only  partly 
full  of  oil,  be  carried  or  rapidly  moved  from  one 
place  to  another,  so  as  to  agitate  the  liquid,  a mixture 
of  vapour  and  air  may  make  its  escape  from  the  lamp 
in  close  vicinity  to  the  flame,  and,  by  becoming 
ignited,  determine  the  explosion  of  the  mixture 
existing  in  the  reservoir.  This  escape  may  occur 
through  the  burner  itself,  if  the  wick  does  not  fit  the 
holder  properly,  or  through  openings  which  exist  in 
some  lamps  in  the  metal  work,  close  to  the  burner, 
of  sufficient  size  to  allow  flame  to  pass  them  readily. 
A sudden  cooling  of  the  lamp,  by  its  exposure  to  a 
draught,  or  by  its  being  blown  upon,  may  give  rise  to 
an  inrush  of  air,  thereby  increasing  the  explosive  pro- 
perties of  the  mixture  of  vapour  with  a little  air 
contained  in  the  reservoir,  and  the  flame  of  the  lamp 
may  at  the  same  time  be  drawn  or  forced  into  the 
air-space  filled  with  that  mixture,  especially  if  the 
flame  has  been  turned  down,  as  the  latter  is  thereby 
brought  nearer  to  the  reservoir.  The  sudden  cooling 
of  the  glass,  if  it  had  become  heated  by  the  burning 
of  the  lamp,  may  also  cause  it  to  crack  if  it  is  not 
well  annealed,  and  this  cracking,  or  fracture,  which 
may  allow  the  oil  to  escape,  may  convey  the  idea  that 
an  explosion  has  taken  place.  If  the  evidently 
common  practice  is  resorted  to  of  blowing  down  the 
chimney  with  a view  to  extinguish  the  lamp,  the 
effects  above  indicated  as  produceable  by  a sudden 
cooling  may  be  combined  with  the  sudden  forcing  of 
the  flame  into  the  air  space,  and  an  explosion  is  thus 
pretty  certain  to  ensue,  especially  if  that  air-space  is 
considerable.  If  the  flashing  point  of  the  oil  used 
be  below  the  minimum  (73®  Abel)  fixed  by  law,  and 
even  if  it  be  about  that  point  or  a little  above  it, 
vapour  will  be  given  off  comparatively  freely  if  the 
oil  in  the  lamp  be  agitated,  by  canying  the  latter,  or 
moving  it  carelessly ; the  escape  of  a mixture  of 
vapour  with  a little  air  from  the  lamp,  and  its 
ignition,  will  take  place  more  readily,  but,  on  the 
other  hand,  it  will  probably  be  feebly  explosive, 
because  the  air  will  have  been  expelled  in  great 
measure  by  the  generation  of  petroleum  vapour.  If 
the  flashing  point  of  the  oil  be  high,  the  vapour  will 
be  less  readily  or  copiously  produced,  under  the  con- 
ditions above  indicated,  but,  as  a natural  consequence, 
the  mixture  of  vapour  and  air  existing  in  the  lamp 


may  be  more  violently  explosive,  because  the  pro- 
portion of  the  former  to  the  latter  is  likely  to  be 
lower  and  nearer  that  demanded  for  the  production 
of  a powerfully  explosive  mixture.  If  the  quantity 
of  oil  in  the  lamp  reservoir  be  but  small,  and  the  air- 
space consequently  large,  the  ignition  of  an  explosive 
mixture  produced  within  the  lamp  will  obviously 
exert  more  violent  effects  than  if  there  be  only  space 
for  a small  quantity  of  vapour  and  air,  because  of  the 
lamp  being  comparatively  full.  If  the  wick  be 
lowered  very  much,  or  if  for  some  other  reason  the 
flame  becomes  very  low,  so  that  it  is  burning  beneath 
the  metal  work  which  surrounds  and  projects  over 
the  wick  holder,  the  lamp  will  become  much  heated 
at  those  parts,  and  the  tendency  to  the  production  of 
an  explosive  mixture  within  the  space  of  the  lamp 
will  be  increased,  while,  at  the  same  time,  heat  will 
be  transmitted  to  the  glass,  and  it  will  be  correspond- 
ingly more  susceptible  to  the  effects  described  as 
being  exerted  by  its  sudden  exposure  to  a draught. 
Experiments  have  demonstrated  that  a lamp  con- 
taining an  oil  of  high  flashing  point  is  more  liable  to 
become  heated  than  if  it  contained  a comparatively 
light  and  volatile  oil,  in  consequence  of  the  much 
higher  temperature  developed  by  the  combustion, 
and  of  the  comparative  slowness  with  which  the 
heavy  oil  is  conveyed  by  the  wick  to  the  flame.  It 
therefore  follows  that  safety  in  the  use  of  mineral  oil 
lamps  is  not  to  be  secured  simply  by  the  employment 
of  oils  of  very  high  flashing  point  (or  low  volatility), 
and  that  the  use  of  very  heavy  oils  may  even  give 
rise  to  dangers  which  are  small,  if  not  entirely  absent, 
with  oils  of  comparatively  low  flashing  points.” 


Miscellaneous. 


COLONIAL  AND  INDIAN  EXHIBITION. 

TESTIMONIAL  TO  THE  PRINCE  OF 
WALES,  K.G. 

In  response  to  a general  xvish  that  steps  should 
be  taken  to  give  expression  to  the  appreciation  which 
all  those  who  are  connected  with  the  Colonial  and 
Indian  Exhibition  feel  for  the  deep  interest  which 
His  Royal  Highness  the  Prince  of  Wales,  Executive 
President  of  the  Royal  Commission,  has  evinced  in 
the  undertaking,  a meeting  was  held  on  Wednesday, 
the  14th  July,  at  the  residence  of  Earl  Granville, 
which  was  attended  by  Members  of  the  Royal 
Commission,  the  Executive  Commissioners  for  the 
Colonies,  and  India  and  others. 

Earl  Granville  having  taken  the  chair,  and 
having  briefly  explained  the  objects  of  the  meeting, 
it  was  proposed  by  Lord  Iddesleigh,  seconded  by 
Sir  Charles  Tupper,  High  Commissioner  for 
Canada,  and  unanimously  resolved  : — 

“ That  the  eminent  services  of  His  Royal  High- 
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^ess  the  Prince  of  Wales,  in  the  promotion  of  the 
Colonial  and  Indian  Exhibition,  ought  to  be  marked 
I some  fitting  manner ; — That  the  members  of  the 
Royal  and  of  the  Colonial  Commissions  believe  that 
he  gentlemen  who  have  been  connected  with  the 
svork,  both  in  the  Colonies  and  in  India,  would 
desire  to  share  in  the  public  appreciation  of  His 
Royal  Highness’  service  ; and  it  is  accordingly  con- 
sidered that  a piece  of  plate,  commemorative  of  the 
Exhibition  and  of  the  great  interest  which  his  Royal 
Highness  has  practically  evinced  in  its  success,  should 
die  obtained  for  presentation  to  him.” 

On  the  proposition  of  Lord  Cranbrook,  it  was 
resolved  : — 

“ That  a subscription  list  be  opened  both  here  and 
in  the  Colonies  and  India  for  the  above  purpose  ; and 
hat,  inasmuch  as  it  is  desirable  that  the  participation 
m this  public  tribute  to  his  Royal  Highness  should 
be  as  widespread  as  possible,  and  that  every  oppor- 
tunity should  be  given  to  all  to  share  in  it,  the  highest 
amount  which  any  one  person  may  subscribe  be 
iimited  to  two  guineas,  but  that  any  smaller  sums  will 
be  gladly  received.” 

A committee  was  then  appointed  to  carry  out  the 
object  of  the  foregoing  resolutions. 


The  number  of  visitors  to  the  Exhibition  for  the 
week  ending  July  17th,  was  153,159;  making  a total 
since  the  opening  of  1,803,407. 


TANNING  IN  CHINA . 

Consul  Shepard,  of  Hankow,  says  that  the  method 
of  tanning  pursued  in  his  consular  district  is  not 
dissimilar  in  its  earlier  stages  from  that  pursued  in 
the  United  States.  A vat  is  prepared — generally 
sunk  in  the  ground — capable  of  holding  about 
thirty  hides.  These  are  covered  and  left  to  soak 
in  a solution  of  lime,  called  by  the  natives, 

milk  of  lime.”  They  are  kept  in  this  bath  sixteen 
days  and  upwards,  according  to  the  season,  cold 
weather  requiring  more  lime  than  warm.  The  hair  is 
then  loosened,  and  the  hides  are  taken  singly,  spread 
upon  a bench,  and  thoroughly  put  through  a scraping 
process  to  remove  the  hair  and  offal  from  the  flesh. 
The  tool  used  for  this  purpose  is  of  peculiar  con- 
struction. It  is  shaped  like  the  capital  letter  H,  one 
side  being  a steel  or  iron  blade,  and  the  other  the 
handle,  the  cross-bar  merely  connecting  them.  The 
blade  is  about  a foot  in  length,  and  the  handle  two  or 
three  inches  less.  The  workman  places  the  handle 
against  his  breast  for  greater  ease  and  power,  and 
with  this  forcible  application  of  the  tool  to  the  hide 
•the  hair  is  speedily  removed.  The  hide  is  then 
turned  with  the  flesh  side  up,  and  by  a similar  manipu- 
lation all  offal  is  removed,  and  the  hide  is  reduced  to 
a uniform  thickness.  A thorough  washing  follows, 
and  the  skin  is  cleansed  of  all  remains  of  the  lime. 
The  refuse  hair  is  saved  for  agricultural  purposes,  and 


the  scrapings  of  the  flesh  side  are  boiled  down  for 
glue.  After  the  cleansing,  the  hides  are  subjected  to 
a vigorous  rubbing  with  a heavy  sandstone,  or  similar 
article,  until  both  sides  are  thoroughly  smooth. 
When  this  process  is  completed,  a strong  decoction 
of  nutgall  is  sprinkled  over  the  green  leather,  and 
then  the  tanning  is  commenced.  The  nutgalls  are 
boiled  in  water  over  a slow  fire  until  they  become 
liquefied,  and  the  strained  liquor  furnishes  all  the 
tannin  used.  Nutgalls  are  abundant  in  the  dis- 
tricts furnishing  exports  to  Hankow,  and  considerable 
quantities  are  sent  to  the  United  States.  The  next 
process  to  which  the  skins  are  subjected  is  as  follows. 
A kind  of  furnace  is  built  underground  with  an 
opening  in  circular  form,  from  which  a dense 
smoke  issues  when  the  fuel  is  fired.  The  fuel  re- 
quired is  either  wheat  straw  or  a species  of  grass 
gathered  from  the  mountain  side  ; it  is  believed  that 
nothing  else  will  answer  the  required  purpose.  For 
the  space  of  seven  days  the  hides  are  passed  back- 
wards and  forwards  through  the  smoke  issuing  from 
the  furnace,  and  unless  it  is  to  be  blacked,  the 
tanning  of  the  leather  is  thus  completed.  If  it  is  to 
be  blacked,  a liquor  of  vinegar  in  which  iron  has  been 
left  to  corrode,  or  a solution  of  nutgalls  and  copperas, 
is  ordinarily  used,  but  at  times  simple  lampblack  is 
employed.  The  yellow-brown  colour  given  to  the 
leather  by  the  smoking  process  is  considered  to  be  of 
remarkable  beauty,  and  is  therefore  greatly  preferred 
by  manufacturers  and  wearers.  The  leather  is  made 
soft  by  sprinkling  it  with  saltpetre  during  the  smoking, 
accompanied  by  repeated  and  violent  kneading  of  it, 
drying  it  in  the  air,  instead  of  by  exposure  to  the 
sun.  The  strength  of  the  solution  of  saltpetre  as 
applied  is  said  to  be  kept  secret,  no  apprentice 
being  initiated  to  the  knowledge  of  it  until  he  has 
served  for  three  years. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

The  following  are  Conferences  for  the  week  ending  July 
31st,  at  the  Colonial  and  Indian  Exhibition 

Monday,  July  26.. .Conference  of  the  National  Fish  Culture 
Association,  loj  a.m.  to  i p.m. ; 2 p.m.  to  5 p.m. ; 
8 p.m.  to  10  p.m. 

Tuesday,  July  27... Mr.  J.  S.  Jeans,  “ Railway  Extension  in 
the  Colonies.”  4 p.m.  Rev.  W.  G.  Green, 
“ The  Alps  of  New  Zealand.”  (With  Lime-light 
illustrations.)  83  p.m. 

Wednesday,  July  28. ..Mr.  J.  R.  Mosse,  " System  of  Crown 
Colonisation.”  4 p.m.  Mr.  Stephen  Bourne, 
“ Colonial  Tariffs.”  8 p m. 

Thursday,  July  29  ...  Captain  Everlll,  “The  Future 
of  New  Guinea.”  4 p.m.  Mr.  J.  H.  Hubbard, 
“ Wild  Animals  and  Game-Birds  of  the  Cana- 
dian North-West.”  8 p.m.  Illustrated  with 
specimens. 

Friday,  July  30. ..Mr.  F.  W.  Pennefather,  “ New  Zealand, 
Historically  and  Socially.”  4 p.m.  Dr.  B.  W. 
Richardson,  “ Colonial  Food  and  Fruit  Supply.'* 
8 p.m. 

Saturday,  July  31. ..Conference  of  the  British  Bee-keepers’ 
Association.  4 p.m.  Mr.  Vincent  Robinson, 
“ Indian  Carpets.”  8 p.m. 
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CANTOR  LECTURES. 
PETROLEUM  AND  ITS  PRODUCTS. 
By  Boverton  Redwood,  F.I.C.,  F.C.S. 

[The  right  of  reproducing  these  lectures  is  reserved.] 

Lecture  IV. — Delivered  March  2qth,  1886. 

(Continued from  p. 

Petroleum  and  paraffin  oils  of  comparatively 
low  specific  gravity  and  flashing  point  burn 
more  freely  in  most  lamps,  and  cause  less 
charring  of  the  wick ; but  it  is  essential  that 
the  volatilising  point  of  the  oil  should  be  such 
that  vapour  is  not  generated  in  sufficient 
quantity  to  cause  its  emission  through  the 
wick  tube,  and  that  the  inflaming  point  should 
not  be  so  low  as  to  render  the  oil  liable  to 
take  fire  in  the  event  of  its  being  spilled.  A 
lengthened  experience  has  demonstrated  that 
the  present  legal  standard  of  flashing  point 
IS  not  only  high  enough,  but  provides  a good 
margin,  since  the  oil  safely  used  throughout 
Germany  and  other  Continental  countries  has, 
allowing  for  difference  in  the  results  furnished 
by  the  testing  instruments,  a flashing  point 
about  6®  Fahr.  below  that  specified  by  law  in 
this  country. 

In  the  course  of  the  inquiry.  Dr.  Kellner 
suggested  the  desirability  of  constructing  the 
lamp  in  such  a manner  that  flame  could  not 
pass  to  the  contents  of  the  oil  reservoir,  and 
upon  consideration  it  appeared  to  me  that  the 
desired  object  could  be  best  attained  by  en- 
closing the  wicks  in  a cylinder  of  wire  gauze 
similar  to  that  which  is  used  in  the  construc- 
tion of  miners’  safety  lamps.  With  the  con- 
currence of  Sir  Frederick  Abel,  I submitted 


this  idea  to  Messrs.  James  Hinks  and  Son, 
and  this  firm  have  now  arranged  to  fit  their 
“ Duplex  ” lamps  with  the  “safety  cylinder.” 
Experiments  which  have  been  made  demon- 
strate that  if  the  small  quantity  of  inflammable 
mixture  of  petroleum  vapour  and  air  contained 
in  the  cylinder  is  ignited,  flame  is  not  com- 
municated to  the  similar  mixture  in  the  upper 
part  of  the  oil  reservoir,  and  it  is  therefore  im- 
possible for  the  oil  reservoir  to  be  fractured  by 
an  explosion.  In  the  Defries  lamp  the  long 
wuck  tube,  which  is  always  sealed  by  the  oil, 
since  the  tube  is  longer  than  the  wick,  answers 
the  same  purpose.* 

The  amount  of  light  which  is  obtained  in 
the  combustion  of  a given  quantity  of  oil  is 
by  no  means  the  same  with  all  lamps,  Argand 
burners  being,  as  a rule — to  which  I have  met 
W’ith  very  few  exceptions  — more  economical 
than  flat-wick  burners.  Thus  the  mimimum 
consumption  of  oil  per  candle-light  per  hour 
in  the  case  of  flat-wick  burners  is  now  about 
50  grs.,  as  compared  with  about  41  grs.  in  the 
case  of  Argand  burners.  As  a result  of  an  ex- 
tended series  of  photometric  experiments  made 
in  1879,  with  the  assistance  of  my  brother,  Mr. 
T.  Horne  Redwood,  I found  that  with  the 
principal  forms  of  mineral  oil  lamps  then  in 
use,  the  consumption,  with  only  one  or  tw'o  ex- 
ceptions, ranged  from  about  45  grs.  to  about 
65  grs.  per  candle-light  per  hour ; while  more 
recent  experiments,  made  with  the  assistance 
of  my  brother,  Mr.  Robert  Redwood,  exhibit, 
with  the  lamps  now  employed,  a range  of 
about  41  grs.f  to  over  70  grs.  The  results, 
however,  depend  to  some  extent  upon  the 
character  of  the  oil,  and  the  two  sets  of  ex- 
periments are  not  strictly  comparable. 

The  permanence  of  the  flame,  or,  in  other 
words,  the  extent  of  diminution  in  the  luminosity 
of  the  flame  during  the  use  of  the  lamp,  is  a 
point  of  no  small  importance.  The  diminution 
may  be  caused  by  the  use  of  an  inferior  wick, 
or  of  an  oil  reservoir  of  insufficient  diameter, 
or  by  the  bad  quality  of  the  oil,  but  the  result 
also  depends  in  no  small  degree  upon  the 
construction  of  the  burner.  With  all  burners, 
however,  it  is  essential  to  employ  an  oil  which 
does  not  cause  excessive  charring  of  the  wick  ; 
a wick  which  possesses  sufficient  capillary 
attraction  to  raise  the  requisite  quantity  of  oil 
to  the  flame  ; and  a reservoir  of  such  shape 
and  diameter  that  the  oil  level  does  not  become 
unduly  depressed. 

* The  lamp  patented  by  Martin  Rae  in  i86i  was,  in  this 
respect,  somewhat  similarly  constructed. 

■t  In  the  case  of  the  Dcfries  lamp. 
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At  this  point  it  will  be  convenient  to  consider 
the  relative  economy  of  lighting  with  mineral 
oil  and  with  coal-gas. 

Coal-gas  may  be  fairly  assumed  to  yield, 
under  the  average  conditions  of  its  ordinary 
domestic  consumption,  not  more  than  the  light 
of  2*6  standard  candles  per  foot,  or  2,600 
candle-hours  per  1,000  cubic  feet.  Taking  the 
average  consumption  of  mineral  oil  of  specific 
gravity  *8oo,  at  50  grs.  per  candle-light  per 
hour,  the  cost  of  2,600  candle-hours,  if  the  oil 
were  purchased  at  8d.  per  gallon,  would  be 
IS.  6Jd.  Therefore,  at  the  present  average 
prices  of  mineral  oil  and  gas,  the  former 
illuminant  is  not  much  more  than  half  the 
price  of  the  latter.  Mineral  oil  lamps  are, 
as  I have  said,  made  which  consume  as 
little  as  about  41  grs.  of  oil  per  candle- 
light per  hour;  but,  on  the  other  hand, 
various  improved  forms  of  gas-burners, 
such  as  those  of  the  inverted  Argand 
type,  give  very  much  more  light  than  2*6 
standard  candles  per  foot,  even  without  the 
use  of  the  reflector  which  is  generally  fitted  to 
them.  Neither  the  oil  lamps  nor  the  gas 
lamps  in  question  can,  however,  be  taken  as 
representing  the  average  conditions  under 
which  the  two  kinds  of  illuminants  are  as 
yet  most  largely  employed  by  the  general 
public. 

In  the  Defries  lamp,  the  Silber  lamp,  and 
some  others,  oils  of  the  “mineral  colza,” 
or  “mineral  sperm,”  or  “ pyronaphtha,”  or 
“solar”  class,  which  are  of  comparatively 
high  specific  gravity  and  low  volatility,  burn 
well. 

The  following  suggestions  relating  to  the 
construction  and  use  of  mineral  oil  lamps 
have  been  drawn  up  by  Sir  Frederick  Abel 
and  myself,  on  the  basis  of  the  results  obtained 
in  the  experimental  inquiry  already  referred 
to 

1.  The  passage  of  flame  from  the  burner  of  the 
lamp  to  the  interior  of  the  oil  reservoir  should  be 
prevented  by  protecting  all  channels  of  communica- 
tion with  wire  gauze  of  twenty-eight  meshes  to  the 
inch,  of  the  kind  used  for  safety-lamps,  or  by  en- 
closing the  wick  beneath  the  burner  in  a cylinder 
closed  at  the  bottom  and  constructed  of  wire  gauze 
of  the  kind  specified  above,  or  in  a tube  of  thin 
sheet  metal. 

2.  It  is  preferable  that  the  oil  reservoir  of  the 
lamp  should  be  of  metal,  and  it  should  not  have  any 
opening  or  feeding  place  other  than  that  provided 
by  taking  out  the  burner. 

3.  The  wick  should  be  of  soft  texture,  and  not 
tightly  plaited.  It  should  fill  the  entire  space  of 


the  wick  tube,  but  should  not  be  compressed  within 
the  latter. 

4.  A fresh  wick  should  always  be  thoroughly 
dried  in  front  of  the  fire  before  being  placed  in  the 
lamp  ; it  should  not  be  much  longer  than  sufficient 
to  reach  the  bottom  of  the  reservoir.  Where  the 
construction  of  the  lamp  admits  of  it,  the  wick  or 
wicks  should  be  thoroughly  saturated  with  the  oil 
before  the  burner  is  placed  in  the  collar,  by  passing 
half  the  length  through  the  burner  and  dipping  the 
upper  half  into  the  oil  reservoir. 

5.  The  oil  reservoir  should  always  be  nearly  filled 
before  the  lamp  is  lighted  ; if  any  oil  is  accidentally 
spilled  upon  the  outside  of  the  reservoir,  the  latter 
should  be  wiped  thoroughly  clean  before  the  lamp  is 
lighted. 

6.  The  wick  should,  after  lighting,  be  at  once 
lowered,  and  afterwards  gradually  raised  as  soon  as 
the  burner  and  chimney  have  become  warm.  With 
most  forms  of  mineral  oil  lamps  the  flame  cannot  be 
much  lowered  without  the  production  of  a disagree- 
able odour  of  unconsumed  petroleum.* 

7.  Mineral  oil  lamps,  which  are  unprovided  with 
extinguishing  apparatus,  should  be  extinguished  as 
follows  : — The  wick  is  lowered  until  there  is  only  a 
small  flickering  flame  ; the  mouth  is  then  brought  to 
a level  with  the  top  of  the  chimney,  and  a sharp  puff 
of  breath  is  directed  across  the  opening. 

8.  No  lamp  will  burn  well  unless  proper  care  is 
taken  that  the  openings  for  the  admission  of  air  are 
unobstructed  by  dirt  or  charred  wick. 

9.  Cans  or  bottles  used  for  the  oil  should  be  care- 
fully kept  free  from  water  and  dirt,  and  thoroughly 
closed. 

A memorandum  embodying  these  sugges- 
tions has  been  issued  by  the  Metropolitan 
Board  of  Works. 

I may  here  call  attention  to  Forrest's  in- 
genious measuring  apparatus,  for  use  in  the 
retail  sale  of  petroleum  oil,  a specimen  of 
which  has  been  kindly  lent  me  by  Mr.  H.  J. 
Chaney,  of  the  Standards  Department  of  the 
Board  of  Trade. 

The  use  of  petroleum  or  paraffin  oil  for 
domestic  illumination  having  thus  received  full 
consideration,  I must  say  a few  words  on  the 
employment  of  these  oils  for  the  warming  of 
dwelling-houses  and  conservatories,  and  for 
cooking  purposes.  We  have  before  us  a 
selection  of  mineral  oil  stoves  and  cooking 
apparatus,  for  which  I am  indebted  to  the 
Albion  Lamp  Company,  and  to  Messrs.  Wright 
and  Butler.  The  lamps  with  which  these  stoves 
are  usually  fitted  differ  chiefly  from  those  which 
have  already  been  described,  in  being  provided 


* In  the  Defries  lamp  the  flame  maybe  a g-ood  deal  reduced 
in  size  without  this  result  accruing. 
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with  a metallic  chimney,  but  considerable 
ingenuity  is  in  some  instances  exhibited  in  the 
constructional  arrangements  for  utilising  and 
distributing  the  heat,  and  at  the  same  time 
producing  odourless  combustion.  The  Albion 
Lamp  Company,  who  are  the  sole  manufacturers 
of  the  mineral  oil  stoves  for  cooking,  warm- 
ing, and  lighting  patented  by  Mr.  E.  A. 
Rippingille,  claim  to  have  introduced  the 
square  form  of  stove  in  place  of  the  cylindrical 
form  previously  adopted.  They  also  claim  to 
have  been  the  first  to  construct  the  sliding  oil 
tank,  and  to  substitute  for  use  with  large  wicks 
stamped  metal  cones  of  uniformly  accurate 
shape  and  size  for  the  cast-iron  cones,  which 
being  finished  by  filing,  varied  in  dimensions. 
This  company  manufacture  combination  oven 
stoves,  in  which  the  flame  provides  heat  for 
simultaneous  boiling  and  baking  ; and  have 
provided  their  stoves  with  circulating  draught 
arrangements,  whereby  the  attainment  of  a 
satisfactory  bottom  heat  in  the  oven  body  is 
stated  to  be  insured. 

The  Snessoreif  mineral  oil  stove  differs  from 
those  already  referred  to  in  being  chimneyless. 
This  stove  burns  satisfactorily,  and  possesses 
the  advantage  that  cooking  utensils  can  be 
placed  closer  to  the  flame  than  is  the  case 
where  a chimney  is  employed. 

I have  recently  received  from  Messrs. 
Meissner,  Ackermann,  and  Co.,  a domestic 
cooking  stove,  in  which,  as  you  see,  the  fuel 
(ordinary  petroleum  oil)  is  burned  from  a jet 
without  a wick.  The  oil  is  first  poured  into 
the  lower  reservoir,  and  is  thence  pumped  into 
the  upper  reserv’oir,  under  some  pressure.  The 
pipe  leading  from  this  upper  reservoir  is  coiled 
into  a circular  form,  and  beneath  it  a little 
methylated  spirit  is  first  burned.  When  the 
pipe  has  thus  been  throughly  heated,  a tap  is 
turned  and  the  oil  passes  from  the  reservoir  to 
the  jet,  where  it  is  ignited,  the  heat  of  the 
burning  oil  maintaining  the  required  tempera- 
ture of  the  coil. 

Passing  now  from  the  consideration  of  the 
use  of  mineral  oils  for  domestic  lighting  and 
heating,  I must  say  a few  words  in  regard  to 
the  use  of  those  oils  on  ship-board,  and  on 
railroads.  The  burners  employed  for  these 
purposes  have  not  any  characteristic  to  which 
I need  refer,  but  specially  constructed  lanterns 
are  necessary  to  protectthe  flame  from  wind  and 
rain.  The  principles  of  some  of  the  arrange- 
ments adopted  have  been  described  by  Mr. 
Silber,  in  a paper  read  before  the  Royal  United 
Service  Institution,  in  1878.  The  lantern  may 
be  compared  to  a room  so  small  that  the 


currents  of  air  entering  it  would  have  neither 
time  nor  space  to  lose  velocity  and  pressure, 
but  would  strike  the  flame  in  a forcible  manner, 
and  accordingly  it  is  necessary  to  provide 
circuitous  channels  for  the  entrance  of  the  air 
and  escape  of  the  products  of  combustion, 
these  channels  being  so  constructed  that  the 
impact  of  the  strongest  wind  to  which  the 
lantern  is  liable  to  be  subjected  will  not 
diminish  or  increase  the  speed  or  quantity  of 
the  air  supply,  or  check  the  escape  of  the 
products  of  combustion,  or  allow  the  entrance 
of  rain  or  sea-spray.  The  problem  is  by  no 
means  a simple  one,  but  it  has  been  success- 
fully solved  by  several  inventors.  In  the 
original  forms  of  the  Silber  lanterns,  the  burner 
was  of  the  chimneyless  type,  and  the  entrance 
of  air  was  controlled  by  the  use  of  vertical 
tubes  and  wire  gauze,  while  to  provide  for  the 
escape  two  kinds  of  tops  were  used.  One  of 
these  tops  was  intended  for  cases  where  the 
lamp  was  exposed  to  a current  of  air  mainly 
horizontal ; and  the  other  when  the  lamp  was, 
as  on  board  ship,  liable  to  receive  a vertical 
pressure  of  air  driven  downwards,  for  instance, 
when  a wave  falls  upon  it.  Both  tops  were 
provided  with  an  inverted  cone  placed  at  a 
little  distance  above  an  inverted  funnel,  the 
exit  of  the  heated  air  being  thus  provided  for, 
while  at  the  same  time  the  inrush  of  wind  was 
prevented.  Mr.  Silber  has  since  relinquished 
the  use  of  the  chimneyless  burner  for  railway 
“head,”  “tail,”  and  “side-lights,”  and  now 
adopts  a wholly  different  form  of  lantern,  in 
which  there  is  a system  of  wind-guards  so 
arranged  that  the  entering  air  currents  are 
thrown  from  one  surface  to  another,  until  they 
have  lost  their  original  velocity.  It  is  upon 
the  latter  principle  that  such  lanterns  as  we 
are  now  considering  are  generally  constructed, 
though  there  are  variations  in  points  of  detail 
between  the  lamps  of  different  manufacturers. 
The  Silber  railway-lamp  exhibited  has  a com- 
bined metal  chimney  and  reflector.  In  the 
railway  engine  head-light,  train  side  lights, 
and  ship’s  mast-head  light,  which  Messrs.  J. 
Defries  and  Sons  have  been  good  enough  to 
send,  an  Argand  lamp  with  glass  chimney  is 
used.  Considerable  difficulty  appears  to  have 
been  experienced  in  the  construction  of  a 
hand  signal  lantern  for  mineral  oils  which  is 
not  liable  to  be  extinguished.  The  flame  pro- 
duced in  the  burning  of  such  oil  leaves  the 
wick  far  more  easily  than  a colza  oil  flame 
does,  and  although  there  are  many  hand 
lanterns  which  can  be  violently  swung  without 
disturbing  the  flame,  few  will  stand  a sudden 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


918 


jerk,  produced  by  lowering  the  hand  in  which 
the  lantern  is  held  and  then  quickly  raising  it, 
such  as  might  easily  occur  if  the  guard  or 
signalman  stumbled. 

I have  recently  travelled  in  a train  on  the 
Great  Northern  Railway  which  is  experiment- 
ally lighted  with  petroleum  oil  burned  in  the 
Silber  roof-lamps.  These  lamps  are  furnished 
with  a wick  projecting  from  the  side  of  the 
annular  oil  reservoir,  on  the  principle  previously 
adopted  in  the  Shallis  and  Thomas  lamp  of 
Messrs.  Ridsdale  and  Co.,  and  there  is  thus 
nothing  below  the  flame  to  obstruct  the  passage 
of  light  through  the  glass  dish  which  forms 
the  bottom  of  the  lantern.  I found  that  a 
newspaper  could  be  read  with  great  ease  in  a 
carriage  so  lighted,  and  the  lamps  are  stated 
to  burn,  wdth  little  diminution  in  illuminating 
power,  for  eighteen  hours.  Mr.  Silber  has  been 
good  enough  to  lend  me  one  of  these  lamps, 
and  you  wall  observe  that  it  is  of  simple  con- 
struction. The  wick  can  be  raised  or  lowered 
by  means  of  a key  from  the  interior  of  the 
carriage  or  from  the  roof,  and  the  lamp  can  be 
lighted  without  removing  it  from  the  lantern, 
by  simply  turning  back  the  hinged  top  and 
opening  a small  door.  I am  indebted  to 
Messrs.  Ridsdale  and  Co.  for  specimens  of  the 
Shallis  and  Thomas  roof-lamp  to  which  I have 
referred,  and  of  a railway  signal  lamp  patented 
by  Mr.  T.  C.  J.  Thomas. 

The  employment  of  mineral  oils  for  light- 
house illumination  is  a branch  of  the  subject 
to  which  we  must  next  give  our  attention.  Sir 
James  Douglass,  the  engineer  of  the  Trinity- 
house,  states  that,  in  1861,  experiments  were 
made  by  the  Trinity-house  with  samples  of 
mineral  oil,  but  the  results  were  not  found  so 
satisfactory  as  to  justify  a change  from  colza 
oil,  then  generally  used.  In  1863,  Mr.  W.  C. 
Wilkinson  produced  an  efficient  lighthouse 
burner  for  use  with  mineral  oils,  but  owing  to 
certain  circumstances  this  burner  was  never 
practically  tried.  Mr.  J.  F.  C.  Farquhar 
formed  the  opinion  that  the  use  of  metal  cones 
and  buttons  was  objectionable,  as  it  led  to  the 
production  of  great  heat  in  the  burner,  and, 
besides,  obscured  a portion  of  the  flame ; and 
he  constructed  a lighthouse  burner  in  which 
the  air  was  caused  to  impinge  upon  the  flame 
by  contracting  the  chimney  in  certain  parts. 
In  1869,  Captain  Doty  submitted  to  the  Trinity- 
house  a mineral  oil  burner  for  lighthouse 
purposes,  but  according  to  Sir  James  Douglass 
this  burner  was  found  to  be  considerably 
inferior  to  the  colza  oil  burner  then  in  use. 
Mr.  Brunton  explained  in  a paper  read  before 


the  Institute  of  Civil  Engineers  that  the 
inferiority  only  existed  in  the  case  of  the  four- 
wick  burner,  and  that  the  defects  which  this 
burner  at  first  possessed  were,  remedied  two 
years  later.  Meanwhile,  Sir  James  Douglass, 
continuing  his  experiments,  found  that  the 
•Fresnel  burner  employed  with  colza  oil  could, 
by  a very  simple  alteration,  be  rendered  suitable 
for  use  with  mineral  oil.  It  is  well  known  that 
the  colza  oil  is  supplied  to  the  lighthouse 
burner  by  means  of  a pump,  the  oil  being  thus 
caused  to  continuously  overflow  the  wick-tube, 
as  in  the  case  of  the  “Moderator”  lamp.  Sir 
James  Douglass  found  that,  by  simply  provid- 
ing for  the  overflow  of  the  mineral  oil  at  a 
considerably  lower  level,  and  therefore  at  some 
distance  from  the  top  of  the  wick  or  wicks,  the 
same  burners  and  appliances  could  be  satis- 
factorily used  for  such  oil.  The  amount  of 
light  obtained  from  a flame  of  given  size  was 
afterwards  very  much  increased  by  the  adop- 
tion of  the  burner  patented  by  Sir  James 
Douglass  in  1881.  The  invention  is  described 
in  the  specification  as  consisting  “ in  an 
arrangement  of  an  outer  deflector  surrounding 
the  burner  and  lower  part  of  the  flames,*  one 
or  more  of  which  it  covers,  and  in  connection 
with  this  deflector  is  a deflecting  glass  chimney, 
both  deflector  and  chimney  being  so  formed  as 
to  force  the  outer  flames  on  to  the  inner  flame 
- or  flames,  and  thus  to  condense  all  the  flames, f 
and  deflect  on  to  the  internal  and  external 
surfaces  of  each  of  the  flames  the  whole  of  the 
ascending  currents  of  air,  and  in  such  a manner 
as  to  invigorate  the  combustion  of  the  flames 
and  augment  the  intensity  of  their  light.”  The 
invention  also  “ includes  the  means  of  employ- 
ing one  or  more  rings  of  flame  with  perfect 
combustion,  and  thus  decreasing  or  increasing 
the  intensity  of  the  light  without  any  alteration 
in  the  external  form  or  dimensions.”  The 
deflector  referred  to  consists  of  a triple  cone  so 
formed  as  to  direct  the  air  upon  the  flame  at 
three  different  heights. 

According  to  Mr.  Brunton,  the  results 
yielded  by  the  Doty  burner  with  paraffin  oil 
thus  compare  with  those  previously  obtained 
with  colza  oil  | : — 


* In  the  larger  lighthouse  burners  as  many  as  nine  con  ■ 
centric  wicks  are  employed. 

t Where  lenses  are  employed,  it  is  important  to  have  the 
flame  as  much  condensed  as  possible. 

+ Mr.  Brunton  subsequently  stated  that  in  experimenting 
with  the  Doty  burner  he  had,  by  a modification  of  the 
chimney  and  a slight  alteration  in  the  size  of  the  disc, 
succeeded  in  obtaining,  from  a burner  which  had  previously 
given  a light  not  exceeding  25  candles,  a light  of  about  59 
candles. 
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Illuminating  Power  in  Standard  Candles. 


. Four 

Two  Argand 

wicks. 

wicks,  burner. 

Lighthouse  burner  wuth  colza 

oil 

0 00 
00 

58  4 

84  20 

Doty  burner  \vith  paraffin  oil . . 

Equivalent  of  sperm  to  one  gallon  of  oil. 

Four 

Two  Argand 

wicks. 

wicks,  burner. 

Lighthouse  burner  with  colza 

oil  

17^  14 

Doty  burner  with  paraffin  oil. , 

27i 

27  27 

The  following  average 

results 

are  said  to 

have  been  obtained  with  Mr. 

Farquhar’s 

burners  : — 

Six 

Four  Two 

wicks. 

wicks.  wicks. 

Candles.  Candles.  Candles. 

Burning  colza  oil 

750 

334  90 

Burning  paraffin  oil 

700 

306  85 

From  Sir  James  Douglass’s  burners  the 
following  results  have  been  obtained  : — 


IlluTTtifiatmg  Power. 
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The  subjoined  comparative  statement  is 
founded  upon  Sir  James  Douglass’s  earlier 
results  : — 


Maximum  intensity  of  light  pro- 
duced   

Minimum  intensity  at  end  of  I'S 

hours’  burning  

Per-centage  of  falling  off 

Consumption  of  oil  per  lamp  for 
16  hours,  in  fluid  ounces  .... 
Relative  quantity  of  light  pro- 
duced per  gallon  of  oil  con- 
sumed   


Colza. 

Paraffin. 

1 10  0 

85-5 

81-8 

66-9 

18-2 

21-9 

421 

34-0 

100-0 

103-0 

In  the  discussion  which  followed  the  reading 
of  the  paper  referred  to,  Mr.  W.  H.  Deering 
stated  that  lighthouse  paraffin  oil,  containing 
about  85  per  cent,  of  carbon  and  15  per  cent, 
of  hydrogen,  should  be  more  efficient  as  an 
illuminant  than  colza  oil  containing  about  77 
per  cent,  of  carbon,  12  per  cent  of  hydrogen, 
and  1 1 per  cent,  of  oxygen  ; the  latter  oil,  from 
its  oxygen  content  being  necessarily  regarded 


as  a body  already  partly  burnt.  But  these  per- 
centages were,  he  pointed  out,  per-centages 
by  weight,  while  the  relative  quantity  of  light 
was  referred  to  a unit  of  volume,  one  gallon, 
without  taking  into  account  the  difference  in 
specific  gravity  of  the  two  oils.  The  specific 
gravity  of  colza  oil  is  about  ’916,  and  that  of 
lighthouse  paraffin  oil  about  -815.  Taking  the 
statement  of  the  results  obtained  by  Sir  James 
Douglass,  one  gallon  of  colza  oil,  weighing 
9.16  lbs.,  gave  100  units  of  light,  while  one 
gallon  of  lighthouse  paraffin  oil,  weighing  only 
8*15  lbs.,  gave  103  units  of  light.  Calculating 
this  to  9*i61bs.  for  equal  weight : from  colza 
oil  100  units,  and  from  the  paraffin  oil  1 16  units 
light  were  obtained.  In  subsequent  corres- 
pondence upon  the  subject  of  Mr.  Brunton’s 
paper.  Sir  James  Douglass  gave  the  following 
statement,  showing  the  average  comparative 
efficiency  of  colza  and  mineral  oils  (paraffin 
and  petroleum)  of  good  quality,  when  con- 
sumed in  Trinity  Lighthouse  lamps,  and 
burning  for  sixteen  hours  without  any  trimming 
of  the  wicks  : — 


Colza 

Mineral 

oil. 

oils. 

I.  Mean  intensity  of  light  for 

16  hours 

100 

88-8 

2.  Decrease  in  intensity  after 

16  hours’  burning,  percent. 

1-75 

10  75 

3.  Quantity  of  light  produced 

per  gallon  of  oil,  expressed 
in  standard  sperm  candles 
(or  English  units),  con- 
suming 120  grains  of  sperm 
per  hour 

1,600 

1,778 

4.  Quantity  of  light  produced 

per  gallon  of  oil,  expressed 
in  pounds  of  sperm 

27-4 

30-4 

5.  Quantity  of  light  produced 

per  gallon  of  oil,  expressed 
in  cubic  feet  of  16-candle 
London  gas,  consumed  in 
a burner  giving  4 candles 
per  cubic  foot  of  gas  .... 

400 

444 

6.  Relative  quantity  of  light 

produced  per  gallon  of  oil 
consumed  

100 

iii-i 

7.  Relative  efficiency  of  colza 

and  mineral  oils  for  light- 
house burners  (mean  of 
columns  i,  2,  and  6) 

100 

909 

Commenting  upon  these  results.  Sir  James 
Douglass  pointed  out  “that  the  chief  defect 
in  mineral  oils  for  lighthouse  illumination  was 
the  decrease  in  the  intensity  of  the  light 
towards  the  latter  part  of  a long  winter’s  night. 
This  was  due  to  impurities  in  the  oil  causing 
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rapid  destruction  of  the  cotton  wicks,  and  it 
was  a matter  requiring  special  attention  of 
refiners  of  petroleum  and  paraffin.  That  it 
was  possible  to  produce  the  quality  of  oil  for 
the  purpose  he  had  abundant  evidence,  having 
experimented  with  samples  of  American  petro- 
leum, with  which  there  had  been  no  appreciable 
decrease  in  the  intensity  of  the  light  at  the 
end  of  16  hours’  burning  of  the  lamp.  The 
question  would  therefore  appear  to  be  one  of 
increased  care  in  the  manufacture,  and  con- 
sequently a small  addition  to  the  cost  of  the 
article.”  The  Trinity-house  contract  con- 
ditions specify  that — 

1.  The  mineral  oil  required  to  be  supplied  under 
this  contract  is  to  be  of  the  best  possible  quality,  the 
greatest  care  is  to  be  taken  in  its  preparation,  and  it 
must  be  perfectly  free  from  sulphuric  acid. 

2.  In  all  cases,  vvhether  the  oil  be  petroleum  or 
paraffin,  the  flashing  point  is  to  be  determined  by 
using  the  apparatus  described  in  Schedule  i of  the 
Petroleum  Act  of  1879. 

3.  If  the  oil  be  petroleum,  its  flashing  point  is  to 
be  not  lower  than  125°  Fahrenheit  (close  test),  and  it 
is  to  distil  between  302°  and  572®  Fahrenheit,  the 
temperature  of  the  vapour,  not  that  of  the  liquid, 
I eing  taken. 

4.  If  the  oil  be  paraffin,  its  specific  gravity  is  to  be 
not  less  than  o-8io,  nor  greater  than  0*820,  at  60® 
Fahrenheit ; its  flashing  point  is  to  be  not  lower  than 
140®  Fahrenheit  (close  test),  audit  is  to  distil  between 
302"  and  572®  Fahrenheit,  the  temperature  of  the 
vapour,  not  that  of  the  liquid,  being  taken. 

5.  The  illuminating  power  of  the  oil  supplied, 
whether  petroleum  or  paraffin,  is  to  be  equal  to  that 
of  the  best  colza  oil,  when  consumed  in  a Trinity- 
house  Argand  lamp. 

Hitherto  the  only  mineral  oil  tendered  which 
has  complied  with  these  requirements  is  a 
specially  made  shale  oil. 

The  specifications  issued  by  the  United 
States  Lighthouse  establishment  in  November, 
1881,  provide  that  the  mineral  oil  shall  have 
a specific  gravity  “not  less  than  -802,”  a 
flashing  point  of  not  less  than  140®  Fahr.  and 
a fire  test  of  not  less  than  154°  Fahr.,  the  two 
latter  tests  being  made  with  Tagliabue’s 
instrument.  The  oil  is  to  remain  limpid  at 
zero;  and  “litmus  paper  immersed  in  it  for 
five  hours  must  remain  unchanged.”  The  oil 
is  to  be  photometrically  tested  in  a fifth-order 
Hains  lamp,  and  the  light  is  to  be  equal  to 
that  of  eighteen  sperm  candles,  and  to  continue 
undiminished  during  five  hours’  burning. 

In  August  last  year  a report  was  presented 
of  an  elaborate  series  of  experiments  con- 
ducted by  a special  committee  of  the  members 


of  the  Corporation  of  Trinity-house,  with  the 
object  of  determining  the  relative  merits  of 
electricity,  gas,  and  oil  as  illumidants  for 
lighthouses.  The  report  concludes  with  the 
expression  of  the  opinion  : — “ That  for  the 
ordinary  necessities  of  lighthouse  illumination 
mineral  oil  is  the  most  suitable  and  economical 
illuminant,  and  that  for  salient  headlands,  im- 
portant landfalls,  and  places  where  a very 
powerful  light  is  required,  electricity  offers  the 
greatest  advantages.” 

Sir  James  Douglass  has  been  good  enough 
to  lend  me  the  series  of  beautiful  specimens  of 
lighthouse  burners,  with  models  of  the  flames 
produced,  which  are  on  the  table,  and  has 
also  supplied  me  with  valuable  information  on 
the  subject  of  the  use  of  mineral  oils  in  light- 
house lamps. 

For  the  lighting  of  large  spaces  out  of  doors, 
or  in  covered  yards,  arrangements  for  burning 
mineral  oils  in  the  form  of  spray  have  been 
devised.  In  the  so-called  “ Lucigen  ” (Lyle’s 
and  Hannay’s  patents),  which  is  now  being 
employed  in  bridge  building  and  similar  work, 
the  spraying  is  produced  by  the  employment 
of  compressed  air.  This  apparatus  is  stated 
to  give  a light  of  2,000  candle-power  at  a cost 
of  about  2d.  per  hour,  the  oil  used  being 
creosote,  or  other  heavy  mineral  oil. 

I have  already  alluded  to  one  of  the  earliest 
forms  of  mineral  spirit  lamps,  that  of  Read 
Holiday,  as  still  being  employed  for  open  air 
illumination. 

Petroleum  spirit,  or  “benzoline,”  is  still 
largely  used  as  an  illuminant  for  domestic 
purposes,  and  is  burned  with  a cylindrical 
wick  in  small  chimneyless  lamps,  the  reservoir 
of  which  is  filled  with  sponge,  or  other  absorbent 
material.  The  lamp  should  contain  only  as 
much  of  the  spirit  as  is  taken  up  by  the 
material,  and  there  is  thus  no  danger  of  spill- 
ing in  the  event  of  the  lamp  being  dropped. 
Indeed,  the  only  danger  connected  with  the 
use  of  these  lamps  is  that  which  attends  the 
filling  of  the  lamp  with  so  volatile  and  in- 
flammable a liquid.  An  interesting,  historical 
collection  of  these  “ sponge  lamps  ” has  been 
lent  me  by  Mr.  Leon  Clerc.  I have  in  my 
possession  a benzoline  lamp  which  bears  the 
date  of  1855.  In  some  cases  the  spirit  lamp 
is  so  constructed  as  to  volatilise  the  spirit,  the 
vapour  being  thus  burned  at  a jet.  Wood’s 
“gas-maker”  lamp  is  of  this  type.  This 
method  of  combustion  is  largely  adopted  in 
the  use  of  petroleum  spirit  for  street  lighting. 
One  form  of  lamp  designed  for  this  purpose 
has  been  furnished  by  Messrs.  Hearson  and 
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Co.,  and  is  now  before  you.  The  spirit  reser- 
voir is  on  the  top  of  the  lantern,  and  in  the 
horizontal  tube,  termed  a retort,  which  is 
within  the  lantern,  the  liquid  is  volatilised,  the 
vapour  being  consumed  at  a steatite  burner. 
Lamps  have  also  been  constructed  for  use 
with  the  still  more  volatile  ‘‘gasoline,”  on  the 
principle  of  saturating  fragments  of  some 
absorbent  material,  placed  in  a reservoir,  with 
the  spirit,  and  allowing  the  vapour  to  descend 
b}'  gravity  through  a tube,  to  an  Argand 
burner,  at  which  it  is  lighted  ; a steady  flame 
of  considerable  luminosity  being  thus  pro- 
duced. 

The  various  “air-gas”  machines  are  me- 
chanical arrangements  for  saturating  atmo- 
spheric air  with  the  vapour  of  gasoline. 
These  machines  are  used  to  a considerable 
extent  in  lighting  country  houses  in  the  United 
States  and  elsewhere.  The  more  volatile 
petroleum,  coal,  and  shale  products  have  also 
been  employed  for  “ carburetting  ” coal-gas. 
The  carburetting  of  illuminating  gas  or  air 
was  first  proposed  in  general  terms,  in  1832, 
by  Lowe,  and  in  1841  a process  for  effecting  it 
was  patented  by  him.  Mansfield  and  Long- 
bottom  also  worked  at  the  subject  before  the 
introduction  of  petroleum  products  rendered 
the  operation  commercially  unsuccessful.  The 
various  air-gas  machines  are  constructed  on 
the  principle  of  passing  air  over  a considerable 
surface  of  gasoline,  in  some  cases  curtains  of 
flannel,  suspended  in  the  carburetting  chamber 
so  that  their  lower  edges  dip  into  a reservoir  of 
the  fluid,  being  employed.  Muller’s  “Alpha  ” 
gas-making  machine  consists  of  a rectangular 
“carburettor,”  or  chamber,  containing  a 
number  of  shallow  trays,  over  which  gasoline 
is  caused  to  flow.  In  connection  with  the 
carburettor  is  a revolving  blower  driven  by  a 
weight,  a weighted  lever  being  added  to  keep 
the  drum  revolving  while  the  cord  which  sus- 
tains the  weight  is  being  re-wound  on  the 
drum.  The  air  is  driven  by  the  blower  over 
the  surface  of  the  gasoline  in  the  trays,  and  is 
thus  carburetted.  Muller’s  gas  generator  for 
gas-engines  has  a similar  carburettor,  but  the 
gas  being  required  to  be  supplied  under 
greater  pressure  for  such  purpose,  an  air- 
pump,  driven  by  the  gas-engine,  is  employed 
to  force  the  air  through  the  carburettor.  In 
this  apparatus  a small  lift-pump,  also  driven 
by  the  gas  engine,  is  used  to  keep  the  trays 
supplied  with  gasoline.  Both  machines  were 
exhibited  at  the  International  Health  Exhi- 
bition. The  chief  difficulties  experienced  in 
the  use  of  air-gas  machines  arise  from  over- 


92 I 


saturation  of  the  air  in  warm  weather,  or  when 
the  apparatus  is  first  charged,  and  reduction 
in  the  temperature  of  the  hydrocarbons  caused 
by  evaporation.  These  difficulties  have  been 
to  a great  extent  overcome  by  immersing  the 
carburetting  chamber  in  a tank  of  water,  and 
placing  the  whole  apparatus  below  ground. 
Even  under  these  circumstances  there  is,  how- 
ever, a fractional  evaporation,  and  a residue 
of  insufficiently  volatile  spirit  remains  after 
the  apparatus  has  been  for  some  time  in  use. 
With  a view  of  overcoming  this  objection  to 
the  process,  an  apparatus,  termed  a “ metrical 
carburettor,”  has  been  introduced.  This 
machine  is  so  constructed  that  a measured 
quantity  of  the  gasoline  is  delivered  to  the 
gas  or  air  passing  through  it,  the  proportion 
recommended  being  one  and  a half  to  two 
gallons  per  1,000  cubic  feet  in  the  case  of  gas, 
and  three  to  six  gallons  per  1,000  cubic  feet 
(according  to  the  illuminating  power  required) 
in  the  case  of  air.  Dr.  Letheby  stated  in 
1861  that  the  carburetting]of  coal  gas  with  ten 
grains  of  volatile  hydrocarbon  per  cubic  foot 
resulted  in  an  economy  of  from  40  to  50  per 
cent.  Air  charged  with  735  grs.  of  gasoline 
per  cubip  foot  has  been  found  to  have  an 
illuminating  power  of  i6|^  standard  candles, 
when  burned  at  the  rate  of  3 J cubic  feet  per 
hour  in  a 15-hole  Argand  burner;  equal  to 
237  candles  per  5 cubic  feet  an  hour. 

Mineral  oils  are  also  used  to  a considerable 
extent  as  a source  of  gas  for  lighting  purposes. 
On  allowing  the  oil  to  pass  slowly  into  a heated 
retort,  dissociation  of  the  hydrocarbons  occurs, 
and  a permanent  gas  of  high  illuminating 
power  and  very  suitable  for  compression,  is 
produced.  The  process  is  employed  at  gas- 
works in  the  United  States  and  in  Russia  for 
the  enriching  of  coal-gas.  In  Pintsch’s  system 
of  railway-carriage  lighting,  mineral  oil  gas, 
produced  as  described,  is  used;  and  the  gas  is 
also  very  successfully  applied  in  the  lighting 
of  buoys  and  the  smaller  lighthouses.  The 
gas  is  pumped  into  the  buoys  under  consider- 
able pressure,  and  thus  a supply  of  gas  that 
will  maintain  a flame  for  a great  length  of  time 
is  easily  provided.  Sir  J ames  Douglass  informs 
me  that  at  some  of  the  smaller  light-stations  it 
has  been  found  practicable  to  employ  a clock- 
work arrangement  to  automatically  turn  the 
gas  on  and  off  at  fixed  hours,  the  time  being 
adjusted  to  correspond  with  the  hours  of  dark- 
ness. Thus  a light  may  be  displayed  without 
the  necessity  for  personal  attention  at  more 
frequent  intervals  than  a week  or  more,  which 
is  of  great  advantage  where  the  station  is 
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difficult  of  access.  At  the  lighthouse  at 
Langness,  in  the  Isle  of  Man,  and  on  the 
Ailsa  Craig  rock,  the  Commissioners  of 
Northern  Lights  are  using  mineral  oil  gas 
manufactured  in  James  Keith’s  patented  plant, 
a model  of  which  was  shown  at  the  Inter- 
national Health  Exhibition.  At  the  former 
lighthouse,  however,  the  gas  is,  I believe,  only 
used  for  the  gas-engine  which  works  the  fog- 
horn.. Pintsch’s  and  Keith’s  systems  of  manu- 
facture have  been  fully  described  by  Dr. 
Armstrong,  in  the  JoiLrnal  of  the  Society  cf 
Chemical  IndiLstry.  In  the  use  of  Pintsch’s 
apparatus,  80  cubic  feet  of  gas  per  gallon  of  oil 
is  stated  to  be  a good  yield,  but  Mr.  Keith 
asserts  that  he  obtains  from  100  to  150  cubic 
feet  of  50-candle  gas  per  gallon.  The  Metro- 
politan Gas  Company,  of  New  York,  calculate 
upon  getting  70  cubic  feet  of  60-candle  gas  per 
gallon.  In  America  oil-gas  is  not  only  used 
for  enriching  coal-gas,  but  is  also  supplied 
diluted  with  water-gas ; much  of  the  gas 
burned  in  New  York  being  a mixture  of  oil- 
gas and  water-gas. 

We  have  now  to  consider  the  subject  of  the 
employment  of  petroleum  and  its  products  as 
fuel.  This  application  of  mineral  oils  has, 
within  the  past  few  years,  received  renewed 
attention,  and  is  of  rapidly  increasing  irh- 
portance.  The  experiments  conducted  by 
Lavoisierand  Laplace,  about  the  year  1 780,  and 
by  Count  Rumford,  in  1814,  supplemented  by 
the  more  exact  determinations  made  by  Craw- 
ford, Dalton,  Desormes,  Despretz,  and  Dulong, 
and  by  the  subsequent  researches  of  Favre  and 
Silbermann  and  of  Andrews,  have  furnished  us 
with  tolerably  accurate  data  as  to  the  amount 
of  heat  generated  by  the  combustion  of  various 
substances.  The  quantities  of  heat  generated 
by  the  combustion  in  oxygen  of  one  gramme 
of  hydrogen  and  of  carbon  are  stated  in  the 
following  Table,  the  unit  employed  being  the 
quantity  of  heat  which  is  required  to  raise  the 
temperature  of  one  gramme  of  water  from  o'^  to 
1®  Centigrade  : — 


Hydrogen 


33881  Andrews. 

34462  Favre  & Silbermann. 


Carbon  (product  CO2),  ( 7900  Andrews. 

wood  charcoal 1 8080  Favre  & Silbermann. 


The  per-centage  composition  of  a fuel  having 
been  ascertained  by  analysis,  its  calorific  power 
can,  therefore,  be  determined  by  calculation. 
Thus,  in  the  case  of  a fuel  consisting  only  of 
carbon  and  hydrogen,  if  we  multiply  the 
amount  of  carbon  and  the  amount  of  hydrogen 


by  the  respective  numbers  expressing  the 
calorific  power  of  carbon  and  of  hydrogen,, 
and  add  the  products,  the  sum  represents  the 
relative  calorific  power  of  the  fuel.  When 
oxygen  is  present  in  the  fuel  a deduction  has. 
to  be  made,  and  if  we  assume  that  it  is  the 
hydrogen  which  is  rendered  ineffective  by 
combination  with  the  oxygen,  then,  as  in 
water,  the  oxygen  is  combined  with  one-eighth 
of  its  weight  of  hydrogen,  we  have  to  deduct 
from  the  hydrogen  of  the  fuel  one-eighth  of  its 
weight  of  oxygen. 

The  British  unit  of  heat  is  the  quantity  which 
raises  the  temperature  of  i lb.  of  water  i"  Fahr. 
(from  40°  to  41®  Fahr.),  but,  as  Professor  W. 
J.  Macquorn  Rankine  pointed  out  in  an  in- 
structive paper  on  “The  Economy  of  Fuel,” 
read  before  the  Royal  United  Service  Institu- 
tion in  1867,  the  most  convenient  unit  for 
practical  use  in  relation  to  the  value  of  fuel 
is  the  unit  of  evaporation,  that  is  the  heat  re- 
quired to  evaporate  a unit  of  weight  of  water 
under  the  mean  atmospheric  pressure  of 
147  lbs.  per  square  inch,  the  water  being 
supplied  to  the  boiler  at  a temperature  of 
212®  Fahr.  The  British  unit  of  evaporation  is 
the  quantity  of  heat  that  evaporates  i lb.  avoir- 
dupois of  water  at  212°  Fahr.,  but  the  evajjora- 
tive  power  is  usually  determined  at  a tempera- 
ture above  212°,  and  with  the  feed-water  at  a 
temperature  below  212®,  the  necessary  correc- 
tions being  made. 

Calculated  on  the  basis  of  the  figures  of 
Favre  and  Silbermann  already  given,  the 
evaporation  unit  for  hydrogen  is  62 ‘658,  and 
for  carbon  14*691. 

In  1869,  H.  St.  Claire  Deville,  being  in- 
structed by  the  French  Government  to  conduct 
a series  of  experiments  with  the  object  of 
ascertaining  the  value  of  liquid  fuel,  deter- 
mined the  calorific  effect  of  various  samples 
of  crude  petroleum  from  the  United  States  and 
other  countries.  In  the  case  of  a sample  from 
Oil  Creek,  United  States,  he  found  the  total 
calorific  power  to  be  9,963  Centigrade  units> 
equal  to  an  evaporation  of  16*17  lbs.  water 
per  I lb.  of  oil ; but  his  actually  obtained 
yield  of  steam  was  14*05  lbs.  per  i lb.,  1,252 
heat  units  out  of  the  9,963,  by  exact  measure- 
ment, being  lost  in  operating  the  chimney  to 
produce  draught,  and  76  units  by  radiation. 
A sample  from  Franklin,  United  States,  of 
higher  density,  gave  10,672  units;  and  a 
third  sample  of  Ohio  oil,  dense  and  black,. 
10,399.  In  1871,  Deville  determined  the  heat- 
ing power  of  various  samples  of  Russian  petro- 
leum of  the  following  composition  : — 
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Xo.  I. 

Xo.  2. 

Xo.  3. 

Xo.  4. 

Xo.  5. 

Hydrogen 

12-5 

II-7 

12-0 

13-6 

12-3 

Caibon 

87-4 

87-1 

86-5 

86-3 

86-6 

Oxvgen 

o-i 

1-2  j 

1-5 

o-i 

i-i 

lOO-O 

! 100  0 

lOO-O 

1000 

roo-o 

Sp.  gr,  at  0°  C. 

•882 

•928 

•897 

•884 

•938 

On  the  basis  of  calculating  the  heat  of  com- 
bustion from  the  composition  of  the  oil  by 
subtracting  from  the  hydrogen  one-eighth  of 
the  oxygen,  multiplying  the  difference  by 
344-62,  and  adding  to  the  product  the  quantity 
of  carbon,  multiplied  by  8o-8,  Deville  accord- 
ingly  gave  the  theoretical  heat  of  combustion 
of  the  five  samples  as  follows: — No.  i,  11,370 
cal.;  No.  2,  1 1,000  cal.  ; No.  3,  1 1,060  cal.  ; 
No.  4,  11,666  cal.;  and  No.  5,  11,200  cal. 
The  calorimeter  employed  in  the  subsequent 
experiments  was  a steam-engine  of  8 horse- 
power, with  a Belleville  boiler,  in  which  the 
pressure  was  kept  constant  within  i-ioth 
atmosphere.  By  means  of  this  engine,  air  was 
pumped  into  an  iron  reservoir,  of  40  cubic 
inches  capacity,  provided  with  a stop-cock, 
through  which  the  air  escaped  under  a constant 
pressure  of  2^  atmospheres.  In  the  case  of 
samples  4 and  5,  the  actual  results  obtained 
were  as  follows  : — 

Found.  Calculated.  Difference. 

No.  4 11,460  ..  11,660  ..  200 

,,  5 10,800  ..  11,200  ..  400 

Assuming  the  mean  difference  to  be  thus  300 
heat  units,  the  other  samples  would  give  : — 


Found. 

Calculated. 

No. 

I 

11,370 

n 

2 

..  11,000 

3 

..  11,060 

The  whole  of  these  results,  obtained  with  Baku 
oils,  were  higher  than  those  yielded  by  the 
American  petroleums  previously  examined  by 
Deville. 

In  a paper  read  in  this  room  in  1868,  Dr. 
Paul  explained  at  some  length  the  theory  of 
the  combustion  of  fuel,  and  pointed  out  the 
causes  of  the  large  differences  between  the 
total  evaporative  power  of  a fuel  and  the 
results  obtained  in  practice.  The  conclusions 
ably  expressed  in  this  paper  were  to  the  effect 
that,  after  making  the  necessary  deductions 
from  the  theoretical  evaporative  power,  the 
effective  heat  amounted  to  15-8  units  in  the 
case  of  a hydrocarbon  containing  14  per  cent. 


of  hydrogen,  the  proportion  of  hydrogen  in 
petroleum  being  about  13  per  cent.  This 
estimate  would  make  the  relative  evaporative 
efficacy  of  petroleum,  as  compared  with  coal, 
as  about  i : 1*39,  but  in  the  calculation  an 
allowance  is  made  for  the  use  of  double  the 
necessary  quantity  of  air,  and  if  the  hydro- 
carbon be  burnt  with  only  just  enough  air  for 
combustion,  the  effect  capable  of  being  realised 
would  be  13  to  14  per  cent,  greater. 

The  following  Table  was  given  by 
Goulishambarotf,  in  an  article  “ Sur  les  pro- 
prietes  Physiques  et  le  Pouvoir  Calorifique  des 
Petroles  et  des  Huiles  Minerales  ” {^ComAtes: 
Rendus,  Ixix,  442-453) : — 


Crude  Petroleum  Oil. 


Pennsylvanian 

Russian. 

Light. 

Heavy. 

Xaphtha 

refuse. 

per 

per 

per 

per 

cent. 

cent. 

cent. 

cent. 

Carbon 

84-9 

86-3 

86-6 

87T 

Hydrogen 

13  7 

i3'6 

12-3 

n'7 

Ox)"gen 

I ’4 

O'l 

I'l 

I'2 

ioo‘o 

lOO’O 

lOO'O 

lOO'O 

Sp.  gT.  at  0®  C 

•886 

•884 

•938 

•928 

Heating  power,  British  ; 

thermal  units J 

19,210 

22,628 

19,440 

i9,26o> 

Theoretical  evaporation  \ 

at  8 atm.  pressure,  in  lbs.  > 

i6'2 

i7‘4 

i6*4 

i6-2 

of  water  per  lb.  of  fuel ) 

1 

The  difference  between  the  theoretical  and 
the  practical  evaporative  powers  of  fuels  arises 
from  abstraction  of  heat  rendered  latent ; from 
imperfect  combustion  resulting  from  the  use 
of  too  little  air  ; from  loss  of  heat  by  conduc- 
tion and  radiation,  as  well  as  cooling  produced 
by  the  admission  of  too  much  air;  and  from 
loss  of  the  heat  which  escapes  with  the  furnace 
gases.  In  the  use  of  liquid  fuel  there  is  less 
difficulty  in  insuring  perfect  combustion  than 
in  the  use  of  coal,  and,  accordingly,  the  prac- 
tical results  obtained  when  liquid  fuel  is 
properly  employed  compare  more  favourably 
with  those  yielded  by  coal,  than  would  be 
anticipated  from  a consideration  of  the  relative 
theoretical  results. 

A great  number  of  arrangements  for  burning 
liquid  fuel  have  been  patented,  in  some  in- 
stances an  absorbent  material  being  employed 
as  a kind  of  wick,  but  the  method  which  has 
been  commonly  adopted  with  the  greatest 
success  consists  in  spraying  or  pulverising  the 
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oil  by  a jet  of  steam,  either  wet  or  super- 
heated. The  mechanical  action  of  the  steam 
jet  results  in  a thorough  mixing  of  the 
vaporous  fuel  with  the  air  necessary  for  its 
combustion;  and  Professor Rankine  conceives 
that  there  is  besides,  a chemical  action,  the 
oxygen  of  the  steam  combining  to  some  extent 
with  the  carbon  of  the  fuel,  the  hydrogen  of 
both  being  set  free,  and  the  deposit  of  un- 
consumed carbon,  which  is  otherwise  liable  to 
occur  in  the  use  of  petroleum  as  a liquid  fuel, 
being  prevented.  Professor  Rankine  strongly 
recommends  the  superheating  of  the  steam 
employed.  Even  better  results,  however,  than 
those  which  have  been  obtained  by  the  spray- 
ing process,  have  been  yielded  in  the  use  of 
Mr.  Ludwig  Nobel’s  “trough  burners,”  to 
which  I shall  have  occasion  to  refer  later. 

As  long  ago  as  1830  Pinkus  advocated  the 
use  of  hydrocarbons  for  steam  generating 
purposes  ; but  the  first  successful  practical 
trials  of  liquid  fuel  in  this  country  were,  I 
believe,  those  made  at  Woolwich  Dockyard,  in 
1864,  with  Richardson’s  apparatus.  Various 
oils  were  used  in  these  experiments,  and  an 
evaporation  of  12  to  13  lbs.  of  water  per  lb.  of 
oil,  as  compared  with  7 ’3  lbs.  per  lb.  of  coal, 
was  obtained.  The  arrangement  adopted  by 
Bridges  Adams  for  burning  liquid  fuel  was  also 
tried  at  Woolwich  about  the  same  time,  and  in 
1868  the  Government  authorised  the  experi- 
mental application  to  a yacht  boiler  of  the 
system  invented  by  Wise,  Field,  and  Aydon 
some  years  previously.  In  the  same  year 
Crow’s  oil-burning  apparatus  was  tested  by 
the  Admiralty,  and  some  successful  trials  of 
Dorsett’s  system  were  made  on  the  Retriever, 
a steam  ship  of  500  tons  burden.  In  the  mean- 
time, in  1862,  patents  for  oil-burning  apparatus 
had  been  granted  in  the  United  States,  to 
Bidley,  Shaw,  Linton,  and  others.  In  1865, 
Shpakovsky  devised  an  arrangement  for  spray- 
ing liquid  fuel  by  means  of  a blast  of  air,  and 
a steamer  was  fitted  with  this  apparatus  in 
Russia  in  1870. 

In  some  of  the  more  primitive  refineries  at 
Baku,  I observed  that  the  petroleum  residuum, 
or  “astatki,”  was  used  as  fuel  by  burning  it 
upon  the  hearth  of  the  furnace,  but  the  com- 
bustion is  under  such  circumstances  very  im- 
perfect, a large  quantity  of  dense  black  smoke 
being  evolved.  At  the  better  conducted  re- 
fineries, such  as  that  of  the  Nobel  Company, 
the  spray  principle  is  adopted,  the  burner 
employed  being  either  that  of  Lentz  or  some 
modification  of  it.  The  Lentz  burner  is  fitted 
with  two  pipes,  one  conveying  the  liquid  fuel 


and  the  other  steam  from  the  boiler.  These 
pipes  meet  in  the  burner,  which  is  so  con- 
structed that  the  oil  trickling  through 
notches  in  the  edge  of  a diaphragm  is  blown 
off  by  steam  which  escapes  at  the  under  side 
in  jets,  with  intervening  spaces  for  the  ad- 
mission of  air.  The  burner  is  fixed  in  front  of 
the  fire  door,  and  the  long  horizontal  flame 
produced  is  projected  into  the  furnace.  The 
“pulverisers”  of  Artemeff,  of  Brandt,  of 
Nobel  (which  is  a modification  of  Brandt’s), 
and  others,  will  be  found  fully  described  and 
illustrated  in  Eitgineering,  vol.  35  (1883),  by 
Mr.  Thomas  Urquhart,  Locomotive  Superin- 
tendent of  the  Griazi-Tsaritsin  Railway  of 
Southern  Russia.  The  burner  which  is  stated 
to  have  given  the  best  results  in  use  on  the 
locomotives  of  that  railway  compan}'’,  is 
Karapetoff’s ; and  that  which  has  been 
adopted  by  the  Russian  Government  as  best 
adapted  for  use  in  torpedo  vessels  is  Kauf- 
mann’s.  All  these  pulverisers  depend  for 
their  action  upon  the  principle  illustrated  in 
the  description  of  the  Lentz  apparatus,  and 
differ  only  from  that  burner  in  details  of  con- 
struction and  in  the  shape  of  the  flame  pro- 
duced. They  are  all,  in  fact,  similar  to  the 
apparatus  patented  by  Messrs.  Wise,  Field, 
and  Aydon,  in  1867,  and  used  at  the  works  of 
Messrs.  J.  C.  and  J.  Field,  of  Lambeth.  In  a 
valuable  paper,  which  will  be  found  in  the 
“Proceedings  of  the  Institute  of  Mechanical 
Engineers”  for  1884,  Mr.  Urquhart  gives  the 
results  obtained  in  the  practical  use  of  petro- 
leum residuum  on  the  railway  already  referred 
to.  Comparative  trials,  made  in  winter, 
showed  that  the  economy  of  petroleum,  as 
compared  with  anthracite,  was  41  per  cent, 
in  weight  and  55  per  cent,  in  cost;  and,  as 
compared  with  bituminous  coal,  49  per  cent, 
in  weight  and  61  per  cent,  in  cost.  As  com- 
pared with  wood,  petroleum  was  50  per  cent, 
cheaper.  At  a speed  of  14  miles  an  hour  up 
an  incline  of  i in  125  the  steam  pressure  was 
easily  kept  up  at  a pressure  of  8 to  atmos- 
pheres, with  a No.  9 injector  feeding  the 
boiler  continuously.  In  summer  the  mean 
evaporation  per  lb.  of  fuel  was  ii’35  lbs. 
of  water  from  an  initial  temperature  of  about 
55°  Fahr.,  the  theoretical  evaporative  power 
being  i6‘2.  The  useful  effect  was,  there- 
fore, 70  per  cent.  The  comparative  trials  in 
summer  gave  a difference  of  56  per  cent,  in 
weight  and  66  per  cent,  in  cost  in  favour  of 
petroleum  as  compared  with  bituminous  coal, 
and  52  per  cent,  in  weight  and  63  per  cent,  in 
cost  as  compared  with  anthracite.  The  results 
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for  the  entire  year  gave  for  petroleum,  as 
compared  with  the  mixture  of  half  bituminons 
and  half  anthracite  coal  used,  an  advantage  of 
38  per  cent,  in  weight  and  46  per  cent,  in  cost 
in  the  case  of  the  goods  trains,  and  25  per 
cent,  in  weight,  and  33  per  cent,  in  cost 
in  the  case  of  the  passenger  trains.  Mr. 
Urquhart  remarks  that  he  has  successfully 
used  petroleum  as  an  anti-incrustator,  and  also 
finds  that  the  presence  of  oil  in  the  boiler  tends 
to  reduce  the  tendency  to  priming,  unless  too 
much  is  employed.  Petroleum  is  more  difficult 
to  use  in  a locomotiv^e  boiler  than  in  a marine 
or  stationary  boiler,  and  at  first  it  was  found 
impossible  to  prevent  leakage  of  tubes,  ac- 
cumulation of  soot,  and  inequalities  of  heating 
of  the  fire-box ; but  by  the  use  of  properly 
arranged  brickwork  inside  the  fire-box  these 
difficulties  have  been  overcome.  The  weak 
point  of  all  pulverising  arrangements  is  the 
comparatively  uneconomical  use  they  make  of 
the  fuel,  besides  which  the  noise  of  the  blast  is 
in  some  instances  objectionable,  and  the  trough 
burner  of  Mr.  Ludwig  Nobel,  with  which  no 
steam  is  used,  has  been  found  to  give  consider- 
ably better  results.  This  apparatus  consists 
of  a series  of  shallow  troughs  (one  of  which  I 
have  on  the  table),  so  arranged  one  above 
another  at  the  mouth  of  the  furnace,  that  the 
burning  oil  flows  by  successive  stages  from  the 
highest  to  the  lowest.  Comparative  experi- 
ments made  with  this  apparatus,  with  a spray- 
ing arrangement,  and  in  the  use  of  coal  in  the 
same  boiler  at  Messrs.  Nobel’s  works,  gave  the 
following  results  : — 

Practical  Evaporation  of  Water  per  Pound 
OF  Fuel. 

Coal 7 to  8 lbs. 

Petroleum  residuum,  sprayed  ..  12  ,, 

Petroleum  residuum,  burned  with 
Nobel’s  system  of  troughs ....  14^  ,, 

The  trough  burner  has  also  been  very  suc- 
cessfully employed  in  metallurgical  operations. 

Petroleum  residuum  is  the  only  fuel  employed 
for  steam  generating  purposes  in  the  steam- 
ships on  the  Caspian  Sea,  and  I observed  that, 
both  in  the  case  of  these  vessels  and  of  the 
locomotives  on  the  trans-Caucasian  Railway, 
the  combustion  was  smokeless,  though  occa- 
sionally a slight  odour  of  imperfectly  consumed 
oil  was  perceptible. 

It  is  reported  that  the  Central  Pacific  Rail- 
way Company  have  recently  commenced  the 
use  of  liquid  fuel  on  their  steam-ships,  and 
have  obtained  results  which  show  the  cost  of 


the  oil  to  be  56  per  cent,  of  that  of  the  coal 
previously  employed. 

In  this  country  experiments  are  now  being 
made  at  Portsmouth  with  the  object  of  deter- 
mining the  relative  economy  of  liquid  fuel  and 
coal  for  use  in  the  belligerent  navy.  At  the 
end  of  last  year  the  cargo  steamer  Himalaya, 
of  800  tons  burden  and  100  horse-power 
nominal,  which  had  been  fitted  with  Mr.  Percy 
P.  Tarbutt’s  oil-burning  apparatus,  made  a 
successful  trial  trip  to  Leith  and  back, 
making  8|^  knots  per  hour  under  disadvantage- 
ous circumstances,  her  mean  speed  when  fired 
with  coal  having  been  to  7 knots.  The 
boilers  in  this  vessel  have  three  furnaces,  each 
of  which  is  lined  with  fire-brick  and  provided 
with  a fire-brick  baffle,  and  a combustion 
chamber  beyond.  Within  the  chamber  is  a 
coil  of  pipe  to  superheat  the  steam  used  in 
spraying  the  oil.  Messrs.  Tarbutt  and 
Quentin,  the  managers  of  Tarbutt’s  Liquid 
Fuel  Company,  inform  me  that  experiments 
made  by  two  engineers  of  the  Compagnie 
Fran^aise  des  Diamants  du  Cap,  at  the  works 
of  Messrs.  Oliver  and  Company,  Chesterfield, 
with  a Robey  boiler  fitted  with  the  Tarbutt 
burner,  showed  a mean  evaporation  of  16*3  lbs. 
of  water  per  lb.  of  oil,  the  highest  result 
obtained  being  17-2  lbs.  Another  test  made 
by  Oliver  and  Company  gave  the  relative 
efficiency  of  coal  and  oil  as  1:2.6.  In  a marine 
boiler  fitted  with  the  same  apparatus,  the 
engineer  of  Messrs.  Wigham,  Richardson,  and 
Company  is  stated  to  have  obtained  an 
evaporation  of  15 ’57  lbs.  of  water  per  lb.  of 
oil.  The  liquid  fuel  which  has  been  employed 
by  Mr.  Tarbutt  in  this  country  is  the  residual 
product  know’n  as  “ dead  oil.”  In  the  use  of 
the  various  steam-spraying  apparatus  it  is 
necessary  first  to  raise  steam  in  the  boiler  by 
the  use  of  some  other  fuel,  or  to  employ  an 
independent  steam-generating  appliance  until 
the  boiler  has  been  sufficiently  heated. 

It  is  well  known  that  Admiral  Selwyn  claims 
to  have  obtained  in  the  use  of  liquid  fuel  far 
more  satisfactory  results  than  those  which 
I have  given.  Liquid  fuel  occupies  only 
slightly  less  space  than  coal,  but  its  greater 
steam-generating  power  obviously  enables  a 
steamer  to  make  a much  longer  voyage  with- 
out taking  in  a further  supply.  Liquid  fuel 
can  also  be  placed  on  board  far  more  quickly 
and  with  far  less  annoyance  to  passengers^ 
advantages  which  will  be  appreciated  by  those 
who  have  made  a long  sea  voyage  in  a steam- 
ship. Besides  which,  nearly  the  whole  of  the 
labour  expended  in  trimming  the  coal  and 
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stoking  is  saved  ; and  in  the  case  of  ships  of 
war  the  smokeless  character  of  the  combustion 
is  a feature  of  no  small  importance, 

I have  already  referred  to  the  use  of  the 
Nobel  ‘'trough  burner”  in  metallurgical 
operations.  With  this  apparatus  I saw  pure 
iron  reduced  to  a liquid  state,  and  if-  the  air 
supplied  were  heated,  a still  higher  tempera- 
ture could  be  obtained.  Liquid  fuel  is  much 
used  in  Russian  foundries,  its  purity  giving  it 
a considerable  advantage  over  coal ; and  at 
the  Norway  Ironworks  at  Boston,  Mass.,  it 
is  preferred  to  gas  or  solid  fuel.  In  some 
experiments,  made  in  1879  at  the  Brooklyn 
Navy  Yard,  with  a mixture  of  petroleum  and 
pitch  blown  into  the  furnace  with  superheated 
steam,  iron  was  melted  in  10  minutes,  and 
glass  in  2 hours,  as  compared  with  2 hours 
and  16  hours  respectively  when  coal  was  used. 

I have  also  referred  to  the  use  of  natural 
gas  in  the  rolling  mills  at  Pittsburg,  as  well 
as  for  heating  the  steam  boilers  used  in  drill- 
ing and  pumping.  In  January,  1885,  Mr. 
Andrew  Carnegie  stated  that  “already  four 
distinct  pipe-lines,  two  of  them  eight  inches  in 
diameter,  convey  the  gas  from  this  district 
[Murraysville,  Westmoreland  County],'  to 
manufacturing  establishments  in  Pittsburg, 
and  a fifth  line  conveys  it  to  our  Bessemer 
steel  mills,  nine  and  ten  miles  distant. 
Another  line  of  ten-inch  pipe  is  being  laid.” 
Mr.  Ashburner,  writing  at  the  end  of  last  year, 
states  that  it  is  estimated  that  there  are  at 
present  being  supplied  with  natural  gas  in  the 
city  of  Pittsburg  alone,  1,500  dwellings,  66 
glass  factories,  34  rolling  mills,  and  45  other 
industrial  establishments,  and  that  about 
10,000  tons  of  coal  are  thereby  displaced 
daily.  It  is  only  within  the  past  two  or  three 
years  that  natural  gas  has  been  largely  used 
in  industrial  operations  iri  the  United  States, 
but  the  gas  has  long  been  commonly  employed 
as  fuel  in  culinary  operations  and  for  warming 
dwellings  throughout  the  oil  districts  of  that 
country.  The  gas  is  consumed  in  Bunsen 
burners,  and  in  one  locality  that  I visited  a 
charge  is  made  for  it  at  the  rate  of  $4  per 
month  per  stove.  Lampblack,  of  excellent 
quality,  is  made  to  a large  extent  in  the 
United  States  by  the  imperfect  combustion  of 
natural  gas. 

Natural  gas  has  been  used  from  time  im- 
memorial in  lime  burning  in  the  Caucasus,  the 
gas  being  evolved  from  the  ground  in  some 
localities  in  the  neighbourhood  of  Baku  in 
such  quantity  that  the  lime  burner  simply  has 
to  loosen  the  earth,  apply  a light,  and  build  a 


mound  of  limestone  over  the  flame  thus  pro- 
duced. 

Petroleum  is  used  as  a substitute  for  coal- 
gas  in  gas-engines.  In  some  cases,  as  I 
have  explained,  “air-gas”  is  first  made  by 
saturating  air  with  the  more  volatile  products 
of  the  distillation  of  petroleum.  In  other  cases, 
as  in  that  of  Spiel’s  petroleum  motor,  the 
liquid  hydrocarbon,  petroleum  spirit,  or  benzo- 
line, is  injected  into  the  cylinder. 

In  treating  of  the  methods  of  testing  mineral 
oils,  I have  referred  to  some  of  the  character- 
istics of  lubricating  oils,  and  I mentioned  the 
determination  of  viscosity  as  being  a test  on 
which  I should  have  more  to  say  later.  I have 
recently,  at  a meeting  of  the  Society  of  Chemical 
Industry,  dealt  somewhat  fully  with  the  relation 
of  viscosity  to  lubricating  power,  and  described 
various  methods  of  measuring  the  viscosity  of 
an  oil.  The  machines  of  Ingram  and  Stapfer, 
Thurston,  Woodbury,  and  others,  are  designed 
for  the  purpose  of  directly  testing  lubricating 
power,  but  since  it  is  admittedly  extremely 
difficult  to  ascertain  the  conditions  of  the 
practical  use  of  a lubricant,  and  still  more 
difficult  to  reproduce  them  with  certainty  upon 
a testing  machine,  the  conclusion  to  which  I 
have  come  in  the  course  of  some  experience 
in  such  work  is  that  viscosity  is  on  the 
whole  the  best  measure  of  the  lubricating 
power  of  an  oil,  the  relation  betw^een  the  two 
being  in  the  case  of  various  mineral  oils  un- 
doubtedly very  close,  and  the  determination  of 
viscosity  being  a tolerably  exact  operation  and 
less  liable  than  the  testing  of  lubricating  power 
with  the  machines  mentioned  to  give  mislead- 
ing results. 

Mineral  lubricating  oils  possess  the  great 
advantage  over  fixed  oils,  and  especially  over 
seed  oils,  of  being  practically  free  from  any 
tendency  to  oxidation  ; cotton  waste  saturated 
with  such  oils  is  therefore  not  liable  to  spon- 
taneous ignition.  The  admixture  of  mineral 
oils  with  fixed  oils  has  been  shown  by  the 
experiments  of  Coleman  and  Galletly  in  this 
country,  of  Dollfus  in  Alsace,  and  subsequently 
of  Ordway  and  Atkinson  in  the  United  States, 
to  largely  reduce  or  overcome  the  tendency  of 
the  latter  to  become  oxidised.  Professor 
Ordway  and  Mr.  Atkinson  experimented  at 
temperatures  up  to  190°  Fahr.,  or  even 
higher  in  certain  cases,  and  usually  con- 
tinued the  heating  of  the  oiled  cotton  waste 
for  six  hours.  They  found  that  oils,  such  as 
linseed  or  cotton  seed,  peculiarly  prone  to 
oxidation,  were  liable  to  take  fire  even  when 
mixed  with  as  much  as  75  per  cent,  of  petro- 
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leum  oil,  while  in  the  case  of  lard  oil  an 
admixture  of  33  per  cent,  of  petroleum  spindle 
oil  prevented  spontaneous  combustion  under 
the  conditions  of  the  test,  though  an  admixture 
of  32  per  cent,  did  not.  The  previous  experi- 
ments made  by  Mr.  Coleman  and  Mr.  Galletly  at 
lower  temperatures  indicated  that  an  admixture 
of  from  30  to  50  per  cent,  of  a mineral  oil  pre- 
vented the  ignition  of  the  fixed  oils  commonly 
employed.  Obviously,  the  protective  action  of 
the  mineral  oil  varies  with  the  temperature  to 
which  the  oiled  cotton  waste  is  exposed,  but  it 
may  be  said  that  to  the  extent  to  which  mineral 
oil  is  present  the  tendency  of  the  fixed  oil  to 
become  spontaneously  ignited  is  diminished. 

Suitable  mineral  oils  undergo  no  change 
when  used  to  lubricate  the  cylinders  and  valves 
of  high  pressure  steam-engines,  whereas  fixed 
oils,  when  used  under  such  circumstances, 
become  decomposed,  and  injury  to  the  metallic 
surfaces  results.  Nothing  but  a pure  mineral 
oil  should  therefore  be  used  for  the  purpose. 

A mineral  lubricating  oil  should  be  of  a 
viscosity  suited  to  the  pressure,  speed,  and 
temperature  of  the  journal ; of  a flashing  point 
sufficiently  high  to  render  the  production  of 
inflammable  vapour  impossible,  and  of  such 
^‘cold-test”  that  the  lubricators  and  bearings 
are  not  liable  to  be  clogged  by  the  deposition 
of  solid  hydrocarbons.  Some  operators  attach 
a good  deal  of  importance  to  the  determination 
of  the  loss  by  evaporation  on  exposure  for 
a lengthened  period  to  a temperature  con- 
siderably above  that  of  the  atmosphere,  the 
evaporation,  even  in  the  case  of  oils  of  high 
flashing  point,  sometimes  being  considerable. 
Professor  Ordway  is  of  opinion  that  a spindle 
oil  should  not  lose  more  than  5 per  cent,  of  its 
weight  when  a circular  piece  of  filtering  paper 
about  two-thirds  of  the  diameter  of  an  ordinary 
watch  glass  is  saturated  with  it,  and  exposed 
for  twelve  hours  to  a temperature  of  140  F. 
The  oil  should  also  be  free  from  acid  or  other 
impurity  that  may  act  injuriously  upon  the 
metallic  surfaces. 

The  semi-solid  mixture  of  petroleum  hydro- 
carbons, termed,  in  the  British  Pharma- 
copaeia,  Parajiiium  Molle,  is  now  largely 
used  by  pharmacists  as  a basis  of  ointments 
and  for  other  purposes.  A process  for  the 
manufacture  of  this  substance  was,  as  I have 
stated  in  a previous  lecture,  patented  by  the 
Chesebrough  Manufacturing  Company  several 
years  ago,  and  the  company  claim,  with  justice 
I believe,  to  have  first  introduced  the  product 
which  they  term  vaseline,  into  commerce.  It 
is  also  contended  by  the  company  that  their 
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patented  process  of  manufacture  is  the  only 
one  yet  devised  which  is  capable  of  yielding 
satisfactory  results,  and  that  the  “ imitations  ” 
of  vaseline  found  on  the  market  are  not  suit- 
able for  some,  at  any  rate,  of  the  uses  to  which 
vaseline  is  applied.  It  is  stated  to  be  im- 
portant in  the  manufacture  of  the  substance  to 
carefully  select  the  crude  oil,  to  conduct  the 
evaporation  of  the  volatile  hydrocarbons 
present  in  such  a manner  as  to  prevent 
“cracking,”  and  to  purify  the  residue  simply 
by  filtration  through  animal  charcoal,  and 
without  the  use  of  acid  or  other  chemical. 
The  vaseline  thus  produced,  they  say,  is  free 
from  any  irritating  properties,  whereas  a mix- 
ture of  hydrocarbons  purified  in  the  usual 
manner  by  chemical  treatment  is  liable  to  act 
injuriously  upon  delicate  skins.  Moreover,  it 
is  contended  that  the  soft  paraffin  made  by 
fusing  together  crystallised  paraffin  and  heavy 
mineral  oil  cannot  be  kept  without  some 
separation  of  the  oil  occurring,  and  is  more 
atfected  than  true  vaseline  is  by  changes  of 
temperature.  Although  much  of  this  remains 
to  be  experimentally  demonstrated,  it  seems 
reasonable  to  suppose  that  just  as  the  best 
burning  oil  is  that  which  is  the  most  homo- 
genous, or  is  composed  of  the  fewest  hydro- 
carbons, so  the  best  soft  paraffin  for  pharma- 
ceutical purposes  is  that  which  consists  of  the 
semi-solid  comparatively  uncrystalline  hydro- 
carbons obtained  in  the  manner  specified  in 
the  Chesebrough  patent.  It  may  be  that  the 
use  of  highly  crystalline  paraffin  for  pharma- 
ceutical purposes  is,  as  some  contend,  un- 
objectionable, but  no  doubt  a mixture  of  hard 
paraffin  and  oil  would  be  more  liable  to  separate, 
or  to  be  affected  by  changes  of  temperature, 
than  a mixture  of  hydrocarbons  of  the  proper 
consistency,  none  of  which  differed  very  greatly 
in  melting  point,  and  none  of  which  had  a 
marked  tendency  to  crystallise.  Be  this  as  it 
may,  however,  it  appears  unquestionable  that 
the  pharmaceutical  use  of  hydrocarbons  which 
have  been  purified  by  chemical  treatment,  and 
though  subsequently  deprived  of  free  acid 
may  contain,  as  mineral  oil  sometimes 
does,  sulphur  compounds,  should  be  dis- 
couraged. In  this  connection  it  must  be  borne 
in  mind  that  vaseline  is  not  sufficiently  hard 
for  certain  uses,  and  that  it  is  sometimes  neces- 
sary to  mix  with  it  hard  paraffin  ; but  this  is 
not  a valid  argument  for  the  employment  of 
what  may  be  termed  an  artificial  vaseline  in 
the  sense  already  specified,  either  for  use  alone 
or  for  mixing  with  hydrocarbons  of  a higher 
melting  point.  There  has  already  been  a good 
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deal  published  on  the  subject  of  soft  paraffin 
by  practical  pharmacists  and  others,  but  in 
my  opinion  considerable  benefit  would  result 
from  the  conduct  of  a comprehensive  series  of 
systematic  comparative  experiments  under 
varied  conditions,  and  extending  over  a con- 
siderable period.  It  might  then  be  possible  to 
frame  more  precise  and  satisfactory  tests 
for  Paraffinmn  Molle  than  those  which 
are  specified  in  the  Pharmacopoeia.  As 
the  Chesebrough  patent  will  shortly  expire, 
and  as  other  manufacturers  are  already 
supplying  apparently  similar  products  under 
other  names,  the  official  recognition  of 
the  mixture  of  undistilled  and  comparatively 
amorphous  hydrocarbons  could  not  well 
be  regarded  as  encouraging  the  use  of  a 
proprietary  article.  There  has  been  an 
undoubted  reaction  in  regard  to  the  very 
favourable  opinions  that  were  at  first  enter- 
tained of  vaseline  as  a substitute  for  animal 
fats.  The  result  of  experience  appears  to  be 
that  wffiile  vaseline,  owing  to  its  unalterable 
character,  is  decidedly  preferable  to  an  animal 
fat  as  a vehicle  for  the  local  application  of 
remedial  agents,  yet  in  cases  where  the 
locality  of  action  is  not  superficial,  'and 
absorption  of  the  unguent  is  required,  vaseline 
is  less  suitable.  As  illustrating  the  variety 
of  pharmaceutical  and  other  uses  to  which 
vaseline  is  applied,  I may  direct  your  attention 
to  the  representative  series  of  specimens  on  the 
table,  for  which  I am  indebted  to  the  Chese- 
brough Company. 

The  miscellaneous  uses  to  which  the  pro- 
ducts of  petroleum  are  applied  are  somewhat 
numerous.  The  treatment  of  seeds  with 
mineral  oil,  prior  to  sowing,  has  been  advo- 
cated as  preventing  the  attacks  of  vermin  ; 
and  it  has  also  been  suggested  that  fruit  trees 
should  be  dressed  with  the  oil  with  the  object 
of  arresting  the  development  of  insect  life. 
The  latter  application  requires,  however,  to  be 
made  with  some  caution,  as  it  has  been  found 
that  at  certain  states  of  their  spring  growth 
some  trees  are  liable  to  be  killed  by  such 
treatment.  Mineral  oils  have  also,  in  common 
with  other  oils,  been  used  with  great  success 
in  preventing  the  breaking  of  waves  and 
making  the  sea  smoother. 

Paraffin  is  largely  used  to  impregnate  wooden 
matches  and  make  them  more  combustible, 
and  I have  seen  it  applied  in  a thin  coating  to 
the  heads  of  matches  to  render  them  water- 
proof. Dr.  Stenhouse  patented  the  applica- 
tion of  paraffin  to  woollen  fabrics  to  increase 
their  strength  and  make  them  waterproof. 


Paraffin  is  also  used  for  glazing  frescoes  and 
paper  ; for  saturating  gypsum  figures  ; and  by 
the  laundress,  in  starching  linen,  to  give  a 
gloss.  It  has  also  been  used  for  lining  beer 
barrels.  As  a preservative  for  stone  and  wood, 
paraffin  also  answers  well,  and  it  forms  a good 
protective  coating  for  the  labels  and  stoppers 
of  bottles  containing  corrosive  fluids.  Paraffin 
is  used  in  preserving  eggs,  and  has  been  re- 
commended also  as  a preservative  covering 
for  meat,  fruit,  and  flowers.  It  also  forms  a 
good  electrical  insulator.  One  of  the  most 
recent  uses  is  that  which  has  been  suggested 
by  Mr.  Joly,  of  Dublin,  who  finds  that  a good 
photometer  disc-substitute  may  be  made  by 
placing  between  two  suitably-shaped  blocks 
of  paraffin  a sheet  of  tin-foil. 

We  have  now  accompanied  from  its  birth  to 
its  cremation  the  mighty  stream  of  petroleum 
which  is  ever  flowing  from  the  earth  to  supply 
the  daily  increasing  demand.  We  have  traced 
the  oil  from  the  derrick  to  the  lamp  and  candle- 
stick, from  the  petroleum  well  and  shale  dis- 
tillery to  the  furnace  and  the  bearings  of 
machinery.  We  have  now  reached  our  goal, 
at  this  the  close  of  our  last  meeting.  If  I 
have  not  succeeded,  in  spite  of  my  efforts,  in 
placing  before  you  the  interesting  subject  of 
our  programme  in  its  most  attractive  form,  I 
venture  to  hope  that  I have  enabled  you  to 
carry  away  an  intelligent  conception  of  this 
great  industry,  the  rapid  growth  of  which  is 
without  parallel  in  the  history  of  the  world’s 
commerce.  The  use  of  petroleum  products 
for  illuminating  purposes  has  often  been  said 
to  have  exercised  a civilising  influence  of  an 
important  character,  and  there  are  those  who 
contend  that  the  degree  of  mental  culture  of 
a nation  may  be  measured  by  the  quantity  of 
mineral  oil  consumed.  There  is,  at  any  rate, 
no  doubt  whatever  that  the  use  of  so  cheap  an 
illuminating  agent  has  materially  lengthened 
the  available  time  for  work,  as  well  as  for 
elevating  recreation  and  improvement  of  the 
mind.  It  may,  therefore,  fairly  be  said  that 
the  introduction  of  mineral  oils  has  largely 
increased  the  sum  of  human  happiness,  and 
rendered  the  labour  of  mankind  more  pro- 
ductive. 


Miscellaneous. 

♦ 

COLONIAL  AND  INDIAN  EXHIBITION. 

The  number  of  visitors  to  the  Exhibition  for  the 
week  ending  July  24th,  was  166,791 ; making  a total 
since  the  opening  of  1,970,398. 
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COLONIAL  FORESTRY* 

Referring  to  the  inquiries  of  the  Select  Com- 
mittee on  Forestr)',  and  to  the  scheme  which  had 
been  submitted  to  it  by  the  Secretary  of  the  Sur- 
veyo  s’  Institution,  respecting  a National  School  of 
Forestry,  Professor  Fream  proceeded  to  deal  with  the 
present  condition  of  forestry  in  the  larger  colonies. 
In  Canada  there  is  need  of  conservation  of  existing 
forests,  and  of  tree-planting  over  the  vast  prairie 
regions ; several  of  the  provincial  governments  have 
moved  in  the  matter,  and  everything  now  seems  ripe 
for  the  establishment  of  a department  of  forest  con- 
servancy under  the  Dominion  Government.  In  New 
South  "Wales,  the  Forest  Conservancy  Branch  is 
under  the  Minister  of  !Mines,  and  was  established  in 
1877.  There  are  5,390.513  acres  of  land  set  apart  as 
timber  reserves,  equivalent  to  2-7  per  cent,  of  the 
area  of  the  colony.  The  salaries  and  expenses  of  the 
officers  of  the  conservancy  amount  to  nearly  0,000 
per  annum.  The  total  expenditure  from  1877  to 
1884  was ^^75,923  ; the  revenue,  ^85,992.  Nurseries 
are  being  established  for  the  propagation  of  the  most 
suitable  trees,  indigenous  and  foreign.  In  Victoria, 
952,367  acres  of  State  forests,  and  285,334  acres  of 
timber  reserves  are,  in  conformity  with  the  State 
Forests  Conservancy  Act,  placed  under  the  Depart- 
ment of  Agriculture,  but  even  this  area  is  not  com- 
mensurate with  the  demand  for  timber  for  industrial 
purposes.  In  1883,  the  revenue  from  woods  and  forests 
waS;^8,58o,  and  expenditure,  ^2,538.  In  South  Aus- 
tralia, the  Forest  Conser\-ancy  is  under  the  Commis- 
sioner of  Crown  Lands,  and  was  established  in  1876, 
since  when  the  revenue  has  practically  balanced  the  ex- 
penditure, and  upwards  of  one  and  a half  million  trees 
have  been  added  to  the  property  of  the  colony  at  an 
actual  cash  disbursement  of  only  about  ^^2,000.  The 
approximate  value  of  permanent  improvements  is 

1 15,000.  The  area  devoted  to  forest  purposes  is 
150,000  acres.  In  1884,  the  Conservancy  distributed 
gratis  more  than  200,000  young  trees,  at  least,  half 
of  which  survived  transplantation,  and  cost  the 
colony  less  than  ^d.  each.  In  Queensland  there  are 
twenty  forest  rangers  under  the  Department  of 
Public  Lands,  with  1,572,752  acres  of  proclaimed 
timber  reserves,  and  202,575  acres  of  reserv'es  for 
State  forests.  One  reserve  is  used  as  a plantation 
for  growing  seedlings  for  distribution.  In  New 
Zealand,  out  of  a total  area  of  66,394,400  acres, 
34,000,000  acres  of  Cro%vn  lands  still  remain,  of 
which  10,000,000  acres  are  forest.  Under  the  New 
Zealand  State  Forests  Act,  1885,  a Forestry  Depart- 
ment has  just  been  started,  and  is  placed  under  a 
responsible  Minister  of  the  Crown,  who  acts  as 
Commissioner  of  State  Forests.  The  Government 
assists  planting  on  the  part  of  landowners,  by 
subsidy  or  otherwise.  In  Cape  Colony,  by  an 
Act  passed  in  1876,  public  bodies  are  allowed 
half  their  expenses  in  tree  cultivation.  There  is  a 

• Abstract  of  a paper  read  by  Professor  W.  Fream,  at  the 
Colonial  and  Indian  Exhibition,  on  AVednesday,  30th  June. 


Superintendent  of  Woods  and  Forests,  and  con- 
servancies have  been  established  at  Knysna,  King 
William’s  Town,  and  in  the  Western  Division.  To 
encourage  planting,  over  one  million  trees  are  raised 
annually  in  nurseries,  and  distributed  gratis  or  at 
rates.  It  is  believed  that  the  Crown  Forests  would, 
if  regularly  and  carefully  worked,  produce  a revenue 
of  at  least  ;^235, 000 — the  sum  which  leaves  the  colony 
every  year  to  pay  for  imported  wood — for  imported 
railway  sleepers  alone,  ^83,000  was  expended  in 
1883,  and  ;i^44,ooo  in  1884,  on  American  and  Swedish 
timber.  In  Australia  and  Cape  Colony,  English 
forest  trees  are  being  successfully  cultivated.  In 
all  the  colonies  the  reckless  waste  and  wanton  de- 
struction of  former  days  have  given  place  to  wise 
systems  of  conservancy,  such  as  are  worthy  of  a tree- 
loving  people. 


MARINE  WOOL. 

The  manufacture  of  articles  from  marine  wool,  or 
hisso,  is  an  industry  carried  on,  only  on  a limited 
scale,  on  the  coast  of  Sardinia,  and  more  particularly 
at  the  island  of  the  Madalena ; if  the  product  was 
better  known,  it  might  become  an  important  branch 
of  trade,  insomuch  as,  from  the  softness  of  the  tex- 
ture of  this  substance,  its  natural  colour  and  dura- 
bility, bisso,  instead  of  being,  as  it  is  now,  a simple 
object  of  curiosity,  merits  a place  in  everyday  use. 

The  bisso,  or  golden  wool,  is  obtained  from  the 
Pinna  nobilis,  a mollusca  belonging  to  a genus  of 
shell  fish  which  attaches  itself  to  rocks  and  stones  at 
the  bottom  of  the  sea  by  means  of  a tuft  of  a fibrous 
hair-like  substance.  This  tuft  is  usually  of  a yellowish- 
brown  colour,  of  a silk-like  texture,  with  a brilliant 
metallic  lustre,  and  is  found  in  great  quantities  in 
the  numerous  little  bays  and  creeks  on  the  coast  of 
Sardinia,  and  more  especially  on  the  shores  of  the 
islands  of  Caprera  and  La  Madalena.  The  F'^tna 
is  one  of  the  largest  bivalves  found  in  the  Mediter- 
ranean, and  the  great  pinna  is  known  at  Madalena 
by  the  name  of  gnacchera,  or  naccliera ; in  the 
Venetian  dialect  as  gnaccara,  which  name  is  pro- 
bably derived  from  the  Spanish  nacara,  signifying 
a sea  shell ; whilst  the  same  word  in  that  language, 
nacre,  in  French  signifies  mother-of-pearl.  Bisso 
appears  to  have  been  known  to  the  ancients,  as 
Pliny,  in  his  “Natural  History,”  makes  mention  of  its 
being  found  at  Taranto,  but  as  being  little  used. 

The  implements  used  for  collecting  this  shell  fish 
is  simply  an  oval-shaped  ring  of  strong  iron  wire, 
called  locally  ferro  di  nacchera,  which  is  fixed  at  the 
end  of  a rod  from  15  to  20  feet  in  length,  and  the 
pinna  is  disengaged  from  the  rocks  and  brought  up 
to  the  surface  by  this  instrument.  The  fish,  which 
is  somewhat  indigestible,  is  used  as  an  article  of  food 
by  the  fishermen,  the  edible  part  being  well  washed 
and  rubbed  on  a rough  surface  in  order  to  free  it 
from  a bitter  tasting  substance  of  a reddish-brown 
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colour  wliich  it  contains,  and  called  locally  pepe 
(pepper). 

The  tuft  of  wool  is  then  washed  first  in  salt  water, 
in  order  to  free  it  from  the  sand,  fragments  of  shells, 
and  other  substances  that  may  be  entangled  in  its 
fibres,  and  after  a second  washing  in  cold  water 
It  is  dried  in  the  sun.  When  dry  it  is  combed  and 
the  tuft  remaining  is  cut  from  the  root  by  which  it  is 
attached  to  the  shell,  and  it  is  next  spun  like  cotton, 
-wool,  or  other  textile  substances.  The  combings  also 
can  be  spun,  but  yield  an  inferior  quality  of  yarn. 
The  hisso  is  of  two  colours,  or  rather  two  shades  of 
the  same  line  particular  to  it,  either  dark  or  light, 
the  latter  being  the  most  prized  on  account  of  the 
rich  dark  gold  lustre  {Vielle  or),  from  which  its  name 

golden  wool  ” is  derived.  On  account  of  the  small 
quantity  in  which  it  is  collected,  the  little  care 
taken  in  sorting,  the  stuffs  made  from  this  wool 
are  often  stiiped  with  dark  and  light  shades. 
Oysters  of  excellent  quality  often  attach  themselves  to 
the  shells  of  the  nacchera.  These  shells  might  be 
used  as  an  inferior  quality  of  mother-of-pearl.  The 
pearls  that  are  occasionally  found  in  these  shells  are 
usually  of  a light  brown  or  copper  colour,  sometimes 
of  a reddish  tint,  and  more  rarely  of  a white  or  rather 
a dirty  white.  The  price  of  hisso  is  as  follows : — 
When  simply  washed  and  dried,  7 lire  per  kilog. 
(2s.  6d.  per  lb.)  ; combed,  15  lire  per  kilog.  (5s.  7^d. 
lb.) ; and  when  carded  and  spun,  at  30  lire  per  kilog. 
(iis.  3d.  per  lb.)  The  cost  of  spinning  is  7*50  lire 
per  kilog.  (2s.  7fd.)  The  fibre  loses  about  25  per 
-cent,  of  its  weight  by  combing  and  spinning. 

The  price  of  articles  manufactured  from  this  wool 
are  cravats  5 lire  each  (43.),  small  shawls  from  25 
lire  to  30  lire  (^,^1  to  4s.);  they  are  extremely 
■durable,  and  a shawl  costing  originally  60  lire 
(^2  8=.),  which  has  been  in  constant  wear  in  all  kinds 
of  weather  for  upwards  of  twelve  years,  was  lately 
seen  by  the  writer. 


Correspondence. 


ACTION  OF  LIGHT  ON  WATER  COLOURS. 

I have  the  honour  to  request  that  you  will  be  so 
good  as  to  allow  me  to  state  in  the  Journal  of  the 
Society  of  Arts  that  the  Lords  of  the  Committee  of 
Council  on  Education  have  appointed  a committee, 
consisting  of  Sir  F.  Leighton  (chairman),  Mr. 
Poynter,  Mr.  Alma  Tadema ; Mr.  Carl  Haag  and 
Mr.  Henry  Wallis,  named  by  the  Royal  Society  of 
Water  Colours ; Sir  J.  D.  Linton  and  Mr.  F. 
Dillon  by  the  Royal  Institute  of  Painters  in  Water 
Colours;  together  with  Mr.  Sidney  Colvin,  of  the 
British  Museum,  and  Mr.  Armstrong  of  this 
Department,  to  consider  the  question  of  the  action 
of  light  on  paintings  in  water  colours.  Captain 


Abney  and  Dr.  Russell,  who  have  for  some  time 
past  been  making  a scientific  investigation  of  the 
action  of  light  on  the  various  pigments  used  in 
painting,  will  inform  the  committee  of  artists  of  the 
method  and  nature  of  the  inquiry.  With  this  in- 
formation before  them,  the  committee  will  be  in  a 
position  to  judge  whether  there  are  any  further  points 
which  they  would  desire  to  suggest  to  Capt.  Abney 
and  Dr.  Russell  for  investigation,  or  whether  there  is 
any  inquiry  they  would  themselves  wish  to  carry  on. 

J.  F.  D.  Donnelly. 

Science  and  Art  Department, 

23rd  July,  1886. 


Obituary. 

^ 

Sir  John  Anderson,  LL.D. — Sir  John  Ander- 
son, who  had  been  a member  of  the  Society  of  Arts 
for  thirty-one  years,  died  at  St.  Leonards-on-Sea, 
on  Wednesday,  28th  inst.,  in  his  seventy-second 
year.  Sir  John  was  for  many  years  Superintendent 
of  Machinery  in  the  Royal  Gun  Factory  at  Woolwich 
Arsenal,  and  he  received  a knighthood  after  his 
return  from  the  Paris  Exhibition  of  1878,  where 
he  acted  as  a juror.  He  read  a paper  before  the 
Society  of  Arts  in  January,  1857,  on  the  “ Applica- 
tion of  Machineiy  in  the  War  Department  and  in 
1869  delivered  a course  of  Cantor  Lectures  on 
“Applied  Mechanics.”  When  the  Technological 
Examinations  were  started  by  the  Society  he  was 
appointed  examiner  in  the  subject  of  “ Steel.”  Sir 
John  Anderson  presented  a free  library  to  his  native 
village  of  Woodside,  near  Aberdeen,  a few  years 
ago. 

David  Stevenson,  F.R.S.E.— Mr.  D.  Stevenson, 
one  of  the  engineers  to  the  Board  of  Northern 
Lighthouses  and  the  Fishery  Board  of  Scotland  for 
Harbours,  died  at  North  Berwick  on  Saturday,  17th 
inst.  Mr.  Stevenson  was  the  third  son  of  Robert 
Stevenson,  the  engineer  of  the  Bell  Rock  Lighthouse. 
He  was  born  at  Edinburgh,  in  January,  1815,  and 
his  first  professional  engagement  after  completing 
his  apprenticeship  was  on  the  Liverpool  and 
Manchester  Railway,  under  Mr.  Mackenzie, 
the  contractor.  He  read  a paper  on  this  scheme 
before  the  Royal  Scottish  Society  of  Arts,  and 
received  one  of  that  Society’s  medals.  In  1837,  he 
made  a professional  tour  in  Canada  and  in  the  United 
States,  the  results  of  which  he  published  in  a work 
issued  in  Weale’s  series,  under  the  title  of  “ Sketch 
of  Civil  Engineering  in  North  America.”  He  was 
elected  a member  of  the  Institution  of  Civil  Engineers 
in  1844.  He  was  the  author  of  articles  in  the 
Encyclopcedia  Britannica,  and  of  several  distinct 
works,  one  of  these  being  the  life  of  his  father,  pub  - 
lished  in  1878.  Mr.  Stevenson  was  elected  a member 
of  the  Society  of  Arts  in  1873. 
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FRINGE  OF  WALES S TESTIMONIAL 
FUND. 

Members  of  the  Society  desiring  to  take 
part  in  the  subscription  to  the  above  fund  can 
obtain  collection  forms  from  the  Secretary, 
who  will  also  be  happy  to  receive,  for  trans-^ 
mission  to  the  Hon.  Secretaries  of  the  Fund, 
any  subscriptions  from  members  or  their 
friends.  No  subscription  is  to  exceed  two 
guineas.  Contributions  may  also  be  sent 
direct  to  the  Hon.  Secretaries  to  the  “ Prince 
of  Wales’s  Testimonial  Fund,”  Bank  of 
England,  Burlington-gardens,  London,  W. 

It  is  the  desire  of  the  Testimonial  Committee 
to  preserve  the  names  of  all  subscribers. 
Names  and  addresses  should,  therefore,  be 
carefully  given. 

H.  Trueman  Wood,  Secretary. 


Proceedings  of  the  Society. 

♦ 

CANTOR  LECTURES. 

THE  ARTS  OF  TAPESTRY  - MAKING 
AND  EMBROIDERY. 

By  Alan  S.  Cole. 

Lecture  I. — Delivered  April  ^th,  1886. 

[The  right  of  reproducing  this  Lecture  is  reserved.] 

The  subjects  of  the  Cantor  lectures  which 
the  Society  of  Arts  have  kindly  invited  me  to 
deliver  are  Tapestry-making  and  Embroidery. 
These  are  two  branches  of  the  comprehensive 
group  of  textile  manufactures  and  ornamenta- 
tion ; and  although  we  may  perceive  some 
resemblances  in  methods  of  execution  between 
the  weaving  of  textiles,  the  makingof  tapestries, 
and  certain  forms  of  embroidery,  there  are 
sufficiently  marked  differences  to  entitle  each 
branch  to  be  separately  discussed. 

The  patterns  and  ornament  of  textiles  also 
form  a distinct  topic,  affecting  both  tapestry- 
making  and  embroidery.  But  in  a necessarily 
limited  and  preliminary  lecture  I do  not  think 
that  one  could  very  usefully  try  to  indicate  the 
classes  or  groups  of  ornament  peculiar  to  each 
process.  The  closer  one  looks  into  the  orna- 
mental character  of  things,  the  more  the 


conclusion  seems  to  present  itself  that  all 
ornamentation,  in  whatever  material  it  may  be 
expressed,  is  to  be  viewed  as  a long  chain  of 
many  links.  The  chief  part  of  my  lecture  this 
evening  will,  therefore,  relate  to  a development 
of  pattern. 

Certain  processes  of  manufacture  have 
undoubtedly  affected  the  expression  of  orna- 
mental effects  ; and,  vice  versa,  the  attempt  to 
produce  certain  ornamental  shapes  and  effects 
by  methods  which  have  not  readily  lent  them- 
selves to  the  attempt  has  sometimes  brought 
about  modifications  of  methods. 

Sewing,  as  used  for  uniting  furs  and  skins 
together,  may,  in  some  cases,  precede  weaving 
in  a procession  of  human  crafts  ; but  weaving 
in  a loom  with  a shuttle  appears  to  be  the 
senior  of  processes  pertaining  to  textile  manu- 
factures. Embroidery,  which  is  a develop- 
ment of  sewing,  comes  as  a handmaid  to 
weaving.  In  fact,  embroidery  postulates 
weaving,  as  a rule,  since  it  requires  a woven 
foundation  to  start  from,  although  the  em- 
broidery with  horse-hair  and  beads  upon 
leather,  such  as  the  wampam  of  American 
Indians,  and  other  tribes  in  our  own  hemis- 
phere, is  an  exception.  That,  however,  does 
not  diminish  the  significance  of  the  fact  that 
embroidery  has  been  done  upon  a woven 
foundation  from  the  earliest  known  times. 

Tapestry-making,  as  applied  to  the  pro- 
duction of  large  pieces,  is,  perhaps,  a later 
process  than  weaving  and  embroidery.  The 
apparatus  for  making  tapestry  is  more  involved 
than  that  for  simple  weaving  and  embroidery. 
In  a genealogy  of  processes,  it  would  be 
hardly  correct  to  assign  to  tapestry-making 
a position  as  the  offspring  of  the  far  older 
process  of  carpet-making,  which,  however, 
it  closely  resembles.  So  far  as  one  can  trace 
it  from  actual  results  of  the  process,  tapestry- 
making in  respect  of  large  hangings  for  use 
in  tents,  or  buildings,  may,  perhaps,  be  con- 
sidered to  be  European,  and  dating  from 
about  the  12th  century.  Before  this  time, 
hangings,  but  probably  of  light  texture,  had 
been  put  to  uses  like  those  to  which  tapestry 
came  to  be  devoted.  A process  analogous  to 
if  not  identical  with  that  which  we  shall  next 
Monday  see  is  peculiar  to  tapestry,  had  existed 
for  centuries,  and  had  been  employed  by 
Oriental  people  like  the  Egyptians,  Syrians, 
Tartar,  and  Tibetan  tribes,  and  possibly 
Arabs.  But  distinct  evidence  that  such  a 
process  is  one  of  the  earliest  known  to  textile 
makers  is  not  forthcoming  in  the  same  way  as 
the  indications  that  simple  weaving  was  one 
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of  the  necessary  and  primary  human  arts  or 
processes  amongst  people  in  all  parts  of  the 
world.  As  time  went  on,  and  goes  on,  modi- 
fications were,  and  are  still,  made  in  the 
weaving  apparatus,  the  frame,  the  cylinders, 
the  working  of  the  warp,  the  number  of  the 
shuttles,  and  so  forth  ; but  the  main  principle 
of  the  process  has  remained  the  same  from  all 
time ; and  the  primitive  methods  prevail 
amongst  primitive  people,  as  may  be  gathered 
from  illustrations  of  weaving  which  are  sup- 
plied to  us  from  people  such  as  the  natives  of 
Ishogo,  a place  in  that  district  of  West  Africa, 
between  the  Congo  and  Gaboon  Rivers. 

And  now  turning  to  the  principal  subject  of 
my  first  lecture,  I would  say  that,  whilst  the 
ornaments  or  patterns  which  have  been  ex- 
pressed are  very  varied,  reflecting  phases  of 
ingenuous  and  conventional  fancy  andrendering 
for  thousands  of  years,  the  use  of  primitive  and 
simple  forms  of  ornament  also  survives.  Not 
only  are  there  these  survivals,  but  there  are 
recurrent  appearances  of  more  elaborate  orna- 
ment, the  elementary  components  of  which  are 
apparently  to  be  traced  to  simple  and  primitive 
forms.  It  would  be  misleading  were  I to  ex- 
emplify  these  ornaments  merely  in  respect  of 
tapestries  and  embroideries.  I have,  therefore, 
collected  together  a few  diagrams  from  various 
sources,  and  with  these  I venture  to  very 
slightly  suggest  a development  of  patterns. 

It  is  usual  to  display  the  history  of  art  and 
its  development  by  taking  records  of  the  earliest 
historic  periods,  and  attributing  to  each  of  the 
famous  nationalities  of  the  world  a credit  for 
having  produced  some  distinctive  style.  Under 
this  method  of  treatment,  we  may  first  dis- 
cuss the  Egyptians,  then  the  Assyrians, 
then  the  Greeks,  whose  rapid  attainment 
to  artistic  supremacy  seems  to  isolate  them 
from  the  Egyptians  and  Assyrians.  The 
Romans  follow  the  Greeks,  and  a decline  in 
quality  ensues.  A somewhat  vague  Roman- 
esque and  Byzantine  nationality — though  it 
might  more  properly  be  termed  ‘'period  of 
art  is  then  traced ; after  which  the  germs  and 
their  blossom  of  the  Renaissance  and  Gothic 
styles  in  Italy,  Germany,  Flanders,  France, 
England,  and  Spain  are  discovered,  to  be  suc- 
ceeded by  developments  of  antecedent  styles, 
as  displayed  in  certain  classes,  under  titles 
belonging  to  royal  families  and  sovereigns, 
such  as  Tudor,  Elizabethan,  Jacobean,  Louis 
XIV.,  XV.,  and  XVI.,  Georgian  and  Empire. 
To  this  general  scheme,  types  of  Celtic  and 
Scandinavian  art,  Moorish,  Arabic,  Syrian, 
Persian,  Indian,  Chinese,  and  Japanese  art 


either  form  a sort  of  supplement,  or  are  occa- 
sionally alluded  to  as  circumstances  may  seem 
to  invite ; whilst  art,  as  expressed  by  people 
like  the  natives  of  the  Congo,  the  New  Zea- 
lander, and  the  Toltec  or  the  Aztec  of  Central 
America,  is  dealt  with  as  though  it  were  outside 
the  pale,  and  possessed  a peculiar  interest  of  its 
own,  having  virtually  nothing  in  common  with 
the  previously  named  styles. 

The  term  art  or  skill  can  be  applied  to  all 
branches  of  human  work.  And  in  its  relation 
to  expressions  of  form  and  colour,  and  to  pro- 
cesses or  handicrafts,  rather  than  to  countries 
or  periods,  I propose  to  consider  it  in  the 
course  of  my  lectures.  For  after  all  what  is 
nationality  in  art  ? Is  it  possible  to  take  any 
phase  of  art  and  maintain  that  its  creation, 
as  distinct  from  those  features  which  one 
groups  as  pertaining  to  individuality  of  treat- 
ment, is  peculiar  and  due  to  a single  man,  and 
its  rearing  to  a single  nation  ? The  greatest 
geniuses  could  not  have  done  what  they  did 
without  work,  and  the  influence  of  such  work^ 
having  preceded  them.  Commerce,  in  a broad 
sense  between  peoples,  has  from  undateable 
periods  distributed  the  works  of  human  labour 
and  ingenuity,  sometimes  where  wit  was  keen 
to  act  under  their  influence,  sometimes  where 
wit  was  slow.  The  rare  individual  genius 
carries  the  art,  whatever  it  may  be,  a stage 
further  than  has  previously  been  reached ; 
whilst  others  of  less  ability  emulate  some 
chosen  example,  and  in  so  doing  either  main- 
tain or  obscure  the  influence  of  traditions.  So 
far,  then,  as  history  of  art  may  be  written,  and 
especially  perhaps  of  art  in  Europe,  this 
practical  handing  on  and  modifying  of  its  tra- 
ditions through  retrogressive  as  well  as 
progressive  stages  of  emulation  involves  a 
cosmopolitan  survey.  Circumstances  of  isola- 
tion, stagnation  in  custom,  and  interruption  of 
social  arrangements  and  habits,  have  been 
contributory  causes  to  the  stereotyping  of 
certain  level  standards  of  performance  in  pro- 
ductions which,  through  likeness  one  to  another,, 
are  subsequently  regarded  as  components  of  a 
national  style,  such  for  instance  as  the  Assyrian, 
Egyptian,  and  Romanesque  styles . Butnational 
style  of  art  in  this  sense  might  be  held  to  be 
demonstrated  by  cognate  works  showing  more 
often  a comparativeabsencethanpredominance 
of  complete  ability.  Consequently,  to  detach 
and  consider  by  itself  some  one  or  other 
national  series  of  emulative  works,  impairs  the 
view  of  development  of  drt  for  its  own  sake. 

Carlyle  writes  that  the  first  spiritual  want  of 
man  is  decoration,  a statement  involving 
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a cosmopolitan  aspect  of  man,  and  im- 
plying a common  want  and  a common 
response,  throughout  the  period  that  man  has 
been  in  the  world.  Similar  conditions  of  life, 
according  to  authorities  upon  climate,  geo- 
log)',  and  biology,  repeat  themselves  during 
the  course  of  hundreds  of  thousands  of  years. 
The  climate,  for  instance,  of  the  lower  miocene 
stage  prevailed  in  Europe  long  before  signs  of 
man  can  be  traced ; and  yet  a similar  climate 
now  prevails  at  Louisiana,  North  Africa,  and 
South  China,  where  man  exists.  The  antiquity 
of  geological  records,  from  which  such  facts  1 
believe  are  deduced,  is  overwhelming  in  con- 
templation, as  compared  with  that  of  the  records 
of  human  art.  Still,  if  one  could  adopt  a similar 
view  as  to  the  recurrence  or  succession  of 
marked  phases  of  artistic  decorative  and  orna- 
mental work,  the  demonstration  of  an  evolution 
of  such  work  would  be  possible,  although  it 
would,  I expect,  be  a matter  of  nice  discernment 
to  select  normal  types  to  fully  illustrate  it. 

Now,  decoration  as  the  response  to  “ the 
first  spiritual  want  of  man,”  may  for  our 
present  purposes  be  divided  into  two  broad 
divisions,  the  one  in  which  the  representation 
of  actual  things  occurs,  the  other  in  which 
abstract  forms  are  displayed.  A line  and  a 
dot  I may  suggest  as  simple  abstract  forms, 
elements  that  we  might  expect  to  find  in  the 
first  works  of  decoration.  Nevertheless,  it  is, 
I think,  a striking  fact  that,  chronologically 
taken,  the  first  specimens  of  graphic  art 
at  present  known  to  us  gives  us  not  only  re- 
presentations of  animals  but  also  of  human 
habits,  like  hunting. 

These  were  scratched  on  bones  of  animals 
by  cavemen  many  thousands  of  years  before 
the  Egyptians,  of  whose  skill  in  representing 
actual  things  and  abstract  forms  we  have 
records  goingbacktomore  than  5,oooyearsago. 

The  art  or  skill  in  the  drawing,  as  we  see  by 
these  diagrams  thrown  on  the  screen,  indicates 
a facility  and  fidelity  of  representation  which 
belong,  according  to  our  notions,  more  to  a 
trained  draughtsman  than  to  so  presumably 
barbaric  a creature  as  a caveman.  As  Mr. 
Boyd  Dawkins  points  out,  a somewhat 
similar  graphic  skill  displays  itself  in  en- 
gravings on  bone  by  the  Eskimos  of  the 
present  time,  and  it  would  seem  that  the  con- 
ditions of  their  life  are  not  far  removed  in 
likeness  from  those  of  the  cavemen.  But  I 
think  it  will  be  allowed  that  the  graphic 
skill  of  the  cavemen  should  take  a higher 
position  in  an  evolution  of  skill  than  that  of 
the  modern  Eskimos.  From  the  evidences 


furnished  by  the  cavemen,  we  are  not,  I think, 
forced  to  conclude  that  pattern  making  with 
abstract  forms  did  not  co-exist  with  the  power 
of  sketching  animals. 

And  here  I would  show  you  a series  of  simple 
abstract  forms  taken  from  various  sources, 
from  the  combination  of  which  patterns  have 
arisen. 

First  we  have  repeated  lines  (Fig.  i.  A) 
graven  on  pre-historic  pottery;  then  zig-zag 
(b,  c,  d.)  The  square  (e),  the  square  within 
a square  (f),  and  what  is  commonly  known 
as  key  pattern  (G,  h),  (Fig.  2,  i,  J,  K,  l),  are 

Fig.  I. 

Nil  AAA  AAA 

A B c 

Universal.  Prehistoric,  In  various- 

countries. 

mm  □□  0101 

D E F 

Prehistoric,  North  Egpytian,  Chinese, 

American  Indians, 

New  Guinea. 


+ + 

G H 

Universal.  Tibetan,  Grecian. 


Fig.  2. 
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Chinese.  Japanese.  Lake  Dwellings, 
Switzerland. 


00© 


L 

Pimos  Tribe,  Gulf 
of  California, 


M 

Assyrian, 
Bronze  age. 


©©/ 

N O 

Etruscan.  New  Guinea. 
Scandinavian. 


used  as  simple  abstract  forms  by  people  of 
primitive  and  advanced  culture.  Certain  elabo- 
rations of  patterns  with  straight  lines  are  seen  as 
admirably  carried  out  in  the  fine  plaitings  and 
well-ordered  carvings  of  savages  as  they  are  in 
the  geometric  patterns  of  the  Chinese,  J apanese, 
and  those  people  grouped  as  Saracenic.  Orna- 
ment based  on  circular  and  curved  lines 
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seems  to  be  as  early  in  its  appearance  as 
that  made  with  straight  lines.  The  circle  and 
concentric  circles  are  elements  in  primitive 
ornaments  (m).  By  the  introduction  of  a curved 
line  between  a pair  of  double  concentric  circle 
forms  (n)  we  have  the  suggestion  of  a spiral,  and 
this  suggestion  is  carried  a stage  further  by  so 
primitive  a being  as  a native  of  New  Guinea  (o). 
The  origin  of  the  spiral  (Fig.  3)  has,  I believe. 


Fig.  3. 


been  a subject  of  profound  discussion,  and  it 
seems  to  be  a form  not  so  purely  abstract 
as  those  we  have  previously  looked  at. 
Some  spirals  resemble  those  in  shells  or  the 
fronds  of  ferns,  others  again  may  have  arisen 
from  coils  of  string  or  wire,  and  others  from 
the  convolutions  on  the  flesh  of  fingers.  This 
latter  class  of  spiral  is  used  by  New  Zealanders 
for  their  tattoo  ornaments. 

Thus  the  variety  of  actual  things,  from 
representing  which  an  ornament  like  the 
spiral  may  arise,  is  sufficient  probably  to 
account,  if  need  be,  for  a number  of  indepen- 
dent appearances  of  apparently  the  same 
ornament.  The  same  sort  of  remark  applies 
to  many  other  ornamental  forms.  As  the  study 
of  ornament  proceeds,  forms  having  an 
apparent  likeness  to  one  another  canbe grouped 
together  as  generic  types  in  one  large  family ; 
and  the  influence  of  dimensions  of  space — 
length  and  breadth — is  seen  to  have  effected 
the  use  of  such  types  in  the  making  of  patterns. 
A sense  of  length  has  operated  in  producing 
horizontal  patterns,  whilst  breadth  or  height 
has  assisted  in  producing  perpendicular  orna- 
ment. A sense  of  surface,  limited  by  length 
and  breadth,  has  helped  to  generate  the 
scattering  of  forms  in  horizontal  and  perpen- 
dicular series,  an  arrangement  very  noticeable 
in  diapers,  such,  for  instance,  as  we  observe  in 
this  Assyrian  King’s  costume.  The  diagram 
shown  on  the  screen  is  taken  from  a drawing 
of  a sculpture  done  about  800  years  B.c. 
Another  example  of  the  use  of  ornamental 
diapering  is  to  be  seen  in  a sculpture  from 
the  Usumacinta  River,  in  Central  America, 
possibly  carved  by  an  Aztec  artist  of  the  13th 
or  14th  century. 


I hope  that  these  suggestions  may  have  been 
sufficient  to  establish  the  fact  that  schemes  of 
arrangement  are  to  be  deduced  from  the 
simplest  of  patterns,  and  that  although  these 
schemes  have  a relationship  one  to  another, 
they  may  possibly  and  probably,  like  the  repre- 
sentation of  forms,  have  grown  into  usage 
quite  independently  of  any  such  factor  as  inter- 
imitation. 

But  a vast  quantity  of  patterns  has  been 
made  which  have  been  imitated  and  adapted 
from  one  to  another.  The  opportunities  of 
imitation,  such  as  those  furnishedby  intercourse, 
whether  arising  from  peacefuler  warlike  condi- 
tions, have  recurred  from  the  earliest  of  times. 
It  is,  therefore,  an  almost  hopeless  task  to  dis- 
cover absolute  originality  in  any  production. 
Theorising  upon  the  development  of  pattern, 
one  seems  to  see  that  monotony  of  symmetry, 
for  instance,  educes  a desire  for  contrast  of 
some  sort.  Both  symmetry  and  its  contrast 
are  conspicuous  in  elaborated  details  and 
masses  of  ornament  compounded  of  abstract 
forms  and  quasi-representation  of  actual 
things.  When  certain  ornamental  effects  are 
attempted,  the  unconstrained  representation 
of  the  actual  appearance  of  things  is  affected 
by  conditions  such  as  those  which  arise  from 
the  nature  of  the  material  in  which  these  effects 
are  to  be  rendered,  the  use  of  the  object,  and 
the  shape  of  the  whole  or  that  part  of  it  which 
it  is  intended  to  decorate.  For  instance,  from 
the  method  of  cross  stitch  embroidery,  which  is 
usually  regulated  by  the  rectangular  lines  of  the 
woven  material  upon  which  the  embroidery  is 
done,  rectangular  rendering  of  things  ensues, 
as  in  this  specimen  (Fig.  4,  p.  935)  (made  per- 
haps in  Germany  during  the  i6th  or  17th  cen- 
turies), where  it  was  suggested  that  some  Per- 
sian characters  were  depicted.  The  suggestion, 
however,  does  not  bear  the  test  of  close  scrutiny, 
since  we  trace  bird  forms  in  the  device,  which  is 
repeated  and  scattered  in  a diapering  pattern 
over  the  main  portion  of  the  specimen.  We  see 
that  the  device  itself  is  made  up  of  an  oblong 
body  resting  on  two  feet ; a neck  with  square 
head  and  straight  beak,  is  bent  backwards  over 
the  body — as  in  the  gait  of  a waddling  duck — 
whilst  from  the  extremity  of  the  back  rises 
a device  suggestive  of  an  upturned  tail. 
This,  then,  whatever  may  be  its  origin,  is 
no  mere  arrangement  of  lines  to  produce 
an  abstract  form ; it  possesses  a distinct 
meaning,  notwithstanding  that  its  value  in 
representing  a bird  is  somewhat  obscured. 
Similar  rectangular  renderings  of  animals  is 
furnished  by  tent  stitch  embroidery  from 
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Anatolia.  Many  shapes  in  woven  textiles 
and  carpets  from  Tartar  tribes  have  become 
so  contorted  by  the  special  process  in  which 
they  have  been  rendered,  that  one  loses  trace 
of  their  having-  started  originally  from  abstract 
forms  or  from  the  representation  of  actual 
things.  The  same  characteristic  is  observable 


in  certain  classes  of  ornament  made  by  strict 
Mohammedans,  whose  reverence  for  religious 
doctrines  prevents  them  from  actually  depict- 
ing living  objects.  The  orderly  arrangement 
of  the  odd-shaped  details,  however,  predomi- 
nates, and  gives  them  value  as  patterns. 

But  reverting  to  the  monotony  which  makes 


Fig.  4. 


North  German  Embroider}’,  ? i6th  Century. 


one  wish  for  change,  and  applying  this  feeling 
in  respect  of  a primitive  ornamentist  who  had  got 
rs  iar  as  making  a pattern  like  A of  Fig.  5,  we 

Fig.  5. 

vU  ^ 

A B t 

might  fairly,  I think,  suppose  that  he  would  seek 
to  make  some  change  by  introducing  some 
additional  lines.  In  such  a pattern,  then,  as 
B,  his  pleasure  in  radiation  of  lines  evi- 
dently rules  him.  But  the  slight  alteration  he 
had  thus  made  might  not  satisfy  him  ; and  as 
his  power  of  drawing  might  not  be  limited  to 
straight  lines  only,  he  might  use  curved  lines  ; 
and  by  adding  curved  lines  to  the  ends  of  his 
radiating  lines,  he  might  make  a more  com- 
plete looking  figure,  such  as  C.  Palm  trees 
spread  their  leaves  out  in  a radiating  manner ; 
so  that  a pattern  maker,  dominated  by  the 
pleasure  of  seeing  radiations,  might,  in  his 
ambition  to  make  forms,  be  influenced  by  the 
appearance  of  the  palm.  From  very  early 
times  the  palm  has  been  venerated  in  the  East 


as  a holy  tree.  An  early  Assyrian  symbolical 
ornament,  simple  or  primitive  in  construction, 
was  produced  by  a pattern  maker  who  may 
or  may  not  have  been  able  to  analyse  his  sense 
of  radiating  shapes.  The  likeness  between  the 
radiating  motives  in  this  symbolical  ornament 
and  the  pictorial  representation  of  palms  may 
be  seen  if  we  refer  to  an  Assyrian  bas-relief 
from  Nineveh,  in  which  a row  of  palm  trees 
appears  at  the  back  of  a procession  of  water- 
carriers.  Some  centuries  earlier  Solomon  uses 
the  palm  as  an  ornamental  detail  for  adorning 
the  Temple  (see  i Kings,  vi.  29). 

The  veneration  of  symbols  such  as  the  palm 
ornament  with  its  radiating  lines,  helped  to  fix 
the  use  of  such  symbols  for  many  centuries  (quite 
apart  from  sense  of  their  aesthetic  fitness). 
The  same  condition  occurred  in  Egypt,  in  regard 
to  the  lotus  plant  and  flower,  of  which  orna- 
mental renderings  became  fixed  by  religious 
discipline.  Thus  types  of  ornament  pervaded 
such  countries  ; and  it  was  not  until  desire  for 
variety  went  beyond  a conservative  power  of 
religious  doctrine,  as  for  instance  in  the 
Greeks,  that  new  shapes,  apparently  based 
upon  a perception  of  those  previously  used, 
arose,  and  the  anthemion,”  or  honeysuckle. 
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as  it  is  termed,  was  designed  (Fig.  6).  In  this 
the  essential  feature  of  radiating  lines  is 
prominent,  no  matter  whether  the  forms  are 
like  details  in  the  honeysuckle  blossom  or  not. 


Fig.  6. 


Another  example  of  motive  and  arrange- 
ment of  motive  in  design,  which  was  adhered 
to  a good  deal  in  consequence  of  an  associated 
religious  value,  has  been  discussed  by  Sir 
George  Birdwood.  This  motive  consists  of  a 
bud  and  blossom  in  repeated  alternations,  and 
is  known  as  the  knop  and  flower  ornament. 
A sense  of  alternation,  as  an  effective  and 
simple  means  of  contrast,  seems  to  be  universal 
amongst  ornamentists,  so  that  such  a motive 
as  this  blossom  and  bud  arrangement  may 


spring  into  existence  and  be  adopted,  apart 
from  the  influence  of  sectarian  doctrines. 

The  pine  cone,  the  Jerusalem  artichoke,  the 
pineapple,  and  such  like,  have  a common 
resemblance  to  one  another,  in  appearance 
of  successive  diamond  shapes,  presented  by 
the  overlapping  of  their  leaves  or  scales  within 
a tapering  oval  shape.  And  this  device,  which 
relies  for  its  effect  upon  a sort  of  radiation, 
has  educed  inventiveness  in  pattern  makers. 
The  vogue  which  this  cone  or  pine  motive  with 
radiating  cross  lines  has  had  in  a long  series 
of  variations,  may  no  doubt  have  been  in- 
fluenced by  the  religious  significance  with 
which  it  was  invested  thousands  of  years  ago 
in  the  East.  But  I venture  to  think  that 
the  attractiveness  of  radiating  lines  has  had 
as  much  to  say  to  its  later  adoption  as  its 
symbolism  had  to  its  earlier  wide-spread  use. 

Such  motives  are  well  known  in  patterns  for 
surfaces,  for  European  costumes  and  hangings 
of  the  15th  and  i6th  century,  as  well  as  for 
woven  fabrics,  some  of  which,  nominally  made 
at  Venice,  are  evidently  very  close  reproduc- 
tions of  similar  stuffs,  if  not  the  originals,  made 
in  the  East.  Here,  again,  are  a few  diagrams 
of  ornaments  in  which  the  radiation  of  lines 
upon  the  plan  of  the  Greek  anthemion  is  an 
essential  feature  common  to  them  all. 

The  ornament  from  Ispahan  (c  of  Fig.  7)  of  the 
5th  century,  with  a central  fruit  form,  may  in 

• 7- 


•some  distant  way  be  related  to  D,  the  Italian 
ornament  of  the  i6th  century  in  which  the 
fruit  form  is  more  pronounced,  whilst  B,  the 
so-called  English  ornament  of  the  14th  century, 
seems  also  to  be  connected  in  likeness  with 
them  and  with  A,  the  Chinese  specimen  as 
well. 

Coincidences  like  these  are  interesting.  We 
find  counterparts  of  them  in  other  results  of 
human  labour  and  thought,  such  as  literature, 
or  the  art  of  writing  and  telling  about  things  as 
distinguished  from  the  art  of  depicting  them  ; 
and  a small  book,  entitled  “Customs  and 
Myth,’’  written  by  Mr.  Andrew  Lang,  abounds 


with  them.  Mythology  and  history  have  had 
a considerable  effect  upon  producers  of  works 
of  art.  Scarcely  a Greek  sculpture  exists  that 
is  not  discovered  to  illustrate  some  event  or 
personage  of  mythology  and  history.  Here, 
for  instance,  we  have  a photograph  of  the 
group  of  Jove’s  eagle  carrying  off  a youth — 
Ganymede — to  serve  as  cup-bearer  to  the  gods. 
It  is  considered  to  be  the  work  of  Leochares, 
the  famous  Greek  sculptor,  about  350  years 
B.C. 

Here  is  evidently  another  version  of  the  same 
sort  of  story.  This,  as  we  see,  is  part  of  the  decora- 
tion of  a golden  jug  or  vase,  which,  with  other 
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treasures,  was  discovered  in  1799  in  Hungary,  I 
in  a district  associated  with  the  warlike  tribe 
of  Gepidae,  which  settled  on  the  banks  of  the 
Danube.  But  whether  this  vase  was  the  work 
of  an  artificer  working  under  the  influence  of 
Perso-Roman  or  Sassanian  ideas,  of  Scythic 
or  of  Grasco-Asiatic  thought,  it  has  not  yet 
been  decided  by  the  learned  in  these  matters. 
Still,  there  is  a justifiable  feeling  that  this 
jug  was  made  about  the  third  orfourth  centuries 
A.D.,  though  somewhat  similar  style  and  design 
appear  in  European  works  of  later  centuries. 

Now,  on  another  vase  of  the  same  time  we 
find  a somewhat  similar  group  of  a human 
being  in  the  clutches  of  an  eagle ; but  the 
human  being,  upon  inspection,  is  a woman,  so 
that  this  second  incident  depicted  clearly  does 
not  relate  to  Ganymede. 

From  this  specimen  I pass  to  a photo- 
graph of  a sculpture  lately  discovered  with 
many  others  at  Sanghao,  in  a north-western 
district  of  India.  I have  taken  this  from  one  of 
a series  of  interesting  monographs  beautifully 
illustrated,  published,  under  the  supervision 
of  my  brother.  Major  Cole,  R.E.,  by  the 
Government  of  India.  According  to  archaeolo- 
gists, the  event  here  shown  belongs  not  to 
Greek  mythology  but  to  that  of  Buddhism. 
The  woman  is  said  to  be  the  mother  of  Buddha 
Sakya  Muni,  who  was  carried  up  to  the 
Trayastrinsha  heavens,  to  be  there  regenerated 
after  her  death.  This  sculpture  may  perhaps 
be  regarded  as  the  work  of  a carver  about  on 
a par,  in  quality  of  design  and  workmanship, 
with  the  producer  of  the  Scythic  or  Graeco- 
Asiatic  vase.  Both  workers  are  removed  from 
each  other  by  great  lapses  of  time.  The 
car\'er  of  the  Buddistic  episode  presumably 
worked  about  the  beginning  of  the  Christian 
era,  and,  as  I have  said,  in  a north-western 
corner  of  India,  at  Sanghao.  This  place  is 
some  three  or  four  hundred  miles  from  the 
ancient  Sogdiana,  where  Alexander  the  Great 
300  B.C.  settled  for  a few  months,  during 
his  e.xpedition  into  Bactria.  Architectural 
remains  and  pieces  of  sculpture  have  been 
found  in  north-western  districts  of  India,  and 
are  often  spoken  of  as  Graeco-Bactrian,  and 
Graeco-Buddhist.  As  evidences  in  expounding 
a development  of  art,  the  Graeco-Asiatic  and 
Graeco-Buddhist  figures  might  fairly  be  classed 
together  as  illustrative  of  a phase  of  attain- 
ment much  in  the  same  way  as  we  classed  the 
simple  ornamental  arrangements  we  looked  at 
during  the  earlier  portion  of  the  lecture.  Both 
indicate  a lower  level  in  performance  than 
that  of  Leochares’  work,  and  might  be  regarded 


either  as  deteriorations  from  that  level  or  as 
aspirations  to  attain  to  it. 

Deterioration  from  or  aspiration  to  some- 
thing better,  are  extremely  interesting  qualities 
to  detect  in  a development  of  art,  and  in  this 
connection  I propose  to  refer  to  samples  of  the 
artistic  expressions  of  the  New  Zealander; 
not,  however,  that  I can  in  any  way  suggest 
the  stage  of  development  to  or  from  which 
this  type  of  ornament  may  be  ascending  or 
descending.  Broadly  speaking,  two  foremost 
motives  in  ornament  from  New  Zealand  are 
the  human  figure  and  spirals.  But  the  New 
Zealanders,  like  many  other  people  whose 
condition  of  life  and  habits  is  different  from 
our  own,  make  realistic  imitations  of  things  as 
well  as  ornamental  devices  with  abstract 
forms.  The  quality  of  their  realistic  works  is 
shown  in  carved  heads  like  these  (Fig.  8)  which 


Eig.  8. 


have,  I believe,  the  prime  purpose  of  display- 
ing portraits,  the  one  of  a man  not  tattooed, 
the  other  of  one  tattooed. 

We  may  look  at  a piece  of  ornamented 
pierced  work  in  which  spirals  are  alter- 
nated with  human  figures,  and  therein  detect 
how  the  New^  Zealander’s  appreciation  of 
contrast  and  of  balancing  forms  affects  his 
patterns.  And  now  we  pass  to  a canoe  prow 
(Fig.  9,p.  938).*  The  main  lines  of  the  prow  are 
emphasised,  and  separate  the  various  portions 
which  are  ornamented.  Two  spirals  corres- 


* This  specimen  belongs  to  H.R.H.  the  Duke  of  Edin- 
burgh, who  kindly  allowed  it  to  be  photographed. 
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ponding  with  one  another  are  so  arranged  as  to 
give  another  proofof  the  New  Zealander’s  sense 
of  balance  of  form. '^Between  them  are  other 
shapes,  also  arranged  in  an  orderly  manner, 
and  again  expressing  his  sense  of  balance  of 
form.  Below  is  a narrow  space  filled  in  with 
curves  producing  contrast  with  the  rigid 
boundary  lines  of  the  space  itself.  It  is  evident, 
I think,  from  the  way  in  which  the  curvings 
and  other  forms  are  grouped  into  this  space 
of  irregular  shape,  that  the  limits  of  space 
have  affected  the  arrangement  of  the  details 
in  such  a way  that  the  meaning  of  them  is 
well  nigh  lost.  This  squeezing  in  of  details 
to  fill  a given  space  is  a practice  often 
demonstrated  in  other  varieties  of  ornament. 
Beginning  with  this|lower  right  hand  corner 
of  the  prow,  we  may  distinguish  a grotesque 
human  figure.  Its  head  is  set  nearly  at  right 
angles  to  its  body.  Its  eyes  gleam  from 
beneath  two  angular  brows — the  forehead  is 


low — the  nose  small.  A large  broad  lipped 
oval  forms  the  mouth,  into  which  is  thrust  three 
figures  which  do  duty  for  the  whole  hand.  Then 
comes  the  arm  of  this  hand,  starting  abruptly 
from  a plum-shaped  body.  Across  the  body 
we  see  three  fingers  like  those  in  the  mouth, 
and  the  arm  belonging  to  them  is  set  a-kimbo, 
the  two  legs  are  straddled  outwards.  This  odd 
rendering  of  the  human  figure  constantly 
recurs  in  New  Zealand  ornament.  The  pattern 
on  its  surface  perhaps  represents  tatoo  marks. 
Beyond  the  human  figure  are  horn-shaped  and 
twisting  details,  also  covered  with  tatoo  marks. 
Upon  some  of  them  we  see  the  three  fingers. 
Now,  if  we  look  at  the  device  set  between 
the  two  spirals  in  the  upper  part  of  the  canoe 
head,  the  three  finger  device,  thrust  into  an 
open  oval  and  a pair  of  eyes  will  be  found ; 
thus  indicating— obscurely  perhaps — that  the 
motive  of  this  open  pattern  is  the  human 
head.  In  a second  similar  New  Zealand  prow 


Fig.  9. 


we  find  the  human  figure  in  the  lower  space 
more  grotesque  through  distortion  than  in  the 
corresponding  space  of  the  first  prow  we  looked 
at,  and  this  distortion  in  the  second  prow  arises 
no  doubt  from  the  artist  of  this  piece  being 
less  skilful  than  the  artist  of  the  first.  Never- 
theless, in  this  second  piece  we  recognise  the 
same  general  characteristics  which,  as  it  were, 
give  a style  to  this  method  of  using  and 
depicting  forms.  It  is  likely  that  both  were 
wrought  during  the  present  century,  though  I 
am  not  aware  of  any  circumstances  why  they 
might  not  have  been  [produced  in  previous 
centuries.  It  is  allowable,'!  think,  to  conceive 
that,  in  the  course  of  years,  as  other  New 
Zealanders  imitate  with  variations  what  has 
gone  before,  at  the  same  time  developing  their 
compliance  with  rules  as  to  balance  of  forms 
in  arrangement,  contrast,  and  so  forth,  a per- 
fectly different  style  of  ornament  may  arise  in 
which  there  will  be  little,  if  any, Trace  of  the 
distorted  human  figure. 


Now  distortion  in  representing  figures  and 
their  arrangement  may  be  observed  in  other 
phases  of  ornament  with  which  New  Zea- 
landers have  apparently  no  connection,  and  by 
way  of  illustration  we  may  refer  to  one  or  two 
examples  of  Scandinavian  design  emanating 


Fir.  10. 


from  the  earlier  iron  age,  which  for  convenience 
one  may  roughly  date  between  the  4th  and  nth 
centuries  of  the  Christian  era.  Here  is  a speci- 
men of  ornament  (Fig.  10)  from  Scandinavia, 
the  grotesqueness  of  which  is  not  very  remote 
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from  that  of  the  New  Zealander’s.  The  subject 
here  is  animal  form,  two  figures  with  goggle 
eyes,  pointed  snout,  and  almost  human  paws, 
are  figured  opposite  to  one  another.  The  tail 
of  each  curls  up  towards  the  back  of  the  head. 
The  shape  of  the  space  into  which  these  details 
have  been  grouped  has  affected  their  general 
arrangement.  The  idea  of  animals  placed 
vis-a-vis  is  very  ancient  in  its  connection  with 
pattern,  and  long  before  this  grotesque  render- 
ing (Fig.  10,  p.  938)  of  that  idea  was  made,  other 
more  perfect  renderings  had  been  produced.  It 
may  not,  therefore,  surprise  you  to  hear  that  Dr. 
Hans  Hildebrand,  Royal  Antiquary  of  Sweden, 


Fjg.  ir. 


considers  this  pattern  to  represent  two  lions 
couchatifs . Lions  couchatifs  and  vis-a-vis 

often  appear  in  Roman  ornament,  as  well, 
indeed,  as  in  many  other  types  of  ornament, 
and  this  motive  has  been  adopted  by  Teutonic 
tribes,  who  have  remodelled  it  according  to 
the  exigencies  of  their  taste,  or  as  far  as  their 
limited  skill  permitted  them. 

A further  transformation  of  the  lion  motive, 
gives  us  the  so-called  lion  shapes  intersecting 
one  another,  and,  as  it  were,  squeezed  up  to  fit 
a square  space  (Fig.  1 1 ).  The  corrupted  repre- 
sentation of  the  animals  has  become  still  more 


Fig.  12. 


unlike  the  Roman  rendering— the  forms  are  no 
longer  vis-a  vis  to  one  another,  but  are  inter- 
laced. A likeness  in  details  between  this  and 
the  first  of  the  Scandinavian  renderings  is, 
however,  noticeable.  Symmetrical  distribu- 
tion and  balance  of  forms  grow  in  emphasis,  as 
the  likeness  to  animal  forms— always  obscure— 
declines  (Fig.  12).  Other  and  later  specimens 


show  further  developments  of  the  two  lion 
subjects.  The  increased  elaboration  in  inter- 
lacing the  forms  marks  a still  further  developed 
skill  on  the  part  of  the  designers  in  sym- 
metrically arranging  forms  in  a given  space 
(Fig.  13)’ 


Fig.  13. 


Before  leaving  such  Scandinavian  types  of 
ornament  and  their  kinship  to  New  Zealand 
types,  I wish  to  recall  the  detail  in  the  New 
Zealand  ornament,  which  we  found  to  be  three 
fingers  clasping  a body  or  a curved  form. 
Here  is  a diagram  (Fig.  14)  of  a Scandinavian 
clasp,  buckle,  or  fibula,  which  dates  from  after 
the  1 1 th  century.  In  it  is  a motive  of  three  fingers 
or  claws  clasping  forms.  This  is  repeated  in 
an  orderly  way,  so  that  a well-devised  pattern 
is  the  result.  I do  not  suggest  that  this  co- 
incidence of  the  three  fingers  confirms  any 


Fig.  14. 


sort  of  imitation  or  trace  of  inter-influence 
between  the  nth  century  Scandinavian  work 
and  New  Zealand  work  of  the  19th  century. 
It  seems  to  demonstrate  that  gradual  develop- 
ments of  pattern-making  may  be  apparently 
independent  of  one  another,  and  yet  exhibit  in 
a remarkable  way  an  influence  of  perceptions 
which  in  the  main  have  a common  similarity 
and  cosmopolitan  existence,  notwithstanding 
variations  in  growth  and  application. 

Briefly  recapitulating  the  points  in  this 
matter  of  ornament  and  pattern-making  which 
I ventured  to  bring  before  you,  we  find,  first, 
that  a graphic  power  in  some  degree  is  an 
attribute  of  man  ; next,  that  this  power  exhibits 
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itself  in  rendering  imitations  of  actual  things, 
abstract  forms  and  forms  compounded  from  a 
mixture  of  both.  These  are  then  repeated  to 
fill  a space,  and  the  placing  and  distribution 
of  them  are  subject  to  an  appreciation  of 
length  and  breadth.  From  this  grow  repeti- 
tion and  contrast,  balance  of  forms  and  sym- 
metrical arrangement.  The  actual  expression 
of  patterns  varies  with  the  ability  of  the 
pattern  - maker.  If  one  takes  note  of  such 
factors  as  these  in  a development  of  orna- 
ment and  pattern,  I think  that  one  learns  to 
perceive  the  intrinsic  charm  in  works  of  art, 
and  to  become  proof  against  those  alluring 
incidents  relating  to  country  and  period  which 
have  little  to  do  with  the  cultivation  of  our 
respect  for  skill  in  performance. 

I can  but  feel  sensible  that  there  must  be 
many  deficiencies  in  my  attempt  to  cope  with 
my  subject  this  evening.  If  any  value  attaches 
to  my  remarks,  it  has  certainly  been  very  much 
enhanced  by  the  diagrams  I have  shown. 
These  have  been  made  in  Captain  Abney’s 
laboratory,  and  to  him  both  you  and  I are,  I 
venture  to  think,  equally  indebted.  For  myself 
I have  to  thank  you  for  your  patient  attention. 

Next  Monday  evening  my  lecture  will  be 
about  tapestry-making,  and  I propose  then  to 
speak  about  the  special  process  and  its  em- 
ployment in  the  production  of  other  things 
than  great  hangings,  as  well  as  about  patterns 
which  have  been  made  with  it,  and  their  re- 
lationship to  similar  patterns  wrought  by  other 
means. 

[This  lecture  was  illustrated  by  a series  of 
diagrams  thrown  upon  the  screen  by  means  of 
the  electric  light]. 


Miscellaneous. 

4 

COLONIAL  AND  INDIAN  EXHIBITION. 

TESTIMONIAL  TO  H.R.H.  THE  PRINCE 
OF  WALES. 

The  Committee  of  the  Royal  and  Executive  Com- 
missions named  on  the  14th  July,  at  the  meeting 
which  was  held  at  the  residence  of  Earl  Granville, 
had  their  first  sitting  on  Tuesday,  the  20th  July,  in 
the  Durbar  Hall  of  the  Exhibition.  It  was  re- 
solved : — That  Earl  Cadogan  be  requested  to  act  as 
chairman,  and  Col.  Sir  Owen  Tudor  Burne,  K.C.S. I., 
C.I.E.,  and  Sir  Arthur  N.  Birch,  K.C.M.G.,  as 
honorary  secretaries.  Earl  Cadogan  having  taken 
the  chair,  it  was  resolved  : — That  communications  be 


addressed  by  the  hon.  secretaries  to  the  Viceroy  of 
India,  the  Governor- General  of  Canada,  and  the 
Governors  of  the  various  Colonies  and  Indian  Pre- 
sidencies informing  them  of  the  movement.  And  it 
was  further  resolved : — That  subscriptions  not  ex- 
ceeding the  limited  amount  of  £2  2s.  each,  might 
be  sent  to  the  hon.  secretaries.  Prince  of  Wales 
Testimonial  Committee,  Bank  of  England,  Western 
Branch,  Burlington-gardens,  London,  W.  ; to  the 
Bank  of  England,  E.C. ; or  to  any  Provincial  Branch 
of  the  Bank  of  England.  The  following  noblemen 
and  gentlemen  were  named  as  a Sub-Committee  to 
carry  out  the  details  of  the  scheme : — The  Earl 
Cadogan,  the  Earl  of  Rosebery,  Field-Marshal  the 
Lord  Napier  of  Magdala,  G.C.B.,  G.C.S.I.,  the 
Lord  Mayor  of  London,  the  Right  Honourable  Sir 
John  Rose,  Bart.,  G.C.M.G.,  Sir  Robert  G.  W. 
Herbert,  K.C.B. 


EXHIBITION  PUBLICATIONS. 

Special  catalogues  and  hand-books — most  of  them 
containing  plans  and  maps — have  now  been  issued  by 
the  principal  colonies  and  India.  The  following  list 
is  complete  to  date  : — 

I.— Issued  by  the  Royal  Commission. 

“The  Official  Catalogue,”  containing  lists  of  the 
exhibits  in  the  Exhibition,  with  introductions  to  the 
various  sections.  Price  is. 

“The  Official  Guide.”  Price  3d. 

“Her  Majesty’s  Colonies.”  A series  of  original 
papers.  Bound  in  cloth,  5s. 

“The  Daily  Programme.”  Price  id. 

“ The  Railway  Guide  and  Route  Book.”  Price  id. 


II. — Issued  by  the  Indian  and  Colonial 
Commissions. 

India. — “ The  Journal  of  Indian  Art.”  Edited  by 
Sir  George  Birdwood,  C.S.I.  Price  2s.  Monthly. 

“ Hand-book  of  the  Jeypore  Courts,”  by  T.  H. 
Hendley,  Surgeon  - Major,  Honorary  Exhibition 
Officer,  Jeypore.  Price  is. 

“ Permanent  Photographs  of  Madras  and  Burmese 
Art- Ware.”  Price  35s. 

“ Statistical  Atlas  of  India.”  Price  los. 

Canada. — “ Official  Catalogue  of  the  Canadian 
Section.”  Price  6d. 

“Canada:  its  History,  Productions,  and  Natural 
Resources.”  Prepared  under  the  direction  of  the 
Hon,  John  Carling,  Minister  of  Agriculture,  Canada. 
Price  6d. 

New  South  Wales. — “ Official  Catalogue  of  the 
Exhibits  from  the  Colony.”  Price  6d. 

Victoria. — “Illustrated  Hand-book  of  Victoria.” 
Edited  by  James  Thomson,  Secretary  to  the  Com- 
mission for  Victoria.  Price  is. 

“Catalogue  of  Exhibits  in  the  Victoria  Court.” 
Price  6d. 
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South  Australia. — “ South  Australia  : a Sketch 
of  its  History  and  Resources.”  By  John  Fairfax 
Conigrave.  Price  6d. 

“ Official  Catalogue  of  Exhibits.” 

Queensland. — “Catalogue  of  the  Exhibits  in  the 
Queensland  Court.”  Price  6d. 

“ Queensland : an  introductory^  Essay.”  By  A. 
J.  Boyd.  Price  2d. 

“ Emigration  to  Queensland : or  how  to  get  to 
that  Colony.”  Price  2d. 

“How  to  settle  on  the  land  in  the  Colony  of 
Queensland.”  Price  2d. 

“The  Commerce  and  Industries  of  Queensland.” 
By  Horace  Earle.  Price  2d. 

“The  Pastoral  Industry  in  Queensland.”  By  P. 
R.  Gordon,  Chief  Inspector  of  Stock.  Price  2d. 

“ The  Charters  Towers  Gold-fields,  Queensland  : 
its  rise  and  progress.”  Price  2d. 

New  Zealand. — “ Catalogue  of  the  New  Zealand 
Exhibits.”  Price  6d. 

Fiji. — “Handbook  to  Fiji,  and  Catalogue  of  the 
Exhibits.”  Price  3d. 

Cape  of  Good  Hope. — “History,  Products  and 
Resources  of  the  Cape  of  Good  Hope.”  Edited  by 
John  Noble,  Clerk  of  the  House  of  Assembly. 
Price  IS. 

“ Catalogue  of  the  Exhibits  of  the  Cape  of  Good 
Hope.”  Price  is. 

Natal. — “ Official  Handbook.”  Price  3d. 

“ Catalogue  of  Natal  Contributions  to  the  Exhi- 
bition.” Price  3d. 

Ceylon. — “ Official  Handbook  and  Catalogue  of 
the  Ceylon  Court.”  Second  edition.  Price  6d. 

Straits  Settlements. — “Notes  on  Perak;  with  a 
Sketch  of  its  Vegetable,  Animal,  and  IVIineral  Pro- 
ducts.” Price  3d. 

“ Notes  on  the  Straits  Settlements  and  Malay 
States.”  Price  3d. 

British  Guiana. — “ Special  Catalogue  of  Exhibits 
in  the  British  Guiana  Court.”  Vv'ith  Introductory 
Notes  by  G.  H.  Hawtayne,  C.IM.G.,  F.R.S.,  Ad- 
ministrator-General, British  Guiana.  Price  3d. 

West  Indies. — “Handbook  and  Catalogue.  The 
West  Indies  and  British  Honduras.”  Cloth,  price  2s. 

“The  Loan  Collection  of  Pictures,  Maps,  and 
Historical  Relics.”  Price  id. 

Malta. — “ The  Malta  Court.”  Price  6d. 

Cyprus. — “Handbook  to  Cyprus,  and  Catalogue 
of  the  Exhibits.”  Price  3d. 

HI. — Issued  with  the  Sanction  of  the 
Royal  Commission. 

“Ye  Olde  London  Streete.”  Four  etchings  by 
Thomas  Piley,  in  a portfolio.  Price  on  drawing 
paper,  2s. ; on  India  paper,  5s. 


“High-Class  Cookery  Recipes  as  taught  in  the 
National  Training  School  for  Cookery.”  Prepared 
by  Mrs.  Charles  Clarke,  the  Lady  Superintendent. 
Cloth,  price  2s.  6d. 

“ Plain  Cookery  Recipes  as  taught  in  the  National 
Training  School  for  Cookery.”  Prepared  by  Mrs. 
Charles  Clarke,  the  Lady  Superintendent.  Price  is. 


The  number  of  visitors  to  the  Exhibition  for  the 
week  ending  July  31st,  was  188,622  ; making  a total 
since  the  opening  of  2,159,020. 


THE  lOSITION  OF  SCIENCE  IN  COLONIAL 
EDUCATION.^ 

The  Colonies  to  which  Mr.  Carpenter  had  directed 
his  attention  were  Canada  generally — in  South  Africa, 
the  Cape  of  Good  Hope,  and  Natal— West  and  South 
Australia,  Victoria,  New  South  Wales,  Queensland, 
New  Zealand,  and  Tasmania,  the  last  of  which,  un- 
fortunately, was  not  represented  at  the  present 
Exhibition. 

If  the  term  education  were  used  to  include  not 
merely  scholastic  and  collegiate  training,  but  also  any 
organisations  for  drawing  out  the  minds  and  faculties 
of  the  people,  a review  of  the  position  of  science  in 
Colonial  education  should  include  all  provisions  for 
teaching  it  in  any  degree  or  form  in  primary, 
secondary,  and  high  schools  of  whatever  kind,  in 
technological  schools  with  a view  to  its  applications 
to  industrial  arts,  and  in  universities  or  colleges,  as 
well  as  its  promotion  by  scientific  bodies  or  societies, 
and  the  means  afforded  for  its  cultivation  among 
adults  by  museums,  botanical,  or  zoological  gardens, 
public  libraries,  scientific  societies,  &c. 

In  reviewing  the  whole  subject,  he  had  been  much 
struck  with  the  fact  that  in  almost  eveiy  colony 
education  was  a distinct  department  of  the  State, 
under  a responsible  Minister  of  Public  Instruction,  the 
teachers  themselves  being,  in  many  instances,  civil 
servants.  The  advantages  of  this  plan,  enabling  the 
minister,  as  it  did,  to  take  a statesmanlike  view  of 
the  subject  as  a whole,  were  well  seen  in  a speech  on 
public  education  in  New  Zealand,  delivered  July  21, 
1885,  in  the  House  of  Representatives,  by  Hon. 
Robert  Stout,  Minister  of  Education , whose  case 
might  be  considered  a typical  one. 

Another  noteworthy  point  was  the  obvious  desire, 
on  the  part  of  nearly  every  colony,  to  realise  Professor 
Huxley’s  aspiration  for  Great  Britain,  that  the  State 
should  provide  “a  ladder  reaching  from  the  gutter  to 
the  university,  along  which  every  child  in  the  tlu'ee 
kingdoms  shall  have  the  chance  of  climbing,  as  far  as 
he  is  fit  to  go.”  In  most  Colonies,  not  even  except- 
ing South  Africa,  this  appeared  to  be  more  or  less 
the  case.  A State-aided  system  of  scholarships, 

* Abstract  of  a paper  read  by  Wm.  Lant  Carpenter, 
B.A.,  B.Sc  , at  the  Conferences  of  the  Colonial  and  Indian 
Exhibition,  on  Wednesday  afternoon,  June  23,  1886. 
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enabled  a boy  from  the  primary  schools  to  pass 
through  the  secondary  and  high  schools,  colleges, 
&c.,  and  finally  to  study  at  the  Colonial  University, 
sometimes  also  giving  him  facilities  to  come  to 
England  and  take  an  English  University  degree, 
frequently  in  science.  The  subjects  were  considered  in 
the  following  order  in  each  colony,  the  colonies  them- 
selves being  taken  in  geographical  order,  beginning 
with  the  most  westerly.  Primary,  secondary,  and  high 
schools,  colleges  both  special  and  general,  univer- 
sities, museums,  lectures,  libraries,  scientific  societies, 
and  other  means  of  encouraging  science  among 
adults. 

Canada. 

Province  of  Ontario. — In  the  primaiy  schools 
little  or  no  science  was  taught,  but  in  the  high  schools 
a fair  amount  of  physics,  chemistry,  and  botany. 
The  normal  schools  possessed  a splendid  collection 
of  appliances  for  science  teaching.  The  mechanics’ 
institutes  had  an  organised  system  of  science  classes 
throughout  the  country,  specially  promoted  by  Dr. 
May,  for  those  above  school  age.  The  Agricultural 
College,  at  Guelph,  was  world-famed.  There  was  a 
capital  school  of  practical  science,  and  the  University 
College,  Toronto,  possessed  chemical,  physical,  and 
biological  laboratories  and  museums.  Various 
scientific  societies  did  good  work. 

Province  of  Quebec  (including  Montreal).— A 
Council  of  Public  Instruction,  comprising  a Catholic 
and  Protestant  Committee,  controlled  the  education. 
A small  manual  of  agriculture  was  used  in  primary 
schools.  In  McGill  University  there  was  a faculty  of 
applied  science,  and  a similar  course  was  given  in 
the  Catholic  Commercial  Academies  of  Montreal  and 
of  Quebec.  For  entrance  to  all  the  professions,  an 
examination  must  be  passed,  in  which  certain  science 
subjects  were  necessary,  as  was  the  case  for  degrees 
in  “ arts  ” also.  The  Royal  Society  of  Canada,  lately 
founded,  was  mainly  scientific. 

In  the  maritime  provinces  of  New  Brunswick  and 
Nova  Scotia,  the  claims  of  science  to  a place 
in  even  primary  education,  and  a fortiori  in  the 
higher  branches,  were  much  more  recognised  than 
elsewhere  in  Canada.  The  primary  school  course  of 
New  Brunswick  was  almost  a perfect  model  in  this 
respect,  and  the  province  spent  nearly  one-third  of 
its  entire  revenue  on  education.  In  1885,  one-eighth 
of  the  entire  population  of  the  province  received 
lessons  on  health,  and  one-sixth,  lessons  on  useful 
knowledge  (minerals,  plant,  and  animal  life,  &c.)  in 
the  public  schools.  In  both  provinces,  a university  on 
the  basis  of  that  of  London  crowned  the  educational 
edifice,  and  various  natural  history  societies, 
musenms,  &c.,  existed  in  the  towns. 

South  Africa. 

Every  kind  of  school  was  State-aided,  and  the 
system  was  a complete  educational  ladder,  with  the 
kraal  schools  at  the  bottom  and  the  University  of 
the  Cape  of  Gcod  Hope  (based  on  that  of  London) 


at  the  top.  A high  ideal  was  aimed  at,  and,  theore- 
tically, the  elements  of  natural  science  were  taught 
in  every  primaiy  school,  even  physical  geography, 
for  example,  in  native  schools.  Practically,  how- 
ever, it  appeared  that  these  subjects  were  too  often 
taught  in  a very  unscientific  manner,  to  judge  by  the 
inspector’s  reports,  and  the  position  of  science  was 
decidedly  unsatisfactory. 

Australasian  Colonies. 

In  every  one  of  these,  the  State  system  of  educa- 
tion was  compulsory  and  undenominational,  public 
instruction  being  tree  in  Victoria,  Queensland,  and 
New  Zealand.  Tlie  child  population  of  Victoria 
was  better  educated  than  that  of  any  other  of  the 
Antipodean  Colonies,  while  New  South  Wales  spent 
more  annually  per  scholar  (f8  2s.  8d.)  than  any 
other.  The  general  system  pursued  was  much  the 
same  in  all,  though  there  were  many  differences  in 
detail,  and  special  developments  in  particular 
colonies,  as,  for  example,  technical  education  in  New 
South  Wales. 

Western  Australia  was  a very  young  colony,  and 
only  the  rudiments  of  science  were  taught  in  a very 
few  schools. 

South  Australia. — In  primary  schools,  physical 
geography  and  object  lessons  formed  part  of  every 
course.  Secondary  schools  were  partly  State-aided  and 
inspected,  and  chiefly  denominational.  The  educational 
ladder  was  very  complete,  holders  of  South  Austra- 
lian scholarships  going  to  Europe.  This  province 
possessed  the  only  agricultural  college  on  the  main- 
land provinces  of  Australia.  The  university  gave 
special  degrees  in  science,  and  its  professors  gave 
free  public  lectures  entirely  on  science  subjects, 
which  were  very  largely  attended.  All  the  scientific 
societies  were  more  or  less  connected  with  the 
university. 

Victoria. — In  1878,  a well-considered  scheme  of 
education  was  recommended  as  the  result  of  a Ro5'al 
Commission  of  inquiry  into  the  subject,  but  owing 
to  want  of  accessible  information,  the  author  could 
not  say  how  far  it  had  been  carried  out.  In  primary 
schools  no  science  subject  except  geography  was  1 
taught,  not  even  object  lessons.  Secondary  educa-  : 
tion  was  entirely  managed  by  private  persons 
and  proprietary  bodies.  The  university  was  well  I 
organised,  its  degrees  in  arts  involved  some  amount  i 
scientific  knowledge,  and  it  gave  degrees  in  engineer- 
ing. There  were  two  admirable  schools  of  mines,  at 
Ballarat  and  Sandhurst,  an  excellent  Industrial  and 
Technological  Museum,  a Botanic  and  Zoological 
Garden,  a world  - famous  Observatory,  and  eight 
scientific  societies. 

Tasmania, — Practically  no  science  was  taught  in 
primary  schools.  All  secondary  schools  were  under 
a Council  of  Education,  which  examined  for  scholar- 
ships, &c.,  holders  of  which  (to  the  number  of  ten 
per  year)  often  proceeded  to  England  to  study^ 
Free  public  scientific  lectures  were  given  by  the 
Government  chemist.  A good  museum,  public 
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gardens,  and  a Royal  Society,  completed  the  scientific 
teaching. 

New  South  Wales. — By  the  Act  of  1 880,  secondary, 
evening,  and  high  schools,  for  both  sexes,  were 
authorised  as  State  schools.  In  every  public  elemen- 
tary school,  object  lessons  and  geography  were  taught, 
even  in  the  lowest  classes.  In  the  whole  educational 
system,  the  claims  of  science  were  recognised,  and  a 
solid  foundation  laid  for  the  State  system  of  technical 
education,  quite  recently  developed,  chiefly  by  Mr. 
E.  Combes.  The  course  of  study  and  system  was 
practically  that  of  the  London  City  Guilds  Institute, 
by  whose  examinations  its  work  would  be  tested.  In 
Sydney  alone,  it  had  2,634  students  (including  500 
women),  or  more  than  at  Finsbury.  Last  year,  196 
popular  science  lectures  had  been  given  in  connection 
with  it,  attended  by  41,000  persons.  The  university 
was  well  organised  and  endowed,  giving  special 
degrees  in  science  and  in  engineering,  and,  by  its 
system  of  junior  public  examination,  it  greatly 
encouraged  the  pursuit  of  science.  The  Observatory, 
Botanic  Gardens,  Museum,  and  various  scientific 
societies,  contributed  largely  to  the  same  end, 

QueenslanJ. — In  every  primary  school,  a course 
on  “ the  elementary  knowledge  of  the  science  of 
common  things  ” was  given.  There  were  numerous 
scholarships  to  grammar  schools,  the  education  in 
which  was  largely  influenced  and  tested  by  Sydney 
University.  In  connection  with  these  there  were 
University  Scholarships,  the  holders  of  which  pro- 
ceed to  Sydney,  Melbourne,  or  England. 

New  Zealand. — In  1884,  three-fourths  of  all 
children  in  primary  schools  went  through  a course  of 
object  lessons ; more  than  one-half  learnt  geography ; 
and  more  than  one-fifth,  in  the  three  highest  stan- 
dards, received  systematic  instruction  in  elementary 
science.  The  secondary  schools  were  paying  more 
attention  to  this  subject,  specially  with  a view  to 
technical  education  so  called.  In  most  of  the  pro- 
vincial colleges,  very  good  provision  was  made  for 
the  proper  teaching  of  science,  many  of  the  pro- 
fessorships being  held  by  men  of  reputation 
well  known  in  England.  The  University  was  a 
purely  examining  body,  somewhat  on  the  lines 
of  that  of  London.  So  anxious  was  its  Senate  to 
maintain  a high  standard  for  its  degrees,  that  in 
all  its  degree- examinations  the  papers  were  set  and 
the  answers  revised  by  English  examiners.  The 
author  (Mr.  Carpenter)  was  the  University  agent  in 
England  through  whom  these  arrangements  were 
made.  In  proportion  to  population.  New  Zealand 
had  as  many  students  going  through  a university 
course  as  any  country  in  the  world,  and  the  influence 
of  this  on  the  progress  of  science  in  the  colony  was 
most  marked. 

Reviewing  the  position  of  science  in  Colonial 
education,  then,  it  would  appear  that  its  claims  to  a 
place  in  State-aided  primaiy  education  were  more 
fully  recognised  than  in  the  old  country,  and  this,  not 
merely  because  it  was  the  only  foundation  upon  which 
a system  of  technological  education  could  be  securely 


built,  but  for  its  value  in  drawing  out  the  minds  of 
the  pupils.  As  regards  the  branches  by  which  the 
time  honoured  routine  of  subjects  might  be  most 
beneficially  varied,  precedence  was  almost  universally 
accorded  to  drawing,  and  to  the  objective  presentation 
of  the  elements  of  science.  In  secondary,  grammar, 
and  high  schools,  however,  science  scarcely  occupied 
a position  equal  to  that  in  corresponding  English 
schools,  but  there  were  many  signs  of  improvement 
in  this  respect.  In  the  colleges  and  universities  of 
the  older  Colonies,  the  classical  and  academic  influence 
was  still  very  strong,  while  in  the  newer  ones,  the 
claims  of  scientific  education  to  be  put  on  an  equal 
footing  with  literary  were  recognised.  Great  as  had 
been  the  progress  of  public  opinion  in  England 
during  the  last  few  years  on  the  importance  of  science 
as  an  element  in  education,  the  author  was  disposed 
to  consider  it  greater  in  the  Colonies  in  the  same 
period.  Certainly  the  development  of  that  opinion 
to  its  present  point  has  been  much  more  rapid  in  the 
Colonies  than  at  home.  There  were  many  voluntary 
Colonial  associations  for  the  promotion  of  science ; 
and  the  author  concluded  his  paper  by  throwing  out 
the  suggestion  that,  if  there  were  grave  and  practical 
difficulties  in  the  way  of  an  Imperial  federation  of 
the  Australasian  Colonies,  the  establishment  of  an 
Australasian  Association,  for  the  Advancement  of 
Science,  somewhat  on  the  lines  of  the  British  and 
American  Associations  for  similar  purposes,  might 
not  be  beyond  the  reach  of  practical  scientists,  and 
he  was  strongly  of  opinion  that  such  a federation 
would  tend  to  strengthen  “ the  position  of  science  in 
Colonial  education.” 


BO TANICAL  GARDENS  A T SAHARUNPUR. 

In  Mr.  J.  F.  Duthie’s  “ Report  on  the  Progress 
and  Condition  of  the  Government  Botanical  Gardens 
at  Saharunpur  and  Missourie,”  for  the  year  1885, 
a good  deal  of  consideration  is  given  on  the  cultiva- 
tion and  acclimatisation  of  useful  plants.  For  some 
time  past  Mr.  Duthie  has  paid  much  attention  to  the 
growth  of  medicinal  plants,  such  as  henbane  [Hyo^ 
scyamus  ?iiger),  taraxacum  or  dandelion  {2'araxacum 
densliom's),  so  that  it  now  seems  crops  of  henbane 
and  taraxacum  are  cultivated  in  the  Saharunpur 
garden  to  a large  extent,  and  the  indents  received 
from  the  medical  depots  are  regularly  complied  with. 
Jalap  {Ipomaea  purga)  y another  valuable  drug  plant, 
is  also  being  extensively  grown.  On  this  head  Mr. 
Duthie  says,  “ it  has  proved  a great  success  at 
Aringadh,  and  I feel  confident  that  we  shall  be  able 
to  meet  the  wants  of  the  medical  department  within 
a year  or  two.  Three  hundred  tubers  were  obtained 
from  the  Nilghiris,  and  were  planted  here  soon  after 
the  garden  was  moved  to  this  site.  These  tubers 
weighed  eight  seers,  and  the  yield  was  2,150  tubers, 
weighing  one  maund  and  nine  seers.  A small 
quantity  of  seed  was  also  secured.  The  seeds  were 
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sold  in  February  last  year,  and  at  the  time  the  report 
was  written  (in  May)  had  already  produced  some 
good  healthy  little  plants.  Cuttings  made  from  the 
thicker  parts  of  the  stem  a little  above  the  crowns 
of  the  tubers  were  also  tried  and  proved  successful. 
By  these  various  methods  of  propagation  a large 
stock  of  tubers  will  soon  be  on  hand.” 

The  paper  mulberry  trees  {B'^'^nssoiietea papyrifer’o) 
are  reported  as  doing  remarkably  well.  They  were 
planted  only  about  eighteen  months  ago,  and  have 
already  grown  to  a height  of  15  feet.  The  bark  yields 
one  of  the  most  valuable  fibres  for  the  manufacture 
of  high-class  qualities  of  paper,  and  it  is  well  worthy 
the  attention  of  planters.  It  will  flourish  in  the  poorest 
of  soils,  and  requires  no  care  beyond  occasional 
waterings  during  the  first  year  after  being  planted. 

One  of  the  most  interesting  portions  of  Mr.  Duthie’s 
report,  however,  is  that  refering  to  spider  silk. 
Returning  from  an  expedition  to  North-Eastern 
Kumaon,  Mr.  Duthie  says  he  was  much  struck  with 
the  abundance  of  spiders’  webs  in  the  neighbourhood 
of  Bhim  Tal.  These  webs  were  unusually  large, 
very  strong,  and  of  a beautiful  golden  colour.  They 
were  stretched  often  two  or  three  deep  between  the 
branches  of  the  trees,  and  on  every  bush  near  the 
shore  of  the  lake,  each  web  containing  one  or  more 
fine  large  spiders  with  black  and  yellow  bodies. 
After  arriving  at  Saharunpur,  Mr.  Duthie  says  he 
noticed  in  one  of  the  numbers  of  the  “Indian  Agri- 
culturist ” (Oct.  i8th,  1884,  p.  513),  a short  article 
on  “ Spider  Silk,”  in  which  the  writer,  after  giving 
instances  of  enormous  cobwebs  which  have,  from  time 
to  time,  been  observed  in  various  tropical  countries, 
goes  on  to  say,  “but  the  latest  addition  to  our 
knowledge  of  spider  silk  comes  from  the  Paris  Ecole 
Pratique  d’ Acclimation,  a member  of  which  has  dis- 
covered an  African  species  which  spins  a strong 
yellow  web,  so  very  like  the  product  of  the  silk- 
worm as  to  be  scarcely  distinguishable  from  it.  This 
promises  to  be  a fibre  of  commerce  of  the  future,  as 
after  a close  investigation,  a syndicate  of  Lyons  silk 
merchants  has  reported  in  its  favour,  and  the  great 
difficulty  of  procuring  it  in  sufficiently  large  quantities 
for  the  loom  has  been  overcome  by  the  fact  that 
there  is  no  difficulty  in  acclimatising  the  spider 
in  France.”  Mr.  Duthie  obtained  from  Bhim  Tal 
some  of  the  spiders.  The  former  was  submitted 
to  Mr.  T.  Wardle,  and  the  spiders  were  for- 
warded to  the  Rev.  O.  P.  Cambridge.  Mr. 
Wardle  reported  that  the  fibre  was  evidently  of  a 
silken  nature,  and  like  silk  was  loaded  with  a gummy 
substance.  In  a boiling  soap  solution  this  gum  or 
varnish  dissolves,  leaving  the  fibre  apparently  pure, 
and  of  the  nature  of  fibrin  if  not  identical  with  it. 
From  careful  micro-metric  measurements  it  seems 
that  it  has  a considerably  finer  thread  or  fibre  than 
silk.  “ The  average  strength  of  the  spider  silk  is 
proportionately  greater  than  that  of  silk,  a single 
fibre  of  the  spider  silk  breaking  with  an  average 
weight  of  2\  drams  avordupois,  whilst  that  of  China 
silk  breaks  at  2\  drams.” 


Mr.  Wardle  continues,  “ The  most  curious  property 
of  the  fibre  is  its  elasticity,  which  is  considerably 
greater  than  that  of  silk ; 30  centimetres  of  it  will 
stretch  to  an  average  length  of  36*6  centimetres 
before  breaking ; while  china  silk  will  oifly  stretch 
to  34  centimetres.  Like  silk,  this  spiders’-web  silk 
is  lustrous,  and  has  a round  fibre.  Its  coating  of 
gum,  or  varnish,  is  disproportionate  to  the  weight  of 
the  silk.  On  boiling  with  soap,  it  lost  7|-  ozs.  per 
pound,  that  is,  i lb.  of  the  spider  silk  discharges 
7f  ozs.  of  gum.  With  siUc,  the  proportion  is  much 
less,  seldom  being  over  25  to  30  per  cent.  The 
fibre  apears  to  dye  readily.  I believe  if  it  can  be 
obtained  in  quantity,  it  might  be  packed  in  bales, 
and  sent  to  England,  where  it  would  readily  find  a 
market  for  being  carded  and  spun  into  silk  threads 
for  sewing  or  weaving  purposes.  It  is  difficult  to 
estimate  its  marketable  value  ; I daresay  it  would,  at 
any  rate,  realise  2s.  per  pound.  It  is  rather  dirty, 
and  this  would,  to  some  extent  detract  from  its 
value  as  compared  with  silk  waste.  I have  tried  to 
discover  how  many  seripositors  this  spider  has,  but 
beyond  noticing  under  the  microscope  that  the  fibres 
often  were  in  pairs,  but  not  regularly,  I am  unable 
to  trace  whether  there  are  two,  as  in  the  ordinary 
silk,  or  more.” 

Regarding  the  name  and  habitat  of  the  spider 
producing  this  silk,  the  Rev.  O.  P.  Cambridge 
identified  it  as  Nephilengys  maldbarensis,  Walck, 
and  says  it  seems  to  be  almost  cosmopolitan,  he 
himself  having  it  in  his  collection  from  the  China 
Seas,  and  India,  as  well  as  from  Australia,  Borneo, 
and  West  Africa,  and  it  seems  to  be  exceedingly 
abundant  in  all  its  localities.  Of  the  silk,  which  Mr. 
Cambridge  says  is  new  to  him,  he  comments  on  its 
strength  and  toughness,  and  says  he  “ should  imagine 
that  the  fabric  which  could  be  made  from  it  would  be 
almost  imperishable.  Whether  it  could  be  spun  out 
from  silk  collected  en  masse  from  the  spiders’ 
snares,  I should  doubt ; I fancy  the  only  way  to  get 
the  silk  in  condition  for  spinning  and  weaving  would 
be  after  some  such  method  as  Dr.  B.  G.  Wilder 
proposed  and  experimented  upon,  I believe,  success- 
fully some  years  ago  in  North  America.  But  the 
great  drawback  will  always  remain,  that  spiders 
devour  each  other,  and  so  cannot  be  fed  and  their 
silk  obtained  without  great  trouble  and  cost.” 

On  the  other  hand,  Mr.  Duthie  says  he  has  been 
given  to  understand  that  an  enormous  production  of 
webs  is  produced  by  the  spider  annually,  so  that 
there  should  be  no  difficulty  in  obtaining  sufficient 
supplies  for  undertaking  experiments  on  a large 
scale.  The  further  development  of  this  spider  silk 
will  be  watched  with  interest. 


THE  FISHERIES  OF  POMERANIA. 

Her  Majesty’s  Consul  at  Stettin  says  that  during 
the  past  twenty  years  the  Prussian  Government  has 
manifested  a disposition  to  encourage  undertakings 
for  the  development  of  the  deep-sea  fishery  in- 
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dustries.  Some  years  since  the  Government  at  its 
own  cost  built,  fitted  out,  and  manned  at  a fixed  rate 
of  wages,  a flotilla  of  vessels  destined  for  carrying  on 
the  fisher}’  in  the  Baltic  ; the  attempt,  however,  was 
not  successful,  and  the  vessels  were  subsequently 
sold  and  diverted  to  other  uses.  Two  later  private 
undertakings  from  Riigen,  with  the  same  object, 
by  means  of  some  fishing  cutters  purchased  in  Eng- 
land, and  new  steamers  specially  constructed  in 
Stralsund  for  the  purpose,  also  failed.  After  these 
unsuccessful  attempts  it  became  evident  that  the  Baltic 
fishery  was  not  to  be  carried  on  in  the  same  manner 
as  the  British  fishery  in  the  North  Sea,  that  is  by 
trawling.  The  reasons  for  this  opinion,  founded  on 
the  statements  of  the  fishermen  who  were  employed, 
were  that  the  Baltic  is  not  adapted  for  fishing  with 
heavy  floating  nets,  as  on  the  banks  they  hit  upon 
stones  or  refuse  and  frequently  get  torn,  and  in  the 
deeper  parts  frequently  become  filled  up  with  dirt  and 
mud  to  such  a degree  that  either  they  were  already 
torn  while  heaving  in,  or  that  if  actually  being  drawn 
on  board,  before  the  whole  of  the  net  could  be  got 
in  it  was  necessary  to  cut  it  in  order  that  the  foul 
substance  might  escape.  Another  reason  was  that 
the  fish  caught  by  this  process  were  nearly  exclusively 
flounders,  and  a species  of  cod,  which  do  not  well 
repay  the  labour  of  pickling  on  board,  although  this 
must  be  done,  because  it  is  not  always  possible, 
especially  in  summer,  to  gain  a port  in  time  to  dis- 
pose of  the  fish  as  fresh  fish.  Of  late  years,  attention 
has  been  directed  principally  to  the  herring  fishery 
on  the  Pomeranian  and  Riigen  coasts  by  means  of 
smaller  and  open  craft,  which  has  occasionally 
proved  remunerative.  It  was  not,  however,  so 
profitable  as  it  might  have  been,  because  the  fisher- 
men, owing  to  the  construction  of  their  boats,  could 
not  keep  the  sea  in  stormy  weather,  and  frequently 
suffered  loss  by  being  obliged  to  abandon  their  nets 
in  order  to  reach  the  coast  or  harbour  speedily.  It 
was  on  these  grounds  that  the  Govemment,  in  order 
to  promote  the  deep-sea  fishery  on  the  coasts  of 
Lower  Pomerania,  granted  in  the  years  1882  and 
1883  support  and  money  advances,  free  of  interest, 
to  several  fishery  companies  and  societies,  and  these 
purchased  boats  and  nets  from  the  fishermen  of  the 
south  of  Sweden.  The  Swedish  fishermen  ply 
their  occupation  over  the  whole  of  the  Baltic  with 
seaworthy  boats  which  have  been  proved  to  be  ser- 
viceable in  every  respect,  and  for  the  last  ten  years 
they  have  frequented  the  harbours  of  Lower  Pomerania 
to  dispose  of  their  fish.  The  amounts  realised  by 
them  on  herrings  and  salmon  soon  attracted  the 
attention  of  the  fishermen  of  these  places,  and  by  the 
aid  of  the  guaranteed  State  assistance  eleven  com- 
panies at  Colbergermiinde  were  enabled  to  furnish 
themselves  \vnth  Swedish  fishing  boats  and  nets, 
and  thus  to  prosecute  the  herring  fishery  with  pro- 
portionally favourable  results.  From  150  to  200  wall 
(a  wall  being  equivalent  to  four  score)  of  herrings 
are  frequently  taken  in  a night  on  the  Pomeranian 
coasts,  and  on  the  8th  September,  1884,  one  boat 


brought  into  Stolpmiinde  Harbour  a take  of  400  wall 
which  realised  about  ;^i8.  The  herring  fishery  on 
the  Pomeranian  coasts  is  carried  on  during  the 
months  of  April  and  May,  and  September  and 
October,  at  which  time  the  herring  shoals  traverse 
the  south  of  the  Baltic  at  from  two  to  eight  nautical 
miles  from  the  coast.  The  most  abundant  takes  on 
the  Pomeranian  coasts  were  made  in  1884  off 
Jershoft  and  Riigenwalde.  Salmon  are  fished  for 
during  the  month  of  May  only,  at  which  time  the 
fishermen  carry  on  their  operations  with  salmon  and 
herring  nets  near  the  coast.  Line  fishing  for  salmon 
is  practised  within  a distance  of  25  nautical  miles 
from  the  coast  from  November  to  March. 


ABYSSINIAN  ECONOMIC  PLANTS. 

Among  the  vegetable  articles  of  diet  of  the 
Abyssinians,  the  first  place  is  taken  by  teff  {Poa 
abyssmica),  a herbaceous  plant,  whose  grains  are  as 
small  as  a pin’s  head  ; the  meal  from  this  forms  the 
bread  in  general  use.  A much  inferior  black  bread 
used  by  the  poor  is  made  from  a kind  of  millet  called 
tocusso  {Eleusine  Tocusso),  frequenting  the  low 
grounds.  In  addition  the  roasted  seed  of  the  flax 
plant  [Lmum  usitatissimum)  is  sometimes  eaten,  as  it 
was  by  the  ancient  Romans  and  Greeks.  Another 
admired  vegetable  is  the  flower  stalk  of  the  local 
plantain,  called  ensete  [Musa  Ensete),  the  fruit  of 
which  is  dry  and  unfit  for  eating.  The  stem  is  cooked 
with  milk  and  butter.  It  is  cut  off  just  above  the 
rootlets,  and  about  two  feet  high ; if  old,  the  green 
outer  coat  is  peeled  off  till  the  white  interior  shows. 
It  is  as  tender  as  a well  cooked  turnip,  with  a flavour 
like  the  best  new  bread  somewhat  underdone.  It  is 
an  excellent  dish,  nourishing,  wholesome,  and  diges- 
tible. From  meal  cakes  a fermented  drink  called 
bousa  is  made. 

The  coffee  grown  in  Abyssinia  is  principally  sent 
to  Djedda  and  Upper  Egypt ; though  not  of  first  rate 
quality,  it  possesses  a special  aroma,  and  is  sold  at 
the  rate  of  16  dollars  per  cantaro  of  113  rottoli  (say 
37s.  perewt.). 

The  women  of  Gurage  make  mats  of  the  leaves  o 
the  ensete.  The  ecca  of  the  Abyssinians,  a species  of 
asclepiad,  produces  a tough  fibre,  used  in  making 
cordage  and  tissues  on  the  Red  Sea  littoral.  The 
bark  of  Calotropis  giga?ttea  affords  excellent 
fibre  used  for  various  purposes.  The  tender  leaves 
newly  pulled  from  the  stipa  of  the  doum  palm  are 
woven  into  all  kinds  of  matting  and  basket  w’are. 
The  powdered  seed  of  a large  tree  called  berebera 
[Milettia  ferruginea)  is  throvn  into  the  water  to 
stupefy  fish  and  facilitate  their  capture.  The  native 
dress  consists  of  a large  folding  mantle  and  close-fitting 
drawers.  The  houses  are  rude  conical  structures 
covered  with  thatch. 

Among  the  local  products  figuring  in  the  exports 
are  : — Calves’  hides,  salted  and  sun  dried  ; beeswax. 
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■chiefly  from  Gedaref ; ivory ; tamarinds ; ostrich 
feathers ; gutta-percha,  from  Kassala ; gum  arabic  ; 
mother-of-pearl ; leopard  skins,  about  1,000  annually 
to  India;  musk,  contained  in  bulls’  horns,  to  the 
number  of  200  to  300  a year ; honey ; and  tobacco, 
chiefly  from  Sanaaid. 


GOLD  WASHING  IN  ITALY. 

Washing  for  gold  has  been  practised  from  time 
immemorial  in  Piedmont,  in  the  beds  of  some  of  the 
torrents  which  flow  from  the  Alps  to  the  Po. 
According  to  Pliny  and  other  ancient  writers  upwards 
•of  5,000  persons  were  engaged  in  this  occupation  at 
one  time.  In  modern  times,  however,  it  has  only 
been  practised  on  a small  scale,  and  principally  in 
the  beds  of  the  torrents  Oreo,  Malene,  Dora  Baltea, 
and  Ticino. 

Of  late  years  the  existence  of  these  auriferous 
sands  has  been  more  fully  investigated,  and  have  been 
found  to  extend  at  the  foot  of  the  Alps  from  Legin 
and  St.  Maurizo  on  the  West  to  the  Dora  Baltea  on 
the  East,  and  bounded  on  the  South  by  the  Po, 
covering  an  area  of  100,000  hectares,  or  about  250,000 
acres.  The  depth  of  this  gold-bearing  deposit  varies 
from  5 to  8 metres,  and  although  the  amount  of  gold 
these  sands  contained  connot  be  said  to  have  been 
ascertained  with  any  degree  of  accuracy,  there  appears 
to  be  every  reason  to  believe  that  the  estimate  of 
0*40  grams  per  cubic  metre  is  not  an  exaggerated  one 
(0*01286  Troy  ounces  (0*2572  dwts.). 

A company,  the  “ Societa  dei  Giacimenti  Auriferi 
di  Piemonte,”  have  recently  commenced  operations 
in  the  bed  of  the  torrent  Oreo,  near  San  Benigno, 
and  a few  weeks  ago  inaugurated  a powerful  steam 
dredger,  named  the  “Regina  Marghousa,”  which 
has  been  constructed  especially  for  the  excavation  and 
'washing  of  these  sands,  by  M,  Perrin,  of  Lyons ; it 
is  of  50  horse-power,  and  is  capable  of  raising  from 
•2,000  to  2,500  cubic  metres  of  stuff  per  day  of 
twenty-two  hours.  The  buckets  are  twenty-two  in 
number,  and  are  capable  of  excavation  to  a maximum 
depth  of  8 metres. 


General  Notes. 


Institution  of  Mechanical  Engineers. — 
The  summer  meeting  of  the  Institution  will  be  held 
in  London,  on  Tuesday  morning,  the  17  th  of  August, 
and  Wednesday  morning,  the  i8th  of  August,  at  25, 
Great  George-street,  Westminster. 

Melbourne  International  Exhibition. — 
The  trustees  of  the  Melbourne  Exhibition  building 
are  desirous  of  establishing  in  that  City  a loan  col- 
lection of  works  of  art,  and  they  will  be  very  glad  to 


receive  offers  to  lend  pictures,  statuary,  or  other  objects 
of  art,  from  artists  cw  from  the  owners  of  such  works. 
The  building  in  which  the  collection  will  be  shown 
is  stated  to  be  the  largest  in  all  the  colonies ; its 
dome  ranks  as  one  of  the  largest  in  the  world ; it  is 
national  property.  The  trustees  consist  of  four  mem- 
bers of  the  Legislature,  elected  permanently,  by  Act 
of  Parliament,  one  Alderman  elected  by  the  Corpora- 
tion, and  the  Mayor  of  the  City  of  Melbourne  during 
his  tenure  of  office. 

Fresh  Water  Fisheries  of  Italy.  — A 
decree  relating  to  the  establishment  of  commis- 
sions to  be  charged  with  the  control  of  all  the  lake 
and  river  fisheries  in  Italy,  was  recently  published  in 
the  Gazetta  Ufficiale,  of  Rome.  Part  of  the  duty  of 
these  commissions,  which  will  be  appointed  in  various 
districts  throughout  the  kingdom,  will  be  to  consider 
and  propose  any  new  laws  or  regulations  that  may  be 
found  necessary  from  time  to  time.  To  collect 
statistical  data  for  a return  to  be  published  annually 
respecting  the  fresh  water  fisheries.  To  advise  the 
Government,  provinces,  and  communes,  upon  all 
matters  appertaining  either  directly  or  indirectly  to  this 
industry.  To  encourage  the  introduction  of  improve- 
ments in  the  methods  adopted  hitherto  in  fishing,  and 
in  the  various  industries  connected  with  it.  To 
popularise  a knowledge  of  all  relating  to  the  habits, 
food,  and  diffusion  of  the  most  important  and  useful 
kinds  of  fresh  water  fish.  To  aid  the  Government  in 
re-stocking  the  lakes  and  rivers.  Each  commission  is 
to  consist  of  five  members,  of  whom  one,  a zoologist, 
will  be  nominated  by  royal  decree  ; whilst  the  other 
members,  who  are  to  be  appointed  for  three  years, 
will  be  eligible  for  re-election. 

Drainage  of  the  Lake  Kopais. — A telegram 
from  Thebes  announces  the  inauguration  of  the 
Kopais  canal  which  has  lately  been  constructed  for 
giving  an  outlet  to  the  lake  of  the  same  name.  The 
drainage  of  this  lake  is  one  of  the  most  important 
works  for  the  reclamation  of  land  that  has  been 
carried  out  of  late  years,  and  may  be  compared  to 
that  of  the  lake  of  Fucino,  in  Italy,  which  was 
successfully  completed  by  Prince  Torlonia  some  time 
since.  The  basin  of  this  lake  receives  annually  a no 
less  quantity  than  300  millions  of  cubic  metres  (10,595 
cubic  feet)  of  water,  and  the  large  extent  of  land  thus 
constantly  submerged,  renders  it  unfit  for  cultivation, 
and  the  stagnant  water  made  the  whole  district  a 
most  unhealthy  one,  as  it  produced  pestilential 
exhalations  during  the  summer  months,  which  in- 
fected and  poisoned  the  air  for  miles  around. 
These  marshes,  it  is  expected,  wiU  soon  become 
a most  fertile  district,  and  the  waters  will  be 
stored  and  utilised  in  dry  seasons  for  the  irri- 
gation of  about  7,000  hectares  (17,298  acres)  of 
land,  and  the  canal  will  furnish  abundant 
water  power,  which  can  be  eventually  utilised 
for  industrial  purposes.  The  total  area  of  land 
drained  by  the  canal  is  about  25,000  hectares 
(61,778  acres). 
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Lectui'c  II.— Delivered  May  1886. 

[The  riffht  of  reproducing  these  lectures  is  reserved.] 

My  lecture  this  evening  is  to  be  upon 
tapestry  - making.  The  word  tapestr>'  has 
grown  to  be  used  in  two  senses,  from  which  a 
good  deal  of  confusion  and  some  uncertain- 
ties have  ensued.  From  a general  and  non- 
technical point  of  view,  the  word  tapestry  has 
been  used  to  indicate  any  sort  of  decorated 
hanging.  Thus  early  mentions  of  tapestry 
have  been  accepted  as  proofs  positive  that  the 
special  process  which  is  now  identified  with 
tapestry-making  was  in  question.  But  this 
assumption  is  not,  I believe,  correct.  The 
special  and  technical  meaning  of  the  word 
“tapestry,”  in  its  indication  of  a peculiar 
process,  will,  I hope,  become  clear  as  the 
lecture  proceeds. 

Various  books  upon  tapestries  and  textiles — 
and  one  or  two  have  been  lately  published  in 
France  of  remarkable  completeness— contain 
abundant  quotations  from  old  writings  to  prove 
the  use  of  decorated  textile  fabrics  for  hang- 
ings and  curtains,  at  the  times  of  the  Egyptians, 
the  Assyrians,  the  Greeks  and  Romans.  And 
as  this  particular  branch  of  the  investigation 
seems  to  have  been  pretty  fully  dealt  with,  I 
do  not  propose  to  further  follow  it.  It  may 
probably  be  taken  as  certain  that  actual 
specimens  are  not  likely  to  be  forthcoming  of 
the  curtains  with  cherubs’  heads,  used  for  the  | 


Tabernacle  of  the  Ark,  of  the  cloths  adorned 
with  animals  and  episodes  which  are  men- 
tioned in  the  Iliad,  or  of  the  hangings 
decorated  with  illustrations  of  Greek  myths 
and  victories  which  Apollonius  of  Tyana  is 
said  to  have  seen  at  Babylon.  Whether  these 
were  embroideries,  or  woven  and  painted 
cloths,  it  is  impossible  to  say.  It  is,  however, 
I think,  more  than  probable  that  they  were 
not  made  as  tapestries,  say  from  the  13th 
century,  have  been. 

Remains  of  other  textiles,  mummy  cloths, 
portions  of  costumes  used  in  ancient  Egypt, 
and  woollen  stuff  of  the  Bronze  Age  in  Scan- 
dinavia prior  to  the  Christian  era.  have  been 
discovered,  and  their  methods  of  production 
duly  verified.  The  majority,  if  not  all,  of  such 
witnesses  to  the  antiquity  of  well-wrought 
weavings  and  sorts  of  embroidery,  have  been 
preserved  for  centuries  in  subterranean  burial 
places  in  coffins  of  wood  and  stone,  whence 
they  have  been  exhumed  by  the  modern  ex- 
plorer; but  hangings  and  large  pieces  of  stuff 
to  decorate  buildings  have  not,  apparently, 
been  so  deposited  as  to  insure  their  existence 
for  long  periods.  Other  causes,  too,  have 
helped  to  efface  traces  which  would  be  of 
value  in  demonstrating  an  evolution  in  the  use 
of  decorative  hangings.  The  depredations  of 
fanatical  iconoclasts,  not  only  in  Europe,  but 
also  in  continents  like  India,  are  too  well 
known  to  require  now  more  than  a note.  The 
effects  of  earlier  sectarian  repugnance  for 
decorative  works  may  be  inferred  from  such 
letters  as  St.  Epiphanius,  Bishop  of  Salamis, 
wrote  to  John,  Bishop  of  Jerusalem,  in  the 
4th  century.  Although  this  letter  has  often 
been  quoted,  I venture  to  give  an  extract  from 
it.  The  bishop  writes  : — 

“ On  my  journey  through  Anablata,  a village  in 
Palestine,  I found  a curtain  at  the  door  of  the  church, 
on  which  was  painted  a figure  of  Christ,  or  some 
saint,  I forget  which.  As  I saw  it  was  the  image  of 
a man,  which  is  against  the  command  of  the  Scrip- 
tures, I tore  it  down,  and  gave  it  to  the  church 
authorities  with  the  advice  to  use  it  as  a winding- 
sheet  for  the  next  poor  person  who  mi^ht  have 
occasion  for  one,  and  bury  it.”  ^ 

Speculations,  however,  as  to  the  probable  re- 
covery of  this  curtain,  or  any  earlier  decorated 
wall-hanging  or  curtain,  need  not  perhaps 
occupy  our  attention. 

The  question  what  then  is  tapestry  seems  to 
me  to  require  an  early  answer.  To  the  French 
word  ta^isserie,  an  ofiP-shoot  of  tajpis  (carpet) 
we  are  no  doubt  mainly  indebted  for  one  word. 
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in  which,  however,  we  have  a second  “t” 
deriving  it  from  the  Latin  word  tapehim,  a 
source  common  both  to  French  and  English 
words.  As  early  as  1250,  French  regulations 
of  the  artisans  of  Paris  contain  mention  of 
tapissier  sarrazmois  and  ta^pissier  nostrez — 
and  sixty  years  later,  “ tapicers  ” are  named  in 
ordinances  concerning  such  craftsmen  estab- 
lished in  London.  Last  Monday  I suggested 
that  tapestry-making  v/as  more  like  certain 
forms  of  carpet-making  than  any  other  special 
branch  of  textile  manufacture.  It  is  possible 
that  the  I3th  and  14th  century  tapissicrs  and 
tapicers  were  men  engaged  in  producing 
coverings  and  stuffs  for  use  as  carpets  and 
hangings— woven  either  in  the  ordinary  way, 
or  done  according  to  the  special  processes  of 
carpet  and  tapestry-making.  Although  there 
is  scarcely  any  evidence  to  show  that  tapestry 
hangings,  in  the  technical  sense,  were  made  in 
Europe  before  the  12th  century — the  actual 
process  which  came  to  be  identified  with  such 
articles  was  well  known  in  the  Saracenic 
countries  of  that  and  earlier  times.  It  would 
appear  that  this  process  was  used  in  respect 
of  trimmings  to  dresses.  On  the  other  hand, 
Tartar  and  Turcoman  people  appear  to  have 
used  an  identical  process  for  making  carpets 
and  such  like.  I do  not  think  anyone  has  been 
able  to  decide  the  question  as  to  the  actual 
difference  in  craft  between  the  tapissier 
sarrazinois  and  the  iapissier  nostrez.  The 
latter  is  thought  to  have  produced  some  home 
manufacture  as  distinct  from  an  imitation  of 
Saracenic  manufacture.  However  this  may 
be,  I Vv'ill  now  submit  certain  diagrams  by 
which  I hope  to  show  the  difference  in  process 
between  weaving  and  tapestry  and  carpet- 
making. 

Woven  fabrics  made  by  hand  are  produced, 
as  this  diagram  indicates,  bypassing  a shuttle 
charged  with  thread,  thrown  across  and  in 
between  alternate  threads  stretched  in  two 
ranks.  The  two  ranks  can  be  raised  above 
or  brought  beneath  one  another  by  two  frames, 
each  of  which  operates  in  respect  of  one  rank 
of  threads  only.  These  frames  are  moved  by 
pedals.  When  the  shuttle  with  its  thread  has 
been  thrown  across  the  width  of  the  two  ranks 
of  warp,  a comblike  instrument  is  brought 
against  the  interweaving  thus  made,  so  as  to 
compact  the  thread  of  the  shuttle  between 
those  of  the  warp.  The  textile  as  made  is 
wound  round  a cylinder,  and  the  weft  and  the 
warp  threads  are  equally  visible  on  both  sides 
of  the  fabric. 

Now  for  carpet-making  by  hand,  a stretched 


rank  of  warp  threads  is  also  necessary.  But 
these  warp  threads  plays  no  visible  part  in  the 
face  of  the  carpet.  They  are  covered  round 
with  weft  threads.  Instead  of  a shuttle  with  a 
weft,  as  in  weaving,  you  use  various  sets  of 
thread,  which  }mu  loop,  knot,  and  intertwist  on 
the  warp  threads.  In  making  carpets  with  a 
pile,  you  cut  the  ends  of  the  threads  which 
have  been  knotted  on  to  the  warp.  From  above 
these  knotted  threads,  and  across  and  in 
between  the  warp,  a stout  thread  i.«  thrown. 
This  is  pressed  down  with  a comb,  so  as  to 
compact  the  whole  fabric.  A fresh  series  of 
knottings  is  then  made,  and  the  above-named 
operations  repeated.  The  weaving  diagram 
showed  that  the  ’warp -threads  lay  in  a hori- 
zontal position.  In  carpet-making  the  warp- 
threads  are  usually  in  an  upright  position. 
Here  I show  a sketch  of  some  Indian  workmen 
making  a carpet  upon  upright  warp-threads. 
On  an  upper  cord,  above  the  heads  of  the 
workmen  sitting  in  front  of  the  warp,  are  hung 
bunches  of  thread,  which  may  be  of  silk,  wool,, 
goats,  or  other  hair.  The  sticks  within  easy 
reach  of  the  workmen  are  attached  to  a set  of 
strings  which  are  fastened  to  alternate  warp- 
threads.  By  moving  the  sticks,  half  of  the 
warp  threads  can  be  pulled  forward  so  as  to 
divide  the  warp  into  two  ranks,  between  which 
the  cord  may  be  thrown  above  each  series  of 
knottings.  To  the  left  of  one  worker  is  a small 
pronged  instrument,  like  a comb  with  a long 
handle.  This  is  used  for  pressing  down  the 
work.  To  the  right  of  the  other  workman  is  a 
pair  of  scissors,  with  which  he  clips  the  ends  of 
the  knotted  threads  and  trims  the  piled  surface 
of  the  fabric.  This  method  and  apparatus  has 
probably  been  in  use  for  many  centuries  in 
the  East.  And  rough  and  ready  as  they 
appear  to  be,  highly  finished  carpets  with 
one  side  of  close  sheeny  pile,  lovely  in  pattern, 
colour,  and  texture,  have  been  made  with 
them. 

But  there  is  another  closely-allied  process 
for  making  carpets  and  hangings.  This  is 
one  in  which  no  stout  cord  is  thrown  across 
and  in  between  the  warp ; no  scissors  to  cut 
the  ends  of  knotted  weft-threads  are  used, 
and  no  pile  is  produced.  Both  sides  of  the 
textile  so  made  are  often  alike.  This  process 
requires  that  the  variously-coloured  wefts  shall 
be  intertwisted  between  groups  of  the  warp- 
threads.  In  this  respect  it  is  almost  identica] 
with  that  particular  process  which  is  known 
as  tapestry-making ; tapestries,  however,  are 
finished  for  display  on  one  side  only. 

By  the  help  of  a few  plates  which  have 
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been  photographed  from  a standard  French 
Dictionary  of  Manufactures,  published  in 
the  last  century,  I hope  to  present  you  with 
the  leading  features  of  tapestry-making.  My 
first  illustration  gives  a considerable  frame- 
work, containing  a wide  range  of  warp-threads, 
upon  the  lower  portion  of  which  is  seen  the 
face  of  the  tapestry,  with  completed  parts  of 
the  design.  The  workman  is  at  the  back  of 
these  warp-threads,  and  his  design  is  placed 
upon  the  board,  leaning  outwards,  in  front ; 
this  he  sees  through  the  warp-threads.  Here 
he  is  at  work.  The  numerous  pegs  or  slays  are 
wound  round  with  coloured  threads ; the  attach- 
ments of  strings,  some  of  which  he  is  pulling, 
operate  upon  the  warp-threads.  He  can  thus 
pick  out  and  pull  forward  the  particular  warp- 
threads  between  which  he  has  to  intertwist  the 
thread  of  a particular  slay.  In  the  pile  carpet- 
making processes  slays  are  not  used.  Another 
diagram  gives  us  an  idea  of  how  the  comb 
is  used. 

Tapestries  are  made  not  only  upon  vertical 
threads,  in  the  manner  roughly  described,  but 
also  upon  horizontal  threads.  These  two  illus- 
trations indicate  the  use  of  the  process  in  its 
connection  with  horizontally  ranged  threads. 
In  the  upper  one  we  have  the  w'orker  inter- 
twisting his  slay  of  weft-threads,  whilst  in  the 
lower  he  is  using  the  comb  to  compress  his 
work.  Tapestries  made  upon  vertical  warps 
are  termed  high  warp,  or  haute  lisse  tapestries. 
Those  made  on  horizontal  warp  are  called  low 
warp,  or  basse  lisse.  But  the  results  of  both 
methods  are  virtually  identical,  so  that  it  is 
almost  impossible  to  detect  any  peculiarity 
which  shall  distinguish  the  haute  lisse  tapes- 
tries from  those  of  the  basse  lisse.  In  weaving, 
you  may  have,  as  I mentioned,  the  warps 
either  vertical  or  horizontal ; and  this  is  not 
unimportant  in  regard  to  the  conclusions  which 
some  inquirers  have  arrived  at,  that  the  men- 
tion of  high  and  low  warp,  haitte  and  basse 
lisse,  must  imply  one  or  the  other  of  the 
tapestry-making  processes. 

Sir  Gardner  Wilkinson  gives  a drawing 
from  sculptures  3000  B.C.,  of  Egyptians  at 
work  upon  a small  high  warp  frame,  and  the 
arrangements  for  pulling  forward  the  vertical 
w'arp-threads  establish  an  idea  that  a tapestry- 
making process  is  being  used  by  them.  This 
process  is,  as  I have  said,  of  great  antiquity, 
and  of  wide-spread  employment.  As  to  its 
antiquity,  I have  a specimen.  Fig.  i (p.  950), 
now  preserved  at  the  British  Museum.  It  was 
exhumed  from  some  tomb  near  Sakkarah,  an 
Arab  village  near  Memphis.  I believe  that  the 


late  Dr.  Birch  considered  that  it  was  pre- 
Christian  in  date,  possibly  belonging  to  the 
period  of  Greek  colonisations  in  Egypt.  It  is 
possible  that  the  corselet  mentioned  by  Hero- 
dotus as  having  been  captured  by  the  Samians, 
in  the  course  of  its  transit  from  Amasis,  King 
of  Egypt,  who  sent  it  as  a present  to  the  Lace- 
demonians, was  ornamented  with  such  work 
as  that  now  before  us.  The  date  of  that 
corselet  was  probably  about  530  B.c.  Herodotus 
describes  it  as  made  of  linen,  “with  many 
figures  of  animals  inwrought  and  adorned  with 
gold  and  cotton  wool,  and  on  this  account,” 
he  says,  “each  of  its  threads  make  it  worthy 
of  admiration.  For  though  it  is  fine,  it  con- 
tains 360  threads,  all  distinct.”  These  360 
threads  might  be  the  warp-threads.  In  the 
specimen  before  us  there  are,  in  the  width  of 
8^  inches,  upwards  of  184  warp-threads,  and 
the  number  of  crossing  wefts  on  each  warp- 
thread  of  II  inches  long,  is  600.  Possibly 
that  portion  of  the  linen  corselet  which  excited 
the  admiration  of  Herodotus  may  have  been  a 
panel  of  ornamental  work  about  17  inches  in 
width,  which  would  not  be  too  large  to  serve  on 
the  front  of  the  corselet.  It  might,  indeed,  have 
been  a sort  of  ephod— like  the  linen  ephod, 
perhaps,  which  David  wore  when  he  danced 
with  all  his  might.  I make  these  sugges- 
tions with  much  deference,  relying  very  much 
upon  what  I have  gathered  to  be  the  opinion  of 
the  late  Dr.  Birch  as  to  the  date  of  the  actual 
specimen  before  us.  He  has  described  it  as 
a rectangular  fragment.  In  the  centre  is  a 
square  of  green  ground,  upon  which  appears 
in  white  with  red  outline,  blue  eyes  and  arm- 
lets,  a nude  figure  of  Aphrodite,  in  front  of 
whom  is  a swan  flying.  This  compartment  is 
about  3J  inches  square.  Round  it  is  a broad 
border,  on  which  in  red,  blue,  and  white  are 
ten  draped  female  figures  standing — the  left 
hand  and  arm  of  each  is  raised  — whilst  the 
right  arm  hangs  pendent.  The  four  figures  on 
the  upper  and  the  four  on  the  lower  part  of 
this  border  are  full  face  ; the  figures  at  each 
of  the  other  parts  appear  to  wear  head  dresses 
and  face  to  the  left.  The  draper}''  of  the 
figures  exhibits  on  the  skirts  a pattern  of  three 
diamonds,  in  one  of  which  is  a cross  in  the  other 
two  are  circles.  The  ground  above  these  figures 
is  strewn  with  blue  and  white  spots  or  flowers. 
The  whole  rectangular  fragment  has  been  sur- 
rounded with  blue  and  red  border  between 
white  lines.  The  outer  edging  of  all  is  a rude 
rendering  of  the  bud  and  blossom  device.  As 
may  have  been  noticed,  the  drawing  of  the 
various  forms  is  quite  archaic  or  primitive. 
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It  is  evidently  done  by  someone  possessing 
but  little  skill  in  realising  and  depicting  the 
subject.  Similar  quality  of  drawing  is  to  be 
seen  in  other  relics  of  this  class  of  work, 
which  have  recently  been  rescued  from  tombs, 
probably  of  Christians  of  the  Coptic  sect. 
In  such,  the  figures  pourtrayed  wear  nimbi 
like  those  of  Christian  saints.  Specimens 
of  these  robe  ornaments  have  recently  been 


acquired  for  the  South  Kensington  Museum 
from  Egypt.  From  some  parts  the  coloured 
threads  have  completely  disappeared,  leaving, 
however,  the  warp-threads,  thus  furnishing  a 
key  to  the  manner  in  which  the  work  was 
done.  It  is  probable  that  small  slays  were 
employed,  the  warp-threads  being  stretched 
in  a handy  frame  of  some  sort.  When  the 
work  was  finished,  it  was  stitched  to  the  coarse 


Fig.  I. 


Panel  of  Tapestry- 'Weaving  for  the  decoration  of  a Dress  from  Sakkarah,  near  Memphis; 
Grasco -Egyptian,  2nd  or  3rd  century  b c.  (?) 


linen  robe.  This  tapestry-making  process 
for  making  costume  ornament,  upon  a small 
scale,  has  not,  I believe,  been  used  in 
Europe.  It  is  known,  however,  to  Peru- 
vians and  natives  of  Borneo.  Specimens  of 
tapestry-making,  in  which  the  weft  is  silk 
throughout,  are  made,  on  a small  scale,  in 
the  public  school  for  females  at  Kiyoto  Fu,  in 
Japan.  The  Japanese  seem  to  regard  them 


as  displaying  a new  sort  of  work  which  they 
have  lately  invented,  and  accordingly  named 
Tsu-zu-re-ori.  But  this  specimen,  which  is 
about  a foot  high,  shows  that  the  process  is 
identical  with  tapestry-making  as  already 
described.  I have  little  doubt  that  the  Japanese 
adapter  derived  his  idea  of  the  method,  per- 
haps, from  some  bit  of  European  tapestr}%  or 
from  a Turcoman,  Central  Asiatic,  or  Mon- 
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golian  carpet,  produced  in  this  way  (Fig.  2). 
So  much,  then,  for  the  process  of  tapestry- 
making and  some  of  the  peculiar  uses  to  which 
it  has  been  put. 

Its  celebrity,  however,  in  Europe,  arises 
from  its  use  in  connection  with  hangings,  the 
larger  quantity  of  which  has  been  made  with 
strong  warp-threads  or  strings,  usually  over- 
worked with  worsted,  sometimes  with  worsted 
and  silk.  In  such  form  w^e  seem  to  have 
no  data  upon  which  to  found  a statement  that 
this  class  of  work  appears  in  Europe  before 
the  13th  century.  But  at  this  date  we  get  in- 
dications of  the  special  application  of  the 
process  to  the  production  of  stuffs  to  be  used  as 
hangings,  and  such  like. 

Of  hangings,  without  regard  to  their  par- 
ticular make,  we  have  representations  such  as 
this  diagram  furnishes.  It  is  engraved  in 


Fig.  2. 


Corner  of  a Curtain  or  Carpet  or  Tapestry  Weaving ; Turkoman 
manufacture. 


M.  Muntz’s  excellent  work  on  “Tapestries,” 
aad  displays  a corridor  of  the  Emperoruheo- 
doric’s  palace  at  Ravenna,  the  seat  of  the 
later  Roman  Government.  The  curtains, 
looped  under  the  arcades,  w-ere  probably  of 
ordinary  woven  material,  far  thinner  and 
lighter  in  texture  than  tapestry-made  hangings. 
The  ornament  upon  them  may  have  been 
painted,  embroidered,  or  w^oven  into  them.  It 
may,  indeed,  have  been  done  by  the  tapestry 
process  on  the  small  scale  of  the  Egypto- 
Coptic  specimens ; but  of  this  w'e  know' 
nothing  with  certainty. 

The  diagram,  however,  may  give  us  ground 
to  surmise  that  the  influence  of  Rome  and  her 


Oriental  connections,  which  had  been  pro- 
tracted through  centuries,  affected  the  adorn- 
ment of  palaces  long  before  the  times  of 
Theodoric.  And  as  the  organisation  of  the 
Christian  Church,  with  its  ramifications  in  the 
East,  spread  itself  about  Europe,  fashion,  in 
the  use  of  decorated  textiles,  was  widely  dis- 
seminated. One  or  two  instances  will  suffice. 
Withlaf,  a king  of  Mercia,  in  833,  presented  a 
cloth  of  gold  displaying  the  destruction  of 
Troy  to  the  Convent  of  Croyland  in  England  ; 
and  in  992  Abbot  Egelric  (the  second  of  that 
name)  gave  the  same  establishment  two  large 
foot  cloths,  woven  with  lions,  to  be  laid  before 
the  high  altar  on  great  festivals.  Possibly 
these  articles  were  of  wool.  Now  from  the 
first  century  “coarse  wool,  woven  in  Belgium, 
found  a greedy  market  in  Rome,”  according 
to  Signor  L.  Brentano,  and  the  industry  w'as 
extensively  practised  during  succeeding  cen- 
turies by  the  noted  weavers  of  Flanders  and 
Brabant.  We  have  little  to  guide  us  as  to  the 
sorts  of  patterns  which  may  have  been  w'rought 
in  these  fabrics,  but  I hope  I shall  not  be 
charged  w’ith  overtaxing  your  credulity  if  I 
suggest  that  perhaps  in  the  loch  and  nth 
centuries  some  such  patterns  of  lions  like  this 
specimen  may  have  been  used.  This  character 
of  pattern  appears  also  in  more  delicate  textiles, 
which  are  generally  thought  to  have  emanated 
from  Greece  and  Sicily  between  the  loth  and 
13th  centuries. 

Besides  indicating  conditions  consequent 
upon  the  desire  of  the  rich  and  powerful  to  be 
supplied  with  the  best  obtainable  articles  pro- 
duced by  artistic  m.an,  history  also  points  to  the 
effect  w'hich  has  followed  upon  the  efforts  of 
handicraftsmenfromthe  earliestof  times,  toper- 
petuate  a supply  of  wonder-stirring  w'orks,  the 
sight  of  which  gave  birth  and  life  to  demand. 
Commerce  in  such  works  ensued.  To  instance 
early  commerce,  I need  not  go  so  far  back  as 
the  almost  prehistoric  amber  trade  of  the 
Phoenicians  with  North  Europeans ; but  as 
the  period  when  the  patterned  stuffs  of  which 
1 last  spoke  belongs  to  years  between  the 
9th  and  13th  centuries,  of  which  we  are 
generally  considered  to  know  but  little,  I 
thought  I might  place  before  you  a few  items 
illustrative  of  the  spread  of  commerce,  the 
specialising  of  crafts  in  the  formation  of  craft 
gilds,  and  the  establishment  of  organised 
factories  about  that  time. 

The  constitution  of  craft  gilds  is  said  to 
have  been  adopted  from  the  more  ancient 
religious  gilds.  The  late  Mr.  Toulmin  Smith’s 
book  on  “ English  Gilds  ” gives  much  informa- 
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tion  about  them.  And,  as  germane  to  our 
subject,  it  is  interesting  to  read  that  “ foremost 
amongst  the  free  handicraftsmen  of  the 
Germanic  States,  for  some  centuries  before  the 
nth  century,  were  the  weavers.”  They  formed 
a kind  of  middle  class  between  the  patricians 
and  the  bond  craftsmen.  ‘‘  Whilst  the  other 
craftsmen  worked  to  supply  mere  local  demands, 
the  weavers’  manufactures  found  markets  in 
the  most  distant  countries,  which  fact  natur- 
ally invested  them  with  greater  personal  im- 
portance.” Accordingly,  in  all  the  manufactur- 
ing countries  of  that  time,  in  England, 
Flanders,  Brabant,  as  well  as  in  the  Rhenish 
towns,  the  most  ancient  gilds  were  those  of  the 
weavers.  The  Gild  of  London  Weavers  was 
chartered  by  Henry  I.,  and  so  was  that  of  the 
Oxford  weavers.  In  Germany  the  Woolweavers’ 
Gild  of  Cologne  arose  as  early  as  the  nth 
century.  At  Spire,  the  Gild  of  the  Wool- 
weavers  existed  at  the  beginning  of  the  12th 
century.  At  Mayence,  the  weavers  are  men- 
tioned as  early  as  1099.  Corresponding 
organisations  in  the  East— in  Persia,  in  Syria, 
and  Byzantium  certainly  existed  at  these  times 
and  earlier.  Apart  from  the  indications  one 
finds  in  the  Bible,  dating  from  hundreds  of 
years  before  Christ,  the  fact  that  splendid 
textiles  were  made  in  Syria  particularly  is 
brought  out  in  Washington  Irving’s  Succes- 
sors of  Mahomet”  — and,  of  course,  by  Gibbon 
previously.  The  Saracens  or  Moslems  at  the 
beginning  of  Mohammedanism  levied  from 
the  towns  of  their  early  conquests  in  Syria, 
tribute  which  in  great  measure  consisted  of 
fine  textiles.  Damascus,  famous  in  the  7th 
century  for  its  silk  weaving,  was  taken  by  the 
Saracens.  These  conquerors  allowed  the 
supposed  daughter  of  the  Roman  Emperor 
Heraclius,  who  was  married  to  Thomas,  a 
noble  Greek  in  Damascus,  to  leave,  taking 
with  her  three  hundred  boxes  containing  costly 
silks  and  cloths  of  gold.  Nevertheless  much 
similar  booty  was  left  for  the  Moslems  when 
they  entered  and  sacked  the  town. 

How  far  the  Persians,  who  were  subsequently 
vanquished  by  the  Saracens,  had  encouraged 
costly  productions,  may  be  inferred  from  the 
detailed  description  of  a large  and  sumptuous 
carpet  used  in  the  palace  of  the  king,  Yez- 
degird.  This  carpet  was  of  silk.  In  design, 
— suggestive  of  Vathek’s  mountain  paradise — 
it  represented  a parterre  of  flowers  embroidered 
in  their  natural  colours,  and  overlaid  with 
jewels ; the  fountains  playing  amongst  the 
flowers  were  wrought  with  diamonds  and 
sapphires,  to  represent  the  sparkling  waters. 


The  value  of  the  whole  was  beyond  calculation* 
The  carpet  was  taken  from  the  palace  at 
Madayn,  and  brought  to  Caliph  Omar  at 
Medina.  The  caliph  ordered  it  to  be  cut  up 
and  a piece  given  to  each  of  his  chiefs,  one  of 
whom  sold  his  portion  for  eight  thousand 
dirhems  of  silver.  It  was  at  this  time  that  the 
port  of  Amalfi  in  Southern  Italy  grew  to  im- 
portance. According  to  Gibbon,  it  was  for  1 
300  years  a principal  centre  for  supplying  the  ! 
Western  world  with  the  manufactures  of  the  I 
East.  Before  the  8th  century,  even,  we  get  an 
idea  of  the  wide  scope  of  Oriental  commercial 
relations  with  France,  in  the  mention  of  certain 
Greek  and  Syrian  merchants  who  established 
a centre,  for  their  operations  in  the  silk  trade, 
at  Paris  during  the  6th  century.  That  they 
gained  popularity  is  attested  by  one  of  them 
becoming  Bishop  of  Paris. 

A mention  of  the  establishment  of  silk- 
weaving looms  in  Sicily  may  illustrate  my 
reference  to  organised  factories.  In  the  nth 
century,  the  Normans  came  down  from  the 
north  of  France  to  break  the  power  of  the 
Saracens,  which  then  reached  over  Southern 
Italy  and  Sicily.  The  Norman  expedition  went 
to  Greece.  Under  the  domination  of  chiefs 
like  Robert  and  Roger  Guiscard,  the  manu- 
facture and  weaving  of  silk  were  introduced 
into  Palermo.  Gibbon  relates  that,  after 
sacking  Corinth,  Athens,  and  Thebes,  Count 
Roger  despatched  his  lieutenants  for  Sicily 
“ with  a captive  train  of  weavers  and  artificers 
of  both  sexes.  A stately  edifice  in  the  Palace 
of  Palermo  was  erected  for  the  use  of  the  in- 
dustrious colony ; and  the  art  was  propagated 
by  their  children  and  disciples  to  satisfy  the  in- 
creasing demand  of  the  Western  world. ’ ’ This 
establishment  is  mentioned  by  contemporary 
writers  as  the  Hotel  des  Tiraz.  “ The  decay 
of  the  looms  in  Sicily  may  be  described  to  the 
troubles  of  the  island  and  the  competition  of 
the  Italian  cities.” 

From  these  foregoing  indications  we  may 
perceive  that,  at  the  8th  century,  in  Europe 
there  was  considerable  activity  in  produc- 
ing articles  of  artistic  manufacture  cognate, 
in  their  use  at  least,  to  that  of  tapestry- 
made  work.  Now  the  earliest  piece  of 
hanging  made  by  the  method  correspond- 
ing with  that  of  the  old  Egyptian  costume 
trimming  we  looked  at  dates  probably  from 
the  1 2th  or  13th  century.  It  is  comparatively 
narrow,  and  was  of  some  length.  This  character 
of  shape  is  distinctive  in  hangings  of  lighter 
stuff,  as  well  as  with  early  tapestry  hangings. 
Larger  and  squarer  tapestries  are  of  later 
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date.  There  is  much  discussion  as  to  where 
this  early  piece  of  tapestry,  a portion  of  which 
I show,  was  made.  Some  have  thought  it  was 
made  in  Syria,  others  in  Germany,  and  this 
latter  country,  I think,  establishes  a better 
claim  to  it,  though,  in  some  respects,  France 
might  prefer  an  equally  strong  claim  to  having 
produced  it.  The  larger  portion  of  it  is  pre- 
served in  the  museum  at  Lyons.  Another 
piece  is  in  the  museum  at  Nuremburg.  And 
a bit  of  the  border  is  in  the  South  Kensington 
Museum.  Here  is  a photograph  of  this  bit, 
in  which  the  twisting  of  the  threads  may  be 
clearly  followed.  The  tapestry  is  made  of 
woollen  threads,  chiefly  greens  and  blues, 
twisted  around  stout  flax  strings  or  warps. 
When  intact,  the  whole  piece  belonged  to  the 
Church  of  St.  Gereon  at  Cologne.  The  scheme 
of  the  pattern  consisted  of  a series  of  repeated 
ornamental  circular  bands,  within  which  are 
figured  chimerical  birds  and  beasts.  This 
device  occurs  in  Oriental  ornament,  and  is 
frequent  in  ivory  carvings,  metal  works,  and 
embroideries  of  the  12th  and  13th  centuries. 
But  here  is  an  earlier  example  of  the  principal 
motive  in  the  pattern.  This  gold  vase  is  con- 
sidered to  be  Scythic,  Perso-Roman,  or  Graeco- 
Asiatic  work  of  the  4th  century  A.D.  A scheme 
of  pattern  in  which  the  repeating  circular  bands 
surrounding  birds  and  creatures  are  used,  may 
also  be  noticed  in  the  chasuble  of  Pope  Boniface 
VIII.  This  is  a photograph  of  the  back  of  it. 
The  chasuble  is  entered  in  the  inventory  of  the 
Pope’s  possessions,  dated  1294.  This  character 
of  ornament  is  vaguely  called  Oriental  and 
Byzantine.  But  imitations  of  it  have  been 
produced  far  and  wide.  We  may  find  it  in 
modern  Japanese  weavings,  and  what  may 
strike  us  as  even  more  remarkable,  we  have  it 
in  Icelandic  embroidery  which  dates  from 
the  1 6th  century.  Through  the  kindness  of 
Mr.  William  Morris,  I am  able  to  show  you  a 
diagram  of  the  Icelandic  specimen  (Fig.  3). 
This  is  a coarse  linen  hanging  composed  of 
two  bands  of  linen  joined  together.  It  is  em- 
broidered with  wools  in  a running  or  darning 
stitch.  The  scheme  of  repeated  circles  in- 
closing chimerical  creatures  plays  as  we 
see  the  principal  part  of  its  pattern.  The 
indications  of  the  circles  are  indistinct, 
though  sufficient  for  the  purpose  of  tracing 
the  use  of  this  character  of  design.  The 
legends  are  in  a sort  of  Gothic  black 
letter.  Kindred  pattern  is  to  be  seen  in 
weavings  of  the  12th  or  13th  century  from 
Sicily  or  Italy.  So  much,  then,  for  this  parti- 
cular motive  and  pattern,  the  modifications  of 


which  could  furnish  matter  enough  for  a single 
lecture. 

Returning  now  to  the  length  and  narrow 
width  of  the  early  tapestries,  it  is  to  be  noted 
that  they  were  used  as  frieze-like  decorations 
or  bands  to  be  hung  along  the  walls  of  churches 
and  buildings.  A remarkable  instance  of  such 
long  hangings  is  given  us  in  the  famous  linen 
band  embroidered  in  wools,  with  over  seventy 
different  scenes  connected  with  the  Norman 
conquest.  Mr.  Fowke’s  book  on  this  precious 
relic  of  nth  century  art  exhausts  all  that  has  to 
be  said  about  it.  The  portion  I show  displays 
a part  of  the  king’s  palace;  then  comes  a 
view  of  an  interior,  where  Edward  the  Con- 
fessor, seated,  is  in  coversation  with  two  per- 
sonages, of  whom  one — the  taller  one  at  the 


Fig.  3. 


Icelandic  Embroidery  in  Worsted  upon  Linen  ; probably  of  the 
i6th  century. 


back  with  the  moustache — is  probably  Harold. 
Then  we  have,  a troup  of  horsemen  led  b}'’ 
Harold,  upon  whose  left  hand  is  a hawk. 
Harold  is  riding,  as  the  legend  tells  us,  to 
Bosham.  In  front  of  the  cavalcade  are  hounds. 
The  building  they  approach  is  a church,  with 
two  men  kneeling  at  its  entrance.  Along  the 
border  we  have  repeated  pairs  of  beasts  and 
birds,  reminding  us  of  the  like  devices  which 
occurred  in  the  roundels  previously  seen.  This 
long  linen  hanging— measuring  some  230  feet 
by  20  inches—  is  celebrated  as  the  Bayeux 
Tapestry.  But  the  term  tapestry  applies  solely 
to  its  use,  and  not,  of  course,  to  its  make, 
which,  as  has  been  said,  is  of  embroider}'. 
That  it  may  have  been  wrought  at  Bayeux  is 
possible.  The  earliest  mention  of  it  occurs,  I 
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believe,  in  an  inventory  of  the  contents  of 
Bayeux  Cathedral,  dated  1476,  where  it  is 
accurately  described  as  a “tente  tres  longue 
et  etroite  a broderie.”  In  the  i6th  century  it 
is  again  entered  as  a toile  d broderic ; 
but  the  name  ta^isserie  has  been  given 
to  it,  giving  rise,  in  consequence,  to 
occasional  misapprehension  as  to  its  technical 
character. 

The  next  few  bits  of  real  tapestry  I have  to 
show,  further  demonstrate  the  long  and  narrow 
shape  of  early  tapestries  which  survived  into 
the  times  when  larger  and  squarer  specimens 
were  produced.  Here  is  a strip  of  the  early 
15th  century  tapestry  work,  made  perhaps  in 
South  Germany.  It  represents  the  wooing  of 
a princess  by  two  suitors;  comparatively 
rude  in  drawing — it  must  have  been  rich 
in  colour.  The  threads  in  it  are  of  wool, 
but  small  portions  are  also  worked  with 
gold  thread — now  almost  black.  A con- 
ventional treatment  of  renderingis  marked, 
in  the  use  of  black  threads  out-lining 
many  of  the  details  — a characteristic  of 
many  early  tapestry  designs.  Scrolls  with 
legends  upon  this  are  introduced  amongst  the 
various  groups  of  figures.  This  feature  con- 
stantly recurs  in  tapestry  designs  of  the  14th 
century.  Examples  of  it  are  in  the  Church  of 
Saint  Laurent,  at  Nuremberg,  and  in  the 
National  Museum,  at  Munich.  Here  again 
we  have  a frieze-like  tapestry,  in  which  is 
figured  the  admission  of  a young  lady  into  a 
sisterhood. 

Tapestries  such  as  these,  then,  form  the  con- 
iiecting  link,  as  it  were,  between  the  circular 
band  and  animal  pattern  of  the  Cologne  12th 
century  tapestry,  and  the  patterns  of  figure  sub- 
jects depicted  from  the  14th  century  onwards. 
The  tapestries  of  early  times,  i e.^  13th  and 
14th  centuries,  are  thought  to  have  been  almost 
exclusively  made  in  small  frames,  in  which  the 
ranks  of  warp  were  stretched  horizontally — 
and  this,  as  I have  previously  mentioned,  is 
known  as  low  warp,  or  basse  lisse  process. 
There  seems,  however,  no  particularly  good 
reason  why  upright  frames  with  vertical  warp 
(haute  lisse)  should  not  have  been  in  use 
concurrently.  But  this  is  a point  of  anxious 
dispute  amongst  those  to  whom  it  is  of  im- 
portance. One  fact  may  be  noticed  here,  and 
that  is  that  in  the  evolution  of  the  method  of 
tapestry-making,  the  production  of  larger 
pieces  than  those  we  have  seen  as  types  of 
early  European  tapestry,  necessitated  the  use 
of  wider  and  better  constructed  high  or  low 
warp  frames.  In  these  larger  frames  designs 


of  correspondingly  increased  size  were  wrought 
in  tapestry. 

From  the  13th  century,  the  decoration  of 
walls  in  Italy  and  the  South  was  reviving  and 
becoming  wide-spread  in  the  use  of  fresco- 
painting. And  to  some  extent  one  traces  in 
the  tapestries  of  the  northern  and  more 
weather-wearing  countries  a companion  fashion 
to  that  of  the  southern  frescos.  There  can,, 
however,  be  no  doubt  that,  without  the 
revival  of  painting  in  Italy  and  its  necessary 
influence,  painting  in  the  North  would  not 
of  itself  have  put  forth  the  great  figure- 
designs  for  tapestries,  such  as  began  to  appear 
in  the  14th  century.  From  this  period  on- 
wards, we  have  frequent  indications  and 
evidences  of  notable  bodies  of  craftsmen 
known  as  “ tapissiers,”  and  in  England  as 
“tapicers.”  In  the  first  instance,  they  may 
not  have  particularly  identified  themselves 
with  the  tapestry-making  process.  Their 
business  was  always  in  connection  with  stuffs 
like  carpets  and  hangings,  which  were  origin- 
ally woven.  Subsequently  some  were  made 
according  to  the  special  process,  by  which  the 
workman  was  able  to  produce  a wider  range 
of  effects.  I believe  that  the  number  of 
colours  of  the  earlier  tapestries  was  restricted 
in  a way  which  reminds  one  of  the  limited 
number  of  tones  at  the  disposal  of  the  water- 
colour painter  a hundred  years  ago.  And  it 
is  not  until  the  tapestry-making  craft  is  well 
established,  that  the  employment  of  a more 
generous  scheme  of  colours  occurs.  This  has 
developed  in  such  a way  that  it  is  a boast  now 
at  the  famous  Gobelins  factory  that  they  have 
upwards  of  14,400  tones  of  colours  in  dyes  for 
threads.  But  300  years  before  the  establish- 
ment of  the  Gobelins  factory,  under  the 
patronage  of  Henry  IV.,  the  peculiar  process 
and  its  practice  had  been  encouraged  very 
considerably  by  the  Dukes  of  Burgundy.  The 
far  smaller  number  of  colours  available  for  use 
engendered  a simpler  rendering  of  designs 
than  that  which  marks  the  tapestries  of  late 
1 6th  and  succeeding  centuries.  Although  the 
Dukes  of  Burgundy,  early  in  the  14th  century, 
are  historically  conspicuous  as  promoters 
of  tapestry-making,  it  should  not  be  inferred 
that  the  manufacture  secluded  itself  solely 
under  their  auspices.  Amongst  the  mysteries 
of  craftsmen  there  are  records  of  some  apply- 
ing to  “tapicers”  in  England  at  this  time. 
These  workmen  were  influenced  by  works 
possibly  more  splendid  than  they  them- 
selves were  accustomed  to  make.  The 
French  Sovereign  presented  handsome  tapes- 
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tries,  made  in  Paris  and  Angers,  to  Edward 
II.  and  Edward  III.,  and  no  doubt  many- 
other  foreign  specimens  were  imported  into 
England. 

Monsieur  Guiffrey  has  cited  some  interest- 
ing facts  concerning  a prominent  tapestry 
worker  of  whom  he  has  found  records  dating 
from  the  14th  century.  This  craftsman  was 
named  Nicholas  Bataille.  At  one  time  he 
was  valet  to  the  Duke  of  Anjou,  and  in  the 
cathedral  of  Angers  there  are  specimens  of 
the  tapestry  hangings  produced  under  his 
supervision  when  he  was  in  the  service  of  the 
Duke  of  Anjou.  The  Register  of  the  Treasury 
of  the  Duke  of  Anjou  shows  that  in  one  case 
the  Duke  borrowed  from  his  brother,  Charles  V. 
King  of  France,  a MS.  illuminated  with  scenes 
from  the  Apocalypse.  An  artist  of  repute, 
Hennequin  or  John  of  Bruges,  was  charged  to 
make  enlarged  copies  of  these  illuminations. 
These  enlargements  were  then  worked  out  by 
Nicholas  Bataille  and  his  staff.  That  the 
Duke  of  Anjou  should  have  had  the  perception 
to  cause  an  illumination  to  be  thus  enlarged, 
marks  a taste  no  doubt  inherited  from  his 
ancestor  Charles  of  Anjou,  who,  on  his  journey 
in  1266  to  assume  the  kingship  of  Naples, 
is  said  to  have  stopped  at  Florence,  and 
visited  Cimabue,  then  at  work  painting  a 
Madonna  for  the  Church  of  Santa  Maria 
Novella. 

The  more  notable  tapestries  of  the  14th 
and  15th  centuries  appear  to  have  been  worked 
after  designs  from  Flemish  artists,  who,  as  a 
group,  were  more  able  and  distinguished  at 
that  time  than  their  brethren  in  France.  Gold 
and  silver  threads  and  silks  were  frequently 
and  lavishly  intermingled  with  wools  for  such 
hangings — with  effects  on  a large  scale 
similar  to  those  of  the  small  golden  and 
glowing  missal  illuminations.  We  lose  the 
effulgence  and  splendid  colour  of  such  works 
in  photographs  of  them,  which,  however,  give 
us  the  means  of  obtaining  an  impression  of  the 
careful  study  and  drawing  of  the  faces  and 
draperies,  as  for  instance  in  this  diagram  taken 
from  a tapestry  of  the  late  75th  century.  In 
this  group  we  have  a variety  of  faces  display- 
ing different  expressions,  depicted  within  the 
limits  of  this  phase  of  art,  as  well  almost  as 
one  could  expect.  Inequalities  in  scale  and 
absence  of  perspective  need  not  of  course  be 
particularised.  Such  features  belong  to  the 
phase  of  work.  They  are  often  spoken  of  as 
elements  giving  the  stamp  of  style  ; it  should, 
however,  be  remembered  that  the  designers 
did  not  work  differently.  They  probably  had 


no  thought  for  ‘ ‘ proprieties  of  style  ’ ’ such  as  we 
sometimes  pretend  to  insist  upon.  Style,  in- 
deed, is  a term  which  has  grown  into  a respect- 
ful usage,  through  its  repetition  by  persons 
belonging  to  a much  later  date.  Good  style 
or  bad  style  serves  as  a general  term  to 
sum  up  excellencies  and  deficiences  in  groups 
of  kindred  works. 

At  the  time  that  such  a piece  as  this  was 
made,  the  practice  of  tapestry- making  had 
taken  root  in  many  parts  of  Europe— in  France 
and  Flanders  especially,  as  well  as,  in  a less 
degree,  in  England,  Spain,  and  Italy.  Flan- 
ders, however,  seems  to  have  been  the  district 
to  which  great  patrons  of  art  looked  for  the 
best  work.  A friend  of  mine  has  kindly  referred 
me  to  Gaye’s  “ Carteggio  inedito  artisti,”  &c» 
This  contains  reprints  of  interesting  docu- 
ments, amongst  which  is  a letter  written  by 
Fruoxino,  apparently  a travelling  agent  of  the 
Medici  merchants.  Dated  from  Bruges,  22nd 
June,  1448,  it  is  addressed  to  Giovanni  de 
Medici,  a son  of  Lorenzo  de  Medici,  who,  with 
his  brother  Lorenzo,  had,  as  leading  members 
of  the  firm,  carried  on  a very  extensive  trade. 
This  letter  relates  to  the  efforts  which  the 
agent  had  made  to  buy  some  tapestries  for  his 
employer.  The  agent  had  been  to  Antwerp, 
but  had  met  with  little  success  there  in  getting 
what  was  wanted.  He  had  seen  a set  of 
tapestries  illustrating  the  story  of  Samson,  but 
these,  he  says,  would,  from  their  size,  be 
difiticult  to  “hang  in  your  chamber.”  The- 
tapestry-makers  worked,  as  a rule,  to  order,  so 
Fruoxino  advises  Giovanni  de  Medici  to  send 
the  exact  size  of  the  hanging  he  wants,  and  to- 
name  the  subject  which  may  be  specially 
designed  and  worked  for  him. 

It  would  not  be  possible  for  me  to  attempt  giving 
you  a brief  account  of  all  the  known  tapestry- 
making centres  which  flourished,  with  varying 
fortunes,  during  the  15th  century.  Sovereigns, 
pontiffs,  and  nobles  did  what  they  could  to 
stimulate  competition  in  the  art.  Paris  and 
Arras  had  rivalled  one  another,  and  after  the 
overthrow  of  Charles  the  Bold,  Brussels  came 
to  the  fore ; Lille,  Tournay,  and  Bruges,  had 
also  been  and  were  to  the  fore.  M.  Muntz’s 
excellent  book  on  tapestry  is  replete  with  in- 
cidents of  the  rises,  falls,  and  migrations  of 
the  art.  From  1420  to  1500,  swarms  of 
tapestry  workers,  natives  of  Arras,  Lille, 
Bruges,  Tournay,  and  Brussels,  swooped  (as 
he  says)  down  on  the  territories  of  the  Marquis 
of  Mantua,  the  Duke  of  Ferrara,  the  Duke  o-f 
Urbino,  on  Venetia,  Tuscany,  and  Umbria. 
The  oldest  Italian  workshop  hitherto  known  is 
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that  of  Mantua.  From  1419  a French  tapestry 
worker  remained  in  the  service  of  the  Gonzagas 
till  about  1442.  He  was  succeeded  by  other 
French  and  Italian  workers.  Thus,  to  a 
large  extent,  tapestry-making  in  Italy  was 
indebted  to  an  influx  of  Flemish  and  French 
workers. 

On  the  other  hand,  an  interchange  of  talent 
is  indicated  when  cartoons  by  Cosimo  Tura, 
Mantegna,  and  Leonardo  da  Vinci,  were  sent 
by  the  Medicis  and  others  to  be  wrought  in 
tapestry  by  the  workers  at  Bruges.  Vasari 
gives  a minute  description  of  a cartoon  by 
Leonardo  da  Vinci  for  tapestry,  which  was  to 
have  been  worked  in  Flanders,  and  presented 
to  the  King  of  Portugal.  This  intention  was 
not  fulfllled,  and  the  cartoon  alone  was  pro- 
duced. 

M.  Muntz  has  closely  tracked  his  subject. 
He  gives  much  that  is  interesting  about 
Italian  tapestry  works.  He  puts  at  rest  a 
frequently  accepted  idea  that  Pope  Leo  X. 
caused  Raphael’s  cartoons  displaying  the 
Acts  of  the  Apostles  to  be  worked  at  Arras  ; 
the  fact  being  that  the  Arras  works  had  col- 
lapsed some  36  years  before  the  artist  received 
his  commission. 

Before  offering  any  remarks  upon  changes 
in  design  which  developed  soon  after  the  com- 
mencement of  the  1 6th  century,  I would  show 
you  a diagram  of  a closely  filled  design  of  the 
late  15th  century,  the  tapestry  worked  from 
which  is  preserved  at  Rheims.  We  have  here 
the  coronation  of  Clovis,  King  of  the  Franks, 
in  481.  The  second  incident  represented  is 
the  siege  of  Soissons,  five  years  later.  This 
city  was  in  the  possession  of  the  Roman  King 
Syagrius.  Further  on  is  Clovis,  with  uplifted 
sword.  He  is  no  doubt  engaged  in  combat 
with  Syagrius,  who  was  defeated  and  fled. 
The  splendour  of  knightly  panoplies,  rich  with 
resplendent  armour,  jewels,  and  sumptuous 
stutfs  can  almost  be  taken  for  granted  even 
from  this  diagram.  The  composition  with  all 
its  elaborated  details  reflects  the  later  15th 
century  ideal  of  such  feats  of  arms— performed 
by  warriors  led  by  Clovis  ; of  whom,  however, 
with  a closer  regard  for  truth  than  romance,  it 
is  written,  that,  “ when  he  first  took  the  field, 
he  had  neither  gold  and  silver  in  his  coffers, 
nor  wine  and  corn  in  his  granaries.”  Sets  of 
great  pieces  like  this  of  the  Siege  of  Soissons, 
which  is  some  to  ft.  or  lift,  in  height  and 
20  ft.  in  length,  were  taken  about  from  place  to 
place  when  their  royal  or  noble  owners  changed 
residence.  A waggon  drawn  by  five  horses 
carried  the  tapestries  of  Louis  XI.  on  such 


occasions.  The  tents  of  Charles  the  Bold, 
Duke  of  Burgundy,  were  hung  with  great 
tapestries.  Some  of  them  are  now  preserved 
at  Berne,  having  been  captured  in  i486  at  the 
Battle  of  Gransons. 

The  quality  of  flatness,  due  to  comparative 
absence  of  perspective,  and  the  fullness  of 
details  so  arranged  as  to  produce  a complex 
pattern,  are  features  in  finished  designs 
wrought  in  tapestry  during  the  later  15th  and 
early  i6th  centuries.  But  these  features  rather 
quickly  disappeared  after  the  entry  of  Raphael 
and  other  Italian  artists,  upon  the  scene  as 
designers  for  tapestry. 

Henceforward,  an  impulse  was  given  to  the 
production  of  designs  which  the  tapestry 
worker  should  render  with  as  near  an  approach 
to  realistic  effects  of  light,  shade,  relief,  and 
distance,  as  his  fixed  warps  and  bunches  of 
coloured  threads  would  allow  him.  This 
tendency  to  give  tapestries  a likeness  to  paint- 
ings has  been,  and  is  still  developed,  at  the 
Gobelins  factory.  The  steps  leading  to  it 
from  the  simpler  and  flatter-looking  designs  of 
the  15th  century  are  many,  but  not,  I think, 
peculiarly  interesting.  Here,  however,  is  a 
type  of  design  which  found  much  favour  when 
produced  in  the  i6th  century.  And  here  is 
another  sort  of  type  specimen  of  the  17th 
century.  At  the  famous  Mortlake  tapestry 
factory,  which  was  founded  by  James  I.  early 
in  the  17th  century,  designs  after  Raphael, 
Rubens,  and  Vandyck,  were  worked,  in  which 
pictorial,  as  distinct  from  Gothic,  effects  pre- 
dominate. 

In  conclusion,  I return  once  more  to  the 
designs  of  the  late  15th  century,  in  order  to 
place  before  you  diagrams  of  a few  remarkable 
specimens  illustrative  of  the  Triumphs  of 
Petrarch.  In  connection  with  them  I may 
refer  to  one  or  two  specimens  of  other  deco- 
rative work.  These  indicate  the  adoption  by 
designers  of  allegories  in  illustration  of  which 
they  made  compositions  of  stately  processions 
rich  in  ornamental  detail.  Mantegna’ s cartoons 
of  the  Triumph  of  Csesar  are  preserved  at 
Hampton  Court,  and  are  pre-eminently  interest- 
ing in  this  respect.  Here,  taken  from  the 
Aldine  print  (of  1499)  known  as  the  dream  of 
Poliphilo,  are  two  cuts  displaying  the  Triumph 
of  Europa.  From  a decorated  wedding  robe 
chest  or  cassone  (1480),  I have  taken  the 
front  panel,  upon  which,  in  the  original, 
are  painted  the  Triumphs  of  Love,  Chastity, 
and  Death. 

As  is  well  known,  Petrarch  wrote  a series  of 
allegorical  triumphs,  about  the  middle  of  the 
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14th  centur}'.  The  subjects  of  these  are,  the 
Triumphs  of  Love,  Chastity,  Death,  Fame, Time, 
and  Eternity.  They  are  full  of  suggestions, 
but  are  much  too  long  to  quote  on  the  present 
occasion.  They,  and  the  designs  made  a full 
hundred  years  later,  are  replete  with  detail ; 
and  the  designs  indicate  that  the  poems  were 
certainly  known  to  the  designers.  Cupid  is 
invariably  represented  as  Petrarch  describes, 
in  a fiery  chariot  drawn  by  four  snowy  steeds. 
Chastity,  in  her  white  robe,  bears  “a  fair 
pillar.”  Death  is  spoken  of  by  the  poet  as  a 
* lady  clothed  in  black,”  and  designers  select 
Atropos  to  represent  her. 

The  scheme  adopted  by  the  designer  of  the 
tapestries  of  which  I have  two  diagrams,  gives 
two  episodes  to  each  tapestry.  These  episodes 
mark  the  triumph  of  the  particular  virtue  or 
fatality  which  is  preceded  by  the  overthrow  of 
the  alien  fate  or  antagonistic  influence.  These 
hangings  measure  26  ft.  in  length  and  14  ft.  in 
height.  In  the  case  of  the  Triumph  of  Death, 
we  have  the  overthrow  of  Chastity  by  Atropos. 
Then  comes  the  actual  Triumph  of  Death  as 
typified  by  the  “three  fatal  sisters  of  Destenye” 
seated  in  a car  in  which  lies,  dead,  Chastity. 
Bullocks  draw  this  car  over  a mass  of  dead 
and  dying.  A knight  heralding  the  extinction 
of  life  and  bearing  two  lances,  one  labelled 
Fortitude  and  the  other  Malheur,  cleaves  a 
path  through  the  crowd  of  illustrious  de- 
funct. 

The  second  diagram  is  of  the  Triumph  of 
Time  (Fig.  4,  p.  958).  This  is  rather  different 
in  treatment  from  that  of  the  previous 
tapestry.  Massed  in  groups  without  much 
indication  of  feeling  for  perspective,  the 
magnificence  of  terrestrial  glories,  historic 
facts,  and  ingenious  materialisations  have 
been  pressed  into  the  service  for  that ; but 
now  the  designer,  for  his  Triumph  of  Time, 
draws  upon  his  imagination  of  setherial  entities, 
and  as  a salient  feature  of  the  upper  part  of  his 
composition  uses  a semicircular  arrangement  of 
figures  robed  in  white  flowing  folds  typical  of 
the  hours,  and  floating  before  the  zodiacal 
signs  Gemini,  Cancer,  and  Leo,  into  which  the 
sun  is  entering.  The  first  group  on  the  left 
indicates  Fame  overthrown,  whilst  the  second 
near  the  centre  of  the  design  is  the  triumph  of 
advancing  Time,  an  old  winged  cripple 
supporting  himself  with  a crutch ; the  left 
crutch  he  carries  in  his  hand,  and  he  stands  in 
a bent  altitude  over  Fame  vanquished.  Both 
figures  are  on  a car  dragged  by  winged  horses, 
into  air  over  a wide-spreading  landscape. 

Late  15th  century  tapestries  of  the  Triumph 


of  Chastity,  Death,  and  Fame,  are  in  the 
South  Kensington  Museum.  Corresponding 
tapestries  of  the  Triumph  of  Death,  Chastity, 
and  Time,  are  at  Hampton  Court  Palace,  and 
have  lately  been  admirably  repaired.  There 
are  other  very  remarkable  tapestries  in  the 
palace,  but  I cannot  venture  to  speak  of  them 
now.  Besides  those  at  Rheims  and  Berne,  to 
which  I have  referred,  examples  of  these 
closely  filled  figure  compositions  are  to  be 
found  at  the  Cluny  Museum  in  Paris,  and  in 
great  splendour  at  the  Museum  at  Madrid. 
Some  very  remarkable  specimens  of  the  middle 
15th  century,  wLich  had  belonged  to  the 
Chevalier  Bayard,  are  in  the  collection  of  the 
late  M.  Achille  Jubinal,  whose  writings  on 
tapestries  must  always  command  respect. 
The  tapestries  in  the  Uffizi  Palace  at  Florence, 
at  the  Vatican  at  Rome,  and  in  the  Garde 
Meuble  in  Paris,  are  extremely  numerous, 
and  generally  of  a later  period.  Scriptural, 
ecclesiastical,  and  natural  history,  classical 
mythology,  middle  age,  and  Proven9al romance, 
poetry,  and  allegory,  have  influenced  designers 
for  tapestries  from  the  14th  century  onwards. 
Whilst  pastoral,  domestic,  and  sporting  scenes 
have,  in  the  17th  and  i8th  centuries,  been  re- 
produced in  tapestries,  sometimes  even  from 
the  small  cabinet  paintings  of  artists,  who  pro- 
bably had  no  idea  that  the  perpetration  of  such 
doubtful  compliments  would  be  contemplated, 
much  less  carried  out. 

Now  the  points  which  I have  endeavoured 
to  establish  are,  briefly,  that  the  term  tapestry 
may  be  read  in  two  senses  ; the  one  in  which 
at  all  times  it  refers  to  hangings  generally ; 
the  second  in  which  it  implies  a special 
method  of  producing  a textile  fabric.  The 
earlier  hangings,  although  pains  have  been 
taken  to  prove  that  they  were  in  a large  degree 
made  by  this  special  process,  appear,  on  the 
whole,  to  have  been  of  lighter  material  than  that 
of  the  special  fabric  ; and  the  ornamentation  on 
them  was  rendered  by  weaving,  embroider}', 
or  painting.  Indications  that  the  special  pro- 
cess was  known  in  early  times  have  been 
given,  but  it  was  then  applied  to  making  small 
ornamental  trimmings  to  costume.  The  appli- 
cation of  the  special  process  to  the  making  of 
works  on  a much  larger  scale  than  that  of 
such  trimmings,  seems  to  occur  in  the  12th 
or  13th  centuries,  although  in  old  Asiatic 
civilisations  it  had  probably  been  employed 
for  carpets,  the  patterns  of  which  were  com- 
posed of  formal,  somewhat  geometric  devices, 
arranged  symmetrically.  The  fame  of  tapestry 
hangings  made  by  the  special  process  rests 
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upon  the  renderings  of  great  figure  subjects 
designed  in  the  15th  century.  The  drawing, 
arrangement,  and  colouring  of  such,  invest 
their  application  to  textile  hangings  with  an 
appropriateness  of  surface  pattern.  This 


cannot  be  conceded  in  respect  of  the  later 
results  of  the  special  process  when  the  render- 
ing of  subtle  painting  elfects  are  attempted  by 
the  tapestry  maker.  In  such  phases  of  the 
art,  regard  to  the  peculiar  use  of  the  textile 


hanging,  as  well  as  to  the  limitations  in  em- 
ployment of  materials,  is  probably  as  uncon- 
sciously put  aside  as  it  was  equally  uncon- 
sciously displayed  in  the  antecedent  works 
of  the  15th  century. 


It  was  out  of  my  power  to  get  my  diagrams 
coloured;  but  to  make  up  for  this  grave  de- 
ficiency, the  authorities  of  the  South  Kensing- 
ton Museum  have  kindly  lent  the  specimens 
exhibited  in  this  room.  Each  is  labelled,  and 
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I hope  that  the  sight  of  them,  coupled  with 
the  information  I have  had  the  honour  of 
laying  before  you,  may  lead  you  to  recognise 
the  high  interest  which  attaches  to  a study  of 
tapestry  in  respect  of  its  use,  its  designs,  and 
its  method  of  production. 

[This  lecture  was  illustrated  by  a series  of 
diagrams  thrown  upon  the  screen  by  means  of 
the  electric  light.] 


Miscellaneous, 

♦ 

COLONIAL  AND  INDIAN  EXHIBIIION. 
Natives. 

It  is  thought  that  it  may  be  of  interest  to  preserve 
the  names  of  the  many  subjects  who  have  come  from 
all  quarters  of  the  British  Empire  to  be  present  at 
the  Exhibition.  The  following  list  is  classified 
according  to  the  various  colonies,  and  the  trades  and 
occupations  of  the  natives  are  appended. 


India. 

From  Benares  in  the  Noith-  IVest  Provinces. 
Name.  Description. 

1.  Shaban  Gold  brocade  weaver 

(48).* 

2.  Khadim  Hosen Weaver  (20). 

3.  Amiralli  Kinkhab  weaver  (40). 

4.  Emamudin Kinkhab  weaver  (45). 

5.  Ismail Kinkhab  weaver  (40). 

6.  Asgar  Hosen  Kinkhab  weaver  (14]* 


Delhi  in  the  Punjab. 

7.  NazeerHussan  Ivory  miniature 

painter  (36). 

8.  Rahimbrux Gold  lace  maker. 

9.  Hajee  Meahgan Coppersmith  (8o). 

10.  Nisar  Ahmed Seal  engraver  (24). 

11.  Mogal  Jan  Silversmith  (22). 

12.  Mohamed  Hosein Coppersmith  (23). 


Ag7-a  in  the  North-  IVest  Provinces. 

13.  Bilayat  Husen  Dyer  (42). 

14.  Mukunda  Calico  printer  (40). 

15.  Karan  Sing  Trinket  maker  (28). 

16.  Hiralall  Sweetmeat  maker,  37) 

17.  Tulsiram Sweetmeat  maker  (42) 

18.  Bake  Tapestry  weaver  (40). 

19.  Khemchand  Goldsmith  (42). 

Mathura  in  North-  West  Provinces. 

20.  Pitaram  Carpet  reader  (22). 

21.  Ramphal Carpet  weaver  (9). 


* The  figures  between  parentheses  denote  the  age. 


Mathura  hi  North-  West  Provinces. 

22.  Bhupla Tapestry  weaver  (18). 

23.  Bipat  Carpet  weaver  (15). 


Caw n pore  iit  North-  West  Provinces. 


24. 

Ramlall 

25- 

Chuta 

Bhurtpur. 

26. 

Radha  Ballabh 

Rajputana. 

27. 

Nathiram  . . . . 

28. 

Ghasiram 

29.  Jogal  

Bikanir. 

30- 

Kadirbux  . , . . 

Lucknow. 

SI- 

Munnalall  . . . . 

(35}. 

32. 

Jivanlall 

Agra. 

33- 

Bakshiram  . . . , 

Bijnor  in  North  West  Pi'ovinces. 

34. 

Kadarbux  . . . . 

35. 

Moulabux  . . . . 

Bhavnagar. 

36. 

Harji  

37. 

Dosa  

Bombay  Setwants. 

38.  Van  John  Pillay Madrassee  butler  (38). 

39.  Maktan  Ditha  Madrassee  butler  (21). 

40.  A von  Fernandez  Bombay  butler  (36).’ 

41.  D.  N.  Fernandez  Bombay  butler  (32). 

42.  Joseph  Napoleon  Pereira  . .Bombay  butler  (31). 

43.  Ganu  BuUali Madrassee  butler  (24). 

Bunna. 

44.  Hormusjee Carpenter. 

Nos.  I to  35  work  daily  in  the  Indian  Palace. 


Ceylon. 


I.  Don  Juan  Wimala 
Surendra 

2.  W.  E.  Fernando  

3.  Chas.  Kami,  a native  of 

Galle  

4.  Chellappa  


5.  Don  Brampi  Pereira  . . . , 


Muhandiram  (or 
headsman)  Gold- 
smith. 

Carpenter. 

Goldsmith  and 
cabinet  maker. 

A Tamil  native  of 
Trincomalee. 
Butler. 

A Peon  (or  mes- 
senger) in  the 
Colombo  Kachcheri. 
Arachchi  by  rank. 


6.  H.  Don  Deonis  . 

7.  C.  Don  Williams 

8.  Allix  Alexander. 

9.  Martin  Pereira  . 

10.  Paul  Pereira  ... 


] 


I 

I 

J 


Attendants  at  the 
Ceylon  Tea  House. 
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All  these  men,  with  the  exception  of  2 and  3,  can 
speak  English,  and  can  read  and  write  fairly ; all 
except  4,  can  speak,  read,  and  write  Sinhalese  with 
facility.  No.  4 knows  his  own  language,  Tamil, 
well. 

The  Muhandiram  has  a sound  knowledge  of 
Sanskrit  and  some  acquaintance  in  the  Pali  (the 
language  in  which  the  Bhuddist  scriptures  are  now 
preserved),  he  having  read  with  the  most  learned 
Pandit  in  Ceylon;  he  has  a good  knowledge  of 
English. 

British  Guiana. 

Red  Indians. 

1.  Edward  Seon Interpreter  and  guide. 

2.  William  Austin Arecuna, hunter  (42). 

3.  Christina  Austin  Wife  of  the  above, 

Acawoio,  labourer 
(31)- 

4.  Catherine  Austin  Child  of  the  above, 

(5). 

5.  Anthony  Gordon  Macoosi, woodcutter  ; 

reads  and  writes 
English  (24). 

6.  Catherine  Matthews His  aunt,  Acawoio  ; 

labourer  (32). 

7.  Maria  Matthews  Daughter  of  Cathe- 

rine, Acawoio ; 
reads  and  writes  a 
little  (8). 

8.  Simeon  Dance  Arecuna,  labourer 

(26). 

9.  Rebecca  Dance His  wife,  Arecuna, 

field  labourer  (24). 

10.  John  Dance  Child  of  above,  Are- 

cuna (2). 

These  people  have  all  been  baptised  in  the  Church 
of  England  Mission.  They  cultivate  land,  fish  and 
hunt,  and  are  employed  by  wood  cutters. 

Cypriotes. 

1.  Loucas  Nicolaidis Interpreter. 

2.  Rodothea  Petrou  Weaver. 

3.  Catina  Sophocli Weaver,  wife  of 

Sophocles,  and 
cousin  of  Rodothea 

4.  Sophocles  Haralambo  .... 

5.  Marigo  Constantinidi  ....Weaver. 

Loucas  comes  from  Varoshia,  the  rest  from 
Nicosia. 

Cape  of  Good  Hope. 

Malays. 

1.  The  Hadji  Manan House  painter. 

2.  Mrs.  Elizabeth  Manan  . . . . Wife  of  above,  dress- 

maker. 

3.  Georgina  Manan  Daughter  of  above, 

dress-maker. 

zj . Mahomet  Assatz  Manan  . . Baby. 

5.  Jakoof  Manan  Nephew  to  the  Hadji, 

carpenter. 


Natives. 

6.  James  Jeremiah Tambookie  Kafir,  22 

years  in  police. 

7.  Sarah  Jeremiah Wife  of  above. 

8.  Lydia  Jeremiah Baby. 

9.  John  Kabua  Selos Gcaleka  Kafir, 

ploughman. 

10.  Andries  Mafeana  Fingoe,  ploughman. 

11.  Klaas  Jare Bushman,  shepherd. 

12.  Martha  Jare  Wife  of  above. 

13.  Martha  Jare  Baby. 

SKrooman,  late  De- 
tective Depart- 
ment, Kimberley* 
Nos.  6,  9,  10,  and  ii  are  engaged  daily  in  the 
diamond  washing  operations. 

Straits  Settlements. 

Inchi  Ibrahim Carpenter,  from  Perak. 

Inchi  Orinar  ,,  ,,  ,, 

Wambon ,,  ,,  ,, 

Awang  ,,  „ „ 

These  carpenters  were  sent  over  by  the  Govern- 
ment of  Perak  to  erect  the  Malay-house  ; they  went 
back  soon  after  the  completion  of  their  labours. 


Hong-Kong. 

{Manager  of  Hong- 
kong bazaar. 
Canton  merchant. 

f Sub-manager  of 
Hongkong  bazaar. 
Canton  traveller. 

3.  Chun  Kin  Macao,  head  hotel 

boy. 

4.  Quang  che  Sing Canton  traveller. 

5.  Loo-ayow  Domestic  servant, 

Hongkong. 

6.  Li-Ping  .Master*  blackwood 

carpenter,  Canton. 


7.  Ho-Hing \ Coolies,  Canton. 

8.  Hi-Ti  ) 

Nos.  i,  7 and  8,  have  returned  home. 


The  number  of  visitors  to  the  Exhibition  for  the 
week  ending  August  7th,  was  259,528;  making  a 
total  since  the  opening  of  2,418,538. 


TRADE  OF  GERMANY  WITH  HER 
COLONIAL  POSSESSIONS. 

The  United  States  Consul  at  Frankfort-on-the- 
Main,  in  his  report  to  the  United  States  Govern- 
ment, on  the  extent  to  which  Germany  trades  with 
her  colonies  through  the  ports  of  Hamburg  and 
Bremen,  says  that,  taking  the  trade  of  Hamburg  with 
Africa,  it  appears  that  the  imports  from  the  West 
Coast,  exclusive  of  the  Cape  and  Morocco,  but  in- 
lusive  of  the  territories  on  the  West  Coast,  which 
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do  not  belong  to  Germany,  amounted  in  1884  to 
^665,000,  an  increase  of  ^200,000,  due  chiefly  to 
larger  imports  of  palm  oil  and  kernels,  which 
amounted  respectively  to  ^187,500  and  ;i^387,500. 
Caoutchouc  was  imported  to  the  amount  of;i^45,ooo, 
coffee  ;i^20,ooo,  elephants’  teeth  ^10,000,  and  other 
articles  to  ;,^5,ooo.  The  imports  from  the  East 
Coast  amounted  to  ;^55,ooo  last  year,  or  ;^20,ooo 
less  than  during  the  preceding  year.  They  con- 
sisted chiefly  of  hides,  orchilla,  sesame  seed,  and 
copra.  The  port  of  Bremen  has  no  imports  of  any 
consequence  from  the  East  of  Africa,  but  its  imports 
from  the  West  Coast,  not  including  the  Cape, 
amounted  last  year  to  5,000.  As  regards  the  ex- 
ports, Hamburg  consigned  to  Western  Africa  last  }^ear 
merchandise  to  the  amount  of  53,150  tons,  against 
44,000  in  1883,  and  41,000  in  1882.  Spirits  formed 
a very  considerable  part  of  the  exports  to  West 
Africa,  namely,  35,089  tons,  and  of  gunpowder 
i,6j8  tons  were  exported.  Hamburg’s  exports 
to  the  Eastern  portion  of  the  Continent  amounted 
to  2,368  tons,  against  2,830  tons  in  1883,  and 
1,104  in  1882.  In  these  exports,  spirits 

only  look  a very  small  part,  as  the  Mohamme- 
danism of  Zanzibar  is  hostile  to  spirits.  Bremen’s 
exports  to  the  West  Coast  amounted,  in  1884, 
to  ;^22,ioo  against  ^^12,900  in  1883,  and 
1,300  in  1882.  The  exports  of  Bremen  to  the 
East  of  Africa  were  ;i^3, 250,  in  1883,  and  ;i^286  only 
in  the  year  1884.  Of  less  extent  is  the  trade  with 
the  Polynesian  possessions,  and  in  this  Hamburg 
only  comes  under  consideration,  as  the  trade  of 
Bremen  is  restricted  to  the  Australian  mainland, 
Xew  Zealand,  Hawaii,  See.  The  imports  of  Ham- 
burg, in  1884,  from  the  Caroline  Islands  amounted 
to  ;^7,ooo;  from  New  Britain  to  ;^6,ooo;  Society 
Islands,  3,000  ; Marshall  Islands  10,000 ; and 
Xa\-igator’s  Island  to  ^1^4, 000,  making  a total  of 
^^40,000.  To  these  amounts  may  be  added  ^^22, 000 
for  the  English  Eiji  Islands,  against  ^^63, 000  in  1881. 
The  value  of  the  exports  from  Hamburg  to  Polynesia 
cannot  be  stated,  but  the  amounts  were  as  follows, 
in  1884: — to  Xew  Britain,  92  tons,  against  537  in 
1882  ; Society  Islands  374  tons,  as  compared  with 
561  in  1883.  Marshall  Islands  128  tons,  against 
1,148  tons  in  1880;  and  to  Navigators  Islands  1081 
tons.  The  merchandise  exported  to  the  Fiji  Islands, 
in  1884,  amounted  to  59  tons,  compared  with  199 
tons  in  1883.  In  conclusion,  Consul  General  Mueller 
says  that,  comparing  the  imports  and  exports  of  the 
East  and  West  Coasts  of  Africa  with  the  total 
German  imports  and  exports,  it  appears  that  the 
imports  do  not  amount  to  more  than  -5  per  cent,  of 
the  total  imperts,  and  the  exports  to  -4  per  cent,  of 
the  total  exports. 


The  Director  of  the  New  York  Mint  reports 
that  the  production  of  gold  in  the  United  States 
during  1885  is  estimated  at  $31,800,000,  showing  an 
increase  of  Sr, 000,000  over  the  estimated  production 
for  1884. 


Obituary. 

♦ 

Andrew  Cassels. — Mr.  Cassels,  who  for  many 
years  was  a prominent  member  of  the  Society  of 
Arts,  died  on  the  2nd  inst.,  aged  seventy-four.  As 
a young  man,  in  the  course  of  his  mercantile  educa- 
tion, he  spent  several  years  on  the  Continent,  where 
he  had  good  opportunities,  of  which  he  thoroughly 
availed  himself,  of  becoming  an  accomplished  French 
and  Italian  linguist ; and  he  acquired  a good  critical 
knowledge  of  music  and  painting.  He  went  out  to 
Bombay  as  a partner  in  the  great  Manchester  firm  of 
Peel  and  Co.,  and  was  a well  known  member  of 
society  there  for  many  years.  After  his  return  from 
India  to  England,  and  retirement  from  business  in 
Manchester,  he  settled  in  London,  and  soon  took  an 
active  part  in  many  important  undertakings.  He  was 
one  of  the  directors  of  the  Metropolitan  Railway, 
and  until  he  was  appointed  to  the  India  - office  held 
the  responsible  post  of  Chairman  of  the  Board  of 
Directors  of  the  Bank  of  Australia,  India,  and  China. 
He  accepted  from  Lord  Salisbury  the  appoint- 
ment of  member  of  the  Council  of  India,  and  his 
seiwices  in  that  capacity  were  so  highly  appreciated, 
that  his  numerous  friends  made  strenuous  efforts  fora 
prolongation  of  his  tenure  of  office  on  the  expiration 
of  the  statutory  term ; this,  however,  it  being  the 
first  case  of  the  kind,  was  refused  by  the  Government 
as  inadmissible.  Mr.  Cassels  was  one  of  the  com- 
mittee of  the  Society  of  Arts  to  whom  Prince  Albert 
personally  presented  medals  he  had  struck  for  the 
occasion  in  recognition  of  their  aid  in  the  organisation 
for  the  Great  Exhibition  of  1851.  He  was  an  auditor 
of  the  Society’s  accounts  in  1870,  and  elected  on  to 
the  Council  in  1872.  He  was  vice-president  in  1875, 
and  from  that  time  until  the  present  year  he  was 
almost  continuously  an  active  member  of  the  Council. 
He  read,  in  December,  1869,  a paper  on  the  question 
of  “ A Gold  Currency  for  India ; ” and  took  a 
constant  part  and  interest  in  the  work  and  meetings 
of  the  Society,  particularly  in  the  Indian  Section, 
until  two  years  ago,  when  he  experienced  a stroke 
which  left  him  deprived  of  the  power  of  speech.  He 
was  buried  in  Brompton  cemetery,  on  Saturday  last. 

Robert  James  Mann,  M.D.,  F.R.C.S. — The 
news  of  the  sudden  death,  on  the  4th  inst.,  of  Dr. 
Mann,  lilember  of  the  Council  of  the  Society  of 
Arts,  and  for  many  years  Secretary  of  the  Foreign 
and  Colonial  Section,  will  have  been  received  with 
feelings  of  great  regret  by  a large  number  of  members 
of  the  Society.  Dr.  Mann  was  born  at  Norwich  in 
January,  1817,  and  was  educated  for  the  medical  pro- 
fession at  University  College,  London,  and  acted  as 
dresser  to  the  celebrated  Liston  when  at  the  hospital 
connected  with  the  college.  He  took  his  degree  of 
M.D.  at  St.  Andrew’s,  and  was  in  practice  for  some 
years  in  Norfolk.  In  1853,  the  state  of  his  health 
caused  him  to  partially  abandon  the  practice  of  his 
profession,  and  he  devoted  himself  more  exclusively 
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to  literary  pursuits.  In  1857,  on  the  invitation  of 
Bishop  Colenso,  he  left  England  for  Natal,  whei'e 
lie  resided  for  nine  years.  During  seven  of  these,  he 
was  Superintendent  of  Education  for  that  colony, 
•an  office  established  by  the  then  Governor,  Mr. 
^now  Sir  John)  Scott,  and  to  which  he  received 
the  first  appointment.  From  his  first  reaching 
Natal,  he  daily  made  and  recorded  meteorological 
observations,  the  tabular  results  of  which  are  de- 
posited at  the  Meteorological-office.  In  1862,  he  was 
the  chief  organiser  and  despatcher  of  the  exhibits  of 
the  colony  in  the  Great  Exhibition  of  that  year  in 
London,  and  he  arranged  and  carried  on  a preliminary 
exhibition  at  Durban.  He  returned  from  Natal  in  1866 
with  a special  appointment  from  the  Legislative 
Council  to  promote  emigration,  which  he  held  for 
five  years.  In  1874,  Dr.  Mann  was  appointed 
Secretary  to  the  African  Section  of  the  Society 
of  Arts,  the  name  of  which  was  subsequently 
-changed  to  that  of  Colonial  and  Foreign  Section. 
He  resigned  this  appointment  at  the  completion 
of  the  last  session  in  consequence  of  the  state 
of  his  health,  and  at  the  last  annual  meeting  he  was 
elected  a member  of  the  Council.  He  was  one  of  the 
Board  of  Visitors  of  the  Royal  Institution,  and  was  for 
three  years  President  of  the  Meteorological  Society. 
He  was  also  a member  of  the  Astronomical,  Geo- 
graphical, Photographic,  and  other  societies.  His 
earliest  paper  was  on  a botanical  subject  in  the  “Maga- 
zine of  Natural  History,”  1840.  His  contributions  to 
-scientific  periodicals,  enumerated  in  the  supplement 
to  the  Royal  Society  Catalogue  of  Scientific  papers, 
number  23.  He  was  for  many  years  on  the  staff 
of  the  Edinburgh  Review,  and  one  of  his  latest 
pieces  of  work  was  an  article  on  the  recent  pro- 
gress of  astronomy,  which  appeared  in  that  review 
for  A pril  of  the  present  year.  He  also  wrote  several 
popular  scientific  treatises,  amongst  which  were 
some  on  domestic  economy  and  household  man- 
agement. The  protection  of  buildings  from  light- 
ning was  a subject  on  which  he  wrote  much, 
and  for  which  he  did  valuable  work.  His  atten- 
tion was  more  particularly  drawn  to  this  sub- 
ject by  the  prevalence  of  thunderstorms  in  Natal. 
There  was  no  Exhibition  in  which  Natal  made  any 
appearance  to  which  his  helping  hand  was  not  given, 
and  the  last  work  he  was  to  do  before  his  death  was 
io  compile  the  catalogue  for  the  Natal  Court  in  the 
Colonial  and  Indian  Exhibition.  He  had  carried  the 
catalogue  into  a second  edition  when  death  overtook 
him.  He  was  struck  down  by  an  attack  of  paralysis, 
v/hich,  followed  by  bronchitis,  proved  fatal  within 
48  hours.  He  was  buried  at  Kensal-green  Cemetery 
on  Monday,  9th  inst. 


General  Notes. 


Public  Schools  at  Rome. — The  number  of 
schools  at  Rome  during  the  scholastic  year  1884-85 
was  14 1,  or  nine  more  than  in  the  preceding  year. 


The  teachers  numbered  571,  or  60  more  than  in 
1883-84.  The  number  of  pupils  was  23,259,  an  in- 
crease of  1,158  on  that  of  the  preceding  year,  which 
was  22,101 ; the  number  of  pupils  examined  was 
16,030,,  of  whom  13,030,  or  81  per  cent.,  were  pro- 
moted to  a higher  class ; last  year  the  proportion 
was  79  percent.  The  prizes  awarded  were  1,325  first 
class,  1,060  second,  and  6,378  honourable  mentions; 
in  all,  1,230  more  than  the  previous  year. 

The  Austrian  Jute  Industry. — The  Deutsche 
Leinen  Industfielle  quotes  details  of  the  imports  of 
jute  into  Austria  during  the  three  quinquennial 
periods  1871-1875,  1876-1880,  1881-1885,  which 
show  (notwithstanding  extensive  annual  fluctuations) 
a yearly  average  for  the  three  periods  of  932,  1,993, 
and  4,823  tons.  The  imports  of  the  jute  yams  were, 
in  1885,  about  248  tons  as  against  139  in  1884.  This 
latter  figure,  however,  displayed  a marked  reduction 
as  compared  with  1882.  The  increased  activity  of 
jute  weaving  in  Austria  is  thus  illustrated,  and  though 
the  industry  necessarily  fluctuates  to  a certain  extent 
with  the  demand  for  grain  sacks,  the  trade  is  con- 
sidered to  display  features  of  general  stability. 

The  St.  Gothard  Railway. — The  influence  of 
the  St.  Gothard  Railway  in  reducing  the  traffic  on 
the  French  lines  is  shown  by  the  falling  off  of  the 
receipts  on  the  section  of  railway  between  Culoz  and 
the  Italian  frontier  (90  miles),  which  were  during  the 
last  five  years  as  follows  : — 


1881  7,216,690  francs. 

1882  7,096,636  ,, 

1883  6,658,870  ,, 

1884  6,008,711  ,, 

1885  5.268,521  „ 


The  exports  from  France  in  1883  showed  a falling  off 
to  the  value  of  seventy-two  million  of  francs,  as  com- 
pared with  those  of  1881,  whilst  the  exports  from 
Germany  showed  an  increase  of  forty- seven  millions 
of  francs  during  the  same  period. 

Manufacture  of  Oil  from  Wood  in 
Sweden. — A new  industry  has  lately  sprung  up  in 
Sweden,  and  promises  shortly  to  become  a most 
important  one.  Oil  for  illuminating  purposes  is  now 
manufactured  in  that  country  from  the  stumps  and 
roots  that  remain  in  the  forests  after  the  timber  has 
been  cut.  These  are  subjected  to  a process  of  dry 
distillation,  and  besides  wood  oil,  many  other  pro- 
ducts are  obtained,  amongst  which  turpentine, 
creosote,  acetic  acid,  wood  charcoal,  tar  oils,  &c. 
This  oil  cannot  be  used  in  ordinary  lamps,  as  con- 
taining a large  proportion  of  carbon  it  gives  off  a 
great  deal  of  smoke  during  combustion.  When 
mixed  with  benzine,  however,  it  may  be  used  in 
ordinary  benzine  lamps ; but  when  burnt  alone,  a 
special  lamp  must  be  adopted.  The  trees  that 
furnish  the  greatest  amount  of  oil  are  the  pine  and 
fir.  There  are  now  about  forty  establishments 
engaged  in  this  manufacture  in  Sweden. 
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CANTOR  LECTURES. 

THE  ARTS  OF  TAPESTRY  - MAKING 
AND  EMBROIDERY. 

By  Alan  S.  Cole. 

Lecture  III. — Delivered  April  i()th,  1886. 

[The  right  of  reproducing  these  lectures  is  reserved.] 

It  will,  I think,  be  convenient  for  me  to 
commence  my  lecture  this  evening  by  shortly 
stating  what  I understand  by  the  term 


“embroidery.”  In  the  first  place,  it  applies 
to  the  ornamental  enrichment,  by  needle- 
work, of  a material.  Such  enrichment  may 
be  produced  wnth  various  materials,  similar 
to  or  quite  different  from  that  into  which 
it  may  be  worked.  In  many  instances,  the 
enriching  material  is  more  costly  than  that 
to  which  it  is  applied ; though  works  beautiful 
in  effect  have  been  made  in  which  the  em- 
broidery is  of  the  same  material  as  its  ground 
or  foundation.  We  may  notice  instances  of 
these  as  w’e  proceed.  Under  the  definition 
just  given,  embroidery  may  be  classed  into 
two  broad  divisions ; the  one  of  embroidery 
done  on  one  side  only  of  a material ; the  other 
of  embroidery  done  with  equal  finish  and  effect 
on  both  sides. 

Ever  since  man  has  been  known  to  exist, 
needlework  of  some  sort  has  been  done.  The 
needle,  as  successively  made  of  bone,  wood, 
and  metal,  is  many  thousands  of  years  old. 
When,  therefore,  we  begin  to  investigate  the 
embroidery  of  the  first  historic  nation,  it  is  not 
surprising  to  find  it  well  established  as  an  art, 
more  or  less,  of  common  practice.  As  we 
proceed,  we  find  that  almost  the  same  character 
of  conditions  which  have  favoured  the  practice 
of  embroidery  has  repeated  itself  throughout 
the  world. 

Some  notion  of  this  repetition  may,  perhaps, 
be  gleaned  by  comparing  the  work  done  by 
the  civilised  child  with  the  work  of  an  adult 
belonging  to  a race  or  nation  in  comparative 
primitiveness.  The  likeness  which  may  often 
be  traced  between  such  work  marks  an  approxi- 
mate equality  in  ability.  And,  as  we  go  through 
history,  we  seem  to  find  that  the  habits  and 
practices  of  the  earliest  historic  nations  more  or 
less  correspond  with  those  of  people  at  the 
present  day  who  are  regarded  by  us  as  being- 
in  a primitive  stage  of  civilisation.  But  the 
small  indications  which  I have  hastily  per- 
ceived, and  inadequately  followed  up,  in  regard 
to  this  matter,  convince  me  that  it  is  far  too 
large  to  be  fitly  discussed  now.  In  illustration 
of  the  relationship  which  establishes  itself 
between,  say,  the  work  of  a school  child  under 
discipline  and  that  of  a peasant  who  has  little 
or  no  instigation  to  rise  above  a certain 
standard  of  performance,  I would  suggest 
your  looking  at  samples  worked  by  17th 
century  school  children  of  twelve  and  four- 
teen years  of  age,  and  19th  century  peasant 
embroideries,  say,  from  remote  villages  in 
Norway.  The  designs  represented  differ 
but  slightly,  whilst  the  quality  of  per- 
formance is  fairly  level.  Again,  we  may 
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examine  specimens  made  by  other  people  quite 
remote  from  one  another,  but  apparently 
subject  to  one  and  the  same  sort  of  influence. 
And  as  exemplifying  similar  character  of 
design,  all  of  them  suggestive  in  composition, 
stitchery  and  colour,  actual  specimens  of 
Spanish,  Persian,  and  Cretan  embroideries  are 
exhibited.  In  patterns  on  specimens  from 
Crete  we  find  signs  of  the  influence  of  a mixture 
of  ideas.  Here  (Fig.  i)  for  instance  is  a border 
for  a petticoat,  of  canvas  embroidered,  in  the 
1 7th  century,  with  many  coloured  silks  in  various 
stitches — chief  amongst  which  is  a sort  of  long, 
cross,  twisted-thread  stitch,  This  stitch  is 


much  affected  by  the  mixed  races  of  the  Grecian 
Archipelago. 

The  pattern  of  this  border  consists  of  a band 
with  floriated  scrolls  springing  from  each  side 
of  a central  device,  above  which  is  a series  of 
vase  or  basket  motives.  Out  of  these  come 
bunches  of  carnations  ; between  these  appear 
double  eagles  and  symmetrical  arrangements 
of  variegated  carnations.  In  the  lower  portion 
of  the  pattern  are  S shapes,  terminating  in 
carnation  blossoms.  Birds  of  an  archaic  type 
are  also  introduced.  Incidentally,  I may  say 
that  the  double-headed  eagle  occurs  as  a device 
upon  Karamanian  coins  of  the  loth century,  and 


Fig.  I. 


Silk  Embroidery  on  Linen  of  Cretan  workmanship.  Probably 
17th  century. 


upon  pre-Mohammedan  coins.  Mr.  Purdon 
Clarke  tells  me  that  the  bird  with  two  heads 
is  as  often  introduced  into  ornament  in  the 
south  of  India  as  it  is  in  ornament  from 
Tibet  and  in  cloths  from  Yarkund.  He 
believes  its  use  to  date  from  classic  periods. 
The  double-headed  eagle  of  Charles  V.’s  time 
is  thus  comparatively  quite  modern.  The 
same  sort  of  motive  of  course  appears  in  em- 
broideries from  Persia— of  which  there  are 
designs  wrought  in  a way  similar  to  those  of 
the  specimens  shown,  wherein  the  carnation 
blossom  is  a prominent  feature.  Again,  in 


Spanish  embroidery  of  the  17th  century,  the 
double-headed  eagle  is  naturally  a usual 
device.  In  this  specimen  of  Spanish  work  one 
may  trace  a kinship,  its  crowded  and  orderly 
arranged  ornament,  and  its  somewhat  startling 
colours  claim  with  those  of  patterns  to  be 
seen  in  work  from  Crete.  The  class  of  flowers, 
chiefly  tulips,  in  the  Spanish  specimen,  the  real 
forms  of  which  are  somewhat  obscured  by  orna- 
mental treatment,  is,  however,  quite  different 
from  that  of  the  Cretan  patterns.  Still,  carna- 
tion forms  are  abundant  for  patterns,  not  only 
Spanish,  but  also  Italian  and  German  of  the 
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17th  century,  and  the  ornarnents 'ihade  with 
them  recalls  that  to  be  • noticed  in  Cretan, 
Syrian,  and  Persian  specimens. 

For  the  most  part,  the  embroideries  to  which 
1 have  been  alluding  might  be  grouped  as 
peasant  work-;  and  the  facts  I have  suggested 
go  towards  confirming  the  likeness  which 
exists  between  the  works  of  similarly  circum- 
stanced people,  who  have  produced  works  of 
similar  ornamental  character  and  needlework 
qualit)’. 

On  the  occasion  of  my  first  lecture,  1 
attempted  to  bring  forward  some  rather  well- 
known  points  in  connection  with  the  develop- 
ment of  designs  and  patterns.  The  specimens 
we  have  before  us,  and  those  I propose  to 
show,  will  suggest  a multiplicity  of  considera- 
tions concerning  motives  and  their  treatment 
in  making  patterns.  Time  will  not  permit  me 
to  do  more  than  glance  at  such  considerations, 
however,  and  I propose  to  devote  the  greater 
part  of  this  lecture  to  an  examination  of  the 
stitches. 

Broadly  speaking,  the  more-  complete  and 
finished  embroideries  are  such  as  have  been 
made  b}'  workers  who  have  given  themselves 
up  to  the  craft  as  to  a life-long  profession  ; at 
the  same  time,  specimens  of  needlework  of 
great  excellence  often  issue  from  the  hands  of 
those  who  possess  a dexterity  which  they 
exercise  for  occasional  enjoyment  rather  than 
from  regular  necessity.  Groups  of  em- 
broiderers, pursuing  their  art  with  regularity 
and  under  conditions  of  organisation— a natural 
necessity  of  thriving  crafts — are  to  be  met  with 
in  many  countries  and  at  various  periods. 
With  Eastern  people  like  the  Chinese,  Japanese, 
and  Mohammedan  races,  embroidery  rises  to 
a degree  of  perfected  practice  bespeaking  a 
sort  of  second  nature  centuries  old.  In 
Western  and  Central  Europe  there  seems  to 
have  been  no  such  pronounced  settlement  of 
practice.  Certain  phases  occur,  as  when  a 
domination  of  ecclesiastical  authority  is  appa- 
rent, and,  later  on,  when  a fashion  was  main- 
tained in  making  imitations  of  the  imported 
Oriental  work,  and  again  when  embroidered 
costumes  were  in  vogue.  In  Polynesia,  Africa, 
and  the  New  World,  embroidery  has  been 
an  art  with  tribes  slow  in  changing  their 
customs,  or,  so  to  speak,  in  passing  up  the 
ladder  of  civilisation.  In  this  regard,  they 
resemble  the  peasant  peoples  in  other  more 
civilised  parts  of  the  world.  As  a domestic 
or  home  industry,  embroidery  is  frequently 
distinguished  by  admirable  [skill,  although 
the  patterns  depicted  may  not  indicate  any 


corresponding  quality  of  trained  perception  in 
drawing, selection  of  colours,  and  arrangement. 
The  constant  regular  employment  which  is 
possible  in  workrooms  specially  devoted  to  the 
purpose,  in  religious  houses,  or  in  Eastern 
harems,  has  naturally  left  its  mark  upon  the 
work  produced  within  them.  So,  too,  has  that 
conservative  quality  of  keeping  things  in 
families,  as  with  a tribe  or  village  of  peasants, 
who  adhere  to  a particular  sort  of  stitch  or 
style  of  design,  and  acquire  great  skill  in 
doing  it. 

But  the  modern  system  of  human  industry 
aided  by  machinery  inevitably  alfects  the  re- 
currence or  prolonged  existence  of  such  cir- 
cumstances as  those  glanced  at.  As  the 
modern  system  gradually  extends  its  scope, 
people  adopt  new  processes  and  new  habits 
for  the  old,  and,  except  under  special  pro- 
visions, embroidery  by  hand  is  not  likely  to  be 
exempted  from  its  effect.  Such  as  perceive  the 
charms  of  embroidery,  and  are  willing  to  pay 
the  rate  of  wages  which  shall  induce  workers 
to  keep  to  the  handicraft,  may  contribute  to 
the  maintenance  of  this  art;  but  unless  a 
revolution  in  the  influence  and  spread  of 
machine- aided  industry  takes  place,  it  is 
hardly  likely  that  embroidery  will  take  such  a 
position  in  the  future  as  it  has  held  in  the 
past. 

* One  usually  associates  women  with  the  art, 
but  it  must  not  be  forgotten  that  men  have 
been,  and  still  are,  amongst  its  foremost 
adepts.  In  India,  China,  and  Japan,  the 
art  owes  its  best  expressions  to  men.  In 
Europe,  it  probably  owes  more  to  women, 
though  members  of  religious  communities, 
like  Benedictine  monks  in  past  times,  have 
excelled  in  the  use  of  the  needle.  Abbot 
Wygmore,  of  the  14th  century,  was  a pro- 
ficient embroiderer,  and  the  brethren  at  Wools- 
thorpe,  in  the  16th  century,  wrought  much 
excellent  needlework.  Similar  instances  could 
no  doubt  be  quoted  of  other  countries. 

In  dealing  with  tapestry-making  last  Mon- 
day, I adopted  the  method  of  chronologically 
showing  a rise  and  development  of  that  art. 
I might,  perhaps,  discuss  embroidery  some- 
what differently,  dealing  with  it  as  it  appears 
in  various  countries.  To  do  so,  however, 
would,  I find,  involve  duplication  of  remarks. 
I,  therefore,  propose  to  avoid  this  as  far  as 
possible,  by  grouping  together  similar  features 
as  w-e  find  them,  and  speaking  of  them  without 
much  digression  as  to  country  and  period  of 
production. 

In  the  first  place,  stitches,  I think,  should 
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claim  attention,  although  designs  and  patterns 
are  equally  important ; but  the  time  at  our  dis- 
posal makes  it  impossible  for  me  to  fairly  deal, 
even  briefly,  with  both  of  them.  Designs  and 
patterns  frequently  conjure  up  a variety  of 
interesting  topics,  apart  from  their  demon- 
strating suitable  selection  of  subjects,  com- 
position, drawing  of  forms,  and  mingling  of 
colours.  The  subjects  pourtrayed  often  incline 
one  to  enter  into  considerations  of  history; 
the  probable  date  of  production  is  usually  a 
fertile  source  of  discussion ; whilst  ethno- 
graphy, in  its  attempts  to  determine  national 
characteristics,  perplexing  and  attractive  as 
are  its  ramifications,  not  infrequently  throws  a 
cloak  of  excuse  over  absence  of  skill  in  craft 
and  design,  and  a work  of  doubtful  art  be- 
comes elevated  to  an  importance  the  signifi- 
cance of  which  is  not  always  intelligible. 

The  late  Canon  Rock,  who  has  written  with 
enthusiasm  upon  textile  fabrics  and  embroidery, 
made  out  a classification  of  sketches  by  means 
of  certain  titles  which  he  found  in  Dugdale’s 
**  History  of  St.  Paul’s.”  There,  as  well  as  in 
old  records,  inventories,  and  such  like,  he 
found  mention  of  classes  of  work,  such  as 
o^us  anglicum,  oj^us  ^lumarium,  o;pus 
fttlvinarium,  o;pus  ;pectineumy  and  o;pus 
consutum.  Following  his  suggestions,  I 
adopted  these  classifications  for  a catalogue 
of  a large  and  unique  collection  of  decora- 
tive needleworks  which  was  exhibited  in 
1873  at  South  Kensington  Museum.  Since 
then,  however,  closer  scrutiny  of  the  precise 
meaning  of  these  Latin  titles  seems  to  me  to 
have  demonstrated  their  comparative  useless- 
ness in  conveying  definite  technical  informa- 
tion. No  authorities  clearly  show  what  the  o^us 
anglicum,  for  instance,  really  was,  whether  it 
was  a chain  or  a split-thread  stitch,  or,  as  Dr. 
Bock,  of  Aix-la-Chapelle,  suggests,  bead  work; 
and  I say  this  with  some  deference  in  view  of 
opinions  given  in  a large  book  upon  needle- 
work recently  written  by  Lady  Marian  Alford, 
who  has  done  so  much  to  further  practice  of 
the  art.  The  term  seems  to  imply  that  at  a 
certain  time  — about  the  13th  and  14th  centuries 
— English  embroidery,  especially  on  ecclesias- 
tical vestments,  was  in  high  repute.  But  a 
number  of  specimens  of  the  same  character 
as  that  attributed  to  the  ojbus  anglicum  were 
made  abroad,  and  hence  a doubt  is  thrown 
upon  the  peculiarly  English  nature  or  style  of 
this  embroidery.  The  temptation  to  closely 
investigate  the  special  and  technical  distinction 
of  0j[)us  anglicum  is  strong;  but  it  would 
obviously  take  one  far  away  from  examining 


embroidery,  and  from  arriving  at  a knowledge 
of  stitches  generally. 

Earlier  in  my  lecture  I said  that  we  might 
divide  embroidery  into  two  classes — the  one  in 
which  the  work  is  made  for  display  on  one  side 
of  the  material ; the  other  in  which  it  is  equally 
finished  on  both  sides. 

In  respect  of  the  first  of  these  classes,  L 
have  diagrams  of  seven  stitches  (Fig.  2,  p.  967) 
which  are  made  for  display  on  one  side 
of  a material.  They  are  worked  by  draw- 
ing the  needle  with  its  thread  in  one 
sweep  through  two  or  more  places  along  the 
surface  of  the  material.  The  simpler  of  such 
stitches  are — long  and  short  stitch — as  here. 
Then  there  is  a stem  stitch.  This,  as  shown 
here,  merely  implies  an  oblique  arrangement 
of  short  stitches.  Feather  stitch,  or  opits 
;plumariumf  is  another  term  used  in  em- 
broidery, but  here  again  we  find  that  it  means 
an  arrangement  of  long  and  short  stitches,  so 
taken  as  to  completely  cover  a portion  of  the 
surface  being  worked  upon.  In  plain  needle- 
work, however,  as  distinct  from  embroidery, 
there  is  another  arrangement  of  long  and  short 
stitches  for  seams,  to  which  the  name  of 
“feather”  stitching  has  been  also  applied. 

Running  and  darning(closely  similar  in  effect 
on  both  sides  of  the  material)  may  involve  the 
use  of  long  and  short  stitches,  but  instead  of 
the  needle  passing  at  one  sweep  through  two 
places  only,  it  has  to  be  stealthily  worked 
through  half  a dozen  or  more.  Chain  stitching 
involves  the  looping  of  the  needle’s  thread  in 
the  progress  of  the  stitch.  Sometimes,  in- 
stead of  making  a loop,  the  point  of  the 
needle  is  made  to  split  the  thread,  thus  giving 
a looped  character  to  the  stitch.  Knotting 
stitch  is  another  development  of  the  looped 
stitch.  In  this  case  the  needle  makes  a 
passage  down  through  the  material,  and  not 
along  it,  and  a knot  is  so  formed  on  its  surface. 
Tent,  cross,  and  cushion  stitches  are  often 
worked  upon  an  open  reticulated  ground,  such 
as  canvas.  They  are  supposed  to  constitute 
the  group  of  o;pus  ;pulvinarium.  But  we  find 
tent  and  cross  stitch  are  the  principal  stitches 
used,  with  marvellous  patience,  by  Moham- 
medan embroiderers  in  the  intricate  and 
richly-coloured  ornamentation  of  leggings  for 
ladies,  the  material  of  which  is  of  closely- 
woven  linen  or  canvas.  Here,  for  instance,  is 
an  employment  of  red  silk  worked  in  cross- 
stitches  to  cover  the  ground  about  a pattern, 
the  leading  forms  of  which  are  of  the  linen 
fabric  which  the  embroidery  ornaments.  This 
is  sometimes  called  Italian  work  of  the  i6th 
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and  17th  centuries,  sometimes  Spanish.  Speci- 
mens have  also  come  from  Albania,  and  from 
one  or  other  of  the  Cyclades. 


The  making  of  tent,  cross,  and  cushion 
stitches  differs  from  that  of  the  long,  short, 
and  looped  stitches.  The  needle  is  passed  up 
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Diagram  of  Stitches  : showing  their  effect  upon  the  front  and  back  of  the  material  into  which 

they  are  worked. 


through  the  material,  and  then  down  again 
through  its  face.  In  cushion  stitch  the 
Germans  have  much  delighted.  Berlin  wool 


work  is  often  done  with  cushion  stitch.  The 
Swedish  have  distinguished  themselves'|_for 
some  centuries  in  such  work,  the  patterns  or 
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which  are  primitive  in  form  and  garish  in 
colour.  Such  works  are  not,  however,  of  such 
pretentiousness  as  the  ta^isserie  au  ;petit 
;point  of  the  French.  Here  is  a specimen  of 
such  tent  and  cross-stitch  work  of  the  i6th 
century.  The  fashion  for  it  found  followers  in 
Italy  and  England.  The  stitches  we  have  so 
far  considered  are  chiefly  for  decorating  one 
side  of  a material  only. 

Now,  the  second  class  for  obtaining  equal 
effects  on  both  sides,  includes  satin  stitch  and 
tapestry  stitch,  which  latter  is  not  to  be  con- 
founded with  the  ta;pisserie  au  ;petit  ;point 
previously  named.  As  shown  in  the  diagram 
(Fig.  2,  p.  967),  satin  stitch  may  be  of  long  and 
short  stitches.  From  Italy  and  the  Greek 
Archipelago  come  specimens  wrought  with 
much  finish  in  this  stitch.  This  specimen 
is  simple  in  its  pattern  of  leaves  and 
branches  with  horizontal,  perpendicular,  and 
oblique  satin  stitches  worked  across  the 
various  forms.  The  colours,  which  I regret 
cannot  be  displayed,  are  of  light  blue, 
salmon,  and  golden-hued  tones.  The  French 
speak  of  this  satin  stitch  as  au  ;passe,  and  as 
sans  envers.  The  owner  of  this  specimen 
considered  that  it  was  of  Venetian  workman- 
ship, dating  from  the  i6th  century.  But  other 
authorities  declared  that  it  was  Turkish  of 
the  19th  century.  The  controversy  does  not 
diminish  the  virtue  of  the  specimen  as  a 
finished  piece  of  work. 

Returning  once  more  to  the  diagram  of 
stitches,  I wish  to  direct  your  notice  to  the 
form  of  looped  stitching  which  has  been  done 
upon  the  edge.  This  is  called  button-hole 
stitch.  It  may  also  be  done  upon  a thread. 
Here  is  a diagram  of  it  made  upon  a couple 
of  threads.  When  used  in  this  way  to 
render  a pattern,  the  result  of  the  work  is 
needlepoint  lace. 

We  have  thus  briefly  glanced  at  some 
thirteen  or  fourteen  stitches,  five  of  which 
classify  themselves  into  a single  group,  as 
long  or  short  stitches  ; four  as  looped  stitches  ; 
whilst  the  three  stitches  known  as  tent,  cross, 
and  cushion  are  virtually  the  same,  and  so 
may  come  under  one  heading;  satin  stitch 
differs  from  all  of  them,  and  therefore  takes  a 
place  by  itself.  Thus  we  have  not  more  than 
four  distinctive  group^of  stitches.  And  now, 
turning  to  the  tapestry  stitch,  it  is,  I find, 
supposed  to  be  a peculiarity  of  the  o;pus 
^ectineum,  or  work  done  in  a loom  or  frame, 
and  in  the  process  a comb  is  used.  This  im- 
plement, as  we  noticed  last  Monday,  is  one  of 
importance  to  the  tapestry  maker.  Tapestry 


stitch,  however,  as  wrought  with  a needle,  does 
not  require  the  employment  of  a comb  to 
compress  the  intertwisted  threads  together. 
Here  is  a specimen  of  work  from  Skane  in 
Sweden.  The  original  specimen,  to  be  seen 
below,  is  square.  Only  half  of  it  is  shown.  The 
specimen  is  made  up  of  bands  of  needlework 
and  lace  called  “ Klutaband.”  These  are 
first  used  by  peasants  for  the  broad  ends  of 
cap-lappets,  subsequently  they  are  joined 
together  into  squares.  The  bands  of  geo- 
metrical pattern— flanking  the  lace  insertion — 
are  those  worked  in  tapestry  stitch ; the  threads, 
corresponding  to  the  warp  of  regular  tapestry, 
are  such  as  have  been  left  of  a strip  of  linen 
from  which  a number  of  warp  and  weft-threads 
have  been  withdrawn  in  a certain  space.  The 
tapestry  stitching  has  then  been  worked  in  and 
out  and  between  these  threads,  and  is  so 
managed  that  both  sides  are  alike.  In  regular 
tapestry-making  only  one  side  of  the  produc- 
tion is  presentable.  From  Persia  come  squares 
dating  from  the  17th  century,  very  often 
of  extraordinary  minute  needlework,  done 
on  loosely  woven  linen  or  cotton,  in  which  a 
tapestry  stitch  identical  with  the  Swedish  is 
done.  Work  for  the  decoration  of  robes  by 
Egyptian  Coptics  was  not  needlework.  It  was 
done  with  a small  ‘‘slay,”  such  as  the  tapestry 
maker  uses.  And  this  work  is  the  same  in 
process  as  that  of  tapestry -making.  Here  is  a 
specimen  of  Egyptian  Coptic  work,  probably 
of  the  4th  century  of  the  Christian  era.  This, 
however,  like  tapestry,  is  presentable  on  one 
side  only. 

In  connection  with  the  Swedish  and  Persian 
needle  version  of  tapestry  making,  I spoke  of 
withdrawing  threads  from  the  material.  There 
is  a considerable  group  of  embroidery  known 
as  drawn  work,  the  essential  feature  of  which 
is  the  withdrawing  of  threads  in  order  to  obtain 
open  devices  in  patterns.  Here  is  a specimen 
of  such  work  taken  from  an  Italian  shirt  of  the 
1 6th  century. 

A reversed  counterpart  cf  such  drawn  thread 
work  is  embroidery  done  with  a darning  or 
running  stitch  upon  an  open  reticulated  ground 
or  net — as  in  this  example,  which  is  probably 
either  French  or  Italian  of  the  late  i6th  or 
early  17th  century.  A phase  of  this  work 
survives  in  the  embroidery  on  net  of  many 
countries  ; in  Ireland,  amongst  others,  where 
it  is  called  Limerick  lace  or  run-work. 

Running,  done  in  close  material,  results  of 
course  in  quite  a different  effect  from  that  of 
running  on  an  open  ground.  Here  is  a speci- 
men of  worsteds  run  into  a linen.  It  is  an 
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Icelandic  work  of  the  i6th  or  .17th  century. 
Here  is  a fragment  of  ^similar  work,  very 
simple  in  pattern,  which  came  from  a tomb  at 
Sak-karah,  in  Lower  Egypt,  and  may  be  of 
the  4th  century. 

Thus  from  opus  we  have  been 

led  to  note-  certain  ways  of  dealing  with 
materials  of  close  and  open  fabric  into 
which  embroider)^  is  worked.  We  have 
not,  however,  increased  the  number  of  dis- 
tinctive groups  of  stitchery’’,  although  their 
application  has  been  varied.  With  some 
fancy,  a Latin  name  has  been  assigned  to  the 
drawn  threadwork,  and  it  has  been  called  the 
oJ>us  araneu?n  or  filatorium.  But  both 
denominations  are  valueless  from  a technical 
point  of  view. 

The  opus  consutum  has  now  to  be  referred 
to.  The  term  applies  to  the  cutting  of 
materials  into  ornamental  shapes,  which  are 
afterwards  worked  with  stitchery  of  some  sort. 
Here,  for  instance,  is  another  part  of  the 
Italian  shirt  already  referred  to,  in  which 
simple  details  in  a pattern  are  produced  by 
cirtting  out  bits  of  the  ground. 

Another  sort  of  cut  work  consists  of  cutting 
away  the  ground  about  a pattern,  first  outlined 
with  a cord  or  thread,  and,  where  necessary, 
inserting  little  bars  or  tyes  between  the  portions 
of  the  pattern.  This  work  has  been  done 
hundreds  of  years  ago  in  Italy,  and  is  done  in 
Ireland  at  the  present  time,  at  Carrickmacross. 
Here  is  a specimen  of  the  cut  work  from 
Carrickmacross.  With  your  permission,  I 
should  like  to  digress  here  to  allude  to  a move- 
ment which  has  been  made  towards  the  im- 
provement of  patterns  used  by  the  Irish 
workers.  In  a sense,  this  movement  owes 
something,  I think,  to  this  Society,  for  having 
given  me  the  opportunity,  in  1881,  of  delivering 
some  lectures  onlace-makingand  lacepatterns. 
In  the  following  year  I was  called  upon  to  give 
similar  lectures  elsewhere,  and,  amongst  other 
places,  I lectured  at  Limerick,  Cork,  Dublin, 
and  Belfast.  The  outcome  of  these  lectures  in 
Ireland  has  been  the  movement  I referred  to. 
A competition  amongst  pattern  designers  was 
held  last  year.  Prizes  were  awarded  to  the 
value  of  ^74  for  some  forty  designs.  Of 
these,  a dozen  or  more  are  now  being  worked 
at  some  six  or  eight  lace-making  centres, 
schools  and  convents  in  Ireland.  One  has 
been  finished  for  her  Majesty  the  Queen,  who 
was  graciously  pleased  to  give  a commission 
for  it  and  other  prize  patterns.  Here  is  a 
specimen  of  the  new  piece  of  Carrickmacross 
cut  work  made  for  her  Majesty.  In  the  course 


of  a few  months,  I hope  that  a sufficient  number 
of'  needlepoint  laces,  embroideries  upon  net, 
and  cut  works  will  have  been  produced  by  the 
Irish  workers  to  form  a collection  for  public 
exhibition,  and,  at  'least,  to  demonstrate  that 
the  sale  of  Irish  lace  need  not  be  entirely 
dependent,  as  it  too  often  has  been,  upon  a 
sort  of  philanthropic  patronage. 

Returning  now  to  our  review  of  cut  works, 
we  may  note  a variety  kindred  to  the  last  sort 
of  work.  Here,  again,  the  ground  has  been 
cut  away,  and  the  pattern  left.  But  the  pattern 
is  so  planned  that  the  details  composing  it 
touch  one  another  in  places,  thus  getting  rid 
of  any  necessity  for  inserting  bars  or  tyes. 
The  edge  in  the  original  of  this  border  is 
enriched  with  gold  thread.  The  pattern  itself 
appears  in  one  of  the  numerous  Italian  pattern 
books  of  the  i6th  century',  without  a full 
reference  to  which  no  history  of  embroidery  is 
complete.  They  are  often  held  to  be  lace 
pattern  books.  This  is  a mistake  ; a great 
number  of  the  patterns  are  for  many  classes  of 
decorative  work  besides  lace. 

Two  more  groups  of  cut  work  have  to  be 
noticed.  The  oldest  of  these  appears  to  be 
patchwork.  This  is  often  associated  in  one’s 
mind’s  eye  with  quilts  made  of  hexagons  in 
pink,  and  white,  and  lilac,  such  as  one 
occasionally  sees  in  peasants’  cottages,  or 
floating  upon  clothes  lines  in  back  gardens. 
From  these,  however,  I have  now  to  take  a 
great  step.  In  1881,  excavations  at  Deir-el- 
Bahari,  in  Egypt,  brought  to  light  a canopy, 
of  which  Mr.  Villiers  Stuart,  in  his  book 
entitled  “The  Funeral  Tent  of  an  Egyptian 
Queen,’’  has  given  a highly  interesting  and 
large  coloured  plate  He  speaks  of  this 
canopy  as  a perfectly  unique  example  of 
Egyptian  tapestry,  using  the  term  as  implying 
a hanging  or  covering  of  some  sort,  and  not 
as  involving  any  technical  process.  For,  of 
the  actual  technical  character  of  this  canopy, 
Mr.  Villiers  Stuart  tells  us  it  may  be 
described  as  a mosaic  of  leather  work, 
consisting  of  thousands  of  pieces  of  gazelle 
hide  stitched  together  with  coloured  threads 
to  match.  It  is,  in  fact,  a patchwork.  The 
colours  of  the  pieces  of  leather  thus  stitched 
and  patched  together,  consist  of  bright  pink, 
deep  golden  yellow,  pale  primrose,  bluish 
green,  and  pale  blue.  Vultures,  hieroglyphics, 
with  diaperings  of  daisy  blossoms,  and  borders 
containing  goats,  scarabs,  and  repeated  fringe 
device,  are  the  principal  details  to  which  the 
bits  of  gazelle  hide  have  been  shaped. 
Arranged  in  formal  order,  they  make  the 
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pattern  of  this  canopy.  Mr.  Stuart  was  able, 
from  various  data,  to  fix  the  period  when  this 
patchwork  was  made  at  980  B.c.  It  was 
wrought  for  a queen  who  was  mother-in-law 
to  the  Shishak  who  besieged  and  took  Jerusalem 
three  or  four  years  after  the  death  of  Solomon. 

Made  in  a very  similar  way  to  the  Egyptian 
queen’s  canopy,  but  of  different  materials,  is  a 
French  hanging  of  the  13th  or  14th  century. 
Here  is  a photograph  of  it.  The  design  re- 
presents various  incidents  in  a knight’s  en- 
counter with  a dragon.  The  details  are  cut 
out  of  different  coloured  cloths.  These  have 
then  been  sewn  or  patched  together,  and  then 
applied  to  the  ground  ; the  seams  between  the 
patches  being  overlaid  with  narrow  strips  of 
leather.  These  latter  were  whipped  round 
with  fine  golden  strips  suggestive,  as  Canon 
Rock  says,  of  the  lead  lines  in  stained  glass. 
In  stained  glass,  the  leading  is  necessary  to 
hold  the  bits  of  glass  together,  whilst  in  this 
patchwork  the  corresponding  lines  are  used 
for  decorative  effect,  and  are  not  constructive 
necessities. 

From  Persia  at  the  present  time  (doubtless 
an  inheritance  of  old  practice)  come  gaudy 
patchworks  (of  Resht)  done  with  much  elabora- 
tion in  pattern.  Here  is  part  of  a large  cover 
wrought  in  this  way.  The  enrichments  to 
the  simple  patchwork  are  worked  in  chain 
stitch  with  silks. 

Amongst  the  specimens  exhibited  you  will 
find  examples  of  Italian  patchwork  in  velvets 
and  silks,  so  used  as  to  produce  alternations 
in  colour  of  the  same  pattern.  A similar 
effect  of  alternation  is  to  be  seen  in  the  cut 
brass  and  tortoiseshell  work  associated  with 
the  name  of  Andre  Boule. 

Another  section  in  the  class  of  cut  work  is  to 
be  seen  in  what  is  known  as  applied  or 
a^^lique  work.  In  illustration  of  this,  I 
have  a diagram  taken  from  part  of  an  altar 
hanging  belonging  to  Sir  William  Drake.  It 
is  of  Italian  origin,  and  dates  from  the  i6th 
century,  somewhat  later  than  the  period  which 
Vasari  assigns  to  the  production  by  Sandro 
Botticelli  of  designs  for  cut  work.  Vasari 
speaks  of  the  work  as  di  commesso.  It  is  not 
clear,  however,  that  this  expression  should 
specially  indicate  either  patch  or  ap;plique 
work.  It  may  apply  to  both.  In  any  case  an 
interest  is  aroused  by  the  association  of  Botti- 
celli with  decorative  needlework.  Ap;plique 
work  differs  from  patchwork,  since  the  details 
of  the  pattern  to  be  worked  by  the  aj);plique 
method  are  cut  out  of  a stuff  and  then 
stitched  down  to  a ground  of  material,  which 


latter  plays  a visible  part  on  the  ornamental 
effect  of  the  finished  work.  As  a rule,  the  cut 
pieces  thus  applied  are  edged  all  round  with 
stitches  or  with  a cord  or  thread,  also  applied 
and  stitched  down.  Finished  and  clear 
definition  is  thus  given  to  the  different  shapes. 
This  stitching  down  is  virtually  identical  with 
tent  stitching.  It  is  the  principal  stitch  used 
in  other  variations  of  applied  work,  of  which  a 
few  have  become  specialised,  as  in  the  case  of 
gold  thread  enrichments  or  embroideries.  As 
illustrating  the  method  of  stitching  down,  I 
have  a diagram  of  Indians  at  work  doing 
applied  embroidery  with  gold  threads. 

The  sumptuous  heavy  golden  trappings  and 
saddle  - cloths,  canopies  or  howdahs,  are 
frequently  worked  with  gold  threads  ‘ ‘ couched  ’ ’ 
or  stiched  upon  a padded  foundation  or  over 
stout  threads.  The  essence  of  “ couching,”  so 
far  as  needlework  is  concerned,  is  the  up  and 
down  stitching.  But  it  is  not  merely  a question 
of  holding  the  gold  threads  upon  a surface,  by 
means  of  such  stitches;  for  “couching”  involves 
display  of  skill  in  so  taking  the  stitches  (the 
threads  of  which  show  themselves  upon  the 
glittering  gold  threads  lying  close  together) 
that  patterns  and  diapering  effects  are  pro- 
duced by  them  upon  the  face  of  the  gold 
threads.  This  group  of  Indians  is  at  work 
upon  a material  stretched  in  a frame.  The 
use  of  the  frame  for  embroidery  purposes  is  a 
matter  which  should,  perhaps,  have  been  men- 
tioned sooner.  The  frame  shown  here  is  large  ; 
very  much  smaller  ones  are  used  by  the 
domestic  embroiderer.  All  embroidery  is  done 
upon  material  stretched  in  a frame,  or  held 
loosely  in  the  hand.  Frames  are  almost  always 
used  for  a;pplique  work  in  its  various  classes, 
others  of  which  we  shall  shortly  notice.  Return- 
ing, for  the  present,  to  gold  thread  “ couch- 
ing,” we  find  specimens  of  such  work  inter- 
mixed with  coloured  silk  embroidery,  dating 
in  Europe  from  the  12th  century.  Before  then, 
gold  threads  were  used  more  often  for  weaving 
than  for  embroidery.  There  are  occasional 
exceptions  to  such  a general  statement,  but, 
as  a rule,  the  use  of  gold  threads  in  em- 
broidery is  later  than  their  use  as  wefts  in 
weaving. 

The  specimen  of  gold  “ couching  ” of  which 
I have  a diagram,  is  taken  from  a funeral  pall 
belonging  to  the  Fishmongers’  Company. 
This  pall  is  supposed  to  have  been  used  at  the 
funeral  of  Sir  William  Walworth,  in  the  reign 
of  Richard  II.  But  the  character  of  some  of 
the  ornamental  details  in  it  gives  it  a later 
date,  probably  by  some  fifty  years  at  least.  A 
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Pope  in  the  act  of  blessing  is  seated  upon  his 
throne ; on  each  side  of  him  is  an  angel 
swinging  a censer.  Gold  couching,  done 
over  layers  of  threads  so  as  to  increase  the 
effect  of  low-relief,  is  used  for  the  background 
and  Pope’s  seat,  the  censers,  and  bands  upon 
upon  the  robes  of  the  figures.  The  other 
portions  are,  for  the  most,  worked  in  long  and 
short  stitches  with  silk.  Another  specimen  of 
similar  work  is  to  be  seen  in  this  portion  of  a 
Y-shaped  orphrey  for  the  back  of  a cope.  The 
composition  of  the  crucifixion  is  almost  entirely 


worked  with  coloured  silks  in  long  and  short 
stitches.  Gold  thread,  to  occasionally  heighten 
the  outlines  of  certain  details  is  used.  The 
bordering  and  the  architectural  canopy  over 
the  saint  bearing  a chalice  are  of  gold  thread 
couching.  This  specimen  is  considered  to  be 
Italian  or  Flemish  in  origin,  and  of  the  early 
1 6th  century. 

Previously  to  this  class  of  sumptuous  en- 
richment of  ecclesiastical  vestments,  came 
that  which  has  been  connected  with  the 
modern  idea  of  the  opus  anglicum.  The 


Fig.  3. 


Part  of  Panel,  Embroiderel  in  Gold  Thre  ids  and  Coloured  Silks.  The 
draperies  and  faces  worked  in  chain  stitch.  Italian  ; i6th  century. 


peculiarity  of  this  work  is  thought  to  have 
been  the  use  of  a chain  stitch  or  split  stitch. 
The  diagram  now  before  us  is  of  the  cele- 
brated Syon  cope,  preserved  in  the  South 
Kensington  Museum.  The  figures  are  worked 
in  the  chain  or  split  stitch.  It  has  been  de- 
scribed by  the  late  Canon  Rock  with  very  high 
antiquarian  skill.  When  attributing  it  to 
a distinctively  English  nationality,  I do 
not  find,  however,  that  he  mentions  that 
similar  embroideries  as  I previously  said 


are  to  be  seen  elsewhere,  and  are  traditionally 
of  other  nationality  in  workmanship.  Here,  for 
instance,  is  a smaller  specimen,  but  equally 
finished,  in  skill  of  chain  or  split  stitch 
work.  This  is  certainly  later  than  the  Syon 
cope.  It  is  probably  of  early  15th  cen- 
tury Italian  work.  The  Syon  cope  is  un- 
questionably of  the  13th  century,  so,  too,  were 
vestments  of  the  Pope’s,  some  of  which 
are  preserved  at  Anagni.  The  specimen 
(Fig.  3)  before  us  is  taken  from  a panel  about 
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i^^.inches  long  by  i if  inches  highj  in  which  a 
female  saint  is  represented  at  her  prayers.'  A 
crowd  of  men  are  standing  behind  her  near  a 
belfry,  and  a few'Of  the  figures  in  the  group  are 
here  shown  on  a large  scale  so  that  the 
character  of  the  stitchery  may  be  noted.  The 
saint  was  found  by  Canon  Rock  to  be  Santa 
Francesea  Romana,  of  whom  he  recounts 
saintly  and  devotional  acts.  But  the  present 
and  particular  interest  of  the  diagram  before 
us  lies  in  its  expounding  a skilful  use  of  a 
supposed  typical  stitch  of  the  o;pus  a?tglzcum. 
In  Persian  embroideries,  representing  hunting 
scenes,  the  same  sort  of  stitch  occurs,  used 
much  in  the  same  way  as  in  this  specimen.  In 
Abyssinian  robes  chain  stitch  is  largely  used. 
The  Indians  and  Chinese  have  often  produced 
chain  stitch  work.:^ 

For  figure  subjects  this  chain  stitch  in  Euro- 
pean ecclesiastical  embroideries  was  preceded 
and  succeeded  by  long  and  short  stitch,  the 
surface  of  which  presented  a more  painting-like 
and  less  granulated  effect.  This  smoother  lying 
stitch  was  used  especially  for  faces  and  hands, 
and  we  find  such  treatments  in  conjunction 
with  draperies,  which  were  rendered  by  means 
of  fine  coloured  silken  threads  whipped  around 
gold  threads.  A rich  golden  glow  or  shimmer 
pervades  such  embroideries.  Here,  for  in- 
stance, is  a specimen 'bf  this  kind  of  work, 
done  from  a design  by  Raffaellino  del  Garbo, 
in  the  i6th  century.  ' The  shading  of  the 
drapery  is  done  with  blue,  red,  and  green 
silks,  whipped  round  the  gold  threads.  A 
golden  orphrey  is  exhibited,  as  well  as  a few 
coloured  photographs  of  some  remarkable 
specimens  of  this  sort  of  work  done  perhaps  in 
Spain  or  Flanders.  From  the  raised  couched” 
gold  thread  work  we  pass  to  'Other  sorts  of 
“couching,”  in  which  the  threads  to  be 
“couched”  are  laid  flatly  upon  the  under 
material,  no  padding  being  employed.  Such 
w'ork  is  also  frequently  done  with  floss  silks,  as 
shown  here  (Fig.  4).  The  details  are  outlined 
with  a thick  cord,  about  the  flat  coachings  of 
floss  silk.  This  is  part  of  an  extensive  set  of 
furniture  trimmings  and  hangings,  made 
possibly  in  Italy  or  Germany  in  the  17th 
century. 

The  use  of  cords  stitched  down  to  a material, 
and  producing  ornamental  effect,  is  exemplifled 
in  this  jacket  of  English  i6th  century.  Of  a 
different  sort  of  work,  in  which  long,  short,  and 
chain  stitches  are  used,  is  this  jacket,  also  of 
English  work  of  the  i6th  century.  The  pattern 
consists,  as  we  see,  of  an  orderly  distribution  of 
pomegranates  and  roses,  with  slender  twisting 


stems.  It  is  wrought  with  black  silk.  This 
black  silk  embroidery  on  white  linen,  in  certain 
cases,  is  supposed  to  be  “Spanish  stitch,” 
the  origin  and  special  intention  of  which  is  not 
known.  They  furnish  matter  for  antiquarian 
research. 

To  return,  however,  to  the  flat  laying  of 
threads  and  cord,  we  may  look  at  a specimen  of 
modern  Japanese  embroidery.  The  Japanese 
appear  to  excel  in  skilfully  doing  the  flat 
gold  and  silken  thread  work.  The  clouds 
and  sky  in  this  specimen  are  done  with  gold 
threads,  stitched  down  to  the  ground  of  black. 
Other  portions  of  the  panel  are  done  by  means 


Fig.  4. 


Embroidery  on  Linen,  with  floss  silks  laid  or  “ couched ; 
between  outlines  of  black  silk  cord  stitched  down  to  the 
linen  ground. 


of  stuffs  and  silk  cords,  and  stitched  down  in 
portions  to  padding  interposed  between  them 
and  the  black  velvet,  as,  for  instance,  in  these 
two  figures  and  the  trunk  of  the  tree,  beneath 
v/hose  spreading  branches  the  man  and  woman 
are  watching  the  approach  of  message-bearing 
storks. 

We  noted  the  use  of  padding  in  its  con- 
nection with  the  gold  thread  relief  “ couch- 
ing,” and  now  these  figures  and  the  tree  may 
introduce  us  to  a class  of  English  work  which 
was  done  in  the  17th  century,  in  which  curious 
modelling  effects  were  attempted  by  the  em- 
broiderer. Intermingled  with  the  relief  were 
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portions  worked  in  long  and  short  stitches 
flatly.'  Then  there  were  details  worked  out  in 
needle-point  lace  stitch.  Silks,  gold  and 
silver  threads,  silken  and  metallic  gimps  were 
used.  Here  is  a diagram  of  such  work.  Actual 
specimens  may  be  examined  in  the  room. 
This  sort  of  work  frequently  decorated  boxes 
and  mirror  frames.  It  was  an  ingenious, 
strange,  and  entirely  malalropos  class  of 
embroidery.  Its  influence  is  to  be  seen  in 
such  insignia  of  state  as  a Lord  Chancellor’s 
bag.  The  different  padded  details  were,  as  a 
rule,  worked  separately,  and  then  applied  to 
the  place  assigned  to  them  in  forming 
grotesque  compositions  upon  a ground  of  silk 
or  satin. 

I think  there  is  but  one  other  distinctive 
group  of  stitchery  which  I have  not  yet  named, 
and  that  is  quilting.  In  this,  again,  the 
essential  features  are  the  up  and  down  stitch- 
ing, and  the  employment  of  two  bits  of  stuff 
through  which  the  stitches  are  taken.  Some- 
times, to  obtain  stronger  accentuation  of 
forms,  especially  in  quilted  work  done  with 
stuff  and  thread  of  the  same  colour,  a cord  or 
padding  is  inserted  between  the  two  bits  of 
material  to  be  quilted.  The  stitches  are  then 
taken  on  each  side  of  the  cord  or  padding,  and 
an  effect  of  low  relief  is  obtained. 

But  some  of  the  more  notable  quilting  is 
such  as  Indians  have  done  with  yellow  silk  on 
white  cotton.  This  sort  of  work,  usually  em- 
bellished with  sprawling  flowers  in  rich  red  and 
gaudy  green  silks,  gold  threads  “couched,” 
flat,  or  in  relief,  was  highly  prized  in  the  late 
17th  and  during  the  1 8th  centuries,  by  Western 
Europeans. 

More  sober  in  effect,  though  not,  I think, 
less  surprising  in  workmanship,  are  the 
minutely  quilted  coverlets,  ox:  portieres,  made 
in  the  i6th  century  at  Goa,  and  largely  im- 
ported by  Portuguese,  Dutch,  and  Spaniards. 
Here  is  a small  portion  of  a large  quilt  of  this 
kind.  Hunters,  musicians,  heraldic  bearings, 
and  fleets  of  vessels  are  depicted  in  thousands 
of  minute  up  and  down  stitches,  with  red 
and  yellow  silks.  The  actual  quilt  is  also 
exhibited. 

I had  hoped  to  have  been  able  to  have 
touched  more  fully  than  I have  upon  the  use 
of  embroidery  in  connection  with  costume. 
The  limits  of  my  lecture,  however,  prevent 
me  from  doing  so.  Neither  can  I enlarge 
upon  those  fanciful  long  and  short  stitch 
pictures  in  medallions,  frequently  done  after 
compositions  by  Cipriani  and  Angelica 
Kauffman.  Indeed,  the  representation  of 


figure  compositions  by  means  of  embroidery  is 
a subject  of  itself  almost — not,  however,  from 
the  point  of  view  of  stitches  that  we  should  find 
that  their  production  involved  any  special 
stitches  not  already  referred  to,  or  that  on  the 
whole  the  process  is  well  adapted  to  making 
representations  of  the  human  form. 

The  study  of  embroidery,  even  if  we  restrict 
it  in  the  first  instance  as,  perhaps,  it  should 
be,  to  examining  stitches  and  the  designs  they 
appropriately  or  inappropriately  depict,  is  wide 
in  scope.  It  is,  of  course,  essential  to  those 
who  practice  the  art  from  natural  inclination 
or  from  choice.  It  becomes  simplified,  I 
think,  if  one  takes  one  thing  at  a time — as  for 
instance  a classification  of  stitches.  The 
number  of  typical  stitches  does  not  exceed  half 
a dozen,  unless  it  be  determined  that  the 
smallest  variation  in  length,  direction,  or 
arrangement  shall  be  held  to  constitute 
a new  type—and  then  of  course  one  may 
become  quite  bewildered  with  hundreds  of 
new  names.  It  is,  however,  easy,  I think, 
to  detect,  in  the  apparently  most  elaborated  of 
specimens,  which  of  the  dozen  type  stitches 
have  been  used,  and  to  form  some  idea  of  how 
they  have  been  used.  It  is  also  easy  to 
separate  off  into  another  class  of  operations 
those  methods  of  using  various  materials,  such 
as  withdrawing  threads,  cutting  out  forms, 
using  paddings  for  effects  of  relief,  couching, 
&c.  Of  course,  they  are  all  connected  with 
embroidery,  but  the  employment  of  them, 
while  involving  the  use  of  one  or  other  of  the 
few  typical  stitches,  does  not  create  new  ones. 
Having  thus  assured  one’s  self  that  there  is  no 
cause  to  become  confused  by  novel  applications 
of  well-established  methods,  one  may  take  up 
the  study  of  designs  in  embroidery.  Here,  I 
am  free  to  confess  that  the  field  is  altogether 
wider,  for  to  intelligently  appreciate  designs 
in  embroidery,  it  is  necessary  to  equally  appre- 
ciate them  as  wrought  in  other  processes  and 
materials.  Moreover,  the  designer  is  gene- 
rally distinct  from  the  embroiderer.  Many 
skilful  needleworkers  imagine  that  they  are 
qualified  to  make  patterns ; this,  however, 
does  not  at  all  follow.  For  us  amateurs,  after 
analysing  and  classifying  stitches,  and  obtain- 
ing an  insight  into  the  composition  of  patterns, 
no  doubt  we  may  feel  inclined  to  consider  the 
historical  side  of  embroidery  and  the  possible 
meaning  of  odd  old  terms  ; and  this  is  perhaps 
the  more  attractive  to  those  who  are  neither 
practical  embroiderers  nor  designers.  In  this 
respect,  I speak  for  myself ; at  the  same  time, 
I cannot  but  feel  that  it  is  more  interesting  to 
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try  and  understand  the  technicalities  of  the 
art,  and  the  constructive  meaning  of  patterns. 

I must  apologise  for  the  incompleteness  of 
my  remarks  this  evening.  I hope,  however, 
that  I may  have  suggested  a few  topics  worthy 
•of  your  consideration,  and  whether  1 have  done 
so  or  not,  I gratefully  acknowledge  the  en- 
couragement in  my  efforts  which  your  attention 
throughout  these  lectures  has  given  me. 

[This  lecture  was  illustrated  by  a series  of 
diagrams  thrown  upon  the  screen  by  means  of 
the  electric  light.] 


Correspondence. 


COLONIAL  AND  INDIAN  EXHIBITION. 


As  you  desire  to  “ preserve  the  names  of  the  many 
subjects  who  have  come  from  all  quarters  of  the 
British  Empire  to  be  present  at  the  Exhibition,”  you 
may  as  well  have  them  printed  correctly.  I give 
those  below  which  are  spelt  wrongly  in  your  list  of 
Indian  names,  in  the  transhteration  adopted  by  the 
Indian  Governments,  and  to  which  your  informant 
has  evidently  intended  to  conform  ; — 


1.  Shaban  should  be  Sha’ban. 


2.  Khadim  Hosen 

3.  Amiralh 

4.  Emamudin 

5.  Ismail 

6.  Asgar  Hosen 

7.  Nazeer  Hussan 

8.  Rahimbrux 

9.  Hajee  Meahgan 
.10.  Nisar  Ahmed 
II.  Mogal  Jan 

•12.  Mohamed  Hosein 
13.  Bilayat  Husen 
15.  Karan  Sing 
18.  Bake 
30.  Kadirbux 

34.  Kadarbux 

35.  Moulabux 


Khadim  Hussain. 
Amir  ’Ali. 
Imamu’ddin. 

Isma’il. 

Asghar  Hussain. 
Nazir  Hasan. 

Rahim  Bakhsh. 

Haji  Miyahgan. 
Nisar  Ahmad. 
Mughal  Jan. 
Muhammad  Hussain. 
Vilayat  Hussain. 
Karan  Singh. 

Bakar. 

Kadir  Bakhsh. 
Kadir  Bakhsh. 
MauUa  Bakhsh. 


I observe  that  while  tl 


Hindu  names  have  been 


given  you  correctly  in  the  main,  all  the  Muhammadan 
names  have  been  given  wrongly.  This  looks  as  if  your 
informant  had  made  up  the  list  supplied  you  from 
those  given  him  by  two  writers  {munshis,  as  we  calj 
them  in  India),  one  of  whom  understood  the 
Hunterian  system  of  transliteration,  and  the  other 
did  not.  Nothing  can  be  more  confusing  or  more 
misleading  than  the  adoption  of  two  methods  of 
transliteration  in  the  same  document.  I may  add 
that  “Meahgan”  (No.  9)  is  not  a likely  name, 


and  may  be  for  Miyan  Jan,  a common  name.  Also 
I suspect  that  “Bake”  (No.  18)  is  for  Bakar, 
but  it  may  be  for  Baki,  an  unlikely  word  in  this 
connection. 

R.  C.  Temple. 

Dial-house,  Hove,  Brighton, 

August  14th,  1886. 


General  Notes. 


Congress  of  Italian  Sericiculturists. — The 
Second  National  Congress  of  Sericiculturists  will  be 
held  on  the  19th  of  September,  at  Varese. 

Sericiculture  in  Hungary. — Considerable  pro- 
gress has  been  made  of  late  years  in  the  production 
of  silk  in  Hungary,  and  this  is  due,  in  a great  measure, 
to  the  encouragement  given  by  the  Government  to 
sericiculturists.  In  1884,  upwards  of  1,620  litres  of 
seeds  of  the  mulberry  tree  were  distributed  gratis  by 
the  Hungarian  government  in  2,696  communes,  with 
a view  of  extending  the  cultivation  of  this  tree.  The 
production  of  silk  cocoons,  from  1880  to  1884,  was 
the  following : — 


Year. 

No.  of 
communes 

Quantity  of 
seed  silk- 
worms 
hatched. 

No.  of 
silkworm 
rearers. 

Produc- 
tion of 
cocoons. 

1880. . 

172 

ounces. 

480 

1,059 

kilogs. 

10,131 

1881.. 

423 

2,000 

2,976 

41,557 

1882. . 

433 

1,968 

3,674 

24,455 

ca 

00 

462 

4,182 

6,260 

72,242 

1884. . 

557 

6,442 

9,892 

122,123 

Fires  in  Theatres.— At  an  exhibition  of  light- 
ing appliances  now  being  held  at  the  Brussels 
Bourse,  M.  Leon  Lenaerts,  of  Brussels,  shows  in 
action  an  apparatus  for  use  in  cases  of  fire  in 
theatres.  By  means  of  the  arrangement,  in  which 
electricity  aids  and  supplements  gas,  anyone  is  able, 
on  an  alarm  of  fire  being  raised,  to  shut  off  the 
supply  of  gas  at  the  meter,  thus  preventing  an  ex- 
plosion, and  at  the  same  time  lighting  up  some 
incandescent  electric  lamps  which  direct  the  way  to 
the  exit  doors.  Thus,  an  audience  seized  with  panic, 
would  be  reassured  on  seeing  the  safety  lamps  illu- 
minated, which  would  inform  them  that  the  gas  was 
shut  off,  and,  instead  of  being  left  in  total  darkness, 
would  be  shown  the  nearest  way  out.  Moreover,  if  a 
fire  should  break  out  without  attracting  notice, 
electrical  contact  would  be  made  by  the  insulating 
substance  being  consumed  from  double  wires  dis- 
posed about  the  building,  thus  producing  the  same 
results  automatically. 
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All  communications  fot  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelpht,  London,  W.C, 


NOTICES. 

♦ 

EXAMIiYAT/ONS,  1887. 

The  Programme  for  1887  now  ready.  The 
Examinations  will  be  held  on  the  28th,  29th, 
30th,  and  31st  of  ]\Iarch.  The  Practical  Ex- 
amination in  Vocal  and  Instrumental  Music 
v.'ill  be  held  in  the  Society’s  House  during  the 
week  commencing  on  Monday,  May  23rd.  A 
copy  of  the  Programme  is  sent  to  each 
institution  with  this  week’s  Journal. 

Copies  can  also  be  obtained  gratis  on  appli- 
cation to  the  Secretary. 


Proceedings  of  the  Society. 

♦ 

ELEMENTARY  LECTURES.* 
ELECTRICITY. 

By  Professor  George  Forbes. 

Lecture  I. — Delivered  AJril  -^rd,  1886. 
Electromotive  Force  and  Potential. 

The  work  of  the  philosopher  in  studying  the 
phenomena  of  nature  is  accomplished  by  the 
aid  of  either  observation  or  experiment.  In 
the  science  of  astronomy  we  can  only  wait, 
watch,  and  observe  the  signs  and  symbols 
which  nature  makes  to  us,  and  interpret  the 
language  in  which  she  speaks.  In  the  realm 

• These  lectures  were  delivered  on  Saturday  afternoons  in 
accordance  with  the  resolution  of  the  Council  that  a course 
of  elementary  lectures  on  electricity  should  be  given  before 
the  Society 


of  electricity,  however,  we  cannot  depend  much 
on  observation,  and  it  is  only  in  the  laboratory 
by  patient  experience  that  most  of  the  secrets 
of  electricity  can  be  evolved.  With  the  light- 
ning flash,  the  aurora,  and  the  direction  of  the 
compass  needle,  almost  the  whole  list  of  facts 
which  can  be  learnt  by  observation  in  con- 
nection with  electricity  and  magnetism  has 
been  completed,  and  it  is  by  experiment  in  the 
laboratory  that  we  must  learn  how  varied  are 
the  phenomena,  and  how  fruitful  are  the  appli- 
cations of  this  science,  while  at  every  step  we 
find  new  pleasure  in  receiving  answ'ers  to  our 
questions.  The  highest  delight  of  the  true 
philosopher  is  in  seeking  out  new  facts,  and 
the  chief  charm  in  electricity  to  the  true 
student  is  in  grasping  the  innumerable  pheno- 
mena which  are  presented  to  his  senses,  and 
in  co-ordinating  and  arranging  these  facts, 
until  he  finds  that  a few  general  law's  govern 
the  diverse  forms  under  w’hich  this  protean 
agent  is  seen  to  manifest  itself.  It  will  be  my 
object,  in  this  course  of  lectures,  to  lay  before- 
you  simply  the  fundamental  phenomena  of  this 
comparatively  new,  but  useful,  servant  of  ours, 
and  to  demonstrate  experimentally  the  identity 
of  the  agent,  however  diverse  may  be  the 
operations  which  it  may  be  accomplishing.  1 
trust  that  you  will  find  it  easy  to  read  the 
language  of  experiments,  and  so  to  grasp 
those  fundamental  laws,  which  govern  the 
numerous  applications  of  electricity,  which  wu 
meet  with  every  day. 

The  first  electrical  fact  to  be  studied  is  the 
effect  of  rubbing  together  tw'o  bodies  made  of 
different  materials  ; after  rubbing  they  show'  a 
tendency  to  adhere  to  each  other.  They  are 
then  said  to  be  electrified.  With  some  sub- 
stances this  is  not  easily  made  visible,  but 
with  others  it  is  quite  evident.  Take  for 
example,  silk  and  glass.  I rub  a dry  glass 
rod  with  a strip  of  dry  silk,  the  silk  being 
hung  from  a support  above.  After  some 
friction,  when  I try  to  withdraw  the  glass,  you 
see  that  the  silk  sticks  to  it.  In  frosty  weather, 
when  the  hair  of  the  head  is  dry,  the  friction 
of  a comb  will  often  make  the  hair  cling  to  it 
in  the  same  manner.  The  glass  and  silk  lose 
the  property  after  a w'hile,  but  if  the  air  is 
so  dry  that  no  moisture  strikes  them,  they 
retain  it  for  a long  time. 

Returning  to  the  experiment,  we  may  easily 
show  something  more.  Withdraw'  the  glass 
forcibly  from  the  silk,  and  the  space  betw^een 
them  acquires  new  powers.  Firstly,  when  the 
glass  is  an  inch  or  two  from  the  silk,  and  no 
sticking  can  occur,  the  action  of  the  inter- 
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vening  electrified  space  causes  the  silk  and 
the  glass  rod  to  approach  each  other.  In  the 
experiment,  as  now  arranged,  we  can  only 
show  that  the  silk  approaches  the  glass  rod  ; 
if  we  suspend  the  glass  rod  horizontally,  by  a 
thread  at  its  middle,  we  see  that  the  rod  moves 
to  the  silk.  Of  course  you  notice  that  for  each 
of  these  experiments  I must  first  rub  the  silk 
and  glass  together. 

But  the  space  between  the  glass  and  silk 
has  other  properties.  Here  I have  a light  gilt 
ball  at  one  end  of  a stiff  fibre  of  shellac,  which 
is  hung  by  a thread  at  its  middle.  My  glass 
and  silk  being  rubbed  and  placed  opposite 
each  other,  I hold  the  fibre  of  shellac  in  the 
hand,  and  cause  the  gilt  ball  to  touch  the 
glass  rod.  I then  hold  the  thread  so  that  the 
ball  is  in  the  space  between  the  silk  and  glass, 
and  you  see  the  ball  which  had  touched  the 
glass  is  acted  upon  by  this  space,  so  as  to 
move  towards  the  silk.  After  having  touched 
the  glass,  it  is  acted  on  by  the  electrified  space 
in  the  same  way  as  the  glass  was  in  the  pre- 
vious experiment.  If  now  I make  it  touch  the 
silk,  and  then  hang  it  up,  you  see  that  the 
electrified  space  moves  it  towards  the  glass. 
In  each  case  contact  with  glass  or  silk  causes 
the  space  to  act  on  the  ball  in  the  same  way 
as  on  the  material  touched.  We  found  before 
that  the  silk  and  glass  are  acted  on  by  the 
space,  so  as  to  move  in  opposite  directions. 
We  now  find  that  after  the  light  ball  has 
touched  the  rubbed  silk  or  glass,  the  electrified 
space  moves  it  in  opposite  directions.  In  each 
case  the  ball  is  said  to  be  electrified  by  contact, 
but  there  is  something  different  in  the  two 
means  of  electrifying  the  ball.  We  must 
denote  this  by  some  language,  so  we  say  the 
ball  is  positively  electrified  if  it  moves  towards 
the  silk,  and  negatively  if  it  moves  towards 
the  glass.  It  follows  from  this,  that  after  the 
glass  and  silk  have  been  rubbed,  the  glass  is 
positively,  and  the  silk  negatively  electrified. 
We  have  also  learnt  that  when  an  electrified 
body  touches  another  which  is  in  its  natural 
state,  it  electrifies  it  in  the  same  way  as  itself. 

If  I have  two  metal  balls  attached  to  shellac 
fibres,  and  touch  the  rubbed  silk  with  one  and 
the  rubbed  glass  with  the  other,  the  one  is 
said  to  be  positively,  and  the  other  negatively 
electrified.  If  now  I make  them  touch  each 
other,  each  becomes  electrified,  as  it  were, 
partly  positively,  and  partly  negatively,  and 
they  produce  no  effect.  This  is  seen  by  hang- 
ing one  of  the  balls  between  the  rubbed  glass 
and  silk,  when  no  action  takes  place. 

The  action  of  the  space  on  the  electrified 


ball,  and  on  the  glass  and  silk,  is  the  same  as 
it  would  be  if  two  positively  electrified  bodies 
repel  each  other,  and  as  if  two  negatively 
electrified  bodies  repel  each  other,  and  as  if  a 
positively  electrified  body  attracts  a negatively 
electrified  body.  Hence  a rule  is  often  given 
which  saves  time,  viz.,  “ like  electricities  repel, 
unlike  electricities  attract.”  This  is  a most 
unscientific  way  of  speaking,  because  there 
are  no  such  things  as  electricities.  Moreover, 
it  is  not  true  that  the  electrified  bodies  attract 
and  repel  each  other.  It  is  the  electrified 
space  which  acts  on  the  electrified  bodies,  and 
makes  them  act  as  if  they  attract  and  repel 
each  other.  All  this  must  be  remembered 
when  the  above  rule  is  quoted. 

1 have  used  a glass  rod  and  a strip  of  silk 
in  these  experiments ; other  materials  would 
act  similarly,  though  not  always  with  the 
same  intensity.  Sealing-wax  might  be  rubbed 
on  cat  skin,  and  the  same  effects  would  be 
observed.  The  excited  sealing-wax,  if  sus- 
pended between  the  rubbed  glass  and  silk, 
would  move  towards  the  glass.  Hence  it  is 
negatively  electrified.  The  cat  skin  is  posi- 
tively electrified. 

I must  now  ask  you  to  observe  that  when  we 
electrify  two  bodies  by  friction,  they  are  oppo- 
sitely electrified.  The  most  extensive  experi- 
ments have  all  gone  to  prove  that  we  cannot 
electrify  one  body  positively  without  at  the 
same  time  electrifying  another  negatively  to 
an  equal  extent.  In  fact,  the  only  effects 
observable  are  those  produced  in  and  by  the 
electrified  space  lying  between  the  bodies 
which  we  say  are  positively  and  negatively 
electrified.  When  I electrify  one  body  by 
contact  with  another  electrified  one,  what  is 
given  to  the  former  is  taken  fiom  the  latter. 

I will  now  show  you  two  instruments  used 
for  detecting  feeble  electrification. 

The  first  is  a gold-leaf  electroscope.  A rod 
of  metal  has  a metal  knob  or  a fiat  disc  at  its 
upper  end,  and  two  strips  of  gold  leaf  hanging 
from  its  lower  end;  let  us  call  them  A and  B. 
The  leaves  are  enclosed  in  a glass  jar  to 
prevent  the  air  blowing  them  about,  and  the 
disc  is  outside  the  stopper  of  the  jar.  I touch 
the  disc  with  a positively  electrified  body  ; the 
two  leaves  become  positively  electrified.  There 
must  be  somewhere  a negatively  charged 
body,  which  we  shall  call  c.  The  space 
which  includes  the  leaf  B is  electrified  owing 
to  the  presence  of  A and  C.  Thus  the  leaf  B 
tends  to  go  away  from  A.  So  also  the  leaf 
A tends  to  go  away  from  B.  Thus  you  see 
the  two  electrified  leaves  are  repelled,  and 
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owing  to  their  great  lightness,  we  are  able  to 
detect  a very  feeble  electrification. 

The  second  instrument  is  the  quadrant 
electrometer.  I will  not  now  describe  the 
beautiful  complete  instrument,  but  will  con- 
tent myself  with  showing  you  a simple  form 
which  shows  you  its  principle.  Here  I 
have  a horizontal  metal  circle  cut  into 
four  pieces  by  two  diameters.  Thus  I have 
four  quadrants,  A,  B,  c,  and  D,  each  supported 
on  a glass  stem. 

I rub  a piece  of  glass  on  a piece  of  silk  and 
touch  opposite  quadrants  A and  C with  the 
glass.  They  become  positively  electrified.  I 
touch  the  other  quadrants  B and  D with  the 
silk.  They  are  now  negatively  electrified. 
'J  he  condition  of  the  electrified  space  near  the 
quadrants  is  such  that  a positively  electrified 
body  tends  to  go  from  A or  c towards  B or  D. 
I now  hang  a metal  irrdex  by  a silk  fibre 
horizontally  over  the  intervals  separating  A 
and  B,  and  C and  D.  If  now  this  needle  gets 
the  feeblest  electrification,  the  electrified  space 
will  move  it  tow'ards  B and  D or  towards  A and 
c,  according  as  it  is  positive  or  negative.  I 
may  make  this  instrument  still  more  sensitive 
by  attaching  a light  mirror  to  the  index  and 
reflecting  a beam  of  light  from  a lamp  on  to  a 
scale.  The  slightest  motion  of  the  index  is 
shown  by  the  movement  of  the  spot  of  light. 
You  see  that  I have  a wire  hanging  from  the 
index  through  the  centre  of  the  circle  and 
dipping  into  a glass  vessel  containing  liquid. 
I will  now  use  this  delicate  instrument  to  show 
you  an  experiment.  I have  a piece  of  zinc  and 
a piece  of  copper,  each  fastened  to  a rod  of 
glass.  I bring  the  zinc  and  copper  into 
contact  for  a moment.  Are  they  electrified  ? 
Let  us  try  and  see.  I touch  the  liquid  with 
the  zinc.  The  index  is  electrified.  The  spot 
of  light  moves,  showing  me  that  the  index 
has  moved  away  from  A and  C and  towards 
B and  D,  I now  know  that  the  zinc  is  positively 
electrified.  In  the  same  way  we  find  that 
the  copper  is  negatively  electrified. 

With  this  apparatus  I might  show  you  that 
any  two  dissimilar  substances  when  rubbed  or 
pressed  together  are  electrified,  the  one 
positively  and  the  other  negatively.  If  any 
two  of  the  following  substances  are  rubbed 
together,  the  one  first  on  the  list  becomes  posi- 
tively, and  the  other  negatively,  electrified:  — 
Cat’sfur,polishedglass, ivory,  silk,  rock  crystal, 
the  hand,  wood,  sulphur,  flannel,  cotton,  shellac, 
rough  glass,  caoutchouc,  resin,  gutta-percha, 
metals,  gun  cotton.  I wish  to  draw  attention  to 
thefactjthat  the  order  of  the  objects  in  suchalist 


does  not  depend  merely  upon  the  material  of 
which  the  substance  is  composed,  it  depends  on 
the  character  of  the  surface  as  'well  as  on  the 
nature  of  the  substance.  In  the  list  you  will 
see  that  the  rough  glass  is  put  near  the  bottom 
and  polished  glass  near  the  top.  I have  here 
a piece  of  glass  which  is  half  rough  and  half 
smooth.  I will  rub  this  with  my  silk  as  before, 
and  according  to  my  list,  which  we  have 
here,  the  polished  glass  comes  before  the  silk, 
and  therefore  it  should  affect  the  gold  leaves 
in  them  in  the  manner  represented  by  positive 
electrification.  When  I approach  it  the 
negatively-charged  leaves  converge.  I now 
reverse  the  end  of  the  rod,  and  rub  the 
roughened  glass,  and  you  will  see  that, 
according  to  our  list,  the  roughened  glass 
will  be  negative.  Now  the  action  takes  place 
on  the  electroscope,  and  w'e  get  divergence. 
This  is  a peculiarity  of  the  surface.  We  find 
that  the  surface  has  an  influence  on  the 
character  of  the  electrification.  Thus  w'e  find 
that  a black  ribbon  rubbed  with  a white  ribbon 
is  negative  to  it ; we  find  that  a hot  piece  of 
cork  rubbed  against  a cold  piece  of  cork  is 
negative  to  it,  and  I would  point  out  to  you  the 
fact  that  in  all  these  three  cases  W’here  the 
effect  of  surface  comes  in,  the  material  which 
is  the  best  radiator  of  heat,  becomes  negative 
to  the  one  w’hich  is  the  worse  radiator  of  heat. 
A hot  substance  radiates  more  heat  than  a 
cold  one,  and  is  negative  to  it  ; black  silk 
radiates  more  than  white  silk,  and  is  negative 
to  it ; a rough  surface  radiates  more  than  a 
smooth  one,  and  is  negative  to  it.  I merely 
give  you  this  fact  as  a sort  of  aid  to  memory, 
not  the  least  implying  that  there  is  a physical 
connection  between  the  two  phenomena,  al- 
though it  is  by  no  means  impossible  that  there 
may  be  something  of  that  sort  found  later  on, 
because  there  are  some  startling  connections 
between  heat  and  electricity. 

Hitherto  I have  dealt  chiefly  with  the  electri- 
fication of  materials  which  w’e  call  insulators, 
which  do  not  conduct  electricity  freely.  If  I 
rub  a piece  of  brass  with  cat  skin,  it  has  no 
influence  whatever  on  the  electroscope,  but  it 
is  not  because  electricity  is  not  generated  in 
the  brass.  The  reason  is  that  brass  is  able  to 
conduct  the  electrical  condition  through  my 
hand  and  body,  and  so  over  the  surface  of  the 
earth,  and  if  I put  the  brass  itself  on  a cylinder 
of  sealing  wax,  which  does  not  conduct  elec- 
tricity freely,  then  I have  no  doubt  I shall  be 
able  to  show  that  when  rubbed  with  cat  skin 
it  will  be  electrified,  as  showm  by  the  divergence 
of  the  gold  leaf.  I may  show'  this  in  another 
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way.  By-'Striking  the  brass  disc  of  the  electro- 
cope with  a piece  of  silk,  you  see  that  the  gold 
leaves  are  made  to  diverge. 

In  the  experiments  with  the  quadrant  electro- 
meter, you  noticed  that  I used  glass  supports 
on  three  occasions.  I put  the  metal  quadrants 
on  glass,  I put  the  liquid  in  a glass  vessel,  and 
I put  glass  rods  on  the  copper  and  zinc  discs. 
The  reason  of  this  is  that  glass  does  not  allow 
the  electrical  condition  to  pass  along  it.  You 
have  seen  that  the  electrical  condition  can 
leave  one  body  and  go  to  another  by  contact. 
When  the  quadrants  were  electrified,  it  would 
be  natural  to  expect  the  electrical  condition  to 
spread  all  over  the  table,  and  all  over  the 
world.  It  would  do  so  if  the  quadrants  were 
not  separated  from  the  table  by  a substance 
such  as  glass,  which  is  said  to  be  an  insulator 
and  stops  this  action.  The  silk  fibre  support- 
ing the  index  is  also  an  insulator.  Fortunately 
our  atmosphere  is  an  insulator,  otherwise  it 
would  be  difficult,  or  impossible,  to  show  any 
of  these  experiments.  If  the  air  were  what  is 
called  a conductor  of  electricity,  it  is  unlikely 
that  we  should  know  anything  of  the  existence 
of  this  wonderful  agency,  electricity.  It  is 
only  in  empty  space,  or  space  filled  with 
insulating  material,  that  we  discover  the 
electrical  conditions  which  w’e  have  been 
studying.  The  following  Table  classifies  some 
substances  as  good  conductors  and  good 
insulators  ; most  substances  are  not  high-class 
conductors,  and  yet  are  very  bad  insulators  : — 


All  the  metals. 
Carbon. 


Good  conductors. 


Water  and  most^ 

liquids  I 

-Moist  materials  gener-  [ 
ally J 


Imperfect  conductors. 
Imperfect  insulators. 


Dry  glass,  paraffin,  v 

shellac,  silk,  gutta-  \ Good  insulators, 
percha  J 


In  any  atmosphere,  except  a very  dry  one, 
many  materials  (glass  in  a most  marked 
manner)  receive  on  their  surface  a thin  film  of 
water  or  moisture  which  is  a partial  conductor. 
Thus  an  insulating  material  may  lose  its  insu- 
lating qualities  in  a moist  atmoshere.  For  this 
reason,  in  a moist  climate,  many  experiments 
succeed  best  if  the  apparatus  is  kept  warmer 
than  the  air  of  the  room.  This  prevents  the 
condensation  of  moisture  on  their  surface. 

We  are  accustomed  to  say,  when  we  electrify 
a body  in  any  manner,  that  the  two  substances 


which  are  rubbed  together,  after  rubbing,  have 
a different  electric  potential.  I shall  have  to 
speak  presently  about  what  we  mean  by  a 
difference  of  electric  potential,  a thorough 
understanding  of  which  will  help  us  vastly  in 
our  studies  further  on.  I merely  remark  now 
that  we  can  obtain  very  much  larger  quantities 
of  electrification  at  these  high  potentials  by 
means  of  special  machines,  like  the  well-known 
electrical  machine  of  Mr.  Wimshurst,  which  I 
shallbeusinginthecourseofoneor  two  succeed- 
ing experiments.  Such  an  apparatus  enables 
us  to  get  considerable  quantities  of  electricity. 

I have  here  a very  large  and  powerful  mul- 
tiple plate  machine,  most  kindly  constructed, 
especially  for  illustrating  this  lecture,  by  Mr. 
Wimshurst.  Mr.  Wimshurst  has  spent  a great 
deal  of  time  in  improving  the  construction  of 
machines  for  generating  electricity.  Two  or 
three  weeks  ago,  Mr.  Preece  and  myself  were 
visiting  his  house,  and  were  struck  with  a 
magnificent  machine  which  he  had  completed, 
which  gave  a larger  quantity  of  electricity 
than  any  other  machine  hitherto  constructed. 
A sigh  escaped  me  that  I could  not  produce 
this  machine  for  the  present  audience  ; but 
without  saying  a word  to  me  or  anybody  else, 
Mr.  Wimshurst,  on  our  departure,  set  to  work 
to  design  and  manufacture  the  machine  before 
you,  which  could  be  transported  from  his 
house  at  Clapham  to  the  Society  of  Arts 
This  machine  is  the  outcome  of  a fortnight’s 
work  taken  out  of  sleeping  hours,  and  this  is 
a piece  of  kindness  for  which  you  and  I cannot 
too  heartily  thank  Mr.  Wimshurst. 

There  is  a word  which  I used  just  now,  and 
which  is  continually  being  used  with  regard 
to  applications  of  electricity,  and  that  is  the 
difference  of  electric  potential.  I think  this  is 
the  fitting  time  to  say  something  more  about 
it,  as  I have  been  telling  you  that  two  bodies 
when  rubbed  together  acquire  a difference  of 
potential.  What  do  we  mean  by  this  ex- 
pression ? It  is  a comparatively  new  ex- 

pression in  scientific  language,  but  one  of  the 
greatest  importance.  We  know  that  the  force 
of  gravity  gives  velocity  to  a falling  body,  and 
the  body  acquires  what  we  call  energy  of 
motion — kinetic  energy,  it  has  been  called, 
which  means  energy  of  motion.  But  when  a 
body  is  raised  from  the  floor  on  to  the  table,  it 
is  not  in  motion,  because  it  has  the  power  of 
dropping  back  again  to  the  floor,  and  so  doing 
a considerable  amount  of  work.  How  are  we 
to  express  the  energy  which  exists  in  a ball 
when  placed  on  the  top  of  a table  ? It  has  a 
potency  of  doing  work  ; it  has  what  Rankine 
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called  potential  energy,  and  the  word  expresses 
ver}'  well  what  we  mean.  Suppose  a ball  to  be 
thrown  up  into  the  air;  at  starting  it  has  kinetic 
energy — energy  of  motion  ; but  gradually  the 
cnerg}'  of  motion  disappears,  and  its  velocity 
gets  less  and  less  until,  at  the  top  of  its  flight, 
it  has  no  motion  at  all.  The  whole  of  the 
energy  of  motion,  with  which  it  started,  has 
been  converted  into  energ}^  of  position,  due  to 
the  greater  altitude  at  which  it  is.  The  grand 
principle  of  the  conservation  of  energy  tells  us 
that  at  any  moment  in  the  history  of  the 
universe,  the  quantity  of  energy  in  it  is  the 
same,  and  this  is  an  illustration  of  a case  of 
conser\'ation  of  energy,  that  the  sum  of  the 
energy  of  motion,  with  energy  acquired  by 
position,  is  constant  in  the  case  of  the  ball. 
You  see  then  what  we  mean  by  energy  of  posi- 
tion, and  energy  of  position  is  identical  with 
what  we  speak  of  as  potential  energy.  If  I 
have  a piece  of  sealing-wax  negatively  electri- 
fied, and  a piece  of  cat  skin  positively  electri- 
fied, then  to  take  any  substance  charged  with 
positive  electricity,  and  carry  it  from  the 
sealing-wax,  which  attracts  it,  to  the  cat  skin, 
which  repels  it,  I am  obliged  to  do  work,  just 
as  I am  obliged  to  do  work  in  raising  the 
weight  from  the  floor  on  to  the  table,  and 
what  we  mean  by  difference  of  electric  poten- 
tial between  the  cat  skin  and  the  sealing-wax, 
is  simply  the  work  which  I should  have  to  do 
on  any  substance  charged  with  a unit  of  posi- 
tive electricity  in  moving  it  from  the  sealing 
wax  to  the  cat  skin.  That  is  all  that  is  meant 
by  the  very'  common  expression,  the  difference 
of  potential  between  two  bodies,  or  two  parts 
of  a body.  Various  instruments  have  been 
devised  for  measuring  the  difference  of  electric 
potential.  The  gold-leaf  electroscope,  which 
I am  using  chiefly  to-day  as  being  more 
handy  and  convenient  in  a room  where  the 
foundations  are  not  very'  steady,  does  not 
actually  measure  the  difference  of  potential, 
but  ser\'es  to  point  out  whether  there  is  a differ- 
ence of  potential  or  not.  The  most  sensitive 
instrument  of  this  kind  is  the  quadrant  electro- 
meter of  Sir  William  Thomson. 

Hitherto  I have  been  speaking  to  you  about 
electric  forces,  the  forces  with  which  two 
electrified  bodies  attract  and  repel  each  other, 
forces  which  we  can  all  thoroughly  understand 
as  being  forces,  because  we  see  their  effect  in 
the  ^motion  of  material  bodies.  I am  now 
going  to  bring  before  your  notice  another  kind  of 
force,  a force  which  is  not  rightly  called  force 
in  the  Newtonian  sense  of  the  word.  The 
force  I am  going  to  speak  of  now  is  usually 


called  by  the  name  of  electromotive  force, 
implying  that  it  is  a force  which  moves  elec- 
tricity, not  matter ; but  Newton  called  force 
that  which  causes  or  tends  to  cause  motion  in 
a material  body.  When  we  have  seen  these 
attractions  and  repulsions,  we  have  seen 
motions  given  to  a material.  When  gravity  is 
acting  on  a heavy  body  it  is  tending  to  produce 
motion,  even  although  the  tendency  be  not 
allowed  to  come  into  effect.  In  all  cases  of 
force,  as  Newton  intended  the  word  force  to  be 
used,  motion  is  produced,  or  there  is  a ten- 
dency to  produce  it  in  a body.  In  electro- 
motive force  this  is  not  the  case.  Electro- 
motive force  has  a tendency  to  produce  a 
change  in  the  electrical  condition  of  a sub- 
stance. This  effect  is  called  electric  induc- 
tion. I will  show  you  the  production  of  this 
kind  of  force  by  its  action  on  a conductor. 
Here  I have  two  insulated  balls  so  connected 
together  that  they  form  one  continuous  con- 
ductor. Of  course  if  I were  to  take  either  one 
towards  the  electroscope,  they  would  not  show 
any  signs  of  electrification,  but  when  I rub 
this  glass  cylinder  with  the  silk,  it  becomes 
electrified,  and  I have  already  shown  that  if  I 
were  to  touch  these  balls  they  would  become 
electrified  in  the  same  way.  Now,  I will  not 
touch  them,  but  I will  bring  them  into  the 
neighbourhood  of  the  electrified  bod}\  This 
glass  is  positively  electrified.  I say  it  attracts 
the  negative  condition  in  a conductor  towards 
itself,  and  repels  positive  electricity  away, 
independent  of  any  force,  as  the  term  ought  to 
be  used,  on  the  material  body.  It  is  acting  on 
the  electric  distribution.  I will  separate  these 
balls  while  under  the  influence  of  the  glass, 
and  now  I have  no  doubt  that  the  electroscope 
will  show  me  that  they  are  charged.  One  ball, 
on  approaching  the  electroscope,  causes  the 
leaves  to  diverge  more,  and  the  other  on 
coming  towards  it  makes  them  collapse.  Thus 
we  see  that  not  only  can  electrification  produce 
a visible,  tangible  effect  in  the  way  of  motion 
on  a material  body,  but  it  is  able  to  create  a 
motion  of  the  electrification  of  a conducting 
body,  that  is  to  say,  it  is  able  to  attract  a 
negative  electrical  condition  towards  itself, 
and  to  repel  a positive  electrical  condition  to 
the  most  distant  part  of  the  conducting  sub- 
stance. 

I will  now  show  you  one  or  two  of  the  appli- 
cations of  this  principle  of  induction,  as  it  is 
called.  The  first  illustration  may  be  given  by 
showing  the  influence  on  the  gold-leaf  electro- 
scope. If  I rub  the  sealing-wax  once  more  it 
becomes  negatively  electrified  ; if  I cause  it  to 
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approach  the  electroscope,  the  positive  elec- 
tricity will  be  attracted  to  the  sealing-wax,  the 
negative  electricity  will  be  repelled  to  the  gold 
leaves,  and  they  repel  each  other.  On  remov- 
ing the  sealing-wax,  the  electromotive  force  is 
removed,  the  electrification  returns  to  its 
normal  condition,  and  the  leaves  collapse. 
Now  I will  repeat  the  experiment  in  a slightly 
different  way,  and  I will  touch  the  disc  of  the 
gold-leaf  electroscope  with  my  finger,  so  that 
the  electricity  which  is  repelled  by  the  sealing- 
wax  may  pass  through  my  body  to  the  earth, 
instead  of  to  the  gold  leaves  only.  Now,  it 
has  passed  to  the  earth,  and  the  positive 
electricity  is  attracted  towards  the  sealing-wax 
and  exists  in  the  gold  leaves  and  their  attach- 
ment. I remove  first  my  finger  and  then  the 
sealing-wax,  and  the  positive  electricity  which 
existed  there  is  free  from  the  action  of  the 
electromotive  force,  and  can  spread  over  the 
gold  leaves,  and  so  the  repulsion  of  the  two 
is  seen. 

It  is  due  to  this  induction  that  the  ordinary 
attractions  are  manifested.  When  I have  a 
gilt  ball  or  any  light  material  suspended,  and 
bring  an  electrified  substance  near  it,  the 
attraction  which  takes  place  is  only  due  to 
induction.  The  negative  sealing-wax  draws  a 
positive  electrical  condition  tow^ards  it,  and 
repels  the  negative  ; the  positive  end  being 
nearest  to  the  sealing-w^ax  is  most  attracted, 
and,  therefore,  we  have  attraction,  but  w^hen 
once  the  electrification  of  the  sealing-w'ax  has 
been  communicated  to  the  pith  balls  by 
contact,  they  are  then  repelled  in  the  ordinary 
manner.  So  if  I tear  up  paper  into  small 
fragments  and  lay  them  on  the  table,  then  rub 
a stick  of  sealing-w’ax  on  my  coat  sleeve  and 
bring  it  near  the  fragments  induction  takes 
place  and  they  fly  to  the  wax. 

I will  now  show  you  several  more  ways  in 
w'hich  induction  can  be  applied.  First  let  me 
show  you  the  electrophorus.  Here  is  a slab 
of  ordinary  resin  ; by  giving  it  a few  brisk  rubs 
with  the  cat- skin  it  is  electrified  negatively. 
I now  place  on  the  top  of  it  a piece  of 
brass  sheet  having  a glass  handle.  It 
touches  the  resin  in  three  or  four  points,  and 
takes  off  the  electricity  from  those  points. 
But  I will  remove  that  electricity  by  touch- 
ing the  metal  with  my  finger,  and  taking 
that  electricity  to  the  ground.  Now  the  parts 
of  the  resin  which  are  not  in  contact  with  the 
brass  are  negatively  electrified,  and  attracting 
a positive  electrical  condition  by  induction 
towards  the  lower  part  of  the  brass,  and  the 
negative  is  repelled  through  my  fingers  towards 


the  ground.  The  brass  is  now  charged 
positively,  and  this  fact  is  shown  by  the  spark 
which  can  be  taken  by  my  finger  when  I 
separate  it  from  the  resin.  Now  I will  show' 
you  a thing  which  can  be  done  by  means 
of  this  electrophorus.  Having  once  more 
rubbed  it  with  the  cat- skin,  I can  repeat  the 
operation  which  I did  just  now,  and  charge 
this  Leyden  jar,  and  I can  go  on  doing  so  a 
great  number  of  times,  and  this  charge  is  all 
the  time  accumulating  in  the  Leyden  jar  which 
is  capable  of  being  highly  charged,  and  thus 
by  means  of  going  through  this  operation  of 
induction  and  communication  in  this  way,  I am 
able  to  give  a very  considerable  charge  to  this 
apparatus,  which  is  called  a Leyden  jar.  It  is 
now  sufficiently  charged  to  show  you  that 
the  accumulated  electricity  is  considerably 
augmented.  When  I touch  the  knob  of  the 
jar,  w'ith  my  finger  a bright  spark  passes. 

I will  now^  show  you  what  the  general  prin- 
ciple has  led  up  to  in  the  past.  It  has  led  up 
to  the  construction  of  machines  of  very  great 
simplicity,  and  probably  of  very  great  utility 
in  the  future,  although  w^e  do  not  see  at  present 
many  applications.  The  first  machine  that 
was  made  of  the  kind  was  what  was  called 
“Nicholson’s  Doubler,”  which  -was  simply  an 
automatic  means  of  subjecting  a disc  to  in- 
duction, and  so  electrifying  it,  and  doubling 
its  charge  upon  another  disc,  and  so  multiply- 
ing the  charge.  I will  not  delay  further  on 
this,  but  simply  say  that  this  instrument  was 
invented  in  1780,  and  the  little  instrument 
before  you  is  the  precursor  of,  and  has  led  up 
to,  the  construction  of  the  magnificent  machine 
of  Mr.  Wimshurst,  the  effects  of  which  I will 
now  show  you.  Here  w'e  have  a very  brilliant 
apparently  continuous  blue  discharge  of  the 
ordinary  kind.  It  is  very  seldom  that  such  an 
enormous  quantity  of  electricity  has  been 
generated  w'ith  a machine  of  this  kind.  The 
machine  consists  of  eight  plates  especially 
arranged  in  the  most  favourable  conditions,  as 
it  has  been  developed  by  Mr.  Wimshurst’ s ex- 
perience. As  I am  showing  it  you  now,  it  is 
the  arrangement  which  passes  the  greatest 
quantity  of  electricity  in  a given  time — that  is, 
not  in  the  form  of  a spark,  and  it  does  not 
give  the  largest  noise ; but  it  gives  us  the 
largest  quantity  of  electricity  that  we  can  get 
when  so  arranged.  I will  now  connect  two 
Leyden  jars,  which  I will  describe  presently, 
the  outside  coatings  of  the  Leyden  jars  being 
joined  to  one  conductor  of  the  machine,  and 
the  insides  to  the  other,  and  then  you  will  see 
we  get  a totally  different  effect.  By  intro- 
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ducing  these  Leyden  jars  we  are  able  to  accu- 
mulate in  the  conductors  a much  larger 
quantity  of  electricity  before  it  is  able  to 
escape  to  the  other  conductor.  The  Leyden 
jars  are  simply  accumulators  or  condensers  of 
electricity,  and  they  accumulate  the  electric 
charge.  I shall  begin  with  the  poles  very 
close  together,  and  now  the  electricity  cannot 
pass  between  those  poles  until  they  have  acquired 
a certain  dilference  of  potential,  and  the  quan- 
tity of  electricity  generated  by  the  machine  is 
limited,  and  before  it  can  acquire  that  potential 
it  has  to  charge  these  two  Leyden  jars.  Con- 
sequently, with  this  arrangement  of  the  experi- 
ment what  we  see  is  a pause,  during  which 
nothing  happens,  then  a flash  across,  and  then 
a pause  during  which  the  electricity  is  accu- 
mulating, and  then  another  flash.  This  is  a 
totally  different  character  of  discharge  to  the 
former.  I limit  myself  to  about  a six  or  seven 
inch  spark,  because  I do  not  wish  to  press  the 
experiment  too  far  at  present.  I have  an 
experiment  which  I am  anxious  to  tiy%  but 
which  I have  not  perfect  confidence  in,  and  in 
my  endeavour  to  show  you  that  experiment  at 
the  end  of  the  lecture  I shall  strain  this 
machine  to  its  limit ; possibly  the  limit  will  not 
be  the  strength  of  the  machine,  but  the  strength 
of  the  Leyden  jar,  and  we  shall  probably  find 
that  we  actually  pierce  the  glass  of  one  of  these 
Leyden  jars.  That  is  very  likely  to  be  the 
case,  but  it  will  simply  show  the  power  of  the 
machine  if  it  is  so. 

Having  shown  you  the  phenomena  of  attrac- 
tion and  repulsion,  I would  ask  you  whether 
you  feel  satisfied  with  the  old  view  which  used 
to  be  stated,  according  to  which  “electricity 
is  a fluid  material  which  settles  upon  the  sur- 
face of  an  electrified  body,  and,  acting  across 
the  intervening  space  by  a kind  of  action  at  a 
distance,  causes  attraction  or  repulsion  upon 
other  bodies.”  This  is  an  old  question  which 
meets  us  in  dealing  with  gravitation  and  other 
physical  forces,  and  for  my  own  part  it  is  in- 
conceivable that  the  sun,  for  example,  can  be 
endowed  with  something  like  a mesmeric 
power,  by  means  of  which  it  is  able  to  will  the 
distant  earth  to  approach  it ; still  more  in- 
conceivable is  it  to  me,  that  this  rubbed 
sealing-wax  can  divine  whether  another  object 
it  its  neighbourhood  is  positively  or  negatively 
electrified,  and  so  make  up  its  mind  to  will 
that  object  to  approach  it  or  to  recede  from  it. 
To  me  the  motion  of  this  action  at  a distance 
is  something  so  inconceivably  absurd,  so 
illogical,  and  beyond  the  province  of  the 
natural  philosopher,  that  it  passes  altogether 


into  a pseudo-metaphysical  question.  Is 
seems  inconceivable  to  me  that  this  action  can 
take  place  at  a distance,  without  the  inter- 
vention of  some  medium  between  the  two 
mutually  acting  bodies.  The  existence  of 
such  an  intervening  medium  seems  to  be 
essential  to  any  conception  which  we  may 
eventually  arrive  at  as  to  the  causes  of 
electricity,  and  the  cause  of  gravitation.  Such 
a medium  we  are  almost  certain  does  exist.. 
The  theory  of  light  has  almost  conclusively 
proved  to  us  that  there  is  such  a medium 
pervading  all  space,  and  penetrating  between 
the  molecules  of  material  bodies.  Whether  or 
not  this  medium  which  produces  radiation  also 
produces  electrical  and  gravitational  phe- 
nomena, I will  not  venture  to  assert,  but 
Newton  asserted  his  incapacity  of  realising 
the  action  of  force  at  a distance,  and  every 
philosopher,  I think,  must  have  the  same 
instinctive  aversion  to  the  notion  of  force  act- 
ing at  a distance  without  some  intervening 
medium.  It  was  our  great  philosopher  Faraday 
who  realised  that  all  electrical  phenomena 
were  produced  by  an  electrification  of  a 
medium  which  fills  all  space.  Is  this  mediura 
the  same  as  the  luminiferous  ether  ? Is  elec- 
trical induction  produced  by  the  same  medium 
as  radiation  of  light  or  heat  ? How  can  we 
test  this  ? We  know  from  our  study  of  light 
that  the  ether  is  in  a different  condition  in  the 
space  occupied  by  air,  from  what  it  is  in  the 
space  occupied  by  glass,  sulphur,  or  resin_ 
Faraday  asked  himself,  “ Is  the  induction  in  a. 
certain  space  different  when  different  insulating 
materials  fill  that  space?”  He  appealed  to 
experiment,  and  experiment  answered  loudly,. 
“Yes.” 

I fix  an  electrified  ball  over  the  disc  of  aiv 
electroscope.  Induction  takes  place  through 
air,  and  the  leaves  diverge  a little.  I novc 
take  a cake  of  sulphur  and,  after  passing  a 
flame  over  its  surface  to  remove  all  traces  of 
electrification,  I interpose  it  between  the 
electrified  ball  and  the  disc  of  the  electroscope.. 
The  leaves  immediately  diverge  farther.  The 
induction  through  sulphur  is  greater  than 
through  air,  clearly  showing  that  induction  is. 
due  to  the  action  of  the  intervening  medium. 
This  brilliant  discovery  of  Faraday’s  was  very 
fully  investigated  by  him. 

I have  spoken  about  and  used  the  Leyden 
jar.  The  Leyden  jar  consists  of  nothing  more 
nor  less  than  two  conducting  sheets  of  tinfoil 
separated  by  an  insulating  material  such  as. 
glass  ; it  is  made  in  the  form  of  a jar,  because 
there  is  less  chance  of  the  electricity  passing 
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from  the  outside  coating  or  conductor  to  the 
inner  coating  or  conductor  along  the  surface 
of  the  glass,  and  it  was  first  discovered  by  a 
glass  vessel  having  been  filled  with  water, 
which  a philosopher  was  trying  to  electrify,  as 
he  was  holding  it  on  the  outside  with  his 
hands,  by  making  contact  with  the  inside,  and 
he  so  actually  got  that  shock  which  you  now 
see  me  get  from  the  Leyden  jar  by  connecting 
the  inner  and  the  outer  coatings  through  my 
body.  Induction  is  of  course  taking  place 
between  these  two  coatings,  and  the  nearer 
the  coatings  are  together,  the  greater  is  the 
induction,  and  the  greater  is  the  capacity 
of  the  jar.  By  having  a thin  piece  of  glass 
we  are  able  to  have  a powerful  induction,  but 
we  must  not  have  the  glass  too  thin,  because 
there  is  a certain  limit  to  the  strength  of  the 
glass,  and  if  we  exert  it  too  far  we  pierce  the 
glass  and  fracture  it.  The  strain  of  the 
electrified  glass  may  suffice  to  break  it.  But 
glass  resists  the  strain  better  than  air  does. 
When  we  use  the  Wimshurst  machine,  eight 
inches  of  air  is  not  sufficient  to  resist  the 
strain,  while  a quarter  of  an  inch  thickness  of 
glass  in  the  attached  Leyden  jars  is  not 
pierced.  In  practical  applications  of  electri- 
city, wLen  we  are  using  high  differences  of 
potential,  it  is  important  to  use,  for  our  insu- 
lators, materials  which  afford  a high  resist- 
ance to  this  strain.  If  the  glass  of  the  Leyden 
jar  is  pierced,  the  hole  which  is  made  is  filled 
with  air,  the  space  being  only  a quarter  of  an 
inch  thick,  so  that  the  spark  can  pass  through 
that  hole  and  we  cannot  get  long  sparks 
between  the  conductors  of  the  machine.  Now 
you  will  notice  that  this  involves  the  notion  of 
a strain  in  the  glass — that  when  the  two  inner 
and  outer  coatings  are  electrified,  there  is  a 
strain  in  the  glass  between  the  two  surfaces. 
There  is  a notion  which  was  thought  of  by 
Faraday  which  he  developed  into  the  con- 
ception as  to  the  nature  of  induction  which  is 
universally  held  by  electricians.  He  supposed 
that  in  these  phenomena  of  induction,  and  of 
attraction,  and  of  repulsion,  the  whole  of  the 
action  is  taking  place  in  the  medium  between 
the  two  conductors.  He  showed  that  it  was 
impossible  to  give  an  absolute  charge  of 
electricity  to  one  substance  without  giving  an 
equal  but  opposite  charge  of  electricity  to 
other  substances,  and  there  must  be  lines  of 
induction,  a course  of  induction  between  two 
electrified  bodies  which  are  separated  by  an 
insulating  medium  such  as  air.  His  notion 
was  that  we  must  abolish  the  idea  of  a body 
being  charged  with  electricity  ; we  never  find 


proofs  of  electrification  in  equilibrium  except 
in  the  medium  which  is  an  insulator,  and  on 
that  part  of  the  insulating  medium  which 
forms  the  boundary  of  the  conductor.  In  order 
to  illustrate  that,  I will  show  you  an  experi- 
ment with  a Leyden  jar  which  is  in  pieces, 
and  capable  of  being  separated.  Faraday’s 
view  was  that  it  was  wrong  to  speak  about 
the  conductors  being  electrified ; that  the 
whole  of  the  phenomena  is  in  the  glass, 
and  it  is  the  retaining  of  the  medium  by 
this  new  inductive  action  which  produces 
the  whole  phenomena  of  electricity.  I will 
now  show  you  that  Faraday’s  view  was  so 
far  correct  that  the  charge  does  undoubtedly 
exist  in  the  glass,  and  not  in  the  electrified 
conductor.  I remove  the  inner  and  outer 
coatings  from  the  Leyden  jar,  and  touch  the 
electroscope  with  them  to  show  that  they  are  not 
strongly  electrified.  I now  replace  them,  and 
I think  now  I shall  be  able  to  get  a spark  from 
the  Leyden  jar — Yes  ! a feeble  one.  I have 
discharged  the  outside  and  I have  discharged 
the  inside,  but  I have  left  the  glass  strained  as 
Faraday  said  it  was  strained,  and  after  putting 
its  inner  and  outer  coatings  on  once  more,  I 
am  able  to  get  a spark  from  the  glass  which 
continued  to  possess  this  strain. 

Now,  if  it  is  a case  of  mechanical  strain,  a 
material  which  is  once  strained  takes  time  to 
get  rid  of  its  strain,  and  here  is  an  experiment 
which  will  show  how  this  is  the  case.  You  see 
I can  get  a spark  from  this  Leyden  jar,  though 
I had  a little  time  ago  discharged  it.  So  here 
again,  I am  getting  up  an  excitement  in  the 
machine,  and  then  I will  discharge  it.  The 
poles  of  this  machine  are  connected  with  the 
Leyden  jars  ; I will  discharge  the  Leyden  jars 
so  that  no  more  charge  exists  ; but  the  glass 
in  these  Leyden  jars  is  twisted,  and  is  gradually 
untwisting  itself,  and  as  it  untwists  itself  it 
developes  the  electric  condition,  and  now  I 
think  I shall  get  another  discharge.  [A  very 
feeble  spark  was  shown.]  Sometimes  I can 
get  a considerable  number  of  discharges  in 
that  way.  I will  show  you  that  by  the  aid  of 
a piece  of  material  which  Mr.  Wimshurst  has 
kindly  given  me,  which  is  called  dermatite,  the 
constitution  of  which  I do  not  know.  I will 
charge  myself  while  standing  on  it,  and  show 
you  what  a longtime  it  takes  for  this  dermatite 
to  get  rid  of  its  strain.  I am  now  pretty  well 
charged,  and  now  we  will  see  if  Mr.  Davenport 
can  take  a spark  from  my  fingers.  [Nine 
successive  sparks,  the  last  very  feeble,  were 
produced.]  Had  it  not  been  for  that  material 
taking  a long  time  to  get  rid  of  the  strain,  the 
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first  discharge  would  have  completely  dis- 
charged the  electricity  in  my  body,  but  owing 
to  the  peculiar  construction  of  the  material, 
probably  made  of  layers  of  different  insulating 
powers,  it  takes  a long  time  to  get  rid  of  the 
strain  which  has  been  induced  in  it,  and  so  the 
successive  discharges  are  shown  as  the  strain 
is  gradually  given  off. 

Now  I will  mention  a very  striking  experi- 
ment to  show  that  this  induction  is  really  a 
state  of  strain,  which  Quincke  made  many 
years  ngo.  He  took  a residual  discharge  from  a 
Leyden  jar  electrified,  that  is  he  first  dis- 
charged it,  and  then  after  a little  time  showed 
there  was  more  to  discharge.  He  had  a delicate 
electrometer  to  show  the  rate  at  which  the 
strain  of  the  glass  was  giving  way,  the  rate  at 
which  a difference  of  potential  was  being 
created  between  the  inside  and  outside  coatings 
of  the  Leyden  jar.  Then  he  simply  tapped  the 
Leyden  jar  gently  ; what  would  be  the  effect  of 
that?  If  this  glass  were  strained  we  know 
that  tapping  it  would  make  it  get  rid  of  its 
strain.  In  doing  so,  while  he  was  measuring 
the  electricity  from  the  residual  charge,  he 
trebled  the  quantity  that  was  being  given  off, 
simply  by  giving  a mechanical  tap  which 
enabled  it  to  get  rid  of  its  mechanical  strain 
easier.  I think  this  is  almost  conclusive  proof 
that  the  induction  which  takes  place  is  only  a 
case  of  mechanical  strain.  This  is  the  theory 
which  was  enunciated  by  Faraday,  a theory 
which  was  worked  out  more  fully  by  Clerk 
Maxwell.  Clerk  Maxwell  showed  that  if  we 
supposed  the  medium  air,  or  whatever  it  is,  to 
be  exerting  tension  along  the  direction  where 
induction  is  taking  place,  and  exerting  pressure 
at  right  angles  to  that  direction,  the  whole 
phenomena  of  induction,  and  of  attraction 
and  repulsion,  and  all  the  phenomena  of 
electricity  in  equilibrium,  can  be  thoroughly  ex- 
plained in  that  way.  It  would  be,  therefore, 
necessary  not  only  to  prove  that  there  is  a 
state  of  strain,  but  also  that  this  is  the  direc- 
tion of  the  strain.  This  is  the  brilliant  ex- 
periment which  was  accomplished  by  Dr. 
Kerr,  of  the  Normal  College,  Glasgow.  I am 
afraid  it  is  hopeless  for  me  to  attempt  to  show 
it  to  you  ; it  is  an  experiment  which  has  only 
once  or  twice  been  completed.  It  is  so  very 
important  to  show  you  an  experiment  which 
has  actually  proved  to  us  that  the  theory  of 
Faraday,  as  worked  out  by  Clerk  Maxwell, 
was  true,  namely,  that  the  strain  of  the  insu- 
lating medium  is  in  a certain  direction,  that  I 
did  want  to  show  it  to  you,  although  there  is 
some  difficulty  in  doing  so.  I will  show  you  the 


form  of  the  apparatus,  at  any  rate,  and  then  I 
will  do  my  best  to  show  you  the  result  which 
Kerr  got.  Here  is  an  electric  lamp,  by  means 
of  which  I can  throw  a beam  of  light  on  the 
screen.  I have  an  instrument  here  which  is 
called  a Nicol’s  prism,  by  means  of  which  the 
light  which  passes  through  it,  is  polarised ; 
that  means  that  all  its  vibrations  are  in  one 
direction,  in  this  case,  up  and  down,  we  will 
say.  Further  on  there  is  another  Nicol’s 
prism,  through  which  the  light  has  to  pass 
(and  I have  to  thank  Dr.  De  la  Rue  for  his 
kindness  in  lending  such  a magnificent 
piece  of  apparatus,  to  try  and  show 
3mu  this  experiment.  This  NicoFs  prism  is  a 
most  rare  piece  of  crystal  work.)  This  is  a 
Nicol’s  prism  which  does  not  allow  any  rays 
of  light  vibrating  in  the  direction  I have 
spoken  of  to  pass  through  it,  and,  therefore, 
when  we  have  arranged  these  NicoFs  prisms 
in  such  a way  that  the  one  cuts  of  the  light  from 
the  other,  we  shall  see  no  light  on  the  screen. 
I now  place  a vessel  containing  bisulphide  of 
j carbon,  in  the  focus  of  the  lens,  between  the 
two  NicoFs  prisms.  In  that  vessel  I have  two 
glass  tubes,  with  bulbs  at  their  ends,  filled 
with  mercury.  There  are  wires  proceeding 
from  the  mercury  and  attached  to  insulating 
wires  which  go  to  the  conductors  of  the  large 
Wimshurst  machine.  At  this  moment  the 
NicoFs  prisms  are  arranged  to  produce  dark- 
ness. I twist  one  round  first  to  allow  the 
light  to  pass  through,  to  show  you  the  two 
bulbs  filled  with  mercury.  By  twisting  the 
NicoFs  prisms  round  to  its  former  position,  I 
can  produce  complete  darkness.  If  I were  to 
introduce  into  the  position  between  the  prisms 
any  transparent  substance  in  a state  of  strain, 
it  has  the  power  of  restoring  the  light  to  the 
central  part.  Now  the  brilliant  experiment 
which  was  performed  by  Dr.  Kerr  was  to  charge 
these  bulbs  powerfully  with  a large  difference  of 
potential,  and  then  he  was  able,  finally,  to  see 
the  light  on  the  screen,  and  the  position  of  the 
prisms  which  gave  the  greatest  effect  proved 
the  direction  of  the  strain  to  be  as  predicted. 
There  is  far  too  much  stray  light  going  about 
for  the  experiment  to  be  seen.  I will  now 
devote  my  attention  to  the  large  machine,  and 
we  will  try  and  puncture  one  of  the  Leyden 
jars.  Here  I have  some  pieces  of  glass  which 
have  been  fractured  by  the  passage  of  an 
electric  spark  through  them,  showing  the 
enormous  tension,  enormous  state  of  strain, 
into  which  the  glass  has  been  put  by  the 
difference  of  potential  at  its  two  surfaces 
Here  is  a piece  one  inch  thick,  which  has  been 
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pierced  by  the  difference  of  potential  existing- 
between  the  poles  of  the  great  Spottisw^oode 
induction  machine  constructed  by  Apps.  I 
have  another  small  piece  of  glass  with  a much 
cleaner  puncture  through  the  centre,  showing 
the  great  strain  to  which  it  was  subjected. 
From  Kerr’s  experiment  we  learn  that  the 
electrical  strain  in  an  insulator  is  the  same  as 
Clerk  Maxwell  has  shown  was  to  be  expected. 
Now,  in  conclusion,  I will  disconnect  that 
arrangement,  and  simply  work  the  machine  in 
order  to  show  the  immense  power  it  possesses, 
and  the  piercing  of  a Leyden  jar  by  the  spark. 


Miscellaneous. 

♦ 

COLONIAL  AND  INDIAN  EXHIBI’IION. 

A record  of  some  of  the  chief  picturesque  and 
instructive  features  of  the  Exhibition  is  about  to  be 
issued  under  the  title  of  “ Reminiscenses  of  the 
Colonial  and  Indian  Exhibition.”  The  work  will  be 
edited  by  Mr.  Frank  Cundall,  and  will  contain 
coloured  plates  and  etchings  by  Mr.  Thomas  Riley, 
It  will  be  printed  and  published  by  Messrs.  Clowes 
and  Sons. 


The  number  of  visitors  to  the  Exhibition  for  the 
week  ending  August  21st,  was  210,303  ; making  a 
total  since  the  opening  of  2,821,706. 


PIG-BREEDING  IN  DENMARK. 

In  a recent  report  of  the  American  Consul  at 
Copenhagen,  some  particulars  on  the  question 
of  pig-breeding  are  given.  In  the  first  place,  with 
regard  to  the  feeding  of  pigs,  it  is  pointed  out 
that  these  animals  devour  their  food  with  great 
rapidity.  The  front  teeth  only  do  the  duty  of  pick- 
ing up  the  food,  the  side  teeth,  from  their  particular 
foimation,  being  unable  to  masticate  it  sufficiently 
or  to  mix  it  with  saliva  ; it  is,  therefore,  important 
that  in  order  that  the  required  amount  of  nourish- 
ment should  be  derived  from  the  food,  that  it  should 
be  given  in  an  easily  digested  form.  It  has  been 
found  that  corn  when  given  to  swine  in  its  entiie 
state,  is  passed  away  in  an  undigested  condition  to 
the  extent  of  50  per  cent.  In  preparing  the  food, 
it  is  important  that  it  should  be  first  boiled  or 
steamed,  and  if  this  is  not  possible,  the  corn,  &c., 
should  either  be  ground  or  bruised,  or  allowed  to 
soak  before  use  ; if  roots,  they  should  always  be 
cut  into  slices.  To  what  extent  it  is  necessary  to 
resort  to  extraneous  kinds  of  fodder  must  of  course 


depend  upon  the  farmer’s  own  supplies.  It  may 
be  noted,  however,  on  the  authority  of  the  report, 
that  maize  or  rice  meal,  mixed  with  potatoes 
or  roots,  and  especially  when  a small  quantity 
of  animal  matter  is  added,  has  shown  strikingly 
favourable  results.  Linseed  cake  is  very  useful  for 
pregnant  or  sucking  sows,  as  well  as  for  young  pigs, 
as  it  assists  in  the  production  of  milk.  Animal  food, 
owing  to  its  richness  in  albuminous  matter,  thereby 
promoting  rapid  growth,  is  also  recommended  for 
pig-breeding  ; but  this  food  should  be  given  with  a 
sufficient  quantity  of  other  feeding  stuffs,  free  from 
nitrogenous  matter,  so  that  the  food  may  be  rendered 
easy  of  digestion.  As  regards  farm  produce,  the  re- 
port points  out  that  both  oats  and  barley,  as  afford- 
ing a wholesome  diet,  are  of  great  importance  as 
food  for  swine,  whilst  oats  especially  will  be  found 
to  have  a very  favourable  influence  on  sow’s  milk. 
Peas  are  also  highly  estimated,  but  it  is  advisable 
that  they  should  be  first  allowed  to  sprout,  then  dried, 
and  afterwards  bruised.  Great  care  must  be  taken 
when  feeding  with  husk  cereals  to  watch  the  animals 
closely,  as  such  food  is  difficult  of  digestion,  especially 
by  the  young  pigs.  The  sows  should  never  be  fed 
with  it  as  it  operates  injuriously  on  the  milk  organs 
sucking  pigs  are  also  liable  to  obstruction  from  this 
food.  In  respect  to  the  various  kinds  of  roots,  the 
report  points  out  that  potatoes  are  most  to  be  recom- 
mended, but  they  should  never  be  given  when  sprout- 
ing, as  the  sprouts  contain  narcotic  matter  injurious 
to  digestion,  and  when  taken  in  large  quantities  are 
found  to  be  poisonous.  The  results  of  several  experi- 
ments in  Denmark  show  that  it  is  more  advantageous 
to  feed  with  boiled  than  with  raw  potatoes.  Last 
year  ten  young  pigs  from  the  same  litter  were 
divided  into  two  groups  when  they  were  2|  months- 
old,  of  which  one  lot  was  fed  with  boiled  and  the 
other  with  raw  potatoes.  Each  group  received  in? 
addition  lb.  of  barley,  which  to  the  first  was  given 
in  a boiled,  and  to  the  other  in  a bruised  shape. 
Three  months  later,  the  increase  in  the  weight  of  the 
pigs  which  had  been  fed  upon  boiled  food  was  173  lbs., 
whilst  those  of  the  other  group  was  only  1 15  lbs. 
Apart  from  the  question  of  feeding,  great  attention 
should  also  be  devoted  to  the  care  of  pigs ; the  main 
point  is  a careful  regard  to  the  skins,  as  a sound  state 
of  the  skin  tends  to  maintain  the  activity  of  all  the 
internal  organs.  That  pigs  are  greatly  improved  by 
cleanliness  will  soon  be  shown  in  their  general 
appearance  and  fineness  of  their  bristles.  Experience 
has  long  shown  that  food  is  more  profitably  consumed 
by  swine  kept  clean  than  by  those  uncared  for.  The 
report  sites  the  following  example  in  Denmark.  Six 
pigs  of  equal  weight  were  fed  for  seven  weeks 
on  a uniform  diet,  three  of  them  being  daily  kept 
clean  with  a comb  and  brush,  and  the  other  three 
being  left  in  an  unclean  state.  The  result  showed 
that  each  of  the  clean  pigs  had  increased  by  30  lbs. 
more  in  weight  than  the  others.  On  one  farm  in 
Denmark,  where  pigs  were  daily  washed,  there  was 
not  a single  case  of  hog  disease  during  three  years, 
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although  it  was  verj’  prevalent  in  the  neighbourhood. 
The  report  points  out  that  the  styes  should  be  so 
constructed  that  the  pigs  can  feel  perfectly  comfort- 
able in  them,  for  then  only  will  they  thrive.  The 
stye  should  not  be  exposed  too  much  to  the 
cold  winds,  nor  to  the  heat  of  the  sun.  The 
temperature  of  the  stye  should  be  kept,  as  near 
as  possible,  between  8®  Reaumur  to  12°  Reaumur 
(50°  to  59®  Fahrenheit)  ; too  great  heat  is  liable 
to  bring  on  blood  disturbance,  and  when  the 
stye  is  too  cold  the  pigs  require  too  much  food  to 
keep  up  the  necessary  warmth  of  the  body.  Rats 
are  frequent  visitors  to  styes,  and  are  a great  source  of 
trouble,  and  are  stated  to  have  been  one  of  the  causes 
of  the  outbreak  of  the  trichina  disease ; all  possible 
means  should,  therefore,  be  adopted  to  get  rid  of 
these  pests,  and  one  of  the  best  is  by  constructing 
the  floor  in  a solid  manner  with  bricks  and  cement, 
and  on  no  account  with  wooden  materials,  which 
rapidly  decay.  It  appears  from  this  report  that  in 
Denmark  the  breeding  of  pigs  is  very  intelligently 
managed,  and  is  making  considerable  progress. 


ITALIAX  SILK  IVEAVISG  ISDUSTRY. 

The  Como  Silk  Weaving  Association  has  recently 
expressed  its  views  as  to  the  modifications  which  are 
called  for  in  the  National  Customs’  tariff;  this  com- 
munication being  in  answer  to  the  inquiries  made  by 
the  state  authorities  engaged  in  framing  a project  of 
general  fiscal  reform.  Though  no  marked  increase 
in  production  has  taken  place,  still  it  is  urged  that 
the  quality  of  the  wares  manufactured  has  improved 
to  such  an  extent  within  the  last  ten  or  twelve  years 
as  to  warrant  the  high  estimation  in  which  Italian 
silk  goods  are  now  hell  in  foreign  countries. 
Amongst  the  reasons  assigned  for  the  slowness  of 
industrial  progress  (as  to  the  amount  of  out-turn) 
are  the  want  of  power-loom  factories  for  low-priced 
mixed  goods,  and  the  absence  of  union  between  the 
respective  manufacturers.  Moreover,  the  total  pro- 
duction is  not  of  sufficient  importance  to  allow  of  the 
facilities  enjoyed  by  other  industrial  centres  as  re- 
gards dyeing,  finishing,  printing,  and  other  sub- 
sidiary’ processes. 

With  the  object  of  promoting  the  silk  industry  on 
the  large  scale  which  can  alone  render  it  a success, 
the  suggestion  is  made  that  all  machinery  connected 
with  that  branch  of  manufacture  should  be  allowed 
to  enter  Italy  free  of  duty.  There  being  no  power- 
loom  makers  in  the  country,  no  domestic  interests 
would  thereby  be  affected,  but  in  view  of  the  possible 
creation  of  such  a branch  of  labour,  it  is  proposed 
that  the  new  measure  should  at  first  be  enacted  for 
a limited  number  of  years.  It  is  further  suggested 
that  power-loom  factories,  exclusively  devoted  to  the 
manufacture  of  silk  goods  or  to  operations  connected 


therewith,  should  be  exempt  from  the  manufacturing 
tax  at  present  in  force. 

A statistical  return  for  the  years  1880  to  1884, 
shows  that  the  exports  of  pure  silk  goods  have 
nearly  doubled  during  that  period,  while  the  importa- 
tions have  increased  by  only  20  per  cent.  The  ex- 
ports of  mixed  goods  have  not  been  of  sufficient 
importance  to  afford  reliable  comparative  data.  The 
imports  of  the  latter  are,  however,  twice  as  large  as 
those  of  pure  silk  goods,  and  it  is  in  favour  of  this 
branch  of  the  trade  that  protective  measures  are 
suggested.  At  the  same  time  the  free  admission  of 
all  classes  of  cotton  yarn  used  in  the  silk  manufacture 
is  advocated  as  a measure  which  should  be  applied  to 
the  whole  production  of  this  class  of  goods,  and  not 
only  to  the  small  portion  which  is  exported,  so  that 
the  free  admission  might  be  permanent  instead  of 
being  temporary,  as  it  is  in  France  with  respect  to 
certain  counts. 


RUSSIAN  DOMESTIC  INDUSTRIES. 

Consul  General  Swann,  of  St.  Petersburg,  in  his 
report  to  the  United  States  Government  on  the 
domestic  industries  of  Russia,  says  that  one  of  the 
most  interesting  groups  in  the  list,  and  one  that  is 
most  easily  found  by  the  wayfarer,  is  that  of  w^eaving. 
This  industry  gives  employment  to  the  greatest 
number  of  domestic  labourers,  the  larger  proportion 
of  wdiom  are  females.  In  some  districts  w’eaving  is 
done  by  families  under  most  adverse  circumstance'^, 
as  in  the  case  wdien  the  raw  material  has  to  be 
purchased.  In  the  greater  number  of  instance^, 
how’^ever,  the  articles  manufactured  are  cf  hemp,  flax 
nettle,  hair,  and  wool  yarns  spun  from  home  grow'tl.s 
after  having  undergone  preliminary  domestic  prepara- 
tion. In  domestic  industries  of  this  nature  the 
products  are  intended  exclusively  for  home  use,  and 
it  is  only  under  exceptional  circumstances  that  such 
wares  are  taken  to  the  bazaars  or  market.  It  is  undir 
such  conditions  that  most  of  the  home  industries  are 
conducted  in  the  agricultural  or  blackearth  zones, 
and  in  the  Steppes.  For  example,  the  govern- 
ment of  Poltava  is  noted  for  its  excellent  linen, 
and  the  towels  wmven  in  that  region  with  the  intei- 
w'oven  eagle  and  other  patterns  in  red  are  highly 
appreciated  and  difficult  to  obtain.  In  the 
Tchernigoff  and  Kharkoff  governments  the  patterns 
woven  in  w’ool  are  chaste  and  elegant  in  design,  as 
are  also  the  various  handkerchiefs  and  shawls  pro- 
duced by  home  industries.  The  dyeing  of  the 
materials  for  these  weavings  is  a part  of  the  home 
occupations,  as  is  also  the  gathering  of  the  various 
vegetable  and  other  products  mostly  found  in  the 
neighbourhood,  and  used  for  staining  the  yarns,  &c. 
Altogether  different  inj  character  is  the  nature  and 
scope  of  the  weavings  produced  in  the  governments 
of  Moscow,  Vladimir,  Yaroslaff,  Iv.r,  and  the 
northern  districts  of  Kalouga  and  Toula,  where  the 
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land  is  more  or  less  sterile.  The  nature  of  the 
weaving  has  undergone  a change,  and  has  become 
an  industry  in  its  near  approach  to  manufacture.  In 
the  Tersk  and  Dahgestan  districts  of  North  Circassia 
the  home  weaving  of  cloth  has  developed  with  -the 
increase  of  population,  and  this  form  of  domestic 
industry  has  grown  veiy  considerably  since  the 
annexation  of  Circassia  by  Russia,  as  the  women 
have  found  it  possible  to  give  to  their  domestic 
industries  greater  attention  than  was  possible  in  the 
days  of  petty  feuds  and  marauding  expeditions,  and 
by  maintaining  a greater  number  of  sheep  it  has 
been  possible  to  obtain  the  wool  necessary  for  the 
weaving  industry.  At  present,  women  only  are 
engaged  in  the  weaving  of  Circassian  cloths,  which, 
in  1881,  was  represented  by  42,422  domestic  looms, 
having  an  output  of  250,965  pieces  of  cloth,  valued 
at  about  ^200,000.  The  annual  value  of  the  output 
of  the  domestic  weaving  industries  in  Russia  has 
been  estimated  at  about  ^^4, 500,000. 


ANIMAL  PRODUCTS  OF  THE  CANARY 
ISLANDS. 

The  domestic  anim.als  of  this  archipelago  embrace 
a few  cattle,  plenty  of  pigs,  coarse-woolled  sheep, 
rabbits,  and  fowls,  as  well  as  a locally  peculiar,  and 
renowned  race  of  goats,  whose  milk  furnishes  a 
supply  of  butter  and  cheese.  But  the  fish  harvest 
affords  the  chief  supply  of  animal  food,  and  occupies 
the  attention  of  a large  proportion  of  the  population, 
occurring  especially  on  the  African  coast.  The 
following  kinds  of  fish  are  met  with  : — Ahadejo  [Ser- 
ranus  fusciis)  ; dbriote,  a variety  of  abadejo,  met 
with  in  immense  numbers  on  the  African  coast, 
attaining  a weight  of  30  lb.,  and  of  excellent  flavour  \ 
hosinegro  [Pagrus  vulgaris ;)  cherna  or  cherne  [Perea 
cernua^  resembling,  but  inferior  to,  Newfoundland 
cod  ; chopa,  a kind  of  sea  bream,  which  is  exten- 
sively eaten  both  fresh  and  salted  ; corbina  [Corvina 
7iigra)y  weighing  30-45  lb.,  and  caught  in  the 
channel  between  the  islands  and  the  African  coast ; 
pezrey  [Temnodon  sallator),  having  an  average  weight 
of  20 lb.,  very  plentiful  about  Fuerte  Ventura;  rubio 
[Trigla  lineata) ; sa^na  of  various  kinds,  as  Serranus 
acutirostis,  very  common,  large,  and  fine  eating, 
Dentex  Jilosus,  and  Pagrus  auriga  ; sama  dorada 
[Dentex  vulgaris')  ; sama  grande  [Chrysophrys 
cccruleosiicta),  reaching  40-45  lb. ; and  tasarte,  said 
to  resemble  salmon.  Mention  may  also  be  made  of 
the  cuttle-fish,  captured  for  food,  and  eels,  the  latter 
being  the  only  representative  of  fresh- water  fishes. 

Fish  are  taken  by  hook  and  line,  and  in  nets.  A 
system  prevails  of  trolling  a number  of  hooks  attached 
to  lines  running  at  right  angles  between  the  vessels. 
Curing  is  done  with  salt,  and  occupies  about  ten  days. 
The  bait  is  now  chiefly  herring’,  which  is  exceedingly 
abundant  at  certain  seasons,  and  taken  in  seine  nets ; 
formerly,  octopus  was  used,  and  had  to  be  purchased 
from  Moors  on  the  African  coast. 


General  Notes. 


Industrial  Arbitration.— The  French  Minister 
of  Commerce  has  drafted  a measure  for  organised 
arbitration  with  a view  to  the  prevention  of  strikes. 
The  party  desiring  to  refer  the  dispute  to  arbitration 
would  make  a declaration  to  that  effect  before  the 
mayor  of  the  district.  This  municipal  official  would 
then  notify  to  the  other  party  the  request  for  arbi- 
tration, in  order  that  arbitrators  might  be  chosen  by 
both.  If  one  of  the  parties  refused  to  agree  to 
arbitration,  the  mayor  would  draw  up  a document 
recording  the  fact  and  motives  of  the  refusal.  This 
document  would  be  forwarded  to  the  party  claiming 
arbitration.  Where  both  parties  would  have  agreed 
to  arbitration,  the  judgment  of  the  arbitrators  would 
be  drawn  up  in  duplicate.  One  copy  would  be  given 
to  the  parties  interested,  and  the  other  would  be 
sent  to  the  Ministry  of  Commerce  and  Industry,  who 
would  thus  group  together  the  decisions.  These 
would  be  useful  to  indicate  the  tendency  of  com- 
mercial jurisprudence,  and  would  be  available  for 
consultative  reference  in  future  arbitrations. 

Metropolitan  Railway  at  Madrid. — A 
Madrid  newspaper,  El  Imparcial,  states  that  the 
project  for  constructing  a metropolitan  railway  at  the 
Spanish  capital  has  recently  been  made.  The 
principal  network  would  consist  of  three  double  lines 
of  railway,  starting  from  a central  terminus,  which 
would  be  established  at  10  metres  below  the  level  of 
the  ground  near  the  Puerta  del  Sol.  The  first  of 
these  branch  lines  would  leave  the  northern  railway 
station,  passing  underneath  the  Place  St.  Martial, 
Church  of  St.  Martin,  and  the  Puerta  del  Sol ; its 
length  would  be  1,800  metres,  all  of  which  would  be 
in  tunnel,  with  a rise  of  25  per  1,000  (i  in  40)  for  its 
whole  length.  The  second  line,  which  would  be 
2,000  metres  long,  of  which  1,400  metres  in  tunnel, 
would  start  from  the  southern  railway,  and  after 
passing  the  Prado,  Atocha,  Las  Delicias,  would 
reach  the  central  station  with  a continuous  uphill 
gradient  of  15  per  1,000  (i  in  66|).  The  third 
branch  would  start  from  the  station  of  Las  Delicias 
and  pass  underneath  the  Toledo  and  Matadero 
gates,  Cebada  market,  post-office,  &c.,  its  length 
would  be  2,200  metres,  of  which  1,800  in  tunnel,  and 
gradient  zi\  per  1,000  (i  in  44’|4).  The  total 
length  of  the  three  lines  would  be  6 kilometres,  of 
which  5 in  tunnel,  and  the  estimated  cost  25,000,000 
of  pesetas^  about  ;,^i,ooo,ooo  sterling.  The  tunnels 
would  be  ventilated  by  means  of  three  powerful  fans, 
driven  by  steam-power,  established  one  at  the 
entrance  of  each  tunnel  and  from  the  end  nearest  the 
central  station.  Lifts  would  be  provided  at  the 
various  intermediate  and  terminal  stations  for  the 
convenience  of  the  passengers. 
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CANTOR  LECTURES. 

THE  :^IICROSCOPE. 

By  John  Mayall,  Jun. 

Lecture  I. — Delivered  November  23,  1885. 

Origin  of  the  Microscope. 

The  authors  of  text-books  on  the  microscope 
are  almost  unanimous  in  implying  that  we 
cannot  justly  claim  the  microscope  as  a dis- 
tinctly modern  invention,  but  that  we  owe  it — 
at  least  in  its  simplest  form,  i.e.,  as  a magni- 
fying lens — to  the  ancients,  who,  if  they  did 
not  directly  transmit  the  instrument  to  us,  so 
far  notified  it  in  their  writings  that  we  are 
bound  to  admit  our  obligations  to  them,  and 
the  utmost  we  can  justly  claim  is  the  re- 
invention  of  the  instrument,  and  its  greater 
perfection. 

I venture  to  express  my  disagreement  from 
these  authors.  After  much  consideration  I 
have  come  to  the  conclusion  that  the  micro- 
scope, as  we  know  and  employ  it,  is  essentially 
a modern  invention,  hit  upon,  it  may  be, 
accidentally,  but  hit  upon  at  a period  corres- 
ponding almost  marvellously  with  the  advent 
of  the  spirit  of  modern  scientific  research, 
when  the  need  of  such  an  instrument  was,  so 
to  speak,  most  intensely  felt  by  those  pre- 
cursors of  modern  science  who  first  struggled 
out  of  the  meshes  of  the  ancient  empirical 
methods  into  the  free  air  of  experimental 
methods. 

In  assisting  at  the  collection  of  a large 
number  of  the  microscopes  here  exhibited, 
and,  indeed,  during  several  previous  years, 


the  evolution  of  the  modern  microscope  has 
been  a subject  of  special  interest  to  me. 
Gradually  a conviction  has  been  formulated  in 
my  mind  that  the  historians  of  the  microscope 
have  been  on  the  whole  too  ready  in  tracking 
the  invention  of  the  instrument  to  ancient 
times,  too  anxious,  as  it  has  seemed  to  me,  to 
claim  antiquity  and  a continuous  history  for  it. 
I must,  of  course,  except  Prof.  Harting,  of 
Utrecht  University,  from  any  criticism  on  this 
point,  and  must  acknowledge  the  fairness  and 
conspicuous  ability  with  which  he  has  sought 
to  exhibit  a general  sketch  of  the  history  of  the 
construction— a history  which  will  be  a land- 
mark as  long  as  the  microscope  is  used  as  an 
instrument  of  research. 

The  question  of  the  antiquity  of  the  use  of 
magnifying  lenses  was  much  discussed  in 
former  times,  notably  by  La  Hire,  Molyneux, 
Fontenelle,  Vettori,  Robert  Smith,  Lippert, 
Dutens,  Lessing,  Priestley,  Montucla,  and 
Lalande.  By  the  diligence  of  these  writers  the 
various  passages  from  ancient  authors  were 
collected  and  submitted  to  criticism,  not 
always,  as  it  would  seem,  in  the  spirit  of  can- 
dour. More  recently,  Wilde,  Arago,  Libri, 
Harting,  Poggendorff,  and  others,  have  dis- 
cussed the  subject,  dealing  more  or  less  with 
the  original  texts  and  the  reasonings  based 
upon  them  by  modern  critics. 

The  original  discussion  was  revived  by  M.  T. 
H.  Martin,  in  1871,  in  his  elaborate  paper,  “Sur 
des  instruments  d’optique  faussement  attribues 
aux  anciens  par  quelques  savants  modernes,’' 
in  the  “ Bulletino*  di  Bibliographia  e di  Storia 
delle  Scienze  matematiche  e fisiche,”  of  Rome 
in  which  the  original  texts  are  minutely  dis- 
cussed; and  his  conclusion  is,  that  magnifying 
lenses  were  not  known  to  the  ancients,  or,  at 
least,  were  not  used  by  them  for  any  practical 
purpose.  As  my  own  views  agree  in  the  main 
with  those  of  M.  Martin,  I have  thought  the 
present  a favourable  opportunity  to  summarise 
his  paper  in  translation,  using  the  materials 
collected  by  him,  and  the  inferences  he  based 
upon  them,  in  my  own  way,  abbreviating  his 
text  or  adding  to  it.  The  student  should,  of 
course,  consult  the  original  for  the  details  of 
evidence  ; what  I here  give  is  but  a rough 
outline. 

In  Aristophanes’  comedy,  “The  Clouds,” 
Strepsiades  is  introduced  as  a worthy  disciple 
of  the  subtlety  of  Socrates,  by  proposing  a new 
method  of  escaping  the  payment  of  his  debts, 
namely,  to  hold  in  his  hand  a transparent 

* IV.,  May  and  June,  1871. 
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crystal,  such  as  were  then  obtainable  at  the 
apothecaries,  and  which,  in  the  words  of  the 
play,  were  used  for  lighting'  a fire,  and  placing 
himself  at  a distance  with  the  crj^stal  exposed 
to  the  sun,  at  the  moment  when  the  public 
officer  is  writing  on  the  wax  tablet  the  declaration 
of  the  debt  by  the  creditor,  he  will  efface  the 
writing  by  melting  the  wax  on  the  tablet.  This 
passage  is  sheer  ridicule,  composed  in  a spirit 
analogous  to  that  of  our  own  Swift  when  he 
introduces  us  to  the  professor  in  the  Grand 
Academy  of  Lagado  engaged  ‘‘upon  a project 
for  extracting  sunbeams  out  of  cucumbers, 
which  were  to  be  put  in  vials  hermetically 
sealed,  and  let  out  to  warm  the  air  in  in- 
clement summers.”  That  it  is  sheer  ridicule 
is  evident,  for  it  is  of  a piece  with  a previous 
passage,  where  the  same  Strepsiades  proposes 
to  escape  the  monthly  payment  of  the  interest 
on  debts,  legally  payable  then  at  the  time  of 
new  moon,  by  buying  a sorceress  from 
Thessaly  who  should  shut  up  the  moon  in  a 
box,  and  so  prevent  the  arrival  of  the  dreaded 
date  of  settlement.  From  such  a passage, 
then,  no  serious  inference  can  properly  be 
made  that  the  use  of  magnifying  lenses  was 
known  to  Aristophanes,  upwards  of  400  years 
B.c. 

The  elder  Pliny  mentions  that  physicians 
cauterised  by  means  of  a globe  of  crystal 
{crystallina  Jila).  He  does  not  inform  us 
whether  the  globe  was  solid  or  hollow,  though 
elsewhere  he  speaks  of  a globe  of  glass  {puitria 
JilF)  filled  with  water  and  used  likewise  for 
cauterisation. 

Alexander,  the  commentator  on  Aristotle’s 
‘‘Meteorology,”  mentions  that  objects  may 
be  ignited  by  the  heat  of  the  sun  passing 
through  “a  vase  filled  with  cold  water,  with- 
out warming  the  water  in  the  vase,”  or  at 
least  without  warming  it  sufficiently  to  account 
for  the  fire. 

Philopon,  the  Greek  commentator  on  Aris- 
totle, Lactantius,  and  others,  state,  with  more 
or  less  erroneous  explanation,  that  water  ex- 
posed to  the  sun  will  produce  fire. 

These  citations  prove  that  the  ancients 
knew  the  effects  of  burning-glasses  acting  by 
refraction,  though  of  the  explanation  they 
knew  little  or  nothing. 

One  ancient  author,  however,  appears  to 
have  suspected  the  real  nature  of  the  phe- 
nomena— the  optician  Damien,  disciple  of 
Heliodorus  Larissus.  He  refers  to  concave 
mirrors  burning  by  reflexion,  and  then  speaks 
of  burning-glasses  acting  by  refraction,  stat- 
ing that  through  these  glasses  rays  refracted 


and  converging  towards  the  same  point  ignite 
objects  of  a suitable  nature  placed  there.  But 
he  gives  no  theory  of  this  convergence,  and 
says  nothing  of  the  form  of  the  glasses,  or  of 
their  curvatures. 

Nothing  in  the  authors  cited  would  indicate 
that  they  had  any  suspicion  that  these  burning- 
glasses,  acting  by  refraction,  could  be  employed 
as  magnifying  lenses. 

With  reference  to  the  texts  of  ancient  writers 
where  the  magnifying  power  is  alluded  to, 
Seneca  (in  the  often  cited  passages  from  his 
“ Quaest.  Nat.”  I.,  6,  § 5)  states  that  “letters, 
though  small  and  indistinct,  are  seen  enlarged 
and  more  distinct  through  a globe  of  glass  filled 
with  water,”  and  that  “ fruit  appears  larger*^ 
when  seen  immersed  in  a vase  of  glass;” 
whence  he  concludes  that  all  objects  seen 
through  water  appear  larger  than  they  are. 
Similar  statements  appear  in  the  writings  of 
Philo  Judaeus,  Ptolemy,  and  others,  down  to 
Aulus  Gellius.  Seneca  adds  that  “ through 
water  we  cannot  see  objects  accurately,  nor 
assign  to  them  their  true  situations.” 

Several  passages  might  be  cited  from 
Archimedes,  Ptolemy,  and  others,  to  show  that 
though  they  knew  something  of  the  action  of 
refraction  at  plane  surfaces  as  of  water,  yet  of 
the  refraction  at  curved  surfaces  they  had  no 
conception.  These  writers  do  not  appear  to 
have  thought  that  the  form  of  the  refractive  body 
was  of  special  importance ; they  refer  indis- 
criminately to  the  spherical  form,  or  the  disc,  or 
the  plane  surface  of  the  water,  but  not  one  of  them 
speaks  of  the  lenticular  form.  The  passages 
where  magnification  is  alluded  to,  show  that 
they  attributed  the  effect  wholly  to  the  nature 
of  the  water,  or  again  to  the  nature  of  the  glass 
or  of  transparent  bodies  in  general,  and  never 
to  the  geometric  forms  or  to  imperfections  in 
the  curvatures  of  their  surfaces. 

Further,  we  do  not  find  in  any  ancient  author 
mention  of  spectacles  for  long  or  short  sight, 
or  of  magnifying  lenses  or  microscopes.  They 
mention  mirrors  burning  by  reflexion,  and 
other  instruments  burning  by  refraction,  con- 
sisting generally  of  spherical  vases  filled  with 
water.  Occasionally  they  speak  of  solid 
globes,  and  in  one  case  the  discoid  form  is 
mentioned  ; but  in  view  of  the  notions  they 
held  with  reference  to  vision  through  trans- 
parent bodies,  it  cannot  properly  be  affirmed 

* Prof.  Baden  Powell  remarks  that  “the  dependence  of 
this  [magnification]  on  the  lenticular  form  of  the  glass  seems 
to  have  been  wholly  unknown  ; and  this  case  was  confounded 
together  with  others,  in  a way  evincing  a total  absence  of 
all  conception  of  the  cause.”  “ Hist,  of  Nat.  Philos.,”  p.  67* 
Lardner’s  “ Cabinet  Cyclopaedia.”  (1834). 
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that  they  really  touched  upon  the  theory  of 
dioptric  lenses,  or  that,  in  view  of  the  fact  that 
they  regarded  the  process  of  magnification  as 
being  in  the  nature  of  the  refracting  substance 
without  reference  to  the  geometric  form,  they 
were  on  the  right  track  to  discover  the  scien- 
tific use  of  optical  instruments. 

Assuredly,  if  such  instruments  had  been 
known  to  the  ancients,  Pliny  and  others  would 
have  mentioned  them.  Certain  authors  treated 
specially  of  optical  phenomena,  for  instance, 
Aristotle  and  his  commentators  on  meteor- 
ology ; in  the  problems  of  Aristotle,  and  the 
Greek  physician  Alexander,  relative  to  myopia 
and  presbyopia  ; in  the  dissertation  of 
Plutarch  on  myopy ; in  the  chapters  of  Pliny 
on  the  sight,  and  on  the  diseases  of  the  eyes 
and  their  remedies  ; and  certainly  in  the  texts 
of  the  Greek  physicians  on  the  same  subject, 
from  Hippocrates  to  Galen,  and  from  Galen 
onwards  ; and  in  those  of  the  Roman  physi- 
cians, from  Celsus  and  Aurelian  to  Theodorus 
Priscian  and  Marcellus  Empiricus.  But  no 
allusion  is  made  to  any  of  these  instruments 
by  these  authors,  nor  by  any  other  Greek  or 
I.atin  author.  On  the  contrarj^  we  find  in 
several  writers  of  the  early  centuries  of  our 
era,  texts  which  are  irreconcilable  with  the 
hypothesis  of  the  former  existence  of  these 
instruments.  In  the  5th  century  of  cur  era, 
the  Greek  physician  Actius  has  nothing  to  say 
regarding  myopy,  further  than  that  it  is 
incurable  ; and  similarly,  in  the  13th  century, 
the  Greek  physician  Actuarius  alludes  to 
myopy  as  an  incurable  infirmity  of  sight,  for 
which  art  can  do  nothing.  But  since  the 
closing  years  of  the  13th  century,  that  is  to 
say,  since  the  invention  of  spectacles,  they  are 
referred  to  in  the  medical  treatises,  and  in 
other  works. 

It  is  unquestionable  that  the  ancient  artists 
have  left  us  works,  such  as  gem-cutting,  of 
extremely  minute  execution,  and  many  modern 
writers,  as  Vettori,  Dutens,*  and  Lippert,  have 
insisted  that  they  could  not  have  been  pro- 
duced without  the  use  of  magnifying  lenses. 


Dutens,  “ Rechcrches  sur  I’origine  dcs  decouvertes 
i/ttriuuees  aux  modcrnes,”  Paris  (1766).  Poggendorff  re- 
marks that  although  Dutens  cites  many  alleged  modern 
discoveries  in  physics  that  were  known  to  the  ancients,  yet 
he  does  not  adduce  a single  example  of  a discovery  in 
physics  by  the  ancients  that  was  unknown  to  his  contempo- 
raries. Hence  Dutens  asked  his  contemporaries  to  subscribe 
to  the  very  singular  coincidence  that  the  ancients  knew 
just  .as  much  of  physics  as  was  known  in  1766,  but  no  more. 
‘ ‘ fieschichte  d.  Physik,”  Berlin  (1878).  I quote  from  the 
Trench  version  (Dunod,  Paris.  1883),  P-  3,  of  this  excellent 
work,  which  has  had  the  advantage  of  annotations  by  the 
translators. 
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Natter  and  Priestley  think  that  they  must  at 
least  have  known  the  use  of  globes  of  glass, 
such  as  Seneca  mentioned.  But  by  reason  of 
the  distortion  which  so  rude  a contrivance 
would  produce,  it  is  hardly  possible  that  it 
could  have  been  employed.  Engraved  gems 
have  been  mentioned,  and  ivory  carvings,  in 
which  the  workmanship  was  said  to  be  too 
small  to  have  been  produced  by  the  unaided 
sight.  In  the  case  of  one  statement  of  Dutens 
(2nd  ed.  II.,  p.  224)  where  reference  is  made 
to  a seal  in  the  Cabinet  of  Medals,  in  Paris, 
said  to  have  belonged  to  Michael  Angelo,  and 
to  date  back  to  remote  antiquity,  on  wEich 
fifteen  figures  were  engraved  in  a circular 

space  14  mm.  diameter— “ figures not  all 

visible  to  the  naked  eye,”  Mr.  Philip  Gardner, 
of  the  Medal  Department,  British  Museum, 
has  made  on  my  behalf  a special  inquiry  of 
M.  Chabouillet,  Director  of  the  Cabinet  of 
Coins  and  Gems,  in  Paris,  who  answered  under 
date  the  20th  inst.  (November,  1885),  that  it 
was  an  error  on  the  part  of  Dutens  “ (i)  The 
gem  is  not  antique,  z e.,  Greek  or  Roman  ; 
(2)  it  never  belonged  to  Michael  Angelo.” 

Then  we  have  the  statement  of  Pliny,  that 
Cicero  had  seen  a manuscript  of  the  whole  Iliad 
contained  in  a nutshell.  But  the  ancients 
themselves  may  have  exaggerated  somewhat 
in  speaking  of  their  skill  in  the  execution  of 
such  curious  work.  We  need  not  deny  that 
very  minute  work  was  executed  by  them.  ‘ But 
in  order  to  rebut  the  conclusions  that  have  been 
deduced  from  the  fact  that  minute  work  was 
produced,  it  may  suffice  to  note  that  Pliny, 
Solinus,  and  Plutarch,  allude  to  these  marvels 
of  workmanship  for  the  purpose  of  proving  by 
the  examples  of  the  artists  who  executed  them, 
that  certain  men  are  naturally  endowed  with  a 
quite  exceptional  power  of  vision.  Pliny  adds 
that  the  more  minute  portions  of  these  sculptur- 
ings  “cannot  be  discerned  by  ordinary  men.” 
Hence  it  is  clear  that  neither  the  authors  nor 
the  admirers  of  these  minute  chefs-d'amvz'e 
knew  the  use  of  magnifying  lenses. 

Mr.  Murray,  of  the  Gem  Department, 
British  Museum,  informs  me  that  in  his 
opinion  there  is  no  engraved  work  in  our 
national  collection  that  can  be  affirmed  to  be 
antique,  and  that  is  beyond  the  power  of  the 
unaided  vision  of  the  specially  qualified 
modern  engraver. 

In  reply  to  Lippert,  who  insisted  that  some 
of  the  antique  work  could  not  have  been  pro- 
duced without  the  use  of  magnifiers,  Lessing 
says  that,  by  the  admission  of  trained  gem- 
engravers,  everything  of  this  kind  that  can  be 
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done  with  a magnifier  may  be  done  equally 
well,  if  not  more  easily,  without. 

Galen  states  that  an  artist  of  his  ac- 
quaintance had  made  a seal,  on  which  was 
engraved  the  figure  of  Phaeton  in  a chariot 
drawn  by  four  horses  ; the  mouths,  the  front 
teeth,  the  reins,  and  the  sixteen  feet  of  the  four 
horses  were  all  shown.  “As  for  me,”  says 
Galen,  “ I could  not  at  first  perceive  all  these 
details,  because  of  the  extreme  minuteness, 
except  by  turning  the  object  towards  a very 
strong  light ; even  then  I could  not  distinguish 
everything,  and  many  persons  were  like  myself; 
but  wmen  we  could  distinguish  any  part,  we 
were  agreed  that  it  was  executed  with  the 
greatest  perfection.”  By  these  expressions  of 
Galen,  it  is  clear  that  neither  this  learned 
physician,  nor  the  artist,  nor  the  other  persons 
who  examined  the  seal  in  his  presence,  knew 
the  use  of  magnifying  lenses  ; and  surely 
this  must  have  obtained  likewise  among  his 
contemporaries. 

Pliny,  who  gives  us  a multitude  of  details 
on  the  processes  employed  by  the  ancients  in 
engraving  precious  stones,  who  has  even  told^ 
us  of  the  methods  adopted  by  the  engravers 
to  strengthen  their  sight,  and  who  informs  us 
that  to  repose  their  fatigued  eyes  they  looked 
at  emeralds  or  green  scarabaei ; Pliny,  the 
industrious  compiler  of  the  practical  know- 
ledge of  antiquity  up  to  his  date,  would  not 
have*  failed  on  this  occasion,  or  in  speaking  of 
the  uses  of  glass,  crystal,  and  transparent 
stones,  of  which  he  treated  at  considerable 
length,  to  refer  to  the  use  of  dioptric  lenses  by 
engravers  if  they  had  employed  them.  The 
silence  of  Pliny,  and  of  the  learned  Greek 
physician,  Galen,  demonstrates  conclusively 
that  in  the  first  and  second  centuries  of  our 
era  the  use  of  magnifying  lenses  was  unknown 
to  the  Greeks  and  Romans. 

Is  it  possible,  indeed,  that  if  the  ancients 
had  ever  invented  telescopes  or  microscopes, 
or  spectacles  for  long  or  short  sight,  such  in- 
ventions would  have  wholly  disappeared  from 
the  hands  and  memory  of  men  ? As  a matter 
of  fact,  the  employment  of  these  instruments 
is  found  only  where  they  have  been  introduced 
in  modern  times  by  Europeans  since  their 
invention  in  Europe. 

The  invention  of  spectacles  for  long  and 
short  sight  is  referred  to  as  a quite  recent  in- 
vention in  a MS.  dating  from  Florence  in  1299.^ 

Cited  in  R.  Smith’s  “ Optics  ” (Cambridge,  1738,  2 vols. 
4to.),  ii.,  pp.  12-3.,  and  thus  translated  : — “I  find  myself  so 
pressed  by  age,  that  I can  neither  read  or  write  without  those 
glasses  they  call  spectacles,  lately  invented,  to  the  great 
advantage  of  poor  old  men  when  their  sight  grows  weak.’’ 


Bernard  Gordon,  professor  at  Montpellier,  in 
his  Liliimi  medicincB,  commenced  in  1305, 
mentions  spectacles  as  an  aid  to  defective 
sight.  Giordano  da  Rivalto,  in  1305,  says  the 
invention  dates  back  only  “twenty  years.” 
They  were,  therefore,  invented  about  1285.  It 
is  known  that  they  were  invented  by  the 
Florentine  Salvino  d’Armato  degli  Armati,  who 
died  in  1317.  He  kept  the  secret  with  a view 
to  profit  by  it.  But  Alessandro  della  Spina, 
of  Pisa,  who  died  in  1313,  having  seen 
spectacles  made  by  Armati,  and  having  suc- 
ceeded in  making  them  himself,  hastened  to 
publish  the  secret. 

As  to  the  more  powerful  optical  instruments, 
the  telescope  and  microscope,  although  it 
would  appear  that  Alhazen*  in  the  loth  or 
nth  century,  Roger  Bacon  in  the  13th,  and 
Fracastoro  and  G.  B.  Porta  in  the  i6th,  had 
some  idea  that  lenses  might  be  made  or  com- 
bined so  as  to  enable  one  to  see  distant  objects 
better,  or  to  magnify  near  ones  beyond  the 
power  of  normal  vision ; yet  it  must  be  held, 
with  Kepler,  that  no  instrument  analogous  to 
our  telescope  was  known  before  the  beginning 
of  the  17th  century,  and  that  the  possibility  of 
the  invention  is  limited  to  a very  few  men  of 
that  period.  And,  further,  it  is  certain  that 
the  invention  of  the  microscope  was  not 
anterior  to  the  last  few  years  of  the  i6th 
century. 

Before  proceeding  with  my  subject  in  ap- 
proximately chronological  order,  I must  not 
omit  to  refer  to  the  so-called  Assyrian  “lens,”" 
which  is  in  the  British  Museum,  and  which 
was  brought  somewhat  into  fame  some  years 
ago  by  the  publication  of  Sir  David  Brewster’s 
opinion  that  he  regarded  it  as  a “lens,”  and 
as  furnishing  a practical  demonstration  that 
magnifiers  were  known  to  the  ancients.  I 
must  also  note  upon  two  “bosses”  of  glass, 
recently  acquired  by  the  British  Museum, 
which  will  doubtless  be  considered  by  some  of 
the  supporters  of  the  antiquity  of  lenses  as 
directly  aiding  to  substantiate  their  views. 

The  Assyrm7i  ''Lens.'" — A piece  of  rock- 
crystal,  of  “plano-convex”  form  was  found 
by  Mr.  Layard  at  the  excavations  of  Sargon’s 
palace,  Nimroud,  which  had  evidently 
been  shaped  oval  by  a process  of  chip- 
ping and  grinding,  and  of  which  both  the 
“plane”  and  “convex”  surfaces  had  been 
ground  and  partly  polished.  This  specimen 

* R.  Smith’s  “Optics,”  ii.,  p.  15;  Wilde,  “Gesch.  d. 
Optik,”  i.,  p.  70- 
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is  now  in  the  Assyrian  department  of  the 
British  Museum,  and  in  Sir  David  Brewster’s 
opinion  it  is  a “ lens  ” designed  for  magnifying 
Layard’s  “Nineveh  and  Babylon,”  pp. 
197-8) ; it  is  shown  in  Figs,  i and  2.  As  it 


Fig.  I. 


Fig.  2 


Assyrian  “Lens”  (721-705  b.c.) 

was  found  together  with  certain  objects  of 
glass,  one  of  which  bears  the  nameof“Sar- 
gon,”  I understand  from  Mr.  Budge,  of  the 
Museum,  that  it  has  been  possible  to  fix  the 
date  with  reasonable  probability  to  be  not 
more  recent  than  721-705  B.c. 

After  repeated  examinations  of  this  piece  of 
rock-crystal,  I am  unable  to  agree  with 
Brewster’s  opinion.  I do  not  suggest  the 
possibility  of  proving  that  it  is  not  a lens  ; but 
I think  no  proof  whatever  has  been  adduced 
that  it  was  designed  as  a lens,  i.e.,  to  serve 
as  a magnifier,  while  the  probabilities  seem 
against  that  supposition. 

(i.)  I would  point  to  the  fact,  apparently 
overlooked  by  Brewster  in  his  description,  that 
the  broad  bands  of  cloudy  striae,  extending 
diagonally  and  transversely  through  the  sub- 
stance of  the  quartz  would  form  a serious 
drawback  to  its  use  as  a lens,  whereas  they 
would  probably  be  considered  as  adding  to  the 
beauty  as  an  object  of  decoration.  These 
bands  of  striae  appear  too  opaque  in  Fig.  i, 
though  their  general  character,  as  seen  under 
certain  effects  of  light,  is  faithfully  rendered. 
(2.)  The  term  “ convex,”  as  applied  to  a 
magnifying  lens,  is  generally  understood  to 
mean  a smooth  spherical  figure,  such  as  is 
produced  by  grinding  in  a spherically  concave 
tool.  But  the  “convex”  surface  in  question 
was  admittedly  produced  by  grinding  a multi- 
tude of  irregular  facets  so  as  to  approximate 


more  or  less  to  a shallow  spherical  or  ovoid 
surface,  much  inferior  to  the  surfaces  the 
lapidary  of  the  present  day  produces  in  tablets 
of  obsidian,  agate,  &:c.,  for  brooches,  bracelets, 
&:c.,  of  the  commonest  type.  A surface  of 
I this  kind  is  assuredly  not  “ lenticular,”  as  we 
j 3-PPly  that  term  to  lenses.  The  Assyrian 
polishing  was  clearly  of  the  roughest  character, 
performed  with  apparent  violence,  and  without 
regard  to  the  existence  of  the  deep  scratches 
due  to  the  grinding.  The  curvature  is  so 
irregular,  and  the  polishing  of  both  surfaces 
so  imperfect,  that  objects  appear  indistinct 
even  when  placed  in  contact  with  the  plane 
surface,  while,  if  held  some  three  or  four 
inches  away,  the  indistinctness  and  distortion 
render  vision  through  the  “lens”  almost 
painful.  (3.)  Brewster  says  its  “focus”  is 
about  4^in.  from  the  plane  surface.  When 
held  suitably  to  the  sun,  it  is  true  there  is  a 
condensation  of  light  which  appears  brightest 
at  about  4^ in.  from  the  plane  surface;  but 
this  blurred  mass  of  light  can  scarcely  be 
termed  a “focus”  in  the  sense  in  which  we 
apply  that  term, to  a lens. 

Ancient  Glass  Bosses. — More  recently  the 
British  Museum  has  acquired  two  antique 
glass  bosses,  the  external  form  of  which 
is  so  regular  that  if  any  contemporaneous 
work  could  reasonably  be  regarded  as 
impossible  of  production  without  the  em- 
ployment of  magnifying  lenses,  then  these 
bosses  might  readily  be  supposed  to  be 
such  lenses,  either  completed  or  in  process  of 
manufacture.  But  until  collateral  proof  is 
found  of  the  employment  of  magnifying  lenses, 
any  conjectures  implying  that  these  specimens 
were  really  designed  as  lenses  must  be  mere 
guesses.  The  one  specimen  is  of  nearly  hemi- 
spherical form,  about  2^m.  diameter.  The 
surfaces  meet  nearly  in  a sharp  edge,  and 
spiral  and  irregular  scratches  on  both  sides 
would  suggest  some  grindingprocess  of  manu- 
facture. The  curved  surface,  when  viewed  by 
reflected  light,  appears  so  regular,  that  if  it 
was  not  wholly  produced  by  grinding  in  a con- 
cave tool,  or  by  some  equivalent  process,  it 
was  probably  cast  in  a very  smooth  and  re- 
gular mould,  and  then  ground  and  partially 
polished.  Unfortunately,  both  surfaces  are 
decomposed  and  almost  wholly  covered  by  a 
semi-opaque  opalescent  shell ; and  where 
fragments  of  this  shell  have  broken  away,  so 
that  the  body  of  the  glass  is  exposed,  the 
surface  of  the  latter  is  covered  with  minute 
• pits,  and  is  generally  disintegrated  so  that  one 
cannot  see  through  the  substance.  The 
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second  specimen  seems  to  have  been  originally 
about  the  same  size  and  shape  as  the  former, 
but  is  now  a broken  segment  somewhat  less 
than  half  its  original  size.  The  surfaces  are 
much  less  injured  by  decomposition  than  in 
the  former  one,  but  still  they  are  so  dull  that 
one  cannot  see  an  object  distinctly  through 
the  substance.  The  surfaces  of  fracture  show 
that  the  glass  is  clear  and  transparent,  and  of 
slightly  straw-colour.  When  viewed  by  re- 
flected light  the  curved  surface  does  not  appear 
so  regular  in  figure  as  the  former  one,  and 
may  possibly  have  been  moulded  by  heat  with- 
out further  process.  The  date  assigned  to 
these  “bosses  ” by  the  Museum  authorities  is 
not  later  than  270-260  B.c. 

And  now,  assuming  that  we  cannot  affirm 
with  reasonable  certainty  that  magnifying 
lenses  were  employed  before  the  invention  of 
spectacles,  we  shall  not,  I think,  be  far  wrong 
in  supposing  that  the  gradual  deepening  of 
curves  would  lead  to  the  production  of  lenses 
of  shorter  and  still  shorter  focus,  until  a point 
was  reached,  when  the  combination  of  a 
convex  lens  as  an  object-lens  wdth  a concave  as 
an  eye-lens,  accidentally  distanced  apart  by 
the  hands,  would  lead  to  the  discover}'  of  the 
telescope  and  microscope  of  the  form  gener- 
ally associated  with  the  name  of  Galileo,  but 
which,  from  the  testimony  of  Galileo  himself, 
was  of  Dutch  origin,*  and  of  date  anterior  to 
his  own  production  of  the  telescope  in  1609. 
This  would  appear  to  be  the  probable  origin  of 
the  microscope  consisting  of  a combination  of 
a convex  object-lens  with  a concave  eye-lens. 

The  Keplerian  microsco]>e,  consisting  of  a 
combination  of  a convex  object-lens  with  a 
convex  eye-lens — which  is  the  simplest  form  of 
what  is  now  termed  a “compound”  micro- 
scope— was  probably  later  in  date,  subsequent 
even  to  the  publication  of  Scheiner’s  “Rosa 
Ursina,”  in  1630,  in  which  the  actual  con- 
struction of  a Keplerian  telescope  was  claimed 
by  Scheiner,  and  notified  as  dating  thirteen 
years  previously,  when  he  showed  it  in  action 
to  the  Archduke  Maximilian. 

The  optical  system  was  clearly  laid  down  by 
Kepler,  in  his  “ Dioptrice,”  in  i6ii.  I remark, 
however,  that  Descartes,  in  his  “ Dioptrique,” 
published  with  his  “ Discours  de  la  methode  ” 
(Leyden,  1637,410),  describes  and  figures  both 
a microscope  and  a telescope  with  concave  eye- 
lenses,  and  says  not  a word  of  the  Keplerian 

* An  able  discussion  of  the  evidence  regarding  the  inven- 
tion of  the  telescope  is  contained  in  Chap.  xx.  of  R.  Grant’s 
“ Hist,  of  Physical  Astronomy,”  London  (1852),  8vo. 


forms  of  these  instruments ; the  inference  is,  that 
he  knew  only  the  “Galilean”  constructions* 
and  the  simple  magnifying  lens  at  that  date. 
Moreover,  the  first  publication  of  a Keplerian 
microscope  actually  constructed  was  by 
Fontana, t in  1646.  Manzini,  in  his  work 
“ L’occhiale  all’  occhio  ” (Bologna,  1660,  4to.), 
pp.  174-5,  refers  to  one  of  these  microscopes 
made  by  Eustachio  Divini,  in  1648,  which  he 
states  could  be  reversed,  noting  this  reversal 
as  a peculiarity  of  the  construction,  but  not 
recommending  it  in  practice  ; and  he  speaks 
of  it  as  made  on  the  Keplerian  optical  system 
as  devised  by  Fontana.  It  would  thus  appear 
that  we  must  not  assign  the  origin  of  the 
Keplerian  microscope,  as  an  actual  construc- 
tion, to  an  earlier  date  than  1646.  It  is  true 
Fontana  claims  to  have  devised  the  instrument 
in  1618,  but  that  date  is  wholly  repudiated  by 
Montucla  and  by  Poggendorff. 

Modern  Microscopes  to  the  Date  of 
THE  Application  of  Achromatism. 

It  is,  perhaps,  impossible  to  assign  the  exact 
date  of  the  first  production  of  the  microscope 
(as  distinguished  from  the  simple  magnifying 
lens) ; but  those  who  have  given  special  atten- 
tion to  the  early  testimony  on  the  subject — 
notably.  Van  Swinden,  Moll,  Harting,  and 
Poggendorff — are  agreed  that  it  must  have 
been  between  1590  and  1609  ; and  that  either 
of  three  spectacle-makers  of  Middelburg, 
Holland,  named  Hans  Janssen,  his  son 
Zacharias  Janssen,  and  Hans  Lippershey, 
may  have  been  the  inventor,  the  probabilities 
being  slightly  in  favour  of  the  Janssens. 
Poggendorff  considers  the  official  documents 
found  by  Van  Swinden  in  the  national  Archives 
of  Holland,  extracts  from  which  were  published 
by  Moll  in  1831,  prove  conclusively  that 
Lippershey  invented  the  binocular  telescope 
(with  concave  eye- lens— the  “Galilean”  form) 
in  1608,  the  lenses  of  which  were  constructed 
of  rock-crystal  in  consequence  of  the  extreme 
difficulty  in  obtaining  clear  glass  in  Holland. 
By  the  testimony  of  Pierre  Borel,|  and  from 


* Referring  to  telescopes  of  this  form,  which  he  states 
were  invented  about  thirty  years  previously  {i.e.,  about  1607) 
byjaques  Metius,  of  Alcmar,  Holland,  Descartes  says: — 
“ £t  c’est  seulement  sur  ce  patron,  que  toutes  les  autres 
qu’on  a veues  depuis,  ont  este  faites....”  (And  it  is  on  this 
pattern  only  that  all  others  seen  hitherto  have  been  made) 
“La  Dioptrique,”  p.  2.  Descartes  had  evidently  not  met 
with  the  Keplerian  telescope  in  1637. 

t “ Nova;  coelest.  terrest.  rerum  observ.,”  Neapoli  (1646), 
4to. 

+ “Devero  Telescopii  inventore,”  Hag.  Comit.  (1655),  4to. 
(contains  portraits  of  “ Zacharias  lansen  ” [Janssen  ?],  and 
“ Hans  Lipperhey  ” [Lippershey  .4). 


September  3. 1886.]  JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


993 


personal  information  supplied  to  him  by 
Willhem  Boreel,  Dutch  Ambassador  in  Italy, 
who  was  a native  of  Middelburg,  and  had 
known  the  Janssens,  father  and  son ; he  had 
often  heard  from  the  elder  Janssen  that  he 
and  his  son  were  the  inventors  of  the  micro- 
scope, and  that  he  had  sent  one  to  Prince 
Maurice  of  Orange,  and  another,  later  on,  to 
the  Archduke  Albert  of  Austria.  Boreel 
further  stated  that  when  he  was  Ambassador 
to  England,  in  1619,  he  saw  the  latter  instru- 
ment in  the  hands  of  his  friend  Cornelius 
Drebbel,  and  described  it  as  having  a tube,* 
eighteen  inches  in  length  and  two  inches 
diameter,  of  gilt  brass  (copper),  supported  by 
three  dolphins  on  a base  of  ebony ; and  that 
objects  placed  on  this  base  were  seen  consider- 
ably magnified  through  the  tube.  In  1610 
(according  to  Boreel’s  recollection),  the 
Janssens  succeeded  in  producing  a telescope 
for  celestial  observ^ations. 

It  is  upon  this  evidence  generally,  supple- 
mented by  that  of  Hans  Janssen,  the  son  of 
Zacharias,  given  in  1665  (1655  ?)  regarding  his 
father’s  statements  anent  his  early  connection 
with  the  invention  of  telescopes  and  micro- 
scopes, that  the  possibility  of  the  invention  of 
the  latter  is  pushed  back  even  as  far  as  1590. 
And  it  would  appear  that  the  first  microscope 
on  record  was  designed  principally  to  view 
objects  by  reflected  light,  not  by  transmitted 
light. 

“ ?isse?i  ’ j-  ” Cojji pound  Microscope.  — 

Some  years  ago  (1866)  an  old  microscope  was 
found  at  Middelburg,  which  Professor  Harting 
thought  might  possibly  have  been  made  by 
the  Janssens.  It  was  exhibited  at  the  Loan 
Collection,  in  London,  1876,  and  is  shown  in 
Fig.  3.  I have  here  a copy  of  the  original. 
It  is  of  the  Keplerian  form,  i.e.,  consists  of  a 
combination  of  a convex  object-lens  and  a 
convex  eye-lens,  which  form  was  not  published 
(as  an  actual  construction)  till  1646,  by 
Fontana ; hence,  I think  Harting  was  mistaken 
in  assigning  the  construction  to  either  of  the 
Janssens.  Nevertheless,  because  Harting 
thinks  it  may  date  back  so  early,  I give  it  the 
first  place  in  my  budget  of  illustrations  of 
modern  microscopes. 

Ihis  instrument  is  strictly  a compound 
microscope  in  the  modern  sense,  though  with- 
out a field-lens,  and  this  latter  fact  enables  me 
to  admit  that  it  may,  at  any  rate,  have  been 
constructed  before  the  application  of  the  field- 


lens  to  the  microscope  by  Hooke,  in  1665  {vide 
Preface  to  Hooke’s  Micrographia  ”).  The 
distance  between  the  lenses  can  be  regulated 
by  two  draw-tubes  (one  of  which  carries  the 
object-lens  in  an  inner  adjustable  tube)  of  thin 
iron-plate,  fitting  at  either  end  of  a middle- 
tube  serving  as  a socket,  so  that  within 
certain  limits  the  magnifying  power  may  be 
varied.  There  are  three  diaphragms  in  the 
instrument,  one  is  placed  at  a variable  distance 
in  front  of  the  object-lens,  a second  is  at  a 
fixed  distance  behind  that  lens,  and  the  third 
is  at  a fixed  distance  above  the  eye-lens.  This 
disposition  of  diaphragms  is  of  great  interest, 
especially  if  Harting  is  right  in  assigning 
the  construction  to  the  beginning  of  the  17th 
century.  The  eye-lens,  b,  is  held  in  a simple 


Fig.  3. 


•‘Janssen’s”  Compound  :Microscope. 

wood  cell  by  means  of  a wire  ring  sprung  in  ; 
the  object-lens,  a,  fits  against  a narrow  metal 
flange  at  d,  where  it  is  held  by  a sprung  ring. 
In  the  original  instrument  the  latter  ring  is 
absent,  so  that  the  lens  is  loose,  as  shown  in 
the  Fig.  (at  least  that  appears  to  me  the  pro- 
bable explanation  of  the  fact  that  the  lens  is 
not  fixed  in  its  cell). 

The  Microscopiicm  Pulicare." — Before 
passing  to  the  microscopes  of  which  the 
dates  can  be  fixed  with  greater  certainty,  I 
must  call  your  attention  to  a form  of  simple 
instrument  termed  by  the  earliest  modern 
writers  on  optics  the  ‘ ‘ Microscopium  pulicare, ’ ’ 
” Microscope  de  puce/’  or  ” Flea  Microscope.” 
It  is  shown  in  Fig.  4 (p.  994),  copied  from 
Zahn’s  ” Oculus  Artificialis,”  2nd  ed.  (1702), 
p.  342.  The  references  contained  in  the  first 
edition  of  this  work  (1685),  and  in  earlier  works 
by  Kircher,  Schott,  Descartes,  and  others, 


* I here  follow  Poggendorff,  loc  cit.,  p.  iii. 
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clearly  indicate  that  such  instruments  were 
known  early  in  the  17th  century. 


Fig.  4. 


Microscopium  Pulicare. 


Descartes’’  Microscopes. — We  now  arrive 
at  the  earliest  published  figure  I have  met 
with  of  a simple  microscope.  It  was 
given  by  Descartes  in  his  “ Dioptrique,” 
in  1637,  p.  126,  and  is  shown  in  Fig.  5. 


Fig.  5. 


Descartes’  Simple  Microscope  with 
Reflector  (1637). 

Descartes  claimed  that  it  was  much  superior 
to  the  (then)  common  form  of  Flea  Microscope. 
You  will  observe  that  the  arrangement  is  prac- 
tically identical  with  the  simple  lens  mounted 
in  a central  aperture  in  a polished  concave 
metal  reflector,  generally  known  as  “ Lieber- 
kiihn’s”  lens,  constructed  by  Lieberkiihn,  about 
1738.  Lieberkiihn’s  device  followed  the  pub- 


lication of  Descartes’  figure  about  a century. 
Descartes  suggestedthe  application  of  a short 
spike  (seen  at  G in  the  Fig.)  to  hold  the  object 
at  the  focus  of  the  plano-convex  (hyperbolic) 
lens,  which  was  to  be  directed  fully  to  sunlight. 

In  the  same  publication  (p.  132)  Descartes 
also  figured  a microscope  of  colossal  size, 
consisting  of  a combination  of  a bi-convex 
object-lens  and  a plano-concave  eye-lens  (both 
supposed  to  be  worked  to  hyperbolic  curves), 
and  with  an  enormous  perforated  parabolic 
concave  mirror  encircling  the  object-lens  to 
illuminate  opaque  objects,  and  a condensing 
lens  in  the  axis  of  the  instrument  for  illum- 
inating transparent  objects.  This  microscope 
is  shown  in  Fig.  6 (p.  995).  We  have  here 
the  first  combination,  I have  met  with  figured, 
of  lenses  forming  a microscope.  No  means 
are  provided  for  focussing  except  (apparently) 
the  movement  of  the  draw-tube  containing  the 
eye-lens.  The  dimensions  and  general  form 
seem  to  me  so  very  impracticable,  especially 
for  that  early  date,  that  I question  if  the  device 
ever  proceeded  beyond  the  publication  of 
the  figure,  while  Descartes’  instructions,  that 
both  instruments  should  be  used  with  full  sun- 
light, would  also  imply  that  he  had  never  really 
used  them  in  this  way.  I can  hardly  suggest 
what  kind  of  object  would  not  be  vaporised  in 
a few  seconds  if  exposed  at  the  focus  of  the 
gigantic  parabolic  mirror  of  the  second  form 
of  Descartes’  microscopes. 

Descartes’  microscopes  were  briefly  referred 
to  by  Kircher  (“  De  lum.et  umb.,”  lib.  10), 
and  by  Caspar  Schott  (“  Magia  Universalis,” 
1657-9,  I.,  p.  535),  but  have  generally  been 
passed  over  by  later  writers,  including  Harting  ; 
the  larger  one  has  probably  been  frequently 
mistaken  for  a telescope.  In  the  above-cited 
work,  Descartes  was,  I believe,  the  first  to  pub- 
lish figures  and  descriptions  of  machines  for 
grinding  and  polishing  lenses,  thus  preceding 
Manzini  by  twenty-three  years,  and  Hooke  by 
twenty-eight  years. 

‘ Hivini^s  ’ ’ andot  her  Microscopes. — In  the 
above-cited  work  of  Caspar  Schott  five  forms  of 
microscopes  are  given  (PI.  xxv.,  p.  525),  which 
are  here  shown  in  Figs.  7,  8,  9 (p.  995),  10  and 
II  (p.  996).  Fig.  8 may  have  been  of  the 
Keplerian  form  ; but  this  is  not  certain.  Schott 
states  (p.  535)  that  Fig.  10  represents  a micro- 
scope constructed  by  Eustachio  Divini ; but  I 
have  much  difficulty  in  supposing  that  it  can 
possibly  have  been  intended  for  any  serious 
purpose.  Divini  was  a distinguished  optician 
of  his  time,  one  of  the  very  few  in  Europe  then 
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capable  of  producing  telescopes  for  astro- 
nomical observations.  He  was  the  rival  of 
Giuseppe  Campani,  Torricelli,  and  Huyghens, 
and  was  referred  to  in  terms  of  great  respect 
by  Manzini  (in  the  work  above-cited,  where 


Divini’s  portrait  is  given),  and  by  Fabri 
(“  Synopsis  optica,”  Ludg.,  1667,  4to),  so  that 
I think  it  improbable  that  he  ever  seriously 
devised  a microscope  without  arrangements 
for  illuminating  the  object  to  be  examined. 


Fig.  6. 


Descartes’  “Galilean”  Microscope  (1637). 


and  of  such  unwieldy  dimensions  that  the 
observer  had  to  place  himself  as  shown  in  the 
Fig.  to  look  down  the  tube. 

I have  already  mentioned  that  Manzini  had 

Fig.  7 


Fig.  8. 
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Fig.  10. 


“Divini’s”  Microscope  (165;). 


Fig.  II. 


seen  a Keplerian  microscope  made  by  Divini 
in  1648  ; we  shall  presently  come  to  one  of  his 
instruments  made  in  1666-7,  showing  that  he 
realised  the  meaning  of  a microscope  of  con- 
venient dimensions,  and  that  he  aimed  at 
improvement  in  the  optical  construction — 
improvement  that  was  immediately  appre- 
ciated by  Christopher  Cock,  the  optician,  of 
London,  who  appears  to  have  worked  out 
Hooke’s  ideas,  and  which  led  Grindl  to  the 
improved  optical  construction  published  in  his 
“ Micrographia  nova,”  in  1687. 

ComAanr  s Compotcnd  Microscope. — The 
next  microscope  of  special  interest  is  one 
by  Giuseppe  Campani,  shown  in  Fig.  12 
(about  two-thirds  linear  size).  There  is  no 
field-lens  in  this  instrument,  and  as  Campani 
was  an  optician  of  considerable  note,  he 
would  hardly  neglect  so  important  an  innova- 
tion after  its  publication ; we  may,  there- 
fore, I think,  safely  assume  the  date  of  the 
construction  prior  to  that  of  Hooke’s  micro- 


scope of  1665,  in  which  the  field-lens  was 
claimed  as  a novelty.  Campani  provided  a 
double  focussing  arrangement,  one  for  regu- 
lating the  distance  between  the  object- 
lens  and  the  object,  the  other  for  vaiy- 
ing  the  distance  of  the  eye-lens  from  the 
object-lens.  The  application  of  the  second 
plate,  held  by  springs  to  the  base,  for  clipping 
the  object-slide  while  permitting  a fair 
range  of  movement,  is  good,  and  may  have 
suggested  the  spiral  - spring  arrangement 
devised  later  by  Bonanni.  The  central  hole 
through  both  plates  was  clearly  intended  by 
Campani  to  enable  the  observer  to  examine 


Fig.  12. 


Campani’s  Compound  Microscope  {ante  1665  t). 

transparent  objects  by  holding  the  micro- 
scope to  the  sky  or  other  source  of  light.  The 
screw-focussing,  by  which  the  wooden  optical 
tubes  were  rotated  in  a loosely-fitted  metal 
screw-socket,  must  have  been  unsteady  in 
practice  ; it  is,  however,  the  first  system  known 
to  me  of  screw* focussing  applied  to  a micro- 
scope. 


For  the  use  of  the  woodcuts,  Figs,  i,  2,  and  3,  my 
acknowledgments  are  due  to  the  Royal  Microsco- 
pical Society. 

Figs.  4,  5,  6,  7,  8,  9,  and  10,  were  reproduced  fron^ 
the  original  Figs.,  in  the  works  cited. 
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Fig.  II  was  photographed  on  the  wood-block 
from  a photograph  of  one  of  the  original  instruments, 
to  ensure  the  accuracy  of  the  drawing. 

For  the  loan  of  the  large  collection  of  micrescopes 
exhibited  in  illustration  of  various  points  touched 
upon  in  this  and  the  succeeding  lectures,  my  acknow- 
ledgments are  due  to  the  Royal  Microscopical 
Society,  Mr.  Frank  Crisp  (Secretarj’  of  that  Society), 
and  M.  Alfred  Nachet,  of  Paris. 


EL  EMENTA  RY  LECT  ORES. 

ELECTRICITY. 

By  Professor  George  Forbes. 

Lecture  II. — Delivered  AJril  lo,  1886. 

“ Currents  and  Resistance.” 

In  the  course  of  my  last  lecture  I .showed 
you  the  generation  of  an  electrified  condition 
of  space,  and  the  electric  forces  which  were 
thereby  produced,  and  I explained  to  you  what 
we  meant  by  saying  that  two  things  have  a 
difference  of  electric  potential.  1 also  ex- 
plained to  you  the  condition  which  exists  w'hen 
two  bodies  have  a different  potential,  that  is  to 
say,  that  there  is  then  created  electromotive 
force,  and  if  this  electromotive  force  be  free  to 
act  through  a conductor  so  that  induction  takes 
place,  there  is  a momentary  current,  and  re- 
arrangement of  the  electrification.  If,  how- 
ever, the  electromotive  force  is  acting  on  an 
insulator  no  current  can  pass,  and  there  is 
simply  a strain  created  in  the  insulating 
medium  which  is  ready  to  produce  the  phe- 
nomena of  induction  as  soon  as  a facility  is 
offered  by  the  presence  of  a conductor  of  elec- 
tricity. We  are  accustomed  to  measure  our 
difference  of  potential  in  terms  of  some  unit, 
and  the  unit  which  has  generally  been  adopted 
is  called  a volt.  When  I say  there  is  a differ- 
ence of  potential  betw’een  the  two  knobs  of  the 
machine  I am  using,  amounting  to  50,000  units, 
I mean  50,000  volts,  and  that  is  about  the 
difference  of  potential  which  w’e  are  in  the  habit 
of  employing  when  we  are  using  the  electric 
machines,  Wnen  I rub  a piece  of  sealing-wax 
on  flannel  I getadifference  of  potential  amount- 
ing to  an  enormous  figure  like  that,  and  yet  I 
can  get  no  serious  injury  from  it,  because  the 
quantity  of  electricity  is  so  small.  We  shall  be 
coming  on  to-day  to  learn  the  means  w'hich  we 
have  for  generating  electricity  in  much  larger 
quantities  than  we  can  even  by  means  of  the 


Wimshurst  machine  ; but  when  we  come  to 
experiment  with  batteries,  or  the  other  means 
for  generating  electricity  in  quantity,  we  shall 
be  using  very  much  smaller  differences  of 
potential  than  what  we  were  using  in  the  last 
lecture.  A single  cell  of  a battery  may  have 
one  or  two  volts  difference  of  potential,  but 
that  difference  of  potential  which  exists  in  a 
battery  is  exactly  of  the  same  nature  as  that 
which  exists  in  the  Wimshurst  electric  machine 
which  you  saw  last  time.  The  electric  current 
which  passes  to  the  earth  during  a lightning 
flash  is  identically  of  the  same  character  as 
that  electric  current  which  passes  through  each 
telegraphic  instrument  from  our  batteries,  or 
which  is  lighting  up  this  room  at  present  by 
means  of  these  glow  lamps.  It  is  hardly 
necessary,  at  the  present  time,  to  insist  on 
this— that  there  is  only  one  kind  of  electric 
current.  In  former  days  it  required  the  re- 
searches of  the  ablest  experimenters  to  prove 
to  the  world  that  the  electric  current  which 
might  be  generated  by  means  of  apparatus 
like  our  Wimshurst  machine,  was  the  same  in- 
character  as  the  electric  current  which  can  be 
generated  by  means  of  plates  of  metal  in 
acidulated  water.  But  we  know  with  certainty 
that  the  effects  are  the  same.  I shall  simply 
show  you  one  experiment  with  the  Wimshurst 
machine,  to  prove  to  you  that  one  of  the  facts 
which  we  frequently  find  in  dealing  with  bat- 
teries, can  also  be  produced  by  means  of  such 
an  influence  machine.  1 have  here  a small  strip 
of  tinfoil  which  I shall  place  between  two- 
pieces  of  glass,  and  I shall  then  subject  the 
two  ends  of  the  tinfoil  to  an  electromotive- 
force  due  to  the  difference  of  potential 
between  the  two  knobs  of  the  machine. 
Then  when  I discharge  this  machine  by 
means  of  the  assistance  of  the  Leyden  jars 
which  are  attached  to  it,  we  shall  be  able 
to  pass  an  electric  current  through  this  piece- 
of  tinfoil,  and  show  the  heating  effect  which 
is  thereby  produced.  This  will  be  an  apt 
illustration  of  the  analogous  effects  which  can 
be  produced  by  means  of  this  influence- 
machine,  and  the  totally  different  means  of 
generatingelectricity  whichwe  have  in  batteries 
and  dynamo  - machines.  On  turning  the- 
handle  now  the  spark  has  passed  between  the 
poles,  and  I will  hand  round  as  a specimen 
one  of  the  pieces  of  tinfoil  which  was  put 
their  originally,  and  show  you  the  fused  con- 
dition of  the  tinfoil  after  the  spark  passed 
through  it.  Here  is  another  specimen  in  which 
the  effect  is  even  more  powerfully  shown,  because 
not  only  has  the  tinfoil  been  actually  fused. 
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but  the  glass  has  been  shattered  by  the  power 
of  the  discharge. 

The  quantity  of  electricity  which  is  developed 
in  the  course  of  these  powerful  discharges  is 
very  small  indeed.  In  fact,  Faraday  stated 
that  in  the  most  powerful  lightning  flash  there 
is  not  so  much  electricity  passing  as  there  is 
at  the  time  when  we  decompose  by  the  electric 
current  a single  drop  of  water.  There  are 
many  ways  in  which  we  can  conceive  of  an 
electric  current  passing  while  electrified  bodies 
are  being  discharged  ; for  instance,  if  a con- 
ductor were  moved  backwards  and  forwards 
between  these  poles  there  would  be  a regular 
passage  of  positive  electricity  from  one  knob 
to  the  other,  and  of  negative  electricity  in  the 
opposite  direction,  which  transference  of  the 
electrical  condition  is  identical  in  character 
with  an  electric  current.  Many  years  ago. 
Professor  Rowland,  of  Baltimore,  then  work- 
ingin  Professor  Helmoltz’  laboratory,  in  Berlin, 
showed  that  an  electric  current  could  be  pro- 
duced in  another  w'ay.  Simply  by  charging 
a body  with  electricity  and  moving  it  with 
great  rapidity,  he  was  able  to  produce  effects 
analogous  to  those  which  are  seen  by  the  use 
of  the  current  generated  from  the  battery — 
such  effects  as  we  shall  presently  be  observing. 
Thus  Professor  Rowland  actually  proved  by 
experiment  that  the  carrying  of  a charged  body 
through  space  is  equivalent  in  its  action  to  an 
electric  current  such  as  we  shall  be  dealing 
with  to-day.  [I  believe  that  this  experiment 
has  never  been  successfully  repeated.] 

I will  now  show  you  some  of  the  simpler 
methods  which  we  have  for  creating  an  elec- 
tric current,  and  I will  begin  by  throwing  on 
the  screen  an  image  of  a cell  containing  dilute 
sulphuric  acid.  I will  introduce,  in  the  first 
place,  into  the  cell  a wire  of  copper.  You  see 
that  the  wire  is  in  perfect  focus,  but  nothing 
else  is  seen — there  i.^^  no  formation  of  gas  or 
anything.  I will  now  introduce  a piece  of 
zinc,  and  there  is  no  formation  of  gas  appear- 
ing there.  I wall  now  introduce  the  two 
simultaneously,  the  zinc  and  the  copper,  and 
still  there  is  no  appearance  of  any  gas  what- 
ever. But  as  soon  as  I touch  the  two  metals 
at  any  point  outside  or  inside  the  liquid  you 
see  that  there  is  an  evolution  of  gas.  The 
gas  now  is  seen  to  be  coming  off  from  the  thin 
wire  which  is  of  copper  ; that  gas  is  hydrogen 
gas,  and  it  shows  that  the  condition  of  the 
cell  is  something  different  from  what  it  was 
before.  As  a matter  of  fact,  there  is  an  elec- 
tric current  passing  through  these  metals  and 
through  the  liquid.  Instead  of  connecting 


them  in  the  liquid  it  is  sufficient  to  connect 
them  outside  the  liquid,  and  still  you  see  the 
gas  is  coming  off  from  the  copper— the  hydro- 
gen is  seen  rising  in  small  bubbles.  Now, 
instead  of  connecting  them  as  I have  done 
at  present  just  outside  the  cell,  I will  con- 
nect them  metallically  by  a long  wire  which 
passes  to  this  apparatus  here,  and  round  the 
coil  which  you  see  facing  you  in  the  instru- 
ment on  the  table.  Inside  the  coil  is  a magnet, 
to  which  the  vertical  index  is  attached.  We 
shall  see  that  when  the  current  which  I have 
spoken  of  is  circulating  through  the  wire 
of  this  coil,  there  is  a deflection  of  the  magnet, 
and  that  wall  serve  as  an  indicator  to  us  in  the 
rest  of  our  experiments  to  show  when  we  have 
got  a current  or  not.  I now^  replace  the  zinc 
and  copper  in  the  solution,  and  you  see  the 
bubbles  being  given  off,  and,  at  the  same  time, 
you  can  mark  the  deflection  of  the  index,  in- 
dicating on  that  apparatus  in  the  centre  that 
there  is  a current  passing.  I break  the  circuit 
by  removing  the  zinc  or  copper,  and  the  current 
will  cease  to  flow',  no  more  gas  is  evolved,  and 
the  index,  after  a few  vibrations,  returns  to  rest. 
In  making  a coil  for  this  purpose  it  is  neces- 
sary, in  order  that  the  current  may  circulate 
through  all  the  different  convolutions  of  the 
coil,  to  separate  them  from  each  other  by  an 
insulating  material.  If  this  w'ere  not  done  the 
current  w'ould  take  a short  cut,  and  would  not 
go  along  all  the  successive  coils.  For  this 
purpose  the  wire  of  my  coil  here  is  covered 
with  silk — silk  being  an  insulator.  That  silk  is 
not  thick,  but  is  sufficiently  thick  to  prevent  the 
difference  of  potential  from  sending  electricity 
1 across  from  one  convolution  of  the  ware  to 
another.  If  I were  using  a very  high  difference 
of  potential  it  would  be  necessary  to  use  some- 
thing thicker  than  that  thin  coating  of  silk, 
and  that  is  a point  which  has  to  be  attended  to 
in  the  construction  of  pow'erful  dynamo 
machines  and  other  apparatus,  that  the  insula- 
tion shall  be  sufficiently  strong  to  resist  the 
difference  of  potential  between  the  successive 
coils. 

We  shall  be  using  this  apparatus  as  a 
galvanometer,  a means  of  measuring  the 
current  on  several  different  occasions.  But  we 
have  an  apparatus  which  is  very  often  used  by 
investigators,  and  which  to  the  philosopher  is 
peculiarly  suitable  for  some  very  delicate 
measurements.  Thatinstrument  is  theordinary 
telephone,  the  Bell  telephone,  which  consists  of  a 
magnet  with  a wire  wound  round  its  end  attract- 
ing a flat  disc,  and  if  an  interrupted  current  is 
passed  through  the  Avire  it  alternately  attracts 
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andceases  to  attract  that  disc.  The  consequence 
is  that  the  movement  of  the  disc  sets  the  air 
into  vibration,  and  an  audible  sound  is  heard. 
As  this  instrument  has  become  one  of  ^reat 
use  in  scientific  research  in  the  course  of  the 
last  few  years— one  which  Prof.  Hughes  has 
most  largely  used  in  his  ingenious  researches — 
I think  itworth  while  just  to  directyour  attention 
to  this  delicate  instrument  for  measuring  cur- 
rents, and  in  order  to  show  you  the  way  in 
which  it  acts,  I will  connect  it  with  the  batter^;-, 
and  rub  one  end  of  the  wire  along  the  terminal 
of  the  battery  so  as  to  make  and  break  contact 
very  rapidly.  The  telephone  now  gives  out  a 
noise  which  can  be  heard  by  every  person  in 
the  room.  That  noise  is  coming  from  the 
telephone.  You  cannot  hear  the  noise  I am 
causing  by  making  and  breaking  contact.  A 
telephone  is  able,  then,  to  make  that  current 
audible  all  through  the  room,  and  you  may 
imagine  what  a very  feeble  current  may  be 
made  audible  when  the  experimenter  himself 
places  the  telephone  close  to  his  ear. 

This,  then,  proves  to  us  some  of  the  effects 
which  are  produced  by  an  electric  current. 
The  electric  current  is  simply  the  result  of  our 
having  an  arrangement  which  enables  us  to 
keep  up  a constant  electromotive  force.  In 
the  case  of  the  influence  machine  w'hich  I have 
been  using  so  frequently,  I am  not  able  to 
maintain  that  high  difference  of  potential  con- 
stantly if  the  two  knobs  are  connected  by  a 
conductor,  because  as  soon  as  the  contact  is 
made  by  the  conductor,  the  whole  of  that  small 
quantity  of  electricity  which  is  accumulated  on 
the  knobs  spreads  through  the  conductor,  and 
annuls  the  whole  effect.  It  is  only  by  having 
a copious  quantity  generator,  or  current  main- 
tained by  the  chemical  action  which  is  going 
on  in  this  cell  that  we  are  able  to  get  a con- 
stant flow  of  electricity  through  the  wire.  But 
a difference  of  potential  is  created  in  this  cell, 
exactly  of  the  same  nature  as  the  difference  of 
potential  which  we  have  between  the  poles  of 
that  machine,  and  the  result  is  the  production 
of  the  current  yielding  to  the  influence  of  the 
force  thereby  created. 

Now  I would  like  to  bring  to  your  minds  a 
little  more  clearly  the  bearing  of  what  I have 
spoken  of  as  the  electromotive  force  of  the 
ceil.  I have  been  using  in  this  cell  a piece  of 
copper  and  a piece  of  zinc  in  dilute  sulphuric 
acid,  and  the  electromotive  force  of  the 
arrrangement  is  perfectly  definite.  It  is  about 
one  volt.  It  does  not  depend  in  any  manner 
on  the  size  of  the  apparatus.  I have  here  a 
cell  containing  large  sheets  of  copper  and 


zinc,  and  the  electromotive  force  which  is 
created  in  this  cell  is  not  one  particle  greater 
than  the  electromotive  force  which  is  created 
in  this  very  small  cell.  I can  show  this  to  you 
in  a very  convincing  manner.  I can  connect 
this  little  cell  here  with  the  very  large  cell 
there  in  two  different  ways.  I may  connect 
the  zinc  of  the  one  with  the  copper  of  the 
other,  in  which  case  I get  a double  effect ; I 
get  the  sum  of  these  two  electromotive  forces 
working  throughout  the  metallic  circuit ; or  I 
may  connect  the  zinc  of  this  cell  by  wire  with 
the  zinc  of  the  large  cell,  so  that  the  two 
electromotive  forces  are  acting  in  contrar}’ 
directions.  We  shall  then  be  able  to  see 
whether  the  electromotive  force  of  the  one 
is  equal  to  the  other,  because  the  galvano- 
meter will  indicate  to  us  the  effect  produced, 
which  is  due  to  the  difference  of  electromotive 
force,  whatever  it  may  be  between  the  two 
cells  with  which  we  are  experimenting.  I 
have  now  all  the  connections  perfectly  correct, 
so  that  the  zinc  of  the  little  cell  is  connected 
directly  with  the  zinc  of  the  large  cell ; the 
copper  has  a wire  passing  through  the  galvano- 
meter back  to  the  copper  in  this  large  cell. 
The  electromotive  force  of  the  large  and  small 
cell  are  acting  in  opposite  directions  on  the 
circuit,  and  now  we  shall  see  which  is 
strongest.  If  you  watch  the  galvanometer 
while  I introduce  the  zinc  into  the  small  cell, 
and  so  complete  the  circuit,  the  deflection 
will  be  a very  small  one  indeed.  It  is  now 
introduced,  and  there  is  really  no  deflection  at 
all.  The  pointer  is  actually  at  zero,  showing 
that,  although  I have  two  batteries  in  circuit, 
each  capable  of  giving  the  deflection  which 
you  saw  before,  when  they  are  opposed  they 
are  exactly  equal  in  their  effect ; and  this 
small  cell  with  its  little  piece  of  zinc  and 
copper  is  able  to  counterbalance  this  large 
cell  with  its  large  sheets  of  copper  and  zinc. 
This  effect  has  its  analogy  in  what  used  to  be 
called  the  hydrostatic  paradox,  viz.,  that  a 
weight,  however  large,  may  be  balanced  by  any 
weight,  however  small,  by  hydrostatic  pressure 
of  liquid  in  two  cylinders  having  pistons  of 
suitable  areas. 

It  will  be  well  now  to  say  something  about 
the  different  kinds  of  batteries  which  are  used. 
This  arrangement  does  very  well  for  a short 
time,  but  the  trouble  is  the  gas  which  you  saw 
on  the  screen  being  deposited  on  the  copper ; 
that  hydrogen  gas  has  an  enormous  influence, 
and  tries  always  to  set  up  a current  in  the 
opposite  direction  to  the  current  which  we  wish 
to  utilise.  Various  means  have  been  proposed 
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to  get  rid  of  this  hydrogen.  The  first  arrange- 
ment which  was  completely  satisfactory  was 
what  was  known  as  the  constant  cell  of  Daniel. 
Here  I have  a double  cell  of  Daniel’s  con- 
struction, and  here  I have  a slightly  different 
ceil,  which  you  can  examine  afterwards,  also  of 
Daniel’s.  Daniel’s  cell  consists  of  plates  of 
copper  and  zinc.  The  copper  does  not  dip 
into  the  same  vessel  as  the  zinc,  but  is  put 
into  an  interior  vessel  of  porous  material 
through  which  the  liquid,  can  soak,  and  this 
porous  vessel  is  filled  with  a solution  of 
sulphate  of  copper.  The  outer  vessel,  in 
which  the  zinc  is,  contains  dilute  sulphuric 
acid.  In  this  case,  hydrogen  is  generated 
exactly  as  it  was  in  the  experiment  on  the 
screen,  but  with  this  difference,  that  the 
hydrogen  never  reaches  the  copper,  because  a 
solution  of  sulphate  of  copper  has  this  action, 
that  it  gives  up  the  copper  from  its  molecules, 
and  takes  in  the  hydrogen  instead,  and  thus 
the  solution  of  sulphate  of  copper  is  decom- 
posed, and  part  of  it  is  converted  into  sulphuric 
acid,  because  when  we  substitute  hydrogen  for 
copper  in  sulphate  of  copper  it  is  turned  into 
sulphuric  acid.  Those  bubbles  of  hydrogen 
are  never  allowed  to  accumulate  on  the  copper 
plate,  but  copper  is  deposited  there  instead, 
and  the  result  is  we  have  constancy  of  action, 
and  not  that  polarisation,  as  it  has  been  called, 
which  is  so  injurious  to  the  action  of  many 
batteries.  In  the  centre  of  the  table  there  is  a 
large  battery  of  Daniel’s  cells  where  you  see 
the  arrangement  when  they  are  put  in  series, 
/.<?.  the  zinc  of  one  connected  metallically  to 
the  copper  of  another,  so  as  to  increase  the 
electromotive  force.  There  are  five  of  those 
cells  in  the  batter}^  and,  therefore,  we  have 
five  times  the  electromotive  force,  five  times 
the  power  of  overcoming  resistance  which  we 
had  before.  Here  are  also  various  types  of 
Leclanche’s  cells  which  are  used  by  the  Post- 
office  in  much  of  their  telegraphic  work.  Here 
I have  a battery  of  a totally  different  construc- 
tion. This  is  not  dependent  on  chemical 
action,  but  is  dependent  on  the  conversion  of 
heat  more  directly  into  electricity.  This  pile 
which  you  see  before  you  consists  of  a series 
of  elements,  each  made  of  two  different  metals  ; 
one  is  of  iron,  and  the  other  is  a compound  of 
zinc  and  antimony.  Each  pair  is  joined 
together  at  the  outside  of  this  pile,  and  they 
are  then  joined  so  as  to  m.ake  a continuous 
series,  making  in  all  something  like  75  pairs, 
coupled  together  in  series  so  as  to  multiply 
the  electromotive  force  of  a single  pair  by  75. 
This  is  connected  with  the  galvonometer. 


When  I make  contact  there  is  no  current 
passing  whatever,  the  reason  being  that  the 
temperature  of  the  inside  junctions  and  the 
outside  junctions  of  this  apparatus  are  the 
same.  Now,  I will  heat  up  the  interior  by 
means  of  a Bunsen  burner,  and  you  will 
gradually  see  the  formation  of  a current.  It 
takes  some  five  or  ten  minutes  to  acquire  its 
maximum  effect,  but  even  already  you  notice 
by  the  galvanometer  the  current  which  is  being 
sent  through,  although  the  rise  of  temperature 
at  this  stage  is  very  slight  indeed,  but  it  soon 
becomes  amply  sufficient  to  show  the  produc- 
tion of  a considerable  thermo-electric  current. 

In  a battery  we  have  two  things  to  consider, 
not  only  the  electromotive  force  it  is  capable 
of  generating,  but  also  the  resistance  of  a bat- 
tery. When  we  have  our  complete  circuit, 
consisting  of  any  one  of  these  batteries  to 
generate  electricity,  wires  going  to  the  appar- 
atus to  carry  the  electricity,  and  a piece  of 
apparatus  in  which  the  electricity  is  to  be 
used,  we  have  two  things  to  consider.  We  have 
a certain  amount  of  electromotive  force  in  this 
circuit,  and  we  have  a certain  amount  of  resist- 
ance in  this  circuit,  and  the  greater  the 
electromotive  force,  the  greater  will  be  the 
current  we  get,  and  the  less  resistance  in  the 
circuit,  the  greater  will  be  the  current  which 
we  get.  Consequently,  in  order  to  get  the 
best  effect,  we  generally  have  a battery  of  very 
low  resistance,  and  very  high  electromotive 
force.  But  we  also  wish  to  have  a small 
resistance  in  our  wires  which  go  to  the  appar- 
atus where  we  are  using  the  electricity,  and 
we  also  want  a low  resistances  in  the  apparatus 
where  the  electricity  is  being  used.  The 
resistance  of  my  battery  depends  on  the  amount 
of  surface  of  metal  exposed.  At  the  present 
moment  I have  the  zinc  plate  fully  immersed, 
and  the  copper  plate  only  just  dipping  in  the 
liquid,  and  you  see  we  have  a deflection  on 
the  galvanometer  of  about  45°,  or  thereabouts. 
Now  I can  vary  the  conditions  of  the  problem 
by  varying  the  resistance  of  the  battery,  leav- 
ing the  resistance  of  this  galvanometer  the 
same  ; leaving  the  wires  identical,  I can  lower 
the  copper  plate  into  the  liquid,  and  so 
diminish  the  resistance  of  the  battery,  and  as 
I do  so  the  deflection  immediately  increases, 
and  now  the  needle  is  permanently  deflected 
quite  to  the  end  of  the  scale,  and  it  resists  any 
effort  to  cause  it  to  rise,  showing  then  that 
the  current  is  stronger  when  the  resistance  of 
the  battery  is  diminished.  In  the  same  way, 
if  I bring  the  plates  nearer  together  the  resist- 
ance is  less,  and  consequently  we  get  a greater 
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deflection.  Either  having  a larger  surface  of 
plate,  or  having  the  plates  nearer  together 
tends  to  diminish  the  resistance.  Now  what 
happens  during  the  time  that  our  current  is 
passing  ? 1 am  not  going  to  ask  you  to  go 

into  theoretical  views,  or  any  person’s  notion 
of  electricity  in  this  matter.  We  know  that 
there  is  a certain  stress  in  the  medium  when 
electrified  bodies  are  fixed  and  in  equilibrium, 
and  we  know  that  there  is  a change  in  the  con- 
dition of  stress  when  the  equilibrium  is  de- 
stroyed; but  I am  not  at  present  intending  to 
go  into  the  question  of  what  kind  of  change  that 
is,  and  what  is  the  condition  of  the  medium, 
under  those  circumstances.  I wish  to  ask 
what  becomes  of  this  energy  which  is  being 
created,  when  it  is  overcoming  resistance,  in  the 
outer  circuit  ? The  answer  to  that  is,  in  the 
first  place,  that  the  energy  cannot  be  destroyed, 
and  in  accordance  with  the  principle  of  the 
consolidation  of  energy  we  must  be  able  to  find 
out  what  it  is  converted  into.  We  find,  by 
experiment,  that  the  energy  of  electricity 
when  passing  through  a resistance  is  converted 
into  heat.  This  is  a transformation  of  one 
kind  of  energy  into  another,  a transformation 
tending  to  uphold  the  principles  of  the  co- 
relation of  the  physical  forces,  and  the  conser- 
vation of  energy,  of  which  there  are  so 
many  illustrations  in  the  study  of  electrical 
science.  It  is  but  a few  moments  ago  that  I 
was  showing  you  the  transformation  of  one 
kind  of  energy,  heat,  into  the  other  kind  of 
energ}’,  electricity,  and  now  we  are  speaking 
uf  the  return  of  changing  the  electrical  energ\- 
into  the  energy  of  heat.  I might  show  you 
many  illustrations  of  this  principle,  but  I 
could  not  show  you  a better  one  than  the  means 
of  illumination,  which  we  have  in  this  room  at 
the  present  moment.  In  everyone  of  those 
glow-lamps  we  have  a brilliant  illustration  of 
the  conversion  of  electricity  into  heat.  The 
resistance  of  those  glow-lamps  is  very  large 
indeed,  and  nearly  the  whole  of  the  electric 
energy  which  is  consumed  in  those  lamps  is 
shewn  to  us  by  the  brilliant  light,  and  con- 
sequent radiation  of  heat  also  which  takes 
place  in  those  glow-lamps.  I will,  however, 
make  use  of  those  very  glow  - lamps  to 
illustrate  some  of  the  other  points  in  con- 
nection with  resistance.  I will  connect  one 
of  these  lamps  with  a source  of  current,  that 
is  to  say,  w’ith  a b."ttery  containing  a certain 
number  of  cells.  Fifty-five  cells,  each  of  two 
volts  electromotive  force  are  upstairs  connected 
with  the  wires  I hold  in  my  hand.  I now' 
make  the  contact  here,  and  immediately,  the 


glow-lamp  wEich  is  in  circuit  gives  oflf  a cer- 
tain amount  of  heat,  and  that  brilliant  incan- 
descence is  an  indication  to  you  of  the  resist- 
ance of  the  circuit  when  a single  glow-lamp  is 
in  the  circuit.  I now  change  the  connection 
and  put  two  of  these  glow^-lamps  in  series,  so 
that  I have  nearly  doubled  the  resistance  of 
the  circuit.  You  wfill  see  that  the  current  is 
by  no  means  so  strong,  as  is  showm  by  the  fact 
that  the  lamp  only  show's  a dull  red  heat.  I 
might  show  you  numerous  illustrations  to  con- 
firm your  appreciation  of  the  fact  that  W'hen 
we  increase  the  resistance  we  diminish  the 
current,  and  w'hen  w'e  diminish  the  resist- 
ance we  increase  the  current.  I wall  take 
one  more  example  here."  Here  I have  a 
platinum  wire  stretched,  through  which  I 
will  pass  an  electric  current  so  as  to  render 
it  incandescent.  Part  of  this  platinum  wire 
is  straight,  and  a small  part  of  it  is  coiled  up 
into  a spiral;  I will  place  a spirit  lamp  under 
the  coiled  part,  and  by  heating  this  with  the 
lamp  I increase  the  resistance  of  that  portion, 
because  the  resistance  of  a metal  increases 
with  temperature.  What  I w'ant  you  to  see  is 
that  when  I increase  the  resistance  of  the 
platinum  wire  by  bringing  the  spirit  lamp 
under  it,  the  current  is  diminished,  as  shown  by 
the  intensity  of  the  glow  in  the  other  part  of 
the  w’ire.  Now  you  see  the  effect.  I w'ill  now 
show  you  the  converse  experiment.  I shall 
cool  the  coil,  thereby  diminishing  the  resist- 
ance, and  increase  the  current  that  flows 
through  the  w'ire,  and  this  wall  be  perceptible 
by  an  increased  glow  in  the  straight  portion. 
I now'  bring  a piece  of  ice  in  contact  w'ith  the 
coil,  and  you  see  there  is  a distinct  increase 
in  the  brilliance  of  the  straight  part  of  the 
wire.  I will  now'  again  try  the  effect  of  heat- 
ing it  still  more  by  the  aid  of  the  spirit  lamp. 
There  is  a decided  diminution  of  brightness  in 
the  straight  portion  of  the  w'ire,  showing  that 
the  current  has  been  diminished  owing  to  the 
increase  of  resistance  in  the  heating  of  the 
coil. 

I have  show'n  you  now  how  the  current  may 
be  increased  or  diminished  by  the  resistance 
which  is  in  the  battery  or  which  is  in  the  con- 
ducting wire,  but  I should  like  to  show  you  a 
similar  effect  with  the  galvanometer,  and  this 
leads  me  to  say  a few  words  about  the  choice 
of  a galvanometer  for  delicate  experiments. 
The  greater  the  number  of  turns  I have  round 
my  galvanometer  the  more  is  the  needle  in- 
fluenced b}' the  coils  of  the  galvanometer ; each 
turn  exerts  its  influence,  and,  therefore,  you 
may  expect  the  larger  the  number  of  turns 
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you  have  round  the  galvanometer  the  greater 
is  the  influence  on  the  needle.  But,  on  the 
other  hand,  when  we  increase  the  number 
of  turns  round  the  galvanometer,  we  in- 
crease the  resistance,  and  owing  to  that, 
when  we  increase  the  resistance  too  much, 
we  may  diminish  the  effect  on  the  galvano- 
meter. It  has  often  been  remarked  for  certain 
kinds  of  work,  such  as  electric  telegraphy,  we 
require  a high  resistance  galvanometer,  and 
the  student  is  sometimes  perplexed  and  led  to 
think  that  the  virtue  of  the  high  resistance 
galvanometer  is  in  its  high  resistance.  It 
would,  perhaps,  be  less  misleading  to  call  it  a 
many  coil  galvanometer,  because  it  is  the 
multiplication  of  coils  which  is  useful — the 
resistance  is  altogether  injurious.  I have  here 
a compass  needle  which  I am  about  to  project 
on  the  screen  with  the  oxyhydrogen  light,  and 
I will  try  to  show  you  the  effect  of  coils  through 
which  a current  is  passing  on  the  compass 
needle.  Now  I have  a coil  introduced  which 
is  capable  of  deflecting  it.  I will  connect  the 
coils  with  a battery,  and  you  observe  the 
deflection.  I wish  you  to  observe  exactly  the 
position  of  the  needle — it  is  the  fourth  division 
from  the  zero  line.  At  the  present  moment  I 
have  10,000  turns  round  the  coil  of  my  galvano- 
meter. I will  reduce  the  number  of  turns  by 
2,000,  and  you  see  that  the  deflection  actually 
increases ; you  would  have  thought  that  a 
decrease  in  the  number  of  turns  would  have 
decreased  the  deflection,  but  in  decreasing  the 
number  of  turns  I have  also  decreased  the 
resistance,  and  the  result  was  that  the  compass 
used  went  further  away  from  the  zero  line. 
I will  now  take  out  another  2,000  turns,  and 
there  is  another  slight  increase  showing 
increase  of  effect.  Finally,  I will  take  out 
another  i,ooo  turns,  and  there  will  be  a slight 
impetus,  I think,  still  in  the  same  direction, 
thus  showing  that  sometimes  we  get  an  actual 
increase  in  the  deflection  when  we  diminish 
the  number  of  turns  in  our  galvanometer. 

Another  very  beautiful  illustration  of  the 
consumption  of  energy  by  producing  resist- 
ance is  in  the  electric  arc.  The  electric  lamp 
which  you  have  seen  at  work  in  the  different 
illustrations  is  produced  by  two  pieces  of 
carbon  connected  with  the  poles  of  a powerful 
battery  and  brought  first  to  touch  each  other, 
and  then  separated  to  a slight  distance.  This 
experiment  was  first  performed  by  Sir  Humphry 
Davy.  I v;ill  throw  on  the  screen  the  image 
of  two  carbon  rods,  whose  points  are  placed 
opposite  each  other,  and  a great  deal  can  be 
learnt  by  a careful  study  of  that  magnified 


image.  In  the  first  place,  I show  you  that  they 
are  not  actually  touching,  and  a current  is 
passing  across.  The  only  reason  why  the 
current  is  passing  across  that  sensible  space 
of  air  is  because  the  air  has  become  intensely 
heated,  and  when  the  temperature  of  the  air 
has  increased  so  enormously  as  it  has  in  this 
case,  it  becomes  a very  fair  conductor  of 
electricity.  [A  metal  on  the  contrary  becomes 
a worse  conductor  when  heated.]  I will  now 
separate  the  carbon  points.  There  they  are, 
glowing  hot  from  the  high  temperature  to 
which  they  have  been  subjected.  Now  they 
approach  until  they  touch,  but  no  current 
passes  between  them  until  the  carbons  actually 
touch  ; then  the  air  was  sufficiently  heated  to 
allow  them  to  be  separated  a little  distance. 
You  also  notice  the  particles  of  carbon  con- 
tinually falling  off— small  portions  of  electrified 
matter  which  are  continually  being  repelled 
from  the  carbon  point.  One  pole  is  called  the 
negative  pole,  being  connected  to  the  zinc,  and 
the  other  is  called  the  positive,  which  is  con- 
nected to  the  copper  of  the  battery  ; you  will 
notice  also  an  accumulation  of  impurities  in 
little  globules  on  the  surface  of  the  carbons.  I 
should  like,  while  we  have  this  on  the  screen  so 
clearly,  to  be  able  to  show  you  the  deflection 
of  the  current,  which  you  can  see  by  the 
luminous  gas  which  exists  between  the  two 
poles,  so  we  will  now  introduce  a magnet. 
You  see  the  disturbance  in  the  current  due  to 
the  presence  of  the  magnet,  and  a violent 
evolution  of  these  particles  of  hot  carbon  at 
right  angles  to  the  natural  course.  The  heated 
gas  is  altogether  driven  to  one  side  by  the 
close  presence  of  the  magnet  to  the  arc  lamp 
— the  current  is  actually  diverted  by  the 
presence  of  the  magnet. 

I want  now  to  try  and  show  you  an  experi- 
ment of  another  kind,  not  the  heat  which  is 
generated  by  electricity,  but  the  chemical 
action  which  can  be  produced.  Here  I have 
a current  coming  from  two  wires  at  the  bottom 
of  this  dish  of  water,  in  which  are  two  tubes 
also  filled  with  water.  The  current  passes 
from  one  wire  to  the  other  through  the  liquid, 
which  is  water.  I shall  be  able  to  show  you 
an  evolution  of  gas  immediately  apparent. 
This  is  one  of  the  most  elementary  of  chemical 
phenomena  which  are  produced  by  electricity. 
I will  allow  that  to  go  on  for  a little  time  so  as 
to  get  the  tube  filled  with  oxygen  and  hydro- 
gen respectively,  while  I pass  to  another  ex- 
periment illustrative  of  chemical  action. 

This  is  a very  beautiful  experiment.  Here 
I have  a steel  plate  highly  polished — it  has  no 


Sepihnber  3,  18-S6.] 


JOURNAL  OR  THE  SOCIETY  OR  ARTS. 


markings  on  it  whatever,  it  is  perfectly  plain 
polished.  I put  it  into  this  vessel,  which  I 
shall  fill  with  acetate  of  lead,  over  it  I place  a 
pattern  which  you  see  here  cut  out  in  card- 
board, and  over  that  I put  a few  bits  of  wood 
to  support  it,  and  on  that  a sheet  of  copper. 
Finally,  I shall  fill  this  vessel  with  acetate  of 
lead,  and  pass  the  current  through  these,  from 
the  bottom  steel  plate  to  the  upper  copper 
plate.  The  consequence  is,  there  will  be  a 
deposit  of  peroxide  of  lead  on  the  polished 
steel  plate,  vary  ing  in  thickness  according  to 
the  influence  which  the  current  has  had  on  the 
different  parts  of  the  steel  plate,  thereby 
showing  the  beautiful  colours  of  thin  plates, 
which  Sir  Isaac  Newton  worked  at,  which  are 
caused  by  the  varying  thicknesses  of  the  per- 
oxide of  lead  on  the  steel  plate.  You  see  the 
colours  which  with  the  pattern  are  beautifully 
produced  on  the  plate.  It  no  longer  retains 
that  uniform  polish  it  had  before. 

Now  I return  to  the  experiment  of  decom- 
posing water,  and  will  show  you  that  I have  really 
hydrogen  and  oxygen  collected  in  these  tubes; 
in  the  first  place  we  shall  know  this  is  hydrogen 
by  its  being  readily  ignitable  ; on  applying  a 
light  there  is  a little  explosion,  and  the  flame 
gradually  travels  down  the  tube  as  the  hydro- 
gen is  being  consumed.  In  order  to  show  that 
the  other  one  contains  oxygen,  I shall  blow 
out  a lighted  taper,  and  then  introduce  it  into 
the  tube  where  the  oxygen  easily  rekindles  the 
smouldering  wick. 


Miscellaneous. 


ECONOMIC  PLANTS  IN  SOUTH 
AUS'IRALIA. 

The  report  of  Dr.  Schomburgk  on  the  progress 
and  condition  of  the  Botanic  Gardens  and  Govern- 
ment Plantations,  Adelaide,  South  Australia,  for  the 
year  1885,  has  recently  been  published,  and  contains 
as  usual  many  notes  on  useful  plants  of  recent  intro- 
duction into  South  Australia.  Of  the  kumara 
{Iponuza  chrysot  rhiza),  a native  of  New  Zealand,  the 
plants  are  said  to  have  grown  well  at  first,  and  to 
have  produced  a fair  crop  of  tubers,  which  were 
ultimately  lost  for  want  of  sufficient  knowledge  of 
the  method  of  treating  them  after  they  were  taken 
from  the  ground.  The  season  for  planting  the 
kumara  in  New  Zealand  commences  at  the  beginning 
of  October  and  continues  till  December.  The 
ground  is  ploughed  or  dug  with  a spade,  and  formed 
into  small  hillocks,  the  soil  being  rendered  fine  by 
breaking  up  the  clods.  These  hillocks  are  from 
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8 inches  to  10  inches  high  and  2 feet  apart.  One 
tuber  is  planted  in  each  hillock  and  barely  covered 
with  earth.  The  only  after  culture  that  is  required 
is  careful  weeding.  The  time  for  taking  them  up  is  in 
March  or  April,  the  crops  coming  to  maturity  about 
the  middle  of  March.  The  method  of  preserving  the 
tubers  which  is  in  use  is  that  of  the  Maori  rua^ 
This  is  a shallow  pit  dug  in  an  easily  drained  place  in 
any  soil  that  will  stand,  the  earth  that  is  taken  out 
being  used  to  heighten  the  sides  and  to  cover  the 
tubers  to  make  the  roof.  The  sides  of  the  rua  aie 
built  without  the  use  of  water,  the  earth  being  simply 
rammed  or  beaten  by  hand.  A post  at  each  end 
forms  a ridge  pole,  from  which  to  the  side  walls 
bushes  and  pieces  of  wood  are  laid  close  together, 
and  the  whole  well  covered  with  earth.  The  tubers 
are  also  kept  in  shallow  pits  with  a good  layer  of 
branches  at  the  bottom,  and  a good  covering  of  the 
same  material  at  the  top,  before  the  earth  is  thrown 
on.  If  exposed  much  to  the  air  they  soon  perish. 
The  tubers  are  lifted  with  a sharp-pointed  stick 
about  a foot  long,  this  is  done  very  carefully  so  as  to 
avoid  bruising  them,  for  those  that  are  damaged 
decay  very  soon.  If  the  tubers  are  left  in  the  ground 
they  speedily  rot  during  the  winter  rains.  The  mode 
of  cooking  them,  preferred  by  the  Maories,  is  that  of 
steaming  them  in  their  own  ovens,  though  they  fre- 
quently boil  them  new  as  they  do  potatoes.  Some 
kinds  of  the  kumara  are  rather  watery.  These  are 
not  suitable  for  boiling,  as  this  process  renders  them 
more  watery  still.  They  are  all  much  better  when 
baked  or  roasted.  Dr.  Schomburgk  expresses  a belief 
that  the  kumara  will  grow  well  in  the  gullies, 
because  the  climate  there  is  cooler  and  moister  than 
on  the  plains,  and  to  some  extent  approaching  that 
of  New  Zealand.  The  plant  has  been  recently  intro- 
duced into  the  East  Indies,  where  it  has  produced 
excellent  crops.  Mr.  Duthie,  of  the  Botanic  Gardens, 
Saharunpore,  says  that  he  considers  it  a very  valuable 
addition  to  the  vegetables  of  India.  The  well-known 
oil  seed,  Sesmnum  indicum,  which  is  so  much  grown 
in  tropical  countries  has,  after  repeated  trials,  suc- 
ceeded in  Adelaide.  The  seeds  were  received  from 
India,  sown  in  the  open  ground  in  October,  and 
came  up  in  about  fourteen  days  afterwards  ; from 
the  success  which  attended  their  growth  afterwards, 
there  seems  no  doubt  that  this  plant  can  be  satis- 
factorily grown  in  South  Australia.  Two  species  of 
andropogon,  or  lemon  grass,  have  been  introduced  to 
the  garden  during  the  last  year,  namely,  Andropogoit 
calamus  aromaticus^  and  Andropogon  schcenanthus ^ 
both  of  which  furnish  a nutritious  fodder,  and  their 
fragrant  roots  yield  an  essential  oil  very  much  used 
in  perfumery.  Both  of  these  grasses  are  said  to 
thrive  well  in  Adelaide,  especially  A.  schccnanthus . 
Speaking  of  its  success,  Dr.  Schomburgk  says  : — 
“ If  we  are  not  able  just  at  present  to  turn  the  odor- 
iferous roots  to  good  account,  we  may  at  least  be 
satisfied  that  the  colonial  collection  of  grasses  has 
been  increased  by  two  useful  fodder  plants  which  are 
able  to  survive  the  stress  of  our  climate.” 
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PRODUCTION  OF  PULQUE  AND  MESCAL 
IN’MEXICO. 

Pulque  and  Mescal,  which  are  fermented  and  dis- 
tilled liquors  with  a great  variety  of  modifications, 
are  made  from  the  sap  and  root  of  the  maguey 
plant  or  aloe,  known  as  the  Agave  Afnericaiia.  This 
plant,  in  some  thirty  varieties,  grows  wild  through- 
out Mexico,  and  in  many  districts  it  is  carefully  cul- 
tivated. It  enters  into  the  domestic  economy  and 
habits  of  the  Mexicans,  and  forms  one  of  the  most 
useful  products  of  the  republic.  Its  most  important 
production  is  the  fibre  yielded  by  the  long  narrow 
serrated  leaves  with  their  prickly  edges,  when  the 
same  are  pressed,  and  it  is  stated  that  this  fibre  is 
almost  equal  in  quality  to  the  best  Yucatan  heniquen, 
•or  jute.  Ropes  of  great  strength  are  made  from 
some  varieties  of  the  plant  gro^^ing  in  special 
localities,  but  the  pressed  leaves  are  everywhere  of 
importance  for  the  manufacture  of  paper.  For  many 
■centuries  past,  textile  fabrics  have  been  made  from  it 
by  the  Indians.  It  is  stated  in  a report  of  the 
■United  States  Agricultural  Department,  that  the 
Mexican  Government  is  liberally  encouraging  the 
paper  manufacture,  and  a large  company  has  been 
organised  to  cultivate  maguey  plants  on  Government 
lands.  The  list  of  products  furnished  by  the  maguey 
is  very  large,  and  besides  pulque,  or  Mexican  beer, 
and  mescal,  the  chief  spirit  of  the  country — a dis- 
tillation resembling  a coarse  quality  of  gin,  and  very 
intoxicating  in  its  character — there  is  a fine  quality  of 
brandy,  known  as  tequilla.  The  daily  consumption  of 
pulque,  or  beer,  in  the  city  of  Mexico  alone  appears  to  be 
about  150,000  quarts,  and  it  appears  to  be  the  universal 
beverage  of  the  country.  Being  in  strength  about 
equal  to  common  cyder,  it  is  of  whitish  hue,  and  has 
a slightly  acid  taste,  with  an  odour  which  makes 
it  very  disagreeable  to  all  but  the  natives.  A maguey 
plant  will  reach  its  maturity  in  from  five  to  ten  years, 
and  grows  most  rapidly  in  the  warm  sections,  though 
not  so  luxuriantly  in  the  hot  coast  belts.  Large 
quantities  of  mescal  are  produced  in  the  State  of 
Oajac,  and  tequila,  or  magney  brandy,  comes  chiefly 
fiom  the  district  of  the  same  name,  in  the  State  of 
Jalisco.  Tequila  is  highly  valued  on  account  of  its 
purity  and  strength.  The  Mexican  Indians  are  said 
to  be  inordinately  fond  of  pulque ; it  is  consumed  in 
large  quantities,  and  forms  the  basis  of  a great 
number  of  liquors,  all  of  which  are  intended  to  make 
it  stronger  or  more  agreeable.  Pulque  is  made  a 
source  of  large  domestic  revenue  by  all  States;  the 
daily  tax  paid  on  it  at  the  gates  of  the  city  of  Mexico 
is  estimated  at  about  ;,^i,ooo.  Another  liquor  pro- 
duced direct  from  the  maguey  is  known  as  hydromel, 
or  honey  juice,  being  the  pure  and  unfermented 
juice  or  sap  of  the  agave.  Pulque  de  chirmoya  is 
made  from  the  hydromel  of  the  cultivated  agave,  cut 
unripe  at  the  age  of  three  or  four  years.  This  is  put 
into  skins  which  have  contained  the  “mother,”  or 
pulque  made  at  the  regular  age,  five  years  and  up- 
wards. When  transported,  the  shaking  gives  it 


flavour  and  strength.  A choicer  liquor  is  made  by 
heating,  underground,  old  heads  of  agaves,  grinding 
them  coarsely  on  a stone,  and  then  settling  them  to  fer- 
ment in  a pulque  vessel,  after  which  the  contents  are 
distilled.  The  first  jar  is  known  as  bmgere,  and  the  rest 
as  bingarrote.  Pulque  tlachique,  a favourite  beverage, 
is  made  from  tender  agaves  ; cut  when  unripe.  There 
are  various  admixtures  made  in  connection  with  this. 
It  is  quite  thick,  and  quahchan  is  the  same,  with  the 
fruit  of  the  Peiu  tree,  deprived  of  its  peel,  and  left 
in  the  liquid  for  three  or  four  days.  Capololte  is 
made  of  the  same  variety  of  the  pulque,  with  the 
seed  of  the  red  Peru  tree  infused  therein.  After 
fermentation  it  is  hot  and  noxious.  A species  of 
mescal  is  made  by  distilling  pulque  tlachique  and 
molasses,  after  being  allowed  to  ferment  in  goat- 
skin vessels.  In  addition  to  these,  there  are  about 
seventeen  other  compounds  made  by  mixing  sugar 
and  sweet  almonds  ground  with  the  juice  of  corn- 
stalks, sugar  or  honey  being  added  ; by  mixing  white 
pulque  with  blackberiies,  capulins,  pepper,  and 
sugar;  by  mixtures  of  prickly-pear  juice  and  ferment- 
ing or  distilling  the  same ; by  adding  to  white 
pulque,  honey,  pepper,  anise  and  capsicum,  leaving 
the  same  to  ferment  for  twenty-four  hours ; by 
mixing  pulque  with  wild  plums  {jabos)  and  sugar. 
Mantequila  is  made  of  pulque,  brandy,  and  sugar. 
A wine  named  rescado  is  made  of  the  trunks  of  agaves 
deprived  of  leaves,  cooked  in  an  oven  for  about  a 
fortnight,  then  mashed  and  put  with  pulque  into 
skins,  to  which  is  added  mountain  hysop,  and 
the  liquid  is  left  for  two  days.  Tepe^yie  is  a wine 
or  liquor  produced  from  the  pressed  leaves  of  the 
narrow  agave,  in  which  acacia  wood  is  boiled  in  order 
to  give  it  strength.  Mescalde  guadalajara  is 
made  by  first  fermenting  in  skins,  water,  honey, 
and  agave  heads,  and  then  distilling  the  liquor. 
The  maguey  plant  from  which  the  pulque  is  made, 
grows  as  high  as  ten  or  fifteen  feet,  and  the  miel  or 
juice  is  sucked  up  through  a syphon  made  of  a large 
gourd  with  a cow’s  horn  in  it,  which  is  called  acajete. 
Accompanying  the  men  whose  business  it  is  to 
collect  this  juice,  and  who  are  called  thachiqueros, 
are  donkeys,  which  have  their  backs  laden  with 
sheep  skins,  into  which  the  juice  is  poured  after 
being  sucked  up  by  the  syphons.  The  plant  is 
prevented  from  flowering  at  the  age  when  it  usually 
yields  pulque,  and  during  its  growth  it  throws  out 
shoots  or  young  plants  which  are  removed  from  the 
parent  plant  when  about  three  feet  high,  that  is  after 
two  years  growth.  These  are  planted  out  at  a 
distance  of  a yard  apart.  The  thachiqueros  go 
periodically  among  the  plants,  and  mark  those  which 
are  fit  for  tapping  by  cutting  a cross  on  the  top  of 
the  highest  stalk  of  each  plant.  When  the  maguey 
is  fit  for  tapping,  the  thachiqueros  thrust  aside  the 
spiky  stalks,  and  cut  out  the  meyolote  or  central 
spoke,  leaving  a cavity  which  they  visit  after  eight 
days,  when  it  is  full  of  juice.  The  plants  only  begin 
to  yield  juice  when  the  flower  stalk  is  on  the  point  of 
its  development,  and  this  is  generally  discovered  by 
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the  direction  of  the  radical  leaves.  When  the  flower 
stalk  is  on  the  point  of  formation,  these  leaves  rise 
from  the  earth  to  which  they  are  inclined  and 
endeavour  to  form  a June  cion  so  as  to  protect  the 
flower.  They  become  also  of  a clearer  green,  and 
there  are  other  signs  which  are  closely  watched  by 
cultivators.  The  maguey,  after  the  expiration  of 
eight  days,  is  tapped  regularly  three  times  a day, 
and  yields  over  a gallon  a day,  and  bears  for  three 
months,  each  plant  producing  about  one  hundred 
and  twenty  gallons  before  it  dies.  The  juice, 
when  extracted,  is  conveyed  to  a large  build- 
ing fitted  with  square  wooden  frames,  on  which 
are  stretched  cowhides  shaped  like  vats,  the  hair 
being  upwards.  The  liquid  appears  to  curdle  during 
fermentation,  and  has  an  oflensive  odour  ; fresh  juice 
is  applied  three  times  a day,  and  when  drawn  off 
the  liquor  is  placed  in  barrels  and  sold  to  the  pul- 
queries,  or  drinking  places.  The  city  of  Apam 
produces  the  finest  pulque  sent  to  the  city  of  Mexico, 
and  this  sells  readily  at  about  fourpence  a gallon. 
The  maguey  will  flourish  on  the  most  arid  and  rocky 
soils,  is  not  affected  by  drought,  hail,  or  even  severe 
frosts,  and  the  plant  is  used  for  almost  every  domestic 
purpose,  from  making  intoxicants  to  the  thatching  of 
huts. 


PAPER  MAKING  IN  SIAM. 

Native  paper  is  manufactured  in  Siam  from  the 
bark  of  a tree  called  tou  koi,  and  the  following  is  the 
process  of  manufacture.  The  smaller  branches  of  the 
tree  are  cut  and  steeped  in  water  for  two  or  three 
days,  the  bark  then  is  stripped  off  and  brought  in 
bundles  and  sold  to  persons  who  make  the  paper. 
The  bundles  of  bark  are  put  in  water  for  two  or  three 
days  by  the  paper  maker,  and  having  been  cleansed 
from  dirt  are  taken  out  and  steamed  over  a slow  fire 
for  two  days,  a little  clean  stone  lime  being  sprinkled 
through  the  bark.  It  is  then  steeped  in  water  in 
earthen  jars,  and  more  lime  is  added.  After  a few 
days  it  is  taken  out  of  the  jars,  and  having  been  well 
washed  to  free  it  from  the  lime,  it  is  beaten  with  a 
mallet  until  it  becomes  a mass  of  soft  pulp.  A frame 
of  netting,  about  six  feet  long,  and  of  width  varying 
from  eighteen  to  five  inches,  is  set  afloat  in  water, 
and  the  pulp  having  first  been  again  mixed  up  in 
water  is  skilfully  poured  out  on  to  the  frame  so  as  to 
be  equally  distributed  over  it.  The  frame  is  then 
lifted  out  of  the  water  and  a small  w'ooden  roller  is 
run  over  the  surface  of  the  pulp.  By  this  process 
the  water  is  squeezed  out  and  the  pulp  pressed 
together.  The  frame,  with  the  pulp  on  it,  is  then  set 
^0  dry  in  the  sun,  and  in  the  course  of  about  ten  hours 
it  is  quite  dry,  and  the  sheet  of  paper  is  then  lifted 
off  the  frame.  The  surface  is  then  smoothed  by 
applying  a thin  paste  of  rice  flour,  and  then  rubbing 
It  with  a smooth  stone.  A black  paper  which  is 
wTitten  on  with  a slate  pencil  is  made  by  colouring 


the  surface  with  a mixture  of  charcoal.  The  paper- 
making industry  in  Siam  is  burdened  by  a heavy  tax 
varying  from  7 per  cent,  on  the  best  quality  of  paper 
to  too  per  cent,  on  the  commoner  sorts.  Native 
manufacturers  are  but  few,  and  in  consequence  of 
this  heavy  impost  the  industry  itself  cannot  develop 
to  any  considerable  extent. 


TEXTILE  INDUSTRY  OF  TURKEY  IN 
ASIA. 

The  Monitem-  ties  fils  et  tissus  reproduces  a report 
from  M.  Savoye,  French  Vice-Consul  at  Homs, 
dealing  with  this  subject.  The  looms  used  are 
of  primitive  simplicity,  and  cost  but  little.  The 
principal  changes  in  the  trade  during  centuries  have 
only  consisted  in  the  substitution  of  English  white 
and  coloured  yarns,  and  German  red  yams,  for  those 
of  native  manufacture  previously  in  use,  w'hich  were 
also  exported  to  Europe.  The  introduction  of 
aniline  dyes  is  another  recent  improveaient.  The 
town  of  Homs  is  one  of  the  most  important  centres 
of  Syrian  industry,  its  manufaetures  employing  4,000 
looms,  of  which  about  2,200  are  engaged  in  the  pro- 
duction of  pure  cotton  goods,  striped  coloured 
materials,  and  striped  Tripoli  beltings  known  as 
dima.  This  branch  of  manufacture  has  considerably 
increased  at  Homs  (where  ten  years  ago  it  only  occu- 
pied 400  looms),  owing  to  the  increased  value  of 
labour  at  Damascus  and  Aleppo,  the  other  centres 
of  textile  manufacture  in  the  country,  where  rich 
materials  have  acquired  greater  importance  than 
elsewhere.  About  400  looms  are  engaged  in  the 
production  of  a gauze  composed  of  silk  and  cotton. 

Hama  is  another  centre  of  textile  manufacture, 
where  bath  towels  of  cotton  and  silk  are  made,  as 
well  as  felts  and  striped  materials  for  mantles.  The 
total  value  of  the  raw  materials  annually  employed 
by  the  two  towns,  Homs  and  Hama,  is  about 
^^190,000,  and  the  yearly  value  of  their  joint  pro- 
ductions is  estimated  at  ^380,000. 


PRODUCTION  OF  SALT  IN  MEXICO. 

Consul  Mahlo,  of  Manzanillo,  says  that  salt  is  a 
very  important  factor  in  the  trade  of  the  State  of 
Colima,  about  20,000,000  pounds  being  produced 
annually,  partly  along  the  coast  of  the  Pacific^  but 
principally  on  the  borders  of  a shallow  lagoon  called 
the  Laguna  de  Cuymtlan^  which  stretches  twenty 
miles  inland  from  Manzanillo.  During  the  rainy 
season  this  lagoon  is  full  of  water,  covering  a large 
extent  of  low  muddy  ground.  In  the  dry  season 
hundreds  of  acres  of  its  upper  reaches  and  the  shallow 
places  are  laid  bare,  and  the  dry  mud  quickly  becomes 
covered  with  a crust  of  fine  salt  crystals.  In  the 
month  of  April  the  gathering  of  this  large  salt  crop 
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commences.  The  ground,  earth  and  salt  together,  to 
a depth  of  from  one-and-a-half  to  two  inches,  is 
scraped  in  heaps,  and  men,  women,  and  children 
carry  this  mass  to  a filter  in  baskets.  This  filter  is 
constructed  of  different  layers  of  brush  woods  and 
branches  of  trees  four  to  six  feet  thick,  on  the  top  of 
which  the  mass  is  deposited.  Water  is  then  poured 
over  it  with  the  object  of  dissolving  the  salt,  and  it 
flows  slowly  down  into  a deep  trench  below  the  filter 
while  the  earthy  matter  remains  in  the  brush  work. 
From  the  trench  the  deposit  is  taken  and  poured  into 
large  shallow  basins  four  to  six  inches  deep,  con- 
structed of  common  mortar  for  evaporation  by  the 
tropical  sun.  The  process  of  crystallisation  quickly 
commences,  the  white  salt  crystals  first  appearing  on 
the  surface,  and  then  sinking  to  the  bottom.  The 
crystallisation  having  been  completed,  the  salt  is 
scraped  together  and  taken  out,  it  is  put  into  sacks 
containing  about  one  hundred  and  fifty  pounds  each, 
and  is  ready  for  the  market.  There  are  thousands  of 
labourers  employed  on  these  salt  fields  during  the 
harvest  which  lasts  about  three  months. 


Obituary. 

^ 

Right  Hon.  Lord  Henry  Lennox. — Lord 
Henry  Charles  George  Gordon  Lennox,  who  held  the 
office  of  Chairman  of  the  Council  of  the  Society  of 
Arts  from  1868  to  1871,  died  on  Saturday,  28th  inst., 
at  his  residence  near  Chichester.  He  was  the  third 
son  of  the  fifth  Duke  of  Richmond,  and  was  born  at 
Goodwood  in  1821.  He  was  educated  at  Westminster 
School  and  at  Christ  Church,  Oxford,  where  he 
graduated.  He  sat  for  Chichester  from  1846  to  1885, 
and  during  this  period  he  was  seveial  times  in  office, 
as  Lord  of  the  Treasury  in  1852  and  1858-59,  as 
Secretary  to  the  Admiralty  in  1866-68,  and  as  Chief 
Commissioner  of  AVorks,  1874-76.  He  was  elected 
a member  of  the  Society  of  Arts  in  1861,  and  vice- 
president  from  1862  to  1873.  January,  24th, 
1866,  he  read  a paper  before  the  Society  “On  the 
Uses  of  National  Museums  to  Local  Institutions,” 
at  which  meeting  Mr.  (now  Sir)  Austen  Henry 
Layard  presided.  During  his  chairmanship  Lord 
Henry  Lennox  took  an  active  part  in  the  work  of  the 
Society,  and  he  frequently  promoted  its  objects  from 
his  place  in  Parliament. 


General  Notes. 


Silk  Production  of  the  World  in  1885. — 
According  to  a pamphlet  recently  published  by  the 
Sindicat  de  V Union  des  Marchands  de  Soie  of  Lyons, 
of  the  total  quantity  of  silk  produced  in  the  world  in 
1885,  36  per  cent,  was  furnished  by  Europe  ; 7 per 
cent,  the  Levant ; and  57  per  cent,  by  India,  China, 
and  other  countries  of  the  East. 


Chain  Towage  on  the  Maine.  — The  Nord- 
deutsche  allgenieine  Zeitimg  states  that  a chain  is 
being  laid  in  the  River  Maine,  above  Schaffhausen, 
in  order  to  render  the  navigation  of  this  river  possible 
for  large  barges.  Up  to  the  present  time  it  has  been 
laid  up  for  a distance  of  about  52  miles,  as  far  as 
Oberrad,  above  Frankfort,  and  by  the  end  of  the 
month  it  is  anticipated  that  the  operation  will  be 
completed  as  far  as  Magonza.  The  tugs  will  be  of 
130  horse-power,  and  with  a draught  not  exceeding 
52  centimetres  (2o|  inches). 

Barcelona  Exhibition. — It  has  been  arranged 
by  the  Spanish  authorities  to  hold  an  International 
Exhibition  at  Barcelona,  from  September,  1887,  to 
April,  1888,  to  include  agriculture,  industries,  com- 
merce, public  instruction  and  liberal  arts,  marine, 
fisheries,  pisciculture,  fine  arts,  electricity,  medicine, 
and  hydropathy.  Foreign  Governments  will  be 
invited  to  be  officially  represented  by  means  of  Com- 
missions appointed  for  the  purpose.  The  necessary 
measures  will  be  adopted  in  order  to  protect  in 
Spain  those  inventions  capable  of  being  patented, 
drawings  and  models,  as  well  as  industrial  trade- 
marks of  goods  represented  in  the  Exhibition.  The 
exhibitors,  both  Spanish  and  foreign,  will  have  to 
pay  rent  for  the  space  or  site  which  they  occupy. 
An  international  jury  will  be  appointed  for  the  pur- 
pose of  adjudging  the  awards.  These  awards  will 
consist  of  diplomas  of  honour,  gold,  silver,  and 
bronze  medals,  and  honourable  mentions.  All  com- 
munications relating  to  the  Exhibition  should  be 
made  by  prepaid  letter  to  the  Junta  Directiva  of  the 
International  Exhibition  of  Barcelona,  and  directed 
“ Oficinas  del  Barque.” 

Division  of  Land  in  Germany. — In  Germany 
the  extent  of  land  devoted  to  agriculture  amounts 
to  78,405,000  acres ; apportioned  into  holdings 
of  2\  acres  and  less,  1,950,000  acres;  of  2^  to  25 
acres,  20,225,000;  of  25  to  250  acres,  37,000,000  ; 
of  250  acres  and  more,  19,000,000;  comprising 
meadow  land,  14,000,000;  cereal,  vineyard,  and 
gardening  land,  64,000,000,  viz.,  cereals  and  veget- 
ables, 47,000,000 ; fodder,  6,000,000 ; pastures, 
8,100,000;  gardening,  1,030,000;  vintage,  335,000  ; 
rape,  330,000;  flax,  270,000;  hemp,  37,000;  hops, 
112,000;  sugar  beet,  837,000;  and  chicory,  25,000 
acres.  The  area  of  land  occupied  by  houses,  yards, 
roads,  and  highways,  and  covered  by  streams,  amounts 
to  6,800,000  acres,  and  the  extent  of  pasture,  heath 
and  poor  land  is  12,000,000  acres.  Forests  and 
woods  cover  an  area  of  34,000,000  acres,  distributed 
as  follows — deciduous  12,000,000  acres,  and  coniferous 

22.000. 000  acres.  The  following  is  the  number  of 
farms  and  farm  lots  into  which  the  whole  of  the 

64.000. 090  acres  of  arable  land  is  divided — of  2^ 
acres  and  less,  2,323,316;  2|  to  25  acres,  2,274,096  ; 
25  to  150  acres,  653,941 ; 150  acres  and  more,  24,991 ; 
total,  5,276,344- 
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NOTICES. 

♦ 

OTYEN  JONES’^  PRIZES,  1886. 

This  competition  was  instituted  in  1878,  by 
the  Council  of  the  Society  of  Arts,  as  trustees 
of  the  sum  of  ;^400,  presented  to  them  by  the 
Owen  Jones  Memorial  Committee,  being-  the 
balance  of  subscriptions  to  that  fund,  upon 
trust  to  expend  the  interest  thereon  in  prizes  to 
“ Students  of  the  School  of  Art  who,  in  annual 
competition,  produce  the  best  design  for 
Household  Furniture,  Carpets,  Wall-papers, 
and  Hangings,  Damask,  Chintzes,  &c.,  regu- 
lated by  the  principles  laid  down  by  Owen 
Jones.”  The  prizes  are  awarded  on  the 
results  of  the  annual  competition  of  the 
Science  and  Art  Department. 

Six  prizes  were  offered  for  competition  in  the 
present  year,  each  prize  consisting  of  a bound 
copy  of  Owen  Jones’s  ” Principles  of  Design,” 
and  a Bronze  Medal. 

The  following  is  a list  of  the  successful 
candidates  for  the  present  year  : — 

1.  IMargaret  E.  Jones,  School  of  Art,  Cavendish- 

street,  Manchester. — Design  for  a carpet  and 
border. 

2.  Hollins  Allen,  School  of  Art,  Warrington. — 

Design  for  a stair-carpet. 

3.  Walter  Clarke,  School  of  Art,  Macclesfield.— 

Design  for  a silk  hanging. 

4.  John  Cassidy,  School  of  Art,  Cavendish-street, 

Manchester. — Modelled  design  for  a panel. 

5.  Helen  Lomax,  School  of  Art,  Cavendish-street, 

Manchester. — Design  for  printed  cotton. 

6.  Lehmann  Oppenheimer,  School  of  Art,  Cavendish- 

street,  Manchester. — Design  for  the  decoration 
of  a mineral  spring-well  room. 


Proceedings  of  the  Society. 


CANTOR  LECTURES. 

THE  MICROSCOP  li. 

By  John  Mayall,  Jux. 

Lecture  II. — Delivered  November  30,  1885. 

Modern  Microscopes  to  the  Date  of 
THE  Application  of  Achromatism 
(Continued). 

Hooke's  Microscopes. — We  now  arrive  at  a 
specially  interesting  date  in  the  early  history 
of  the  microscope — the  publication  of  Hooke’s 
j compound  instrument,  in  1665,  in  his  ” Micro- 
I graphia,”  whence  my  Fig.  13  (p.  1008)  is 
I reproduced. 

I Hooke’s  first  claim  is  for  the  application  of 
a powerful  illuminating  apparatus,  consisting 
of  a lamp  adjustable  on  a standard,  with  a 
globe  of  water  and  a deep  plano-convex  con- 
densing lens  on  moveable  arms,  by  which  the 
light  could  be  directed  as  required  on  the 
object.  He  thus  describes  his  method  of 
using  sunlight : — 

“ I place  a small  piece  of  oyly  Paper  verj-  near  the 
Object,  between  that  and  the  light ; then  with  a good 
large  Burning-Glassi  so  collect  and  throw  the  Rayes 
on  the  Paper,  that  there  may  be  a very  great  quantity 
of  light  pass  through  it  to  the  Object ; yet  I so 
proportion  that  light,  that  it  may  not  singe  or  burn 
the  Paper.  Instead  of  which  Paper  there  may  be 
made  use  of  a small  piece  of  Looking-glass  plate, 
one  of  whose  sides  is  made  rough  by  being  rubb’d 
on  a flat  Tool  with  very  fine  sand,  this  will,  if  the 
heat  be  leisurely  cast  on  it,  indure  a much  greater 
degree  of  heat,  and  consequently  very  much  augment 
a convenient  light.”  (Pref.,  pp.  16-7). 

These  suggestions  all  point  to  Hooke’s 
practical  ability  in  the  actual  use  of  the  micro- 
scope. He  notes  very  clearly  the  advantage 
of  employing  this  diffused  light  rather  than 
direct  sunlight,  for  ” when  the  immediate  light 
of  the  Sun  falls  on”  an  object,  the  reflexions 
from  some  few  parts  are  so  vivid,  that  they 
drown  the  appearance  of  all  the  other,  and  are 
themselves  also,  by  reason  of  the  inequality  of 
light,  indistinct,  and  appear  only  radiant 
spots.”  (?<^.,  p.  17).  On  comparing  these  prac- 
tical remarks  of  Hooke’s  with  Descartes’ 
advice  on  the  same  point,  namely,  to  condense 
direct  sunlight  on  the  objects,  I am  confirmed 
in  my  opinion  that  Descartes  had  probably  not 
used  his  microscopes  as  he  recommended. 
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Hooke  describes  his  microscope  in  detail, 
commencing  with  his  application  of  four  draw- 
tubes  for  lengthening  the  body,  which  was 
normally  “ not  above  six  or  seven  inches  long.” 
Then  he  explains  his  addition  of  a third  lens 
to  the  optical  combination,  whence  we  infer 
that  previously  the  compound  microscopes 
contained  two  lenses  only — an  object-lens  and 


an  eye-lens.  This  third  lens  was  applied  in  a 
cell  on  the  top  of  the  cylindrical  tube,  so  as 
to  be  readily  removed  ; he  used  it,  as  he  states, 
“ only  when  I had  occasion  to  see  much  of  an 
Object  at  once ; the  middle  Glass  [field-lens] 
conveying  a very  great  company  of  radiating 
Pencils,  which  would  go  another  way,  and 
throwing  them  upon  the  deep  Eye  Glass.  But 


Fig.  13. 


Hooke’s  Compound  Microscope  (1665). 


when  ever  I had  occasion  to  examine  the  small 
parts  of  a Body  more  accurately,  I took  out 
the  middle  Glass,  and  only  made  use  of  one 
Eye  Glass  with  the  Object  Glass  ” p.  22). 

How  far  Hooke’s  application  of  a field-lens 
to  the  eye-lens  of  a microscope  may  have  been 
suggested  by  the  invention  of  the  compound 


eye-piece  associated  with  the  name  of  Huy- 
ghens*  (though  attributed  by  some  authorities 


* In  the  notice  of  Huyghens  in  the  “ Biographie  Univer- 
selle,”  it  is  stated  that  he  applied  “ une  combinaison  de  deux 
oculaires  ” to  his  telescope  previous  to  1659,  i.e.,  some  years 
before  the  publication  of  Hooke’s  application  of  a field-lens 
to  the  microscope. 
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to  Campani),  I cannot  determine.  In  any  case, 
the  sole  purpose  Hooke  had  in  view,  according 
to  his  own  statement,  was  to  increase  the  size 
of  the  field  of  view,  and  had  nothing  to  do  with 
correcting  the  spherical  aberration  of  the  eye- 
lens.  His  plain  admission  that  he  removed 
the  field-lens  when  he  was  seeking  the  best 
definition  is  conclusive  on  this  point. 

From  the  description  of  the  mechanism  of 
this  microscope,  given  by  Hooke,  I think  he 
intended  to  claim  the  general  design.  The 
ball-and-socket  movement  of  the  body  to  the 
arm-carrier  is  thus  described  : — 

“ On  the  end  of  this  Arm  [D,  which  slides  on  the 
pillar  C C]  was  a small  Ball  fitted  into  a kind  of 
socket  F,  made  in  the  side  of  the  Brass  Ring  G, 
through  which  the  small  end  of  the  Tube  was 
screw’d ; by  means  of  which  contrivance  I could 
place  and  fix  the  Tube  in  what  posture  I desir’d 
(which  for  many  Observations  was  exceeding  neces- 
saiy)  and  adjusten  it  most  exactly  to  any  Object  ” 
{ih.,  p.  23). 

The  ball-and-socket  movement,  as  here 
applied,  is  certainly  not  advantageously 
situated.  In  the  microscopes  I have  met  with 
constructed  on  Hooke’s  general  design,  this 
movement  was  replaced  by  a strong  short  screw 
attached  to  the  ring,  G,  and  fitting  in  a corres- 
ponding screw-socket  projecting  from,  and 
forming  part  of,  the  sliding  arm,  D ; this  screw 
arrangement  permitted  the  lateral  inclination 
of  the  body-tube,  and  a thumb-screw  at  the 
side  of  the  screw-socket  clamped  it  in  position. 
In  several  figures  of  Hooke’s  microscope, 
published  since  1665,  this  modification  is 
shown;  for  instance,  in  Sturm’s  “Collegium 
Curiosum  ’’  (1676),  Fig.  LXX.,  and  in  Zahn’s 
“ Oculus  artificialis ’’  (1685),  which  we  shall 
examine. 

It  would  appear  that  Hooke’s  introduction 
of  the  ball-and-socket  in  the  construction  of 
the  microscope  has  met  with  numerous  advo- 
cates since  ; it  may  not  be  uninteresting  to 
cite  a few  examples  by  way  of  illustration. 

J.  Musschenbroek  (1702)  applied  three  of 
these  movements,  as  articulations,  to  his 
simple  microscope.  Marshall  (1704)  used  a 
large  one  with  a tightening  collar  at  the  lower 
end  of  the  standard  to  his  compound  form. 
Joblot  (1718)  had  three  on  his  simple  lens- 
carrier  ; and  Lyonet  applied  five  to  his, 
Culpeper  (about  1730)  mounted  Wilson’s 
simple,  and  his  own  application  of  the  com- 
pound to  the  same,  on  a ball-and-socket,  with 
adjustment  on  the  top  of  the  standard.  B. 
Martin  (1742)  used  it  similarly  with  his  first 


form  of  “Universal  Microscope.”  Adams, 
Jones,  Dollond,  Pyefinch,  Bates,  and  other 
English  makers  of  the  latter  part  of  the  last, 
and  early  part  of  this  century,  used  a sort  of 
chain  composed  of  ball-and-socket  joints  to 
carry  forceps,  &c.  A greatly  improved  form, 
with  a powerful  clamp,  was  devised  by  Goring 
to  support  his  “ Engiscope  ” on  the  top  of  the 
standard  {vide  Fig.  and  description  in  Prit- 
chard’s “ Microscopic  Illustrations,”  London, 
1830,  royal  8vo).  More  recently  we  have  had 
stage-movements  (by  Varley,  Powell  nnd  Lea- 
land.  Smith  and  Beck,  Dancer,  and  others) 
controlled  by  ball-and-socket  attached  to  a 
lever;  in  one  instance — Varley’s  small  model 
— two  such  levers  actingtogether  were  applied. 
Microscope-lamps,  mirrors,  condensers,  side- 
reflectors,  illuminating  prisms,  forceps,  and 
camerse  lucidse,  have  all  been  fitted  with  ball- 
and-socket  movements.  The  high-water  mark 
of  the  application  is  probably  reached  in 
Marten’s  “ Ball-Jointed  Microscope,”*  in 
which  two  of  these  movements  are  applied  to 
carry  the  body-tube,  and  the  stage  is  a hemi- 
sphere moving  in  a hemispherical  cup,  specially 
devised  for  the  examination  of  large  specimens 
of  metals,  &:c.,  that  cannot  be  readily  viewed 
by  an  ordinary  microscope. 

The  facility  of  movement  provided  by  the 
ball-and-socket  joint  would  seem  to  have 
attracted  the  notice  of  designers  of  micro- 
scopical appliances  in  every  generation  sinee 
its  introduction  by  Hooke.  For  small  acces- 
sories, where  the  leverage  need  not  be  con- 
sidered, the  ball-and-socket  is  convenient, 
though  its  use  demands,  in  general,  more 
manipulative  skill  than  is  required  with  the 
usual  pivot  meehanism  ; but  it  should  not  be 
applied  as  the  main  support  of  the  inclining 
movement  of  the  body  of  a large  microscope. 
Even  when  made  with  a powerful  clamp,  as 
Goring  devised,  there  is  always  the  risk  that 
when  the  clamp  is  released,  the  instrument 
may  capsize  through  negligence  in  handling. 

Hooke  also  explains  minutely  the  con- 
struction of  the  object-stage  thus: — 

“For  placing  the  Object,  I made  this  contrivance; 
upon  the  end  of  a small  brass  Link  or  Staple  HH, 
I so  fastned  a round  Plate  II,  that  it  might  be  turn’d 
round  upon  its  Center  K,  and  going  pretty  stiff, 
would  stand  fixt  in  any  posture  it  was  set ; on  the 
side  of  this  was  fixt  a small  Pillar  P,  about  three 
quarters  of  an  inch  high,  and  through  the  top  of  this 
was  thrust  a small  Iron  pin  M,  whose  top  [pointed 

* “Zeitschr.  f.  Instrumentenk,"’  ii.  (1882],  p.  112  (Fig-,  i.)  _ 
reproduced  n “ Journ.  Roya’  Mic  '.  See.,”  ii.  (1882),  p.  672  ! 
the  stage  was  not  figure  i.  ’ 
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end]  just  stood  over  the  Center  of  the  Plate  ; on  this 
top  I fixt  a small  Object,  and  by  means  of  these 
contrivances  I was  able  to  turn  it  into  all  kind  of 
positions,  both  to  my  Eye  and  the  Light ; for  by 
moving  round  the  small  Plate  on  its  center,  I could 
move  it  one  way,  and  by  turning  the  Pin  M,  I could 
move  it  another  way,  and  this  without  stirring  the 
Glass  at  all,  or  at  least  but  very  little : the  Plate 

likewise  I could  move  to  and  fro  to  any  part  of  the 
Pedestal  (which  in  many  cases  was  very  convenient) 
and  fix  it  also  in  any  Position,  by  means  of  a Nut 
N,  which  was  screw’d  on  upon  the  lower  part  of  the 
Pillar  CC”  {il}.). 

This  object-stage  seems  to  me  based  on 
sound  practical  ideas — ideas  that  have  only 
been  duly  appreciated  in  our  own  time,  as 
shown  by  the  now  general  application  of  the 
rotating  stage,  which  our  ancestors  almost 
totally  ignored.  The  link  clamped  down  upon 
the  base  was  an  admirably  steady  support  for 
the  rotating  plate,  far  superior  to  the  generality 
of  stage  devices  contrived  before  the  system 
developed  by  Oberhaeuser  was  employed  (about 
1830). 

Hooke  appears  to  have  been  dissatisfied  with 
the  lenses  he  used.  He  says  : — The  Glasses 
I used  were  of  our  English  make,  but  though 
very  good  of  the  kind,  yet  far  short  of  what 
might  be  expected,  could  we  once  find  a way 
of  making  Glasses  Elliptical,  or  of  some  more 
true  shape.”  He  complains  that  the  “ Aper- 
tures of  the  Object-glasses  are  so  very  small, 
that  very  few  Rays  are  admitted,  and  even  of 
those  few  there  are  so  many  false,  that  the  Object 

appears  dark  and  indistmct ” Of  the 

“best  Glasses,”  he  states  that  “none  will 
admit  a sufficient  number  of  Rayes  to  magnifie 
the  Object  beyond  a determinate  bigness  ” 
{ib.,  p.  16).  To  remedy  the  inconvenience 
due  to  the  want  of  light  transmitted  by  the 
microscope  he  devised  the  lamp  and  condensers 
described  above  to  illuminate  the  object  more 
powerfully. 

It  is  evident  that  Hooke  discovered  thus 
early  the  importance  of  increasing  apertures  ; 
but  the  greater  apertures  he  had  in  view  were 
merely  to  provide  a greater  quantity  of  light 
from  the  object  to  enable  him  to  get  higher 
magnification —the  magnification  he  aimed  at 
being  limited  by  the  want  of  light.  He  says 
nothing,  nor  could  he  be  expected  to  say  any- 
thing, regarding  any  increase  of  resolving 
power  by  the  increase  of  aperture,  for  the  con- 
nection between  aperture  and  resolving  power 
could  hardly  have  been  seriously  considered 
from  any  practical  point  of  view,  in  the 
construction  of  either  dioptric  telescopes 


or  microscopes,  before  the  application  of 
achromatism. 

We  may  infer  that  other  large  microscopes 
were  in  use  at  that  date,  for  Hooke  states  that  a 
blown-glass  globule, prepared  and  used  as  he 
describes,  will  “make  some  Objects  more  dis- 
tinct then  any  of  the  great  Microscopes" 
[ib.,  p.  22).  It  would  appear  also  that  the 
viewing  transparent  objects  by  transmitted 
light  was  not  yet  discovered  to  be  the  prin- 
cipal utility  of  high  powers,  for  Hooke,  in 
explaining  that  “the  larger  the  Telescope 
Object  Glasses  are,  and  the  shorter  those  of 
the  Microscope,  the  better  they  magnifie,” 
qualifies  the  statement  (as  relating  to  the 
microscope)  by  adding  that  it  will  be  exceed- 
ing difficult  ...  to  inlighten  an  Object 
less  then  an  hundred  part  of  an  inch  distant 
from  the  ObjectGlass”  {ib.,pp.ig-2o).  Clearly, 
then,  Hooke  thought  only  of  viewing  opaque 
objects  with  high  powers.  The  difficulty  he 
notes  with  reference  to  the  illumination  would 
not  apply  to  transparent  objects.  A proximity 
of  one  hundredth  of  an  inch  would  be  no 
serious  obstacle  to  viewing  objects  by  trans- 
mitted light,  and  would  certainly  not  impose 
a limit  (such  as  he  implies)  to  the  magni- 
fication. 

Hooke  also  describes  a compound  micro- 
scope he  devised  to  have  two  refractions  only, 
consisting  of  a conical  tube,  at  the  small  end 
of  which  he  cemented  a plano-convex  lens  of 
short  radius,  with  its  convex  surface  outwards, 
for  the  object  lens,  and  at  the  larger  end  he 
cemented  similarly  a larger  lens  of  greater 
radius  ; then,  by  means  of  a small  hole  in  the 
side,  he  filled  the  tube  with  water,  stopping 
the  hole  with  a plug.  With  this  arrangement, 
he  states,  “ I could  perceive  an  Object  more 
bright  then  I could  when  the  intermediate 
space  was  filled  with  Air,  but  this,  for  other 
inconveniences,  I made  but  little  use  of” 
{ib.,  p.  23). 

He  also  made  other  forms  of  microscopes, 
some  of  “Waters,  Gums,  Resins,  Salts, 
Arsenick,  Oyls,  and  with  divers  other  mixtures 
of  watery  and  oyly  liquors”  {ib.);  he  adds, 
“ I find  generally  none  more  useful  then  that 
which  is  made  of  two  Glasses,  such  as  I have 
describ’d”  {ib.),  thus  leaving  his  invention  of 
the  “ Middle  Glass,”  or  field-lens,  to  take 
care  of  itself. 

Hooke  was,  I believe,  the  first  to  describe  a 
useful  method  of  estimating  the  magnifying 

* Poggendorff  (“  Hist,  de  la  Ph}'sique,”  p.  357)  states  that  in 
the  production  of  minute  lenses  of  blown -glass  globules  Hooke 
was  preceded  bj'  Toricelli. 
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power  of  a compound  microscope.  He 
says : — 

“ Having  rectifi’d  the  Microscope,  to  see  the 
desir’d  Object  through  it  very  distinctly,  at  the  same 
time  that  I look  upon  the  Object  through  the  Glass 
with  one  eye,  I look  upon  other  Objects  at  the  same 
distance  with  my  other  bare  eye ; by  which  means  I 
am  able,  by  the  help  of  a Ruler  divided  into  inches 
and  small  parts,  and  laid  on  the  Pedestal  of  the 
Microscope,  to  cast,  as  it  were,  the  magnifi’d  appear- 
ance of  the  Object  upon  the  Ruler,  and  thereby 
exactly  to  measure  the  Diameter  it  appears  of  through 
the  Glass,  which  being  compar’d  with  the  Diameter 
it  appears  of  to  the  naked  eye,  will  easily  afford  the 
quantity  of  its  magnifying  ” {ih.,  p.  22). 

This  method  is,  obviously,  applicable  only 
to  objects  that  can  be  plainly  discerned  by  the 
unaided  eye. 

Hooke  was  one  of  the  earliest  to  note  upon 
the  difficulty  of  distinguishingbetween  a “pro- 
minency and  a depression”  with  the  micro- 
scope (pseudoscopy),  which  he  states  that  he 
observed  when  preparing  the  drawings  for  the 
illustrations  of  his  “ Micrographia,”  which 
would  be  in  1664,  if  not  earlier.  Prof.  Govi,* 
in  his  work  on  the  “ Discoverer  of  a Singular 
Optical  Illusion,”  refers  to  a printed  letter  of 
Eustachio  Divini  to  Count  Carlo  Antonio 
Marozini,  dated  15  July,  1663,  in  which  certain 
phenomena  of  pseudoscopy  are  described; 
Divini  may,  therefore,  have  preceded  Hooke  in 
these  observations.  I remark,  in  passing,  that 
Divini  refers  in  this  letter  to  “Microscopes 
with  two  glasses,”  and  states  that  when  he 
wanted  to  see  the  whole  of  rather  large  objects 
he  removed  the  deep  object-lens  and  substituted 
a lens  of  shallower  curvature  ; but,  apparently, 
he  knew  nothing  at  that  date  of  the  use  of  a 
field-lens  in  the  ocular  ; this  would  appear  to 
confirm  indirectly  Hooke’s  claim  to  be  the 
first  to  apply  a field-lens  to  the  ocular  of  a 
microscope. 

The  series  of  drawings  of  common  objects, 
such  as  a needle  point,  a razor  edge,  snow 
crystals,  spiders,  and  other  insects,  &c.,  as 
seen  under  his  compound  microscope,  were 
doubtless  viewed  with  much  astonishment  by 
many  of  Hooke’s  contemporaries,  and  his 
“ Micrographia  ” soon  became  a scarce  and 
expensive  book.  In  the  descriptions  of  these 
objects  he  touches  incidentally  upon  an 
enormous  mass  of  details  regarding  micro- 
scopical manipulations,  &c.,  details  evincing 
great  industry  and  acuteness  of  observation. 

In  his  “ Lectures  and  Collections,”  pub- 

•  “ Atti  R.  Accad.  Lincei.  Transunti,”  vii.  (1883),  PP* 
183-3. 


lished  in  1678,  under  “ Microscopium,”  pp 
96-7,  we  find  Hooke  no  longer  advocating  the 
“double”  microscope  in  his  former  enthusiastic 
tone.  Whether  this  change  of  opinion  was 
due  to  the  publication  of  Leeuwenhoek’s 
successful  observations  with  simple  micro- 
scopes I cannot  determine.  Hooke  has  been 
suspected  by  many  who  have  sought  to  inform 
themselves  of  the  history  of  his  contributions 
to  science,  of  being  somewhat  over-anxious  to 
keep  himself  to  the  fore ; but  this  must  not 
prevent  our  acknowledgement  of  his  real 
merits.  He  states  that  in  using  plano-convex 
lenses  as  single  microscopes,  “ ’tis  best  to 
turn  the  plain  side  towards  the  object,  and 
the  convex  to  the  eye;”  and  that  he  him- 
self had  not  used  any  less  than  i-ioth  inch  in 
radius  of  curvature,  because  they  strained  his 
sight,  “though  in  truth  they  do  make  the 
object  appear  much  more  clear  and  distinct, 
and  magnifie  as  much  as  the  double  Micro- 
scopes : na}%  to  those  whose  eyes  can  well 
endure  it,  ’tis  possible  with  a single  Micro- 
scope to  make  discoveries  much  better  than 
with  a double  one,  because  the  colours  which 
do  much  disturb  the  clear  vision  in  double 
Microscopes  is  clearly  avoided  and  prevented 
in  the  single.” 

Hooke  must  undoubtedly  be  credited  with 
the  first  suggestion  of  immersion  lenses, 
thus  : — 

“ If  further,  you  would  have  a Microscope  with 
one  single  refraction,  and  consequently  capable  of 
the  greatest  clearness  and  brightness  that  any  one 
kind  of  Microscopes  can  possibly  be  imagined 
susceptible  of,  when  you  have  fixt  one  of  these  little 
Globules  as  I have  directed  [globules  of  blown-glass, 
the  preparation  of  which  he  had  described],  and 
spread  a little  of  the  liquor  upon  a piece  of  Looking- 
glass  plate,  then  apply  the  said  plate  with  the 
liquor,  next  to  the  Globule,  and  gently  move  it  close 
to  the  Globule,  till  the  liquor  touch  ; which  done, 
you  will  find  the  liquor  presently  to  adhere  to  the 
Globule,  and  still  to  adhere  to  it  though  you  move  it 
back  again  a little ; by  which  means,  this  liquor 
being  of  a specifique  refraction,  not  much  differ- 
ing from  glass,  the  second  refraction  is  ouite 
taken  off,  and  little  or  none  left  but  that  of  the 
convex  side  of  the  Globule  next  the  eye  ; by  which 
means  as  much  of  the  inconvenience  of  refraction  as 
is  possible  is  removed,  and  that  by  the  easiest  and 
most  practicable  expedient  that  can  be  desired  ” 
{ib.,  pp.  98-9). 

The  criticism  I have  made  on  Campani’s 
screw-focussing  adjustment  applies  still  more 
to  Hooke’s  microscope,  for  here  the  body-tube, 
being  much  longerand  heavier,  would  be  certain 
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to  describe  series  of  “ curves  of  irregular 
curvature”  round  about  what  should  be  the 
rigid  optic  axis  in  the  screw-movement  of 
focussing,  the  object,  if  small,  appearing  in  the 
field  or  disappearing  according  to  the  erratic 
nature  of  the  screw-fitting — the  screw-fitting  as 
made  at  that  date. 

Nothing  is  said  about  the  application  of  a 
mirror,  nor  have  I met  with  any  microscope, 
provided  with  a mirror,  of  date  anterior  to  about 
fifty  years  later  than  Hooke’s  instrument,  i.e.^ 
1710-1720. 

Hooke  appears  to  have  entrusted  the  manu- 
facture of  his  microscopes  for  sale  to  “Mr. 
Christopher  Cock,  in  Long- Acre  ” Jb.,  p.  99). 

I have  dealt  somewhat  fully  with  Hooke’s 
microscopes,  but  not  more  fully  than  I think 
they  deserve  in  view  of  the  fact  that  he  was 
the  first  to  give  a real  impetus  to  English 
microscopy  in  the  two  main  branches  in  which 
it  is  divided— the  optical  and  mechanical  con- 
struction of  the  instrument,  and  its  application 
to  research — in  both  of  which  his  influence 
was  conspicuous.  It  would  be  an  easy  task 
to  prove,  by  citations  from  the  contemporary 
scientific  publications,  that  Hooke’s  work  as  a 
microscopist  gained  him  European  fame.  For 
my  own  part,  I can  never  forget  that  one  of 
the  most  eminent  men  of  science  of  our  day, 
one  whose  competence  to  form  a fair  and 
accurate  judgment  is  beyond  question — I 
allude  to  Herschel — has  referred  to  Hooke  as 
“ the  great  contemporary,  and  almost  the 
worthy  rival  of,  Newton”  (“Discourse  on 
Nat.  Philos.,”  p.  116). 

Divinl s Microscope. — Soon  after  the  pub- 
lication of  Hooke’s  compound  microscope,  we 
find  in  the  “ Giornale  de  Letterati,”  I.  (1668), 
pp.  52-4,  a description  (partly  translated  in 
“Philos.  Trans.,”  III.,  1668,  p.  842)  of  a com- 
pound microscope  constructed  by  Eustachio 
Divini,  which  had  already  been  commended  by 
by  Fabri,  in  Prop.  46  of  his  “ Synopsis  Optica” 
(1667).  It  was  stated  to  be  about  16J  inches 
high,  and  adjustable  to  four  different  lengths 
by  draw-tubes,  giving  a range  of'magnification 
from  41  to  143  diameters.  Instead  of  the 
usual  bi-convex  eye-lens,  two  plano-convex 
lenses  were  applied  with  their  convex  surfaces 
in  contact,  by  which  he  claimed  to  obtain  a 
much  flatter  field.  In  the  Museo  Copernicana, 
at  Rome,  there  is  a microscope  answering  to 
this  description  so  closely  that  I think  we  may 
safely  refer  its  origin  to  Divini.  I made  a 
sketch  of  it,  from  which  my  Fig.  14  has  been 
copied.  The  tripod  base  terminating  above  in 


a cylindrical  socket  is  of  tin  ; the  body-tubes 
are  of  cardboard  covered  with  grey  paper,  and 
the  magnifications  of  the  various  lengths  are 
noted  on  each  tube.  The  lowest  tube  slides 
within  the  metal  socket  of  the  tripod,  and 
carries  the  object-lens  in  a thin  cell  of  tin  slid 
on  the  end ; the  next  tube  slides  over  the 
former,  and  has  an  external  collar  at  the  lower 
end,  apparently  to  serve  as  a stop  to  the  next 
tube  ; the  third  and  fourth  tubes  are  similar, 
but  progressively  larger,  and  a diaphragm  is 


Fig.  14. 


Divini’s  Compound  Microscope  (1667-8). 

at  the  upper  end.  As  regards  the  optical 
construction,  my  impression  is  that  it  has  been 
tampered  with,  and  I question  if  anything  of 
the  original  remains. 

I may  mention  that  in  Birch’s  “ Hist,  of  the 
Royal  Society,”  a passage  [vide  Prof.  Govi, 
loc.  cif.)  is  quoted  from  the  official  papers  of 
the  Society,  dated  nth  February,  1668-9, 
showing  that  a large  microscope  (probably  of 
Hooke’s  general  design),  made  by  Mr.  Christo- 
pher Cock,  was  to  be  brought  to  the  Society  at 
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the  next  meeting.  This  microscope  had  “five 
glasses,  of  which  four  eye-glasses  were 
plano-convex,  two  and  two  so  put  together, 
as  to  touch  one  another  in  a point  of  the  con- 
vex surface.”  The  eye-piece  was  thus  a modi- 
fication of  that  of  Divini ; whence  it  would 
appear  that  our  opticians  were  alert  in  seeking 
improvements.  We  shall  see  later  on  that 
Grindl  (1687)  adopted  this  eye-piece,  and 
applied  a similar  construction  to  the  objective. 

Cherubin  d'  Orleans'  Microscopes. — The 
next  microscope  in  order  of  date  we  shall  ex- 
amine was  designed  by  Cherubin  d’ Orleans, 
and  published  in  his  treatise,  “ La  dioptrique 
oculaire,”  in  1671  (Paris,  fob.  Plates  30-1,  pp. 
238  and  261),  "jide  my  Fig.  15.  Cherubin 
evidently  had  a high  opinion  of  his  microscope, 
giving  minute  instructions  for  its  construction 
with  detailed  figures.  The  three  “ consoles,” 
or  scroll  supports,  were  to  be  of  ebony  or 
blackened  pear-tree,  firmly  attached  to  the 
base  and  to  the  collar  encircling  the  fixed 
central  portion  of  the  body-tube.  An  exterior 
sliding  tube  carried  the  ocular  above  on  the 
fixed  tube,  and  a similar  sliding  tube  carried 
the  object-lens  below,  the  sliding  tubes  serving 
to  focus  the  image  and  regulate  within  certain 
limits  the  magnification.  He  further  suggested 
and  figured  a screw  arrangement  to  be  applied 
beneath  the  stage  for  focussing,  the  optical 
body  in  this  case  to  consist  of  two  tubes  only, 
and  the  object-lens  remaining  stationary. 

Cherubin  also  described  and  figured  a stage- 
disc  on  which  several  objects  were  to  be 
mounted  concentrically,  and  this  disc  was  to 
be  attached  to  rotate  on  the  focussing  stage,  so 
that  objects  could  be  viewed  successively  in  the 
optic  axis  by  the  mere  rotation  of  the  disc. 
He  was  thus  probably  the  inventor  of  the 
multiple  object-disc,  modifications  of  which 
have  had  some  vogue  in  our  own  time,  both  in 
Europe  and  America,  and  even  in  Japan,  as 
we  shall  see  later  on.  He  also  figured  spring 
forceps,  and  a “stab  ” on  articulated  joints, 
to  hold  insects,  &c. 

With  regard  to  the  optical  arrangement  of 
this  microscope,  Cherubin  recommends  so 
many  different  combinations  of  lenses  that  I 
cannot  determine  with  certainty  which  he 
reallypreferred.  His  recommendations  embody 
so  many  items  as  to  remind  one  forcibly  of 
certain  modern  specifications  of  patents,  in 
which  it  is  sought  to  include  every  possible 
(not  to  say  impossible)  combination  within  the 
sphere  of  the  invention.  At  p.  217,  in  referring 
to  a microscope  composed  of  two  convex 


lenses,  he  states  that  the  object-lens  may  be 
4.  i,  or  ^ inch  focus  at  most,  and  equi-convex. 
“Its  eye-glass,  not  requiring  to  be  far  from 
the  objective,  must  be  of  a rather  larger  sphere, 
for  instance,  about  f,  i,  or  inch  focus  at 
most.”  Another  construction,  which  he  states 
(pp.  220-1)  he  actually  made,  contained  a 
second  lens  in  the  ocular,  having  a focus  in 
relation  to  the  eye-lens  as  2^ ; i,  or  3 : i ; and 

Fig.  15. 


A 


(1671). 

his  remarks  on  the  effects  observed  by  placing 
the  field-lens  too  near  to,  or  too  far  from,  the 
eye-lens  seem  based  on  actual  experience. 
He  notes  upon  the  combinations  of  three  and 
four  separate  lenses,  by  which  objects  may  be 
seen  in  their  natural  position  (erect),  and 
states  that  the  latter  is  “much  to  be  pre- 
ferred” (p.  264). 

Cherubm  d'  Orleans'  Binocular  Micro- 
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scope. — Cherubim  d’ Orleans  is  generally  be- 
lieved to  be  the  inventor  of  the  binocular 
microscope,  which  he  published  in  his  work 
“ La  vision  parfaite,”  in  1678  (Paris,  foL,  also 
the  same  work  freely  translated  into  Latin  by 
himself,  “ De  visione  perfecta,”  Paris,  1678, 
foL),  and  which  he  states  that  he  actually 
constructed  some  years  previously,  and  sub- 
mitted to  the  inspection  of  several  of  his 
friends(eV^^  Pref.,  p.  viii).  His  device  consisted 
of  two  compound  microscopes,  joined  together 
in  one  setting,  so  as  to  be  applicable  to  both 


eyes  at  once ; a segment  of  each  object-lens 
(supposed  to  be  of  one  inch  focus)  was  ground 
away  to  allow  the  convergent  axes  starting 
from  the  two  eyes  to  meet  at  about  16  inches 
distance,  at  the  common  focus.  Mechanism 
was  provided  for  regulating  the  width  of  the 
axes  to  correspond  with  the  observer’s  eyes. 

A drawing  of  this  binocular,  as  known  to 
Zahn,  was  given  in  the  first  edition  of  his 
‘ Oculus  artificialis  ” (1685),  and  is  here  re- 
produced in  Fig.  16.  As  here  shown  the  only 
method  of  focussing  was  to  move  the  object  by 


Fig.  16. 


Cherubin  d’Orleans’  Binocular  Microscope  (1678). 


Fig.  17. 


hand.  I have,  however,  met  with  a binocular 
made  on  Ch6rubin’s  system,  constructed  early 
in  the  i8th  century  according  to  the  instruc- 
tions given  in  ‘‘  La  vision  parfaite,”  in  which 
the  mechanism  was  excellent.  Fig.  17  showing 
the  optical  construction,  is  copied  from  the 
original  diagram  (“La  vision  parfaite,” 
Tab.  L,  Fig.  2,  p.  80).  Hooke  criticised  the 
instrument  with  some  asperity  (“  Lectures, 
Microscopium,”  pp.  101-2),  probably  be- 
cause Cherubin  stated  it  had  enabled  him  to 


discover  mistakes  in  certain  recently  published 
figures  of  microscopical  objects  (alluding  to 
some  of  the  drawings  in  Hooke’s  “ Micro- 
graphia”).  Hooke  was  obliged,  however,  to 
admit  “ failures  in  some  of  those  draughts, 
some  of  my  own  and  some  of  the  gravers  com- 
mitting. Humamcm  est.  But  those  which 
he  [Cherubin]  charges  for  such  are  not,  as  he 
might  have  seen  if  he  had  made  use  of  better 
glasses  than  those  which  he  describes,  for  they 
are  so  far  short  of  equalling  those  I use,  that  I 
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can  demonstrate  from  his  own  Description  of 
them,  that  those  I made  use  of  did  magnifie 
1 0000  times  more  than  that  with  which  he 
pretends  to  have  made  these  great  Discoveries. 
Hooke’s  opinion  was  that  objects  are  seen  in 
the  microscope  far  better  “ with  one  eye  only 
[z.e.,  the  monocular  microscope],  which  is 
much  to  be  preferred  before  that  with  two 
[binocular].”  And  he  asks  the  very  pertinent 
question  (which  I think  has  not  been  satis- 
factorily answered  even  by  the  advocates  of 
the  binoculars  of  our  own  day),  “what  Dis- 
coveries he  [Cherubin]  doth  make  with  his 
binocular  Microscope  more  than  was  seen 
before.” 

Newton's  Rejlectmg  Microscope.— \x\  16^2, 
Newton  communicated  to  the  Royal  Society 
(“  Phil.  Trans.”  VI.,  1671-72,  p.  3080),  a short 
note  and  diagram  descriptive  of  his  Reflecting 
Microscope — the  first  suggestion  of  a micro- 
scope acting  by  reflection— as  follows  : — 

“ I have  sometimes  thought  to  make  a Microscope, 
which  in  like  manner  should  have,  instead  of  an 
Object-glass,  a Reflecting  piece  of  metall.  And 
this  I hope  they  [the  Royal  Soc.]  will  also  take  into 
consideration.  For  those  instruments  seem  as  j 
capable  of  improvement  as  Telescopes,  and  perhaps 
more,  because  but  one  reflective  piece  of  metall  is 
requisite  in  them,  as  you  may  perceive  by  the  annexed 
diagram  [reproduced  in  Fig.  18],  where  AB  repre-  | 


Fig.  18. 


Newton’s  Reflecting  Microscope  (1672). 


senteth  the  object  metall,  CD  the  eye-glass,  F their 
common  Focus,  and  O the  other  focus  of  the  metall, 
in  which  the  object  is  placed.” 

It  does  not  appear  that  Newton  ever  had  this 
microscope  constructed.  The  modern  instru- 
ments termed  reflecting  graphoscopes  are 
equivalent  to  Newton’s  reflecting  microscope 
in  construction,  except  that  they  are  not  fur- 
nished with  an  eye-lens. 

Leeuwenhoek''  s Microscopes.  — In  1673, 
Leeuwenhoek  commenced  communicating  his 
discoveries  with  the  microscope  to  the  Royal 
Society.  Beyond  the  occasional  statement  that 
his  observations  were  made  with  simple  micro- 


scopes (as  distinguished  from  the  Keplerian 
compound  instrument,  for  the  “Galilean” 
combination  seems  to  have  almost  drifted  out 
of  memory  from  its  very  early  construction  in 
the  17th  century  down  to  its  re-advocacy  by 
Brucke  in  this  century),  Leeuwenhoek  ex- 
plained nothing  by  which  his  contemporaries 
could  furnish  themselves  with  instruments  like 
those  he  employed ; and  this  silence  added  to 
the  mysterious  awe  with  which  he  and  his  work 
were  regarded.  He  was  extremely  shy  of  ex- 
hibiting his  microscopes  to  any  one  ; and  some 
of  his  contemporaries  taxed  him  with  a greater 
love  of  praise  than  of  truth  because  of  his 
eagerness  in  claiming  discoveries.  Even  as  late 
as  1709  the  real  construction  of  Leeuwenhoek’s 
microscopes  was  not  certainly  known  {vide 
“Phil.  Trans.,”  XXVII. , pp.  24-27,  “A  letter 
from  Dr.  Archibald  Adams  to  Dr  Hans  Sloane, 
R.S.Secr.,  concerning  the  manner  of  making 
microscopes,  &c.,”  where  Dr.  Adams,  after 
describing  that  “ they  appear’d  to  be  spherules 
lodg’d  between  two  plates  of  gold  or  brass,  in 
a hole  whose  diameter  might  not  be  bigger 
than  that  of  a small  pin’s  head,”  adds,  “ but 
still  their  make  and  truth  are  unknown  ”). 

Now  that  we  know  exactly  the  kind  of  instru- 
ments Leeuwenhoek  employed,  there  can  be 
no  difficulty  in  the  admission  that  his  reputation 
as  a discoverer  in  microscopy  was  really  based 
on  his  patience  and  dexterity  in  the  preparation 
of  his  objects,  and  on  the  skill  he  brought  to 
bear  on  the  interpretation  of  his  observations. 
As  to  his  microscopes,  their  construction  was 
of  the  rudest  kind  mechanically,  whilst  optically 
they  consisted  of  simple  bi-convex  lenses  with 
worked  surfaces  mounted  between  two  thin 
metal  plates  with  minute  apertures  through 
which  the  objects  were  viewed  directly.  At  his 
death  he  bequeathed  to  the  Royal  Society  a 
cabinet  containing  twenty-six  of  his  micro- 
scopes, which  were  reported  upon  by  Martin 
Folkes,  Vice-President  of  the  Society,  in  the 
“ Phil.  Trans.,”  XXII.  (1723),  pp.  446-63. 

In  1740  these  microscopes  were  examined, 
and  reported  upon  to  the  Royal  Society,  by 
Henry  Baker,  F.R.S.  (“Phil.  Trans.,”  XLL, 
1740,  pp.  503-19),  and  it  appears  that  they 
ranged  in  power  from  1-20  to  1-5,  magnifying 
from  160  to  40  diameters.  In  1753  Baker  gave 
two  outline  drawings  representing  both  sides 
of  one  of  these  microscopes  in  his  “ Employ- 
ment for  the  Microscope”  (PI.  XVII.,  Figs. 
7 and  8,  pp.  434-6),  whence  my  Figs  19  and  20 
(p.  1016)  are  copied.  The  cabinet  and  the 
microscopes  have  disappeared  from  the  Royal 
Society.  Baker’s  description  is  as  follows  : — 
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“ The  Eye  must  be  applyed  to  the  Side  fig.  7 [my 
Fig.  19].  The  flat  Part  A is  composed  of  two  thin 
Silver  Plates  fastened  together  by  little  Rivets 
bbbbbb.  Between  these  Plates  a very  small  double- 
convex  Glass  is  let  into  a Socket,  and  a Hole  is 
drilled  in  each  Plate  for  the  Eye  to  look  through  at 
c.  A Limb  of  Silver  d is  fastened  to  the  Plates  on 
this  Side  by  a Screw  e which  goes  through  them  both. 
Another  Part  of  this  Limb,  joined  to  it  at  right 
Angles,  passes  under  the  Plates,  and  comes  out  on 
the  other  Side  (FfJ.  fig.  8 [my  Fig.  20])  at/:  through 
this  runs,  directly  upwards,  a long  fine-threaded 
Screw  g,  which  turns  in  and  raises  or  lowers  the 
Stage  h,  whereon  a coarse  rugged  Pin  i for  the 
Object  to  be  fastened  to,  is  turned  about  by  a little 
Handle  k-,  and  this  Stage  with  the  Pin  upon  it  is 
removed  farther  from  the  magnifying  Lens,  or 
admitted  nearer  to  it,  by  a little  Screw  I,  that  passing 
through  the  Stage  horizontally,  and  bearing  against 
the  Back  of  the  Instrument,  thrusts  it  farther  off 
when  there  is  occasion.  The  End  of  the  long  Screw 
g comes  out  thro’  the  Stage  at  vi  [?],  where  it  turns 
round,  but  acts  not  there  as  a Screw,  having  no 
Threads  that  reach  so  high.” 

Fig.  19.  Fig.  20. 


By  the  courtesy  of  Prof.  Hubrecht,  of  Utrecht 
University,  I am  enabled  to  give  figures  of  one 
of  the  Leeuwenhoek  microscopes  belonging  to 
the  Museum  of  that  University  ; it  is  shown  in 
Figs.  21  and  22  full  size.  The  lens  is  bi-con- 
vex,  of  about  i-4th  inch  focus,  and  is  mounted 
between  two  concavities  provided  with  minute 
apertures,  made  in  two  corresponding  thin 
plates  of  brass,  which  are  held  together  by 
three  rivets,  two  at  the  upper  end,  and  one  at 
the  lower.  The  object  is  held  in  front  of  the 
lens,  on  the  point  of  a short  rod,  the  other  end 
of  which  screws  into  a small  block  or  stage  of 


brass,  which  is  rivetted  somewhat  loosely  on 
the  smoothed  cylindrical  end  of  a long  coarse- 
threaded  screw  acting  through  a socket  angle- 
piece  attached  behind  the  lower  end  of  the 
plates  by  a small  thumb-screw.  The  long 
screw  serves  to  adjust  the  object  under  the 
lens  in  the  vertical  direction,  whilst  the  pivot- 
ing of  the  angle-piece  on  its  thumb-screw 
gives  lateral  motion.  The  object-carrier  can 
be  turned  on  its  axis,  as  required,  by  screwing 
the  rod  into  the  stage.  For  focussing,  a thumb- 
screw passes  through  the  stage  near  one  end, 
and  presses  vertically  against  the  plates, 
causing  the  stage  to  tilt  up  at  that  end ; the 
fitting  of  the  long  screw-carrier  (angle-piece) 
is  such  that  the  stage  at  the  end  is  sprung 
down  somewhat  forcibly  on  the  brass  plates. 


,Fig.  21.  Fig.  22. 


Leeuwenhoek’s  Micro'scope. 


and  it  is  against  this  pressure  that  the  focus- 
sing screw  acts.  The  metal  knob  on  the 
object-carrier  has  a small  projection,  which 
appears  to  have  been  intended  by  Leeuwenhoek 
to  fit  in  the  hole  beneath,  in  the  brass  plates, 
and  thus  retain  the  object  opposite  the  lens. 

Shnjle  Microscope  (from  Siur7?z‘‘s 
“ Colleghtm  curiosum  — A quaint  form  of 

simple  microscope  was  figured  in  Sturm’s 
“Collegium  curiosum’’  (Norimb,  1676,  qto), 
p.  139,  which  is  shown  in  Fig.  23  (p.  1017).  The 
arrangement  of  the  focussing  rod  AB  is  some- 
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what  primitive — so  primitive,  indeed,  that  I 
suspect  the  design  was  of  much  older  date.  A 
section-view  of  the  lens  is  shown. 

On  the  same  page  of  the  original  work  are 
two  graphic  representations  (here  shown  in 


Fig.  23. 


Simple  Microscope,  from  Sturm’s  “Collegium 
Curiosum”  (1676). 

Fig.  24)  of  the  magnifying  power  of  this  instru- 
ment ; the  one  showing  the  line,  n o,  the 
original  size,  and  the  same  magnified  fourteen 
times  linear  to  the  size  N O (but  the  draughts- 

Fig.  24. 

p 


man  has  exhibited  the  magnification  in  length 
only,  not  in  breadth) ; the  other  showing  the 
figure  4 as  printed  from  type,  and  the  same  as 
magnified  by  the  lens.  Hooke  had  previously 
given  a magnified  view  of  a printed  “full  stop,” 
with  the  original  in  juxtaposition  ; but  he  used 
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a compound  microscope.  Sturm  also  gives  a 
figure  of  Hooke’s  microscope  as  modified 
probably  by  one  of  the  constructors  who  made 
it  for  sale;  we  shall  presently  come  to  a figure 
given  by  Zahn,  almost  identical  with  it. 

Microscopes  frotn  Zahn' s “ O cuius 

artificialis." — The  two  editions  of  Zahn’s 
“Oculus  artificialis’’  (ist  ed.,  Herbip.,  1685, 
fol. ; 2nd  ed.,  Norimb.,  1702,  fol.)  contain  a 
considerable  number  of  figures  of  curious  micro- 
scopes, from  which  we  may  select  a few. 

( I . ) Early  English  M icroscopes. — I n the  first 
edition  (1685),  under  the  heading  “ Microscopii 
Anglicani”  (Fundamentum  IH.,p.  26),  we  find 
the  six  microscopes  shown  in  Fig.  25  (p.  1018). 
Of  these,  Figs,  i and  4*  are  early  types  of  the 
fixedtripod  support  for  the  body-tube,  which  was 
developed  by  Culpeper  and  Scarlet  some  fifty 
years  later  into  popular  models  that  were  taken 
up  by  the  Niirnberg  toy-makers  of  that  date, 
and  whose  successors  have  continued  to  manu- 
facture them  in  large  numbers  down  to  our  own 
time.  The  original  models  generally  had  bod}’- 
tubes  of  leather  or  parchment  stamped  and 
gilt,  with  supporting  rings  of  wood.  The 
tripods  were  of  brass  attached  to  wood  bases. 
The  lenses  were  mounted  in  wood  or  horn  cells, 
sometimes  with  screw-rings  to  fix  them,  but 
generally  with  rings  of  bent  wire  sprung  in  ; 
and  caps  were  supplied  to  cover  the  eye-lens. 
These  instruments  mostly  have  large  fieid- 
lenses  ; and  in  the  early  models  the  focussing 
by  screwing  the  body-tube  in  a socket  at  the 
top  of  the  tripod  is  nearly  always  met  with  ; 
the  sliding  body-tube  for  focussing  was  rarely 
made  until  fifty  years  later.  In  Fig.  4 the 
rotating  multiple  object-disc  appears.  Fig.  2 
shows  two  supports  for  the  cross-bar  in  which 
the  body-tube  screws  ; but  this  model  does  not 
appear  to  have  had  much  vogue.  Fig.  3 seems 
to  have  been  a modification  of  Hooke’s  model 
— a modification  for  the  worse.  Fig.  5 shows 
another  form  of  rotating  multiple  object-disc 
forming  the  stage  itself.  Fig.  6 is  another 
modification  of  Hooke’s  model ; the  stage  is 
no  longer  carried  on  a link  encircling  the 
standard.  This  last  instrument  is  practically 
identical  with  the  one  figured  in  Sturm’s 
‘ ‘ Collegium  Curiosum  ” to  which  I have  already 
referred. 

(2.)  Sitnple  Microscope  with  Rotating 
Multiple  Object-disc  {anonymous'). — On  p. 
Ill  (loc.  cit.)  of  the  same  work,  Zahn  figures 

* The  numbering  of  these  Figs. — i to  6 — is  that  of  the 
original  plate,  which  is  reproduced  in  facsimile. 
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Fig.  25. — Early  English  Microscopes  (1702). 
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a simple  microscope  with  rotating  multiple 
object-disc,  shown  here  in  Fig.  26. 


Fig.  26. 


Simple  ^Microscope  with  Rotating  ^Multiple 
Object-disc  (1685). 


In  the  early  days  of  the  microscope,  attention 
seems  to  have  been  given  principally  to 
opaque  objects ; this  instrument,  however', 
was  designed  to  view  transparent  objects  only. 
The  disc,  K L,  was  fitted  to  rotate  on  the  pin,  e,. 
in  the  centre  of  the  cap,  A B,  and  this  cap  was 
applied  within  c D,  so  that  the  aperture  would 
be  opposite  the  lens-carrier,  G H,  The  handle, 

N,  served  to  rotate  the  disc,  so  that  the  objects 
passed  successively  in  the  field  of  view.  Micro-  ' 
scopes,  more  or  less  modified  from  this  con- 
struction, were  devised  early  in  the  i8th 
century  by  Joblot,  who  used  high -power 
simple  lenses,  and  hence  had  to  provide  deli- 
cate means  of  focussing.  The  system  is  still 
occasionally  applied  to  “popular”  micro- 
scopes. 

(3 . ) An  “A  ngsbiLrg  ’ ’ AlicroscoAc  [anony- 
moiLS,) — In  the  2nd  ed.  (1702)  of  the  same 
work,  p.  749,  a small  microscope  is  shown,. 


Fig.  27. 


An  “Augsburg”  Microscope  (1702). 


which  is  reproduced  in  Fig.  27.  I have 
termed  it  an  “ Augsburg  ” microscope, 
because  the  design  is  very  like  several 
other  models  which  are  known  to  have 
been  constructed  at  Augsburg  towards  the 
close  of  the  17th  centur>\  From  the  number 
of  instruments  of  this  inferior  class  figured  by 
Zahn,  I think  we  may  infer  that  the  micro- 
scope was  rapidly  becoming  vulgarised.  The 
system  of  focussing  by  rotating  the  body  by 
means  of  the  socket  travelling  on  the  screw- 
standard  must  have  been  very  defective  in 
practice. 


(4.)  Alit-sschenbroek' s Simple  Mia’oscoAc^ 
— In  the  same  work,  p.  781,  the  first  form  of  J» 
Musschenbroek’s  simple  microscope  is  figured. 
My  Fig.  28  (p.  1020)  is  a woodcut  from  a photo- 
graph of  one  of  the  original  instruments  belong- 
ingto  the  Museum  of  the  University  of  Utrecht. 
We  have  here  the  first  application  known  to  me 
of  ball-and-socket  movements  to  a simple  micro- 
scope to  facilitate  the  examination  of  objects. 
We  have  noted  above  that  Hooke  first  used  it 
with  his  compound  instrument.  The  earner 
on  the  left  served  to  hold  pointed  or  forked 
rods  on  which  objects  were  fixed,  the  rods 
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passing  through  holes  in  narrow  flanges  at  the 
sides,  and  being  gripped  by  a pivoted  spring, 
so  that  they  could  be  turned  as  required,  with- 
out slipping.  The  disc  of  wood  on  the  right  has 
a rod  beneath,  by  which  it  can  be  slid  in  the 


Fig.  28. 


Musschenbroek’s  Simple  Microscope  (1702). 


socket  that  now  carries  the  “stab,”  and  it 
would  then  serve  as  a stage  for  minerals,  &c. 

(5.)  A much  more  elaborated  form  of  Muss- 
chenbroek’s simple  microscope  is  shown  in  Fig. 
29,  copied  from  the  original  figure  783). 

Here  we  have  a hollow  handle,  through  the 
length  of  which  slides  a tube,  E,  controlled  by 
the  knob,  F ; various  forms  of  object-carriers, 
such  as  C,  L,  D,  M,  N,  or  O can  be  inserted  at  E ; 
the  handle  is  provided  with  hinge  joints  set  at 
right  angles,  and  by  means  of  two  thumb- 
screws, I and  H,  acting  against  the  pressure 
of  springs,  the  object  can  be  moved  laterally 
and  adjusted  to  the  focus  of  the  lens.  The 
lenses  were  bi-convex,  mounted  between  two 
thin  plates,  B,  of  brass  fitted  to  slide  in  metal 
grooves  in  the  carrier.  A,  on  the  exterior  of 
which  slides  the  metal  box,  K,  with  its  pivoted 
sector  of  diaphragms.  G is  a piece  of  wire 
bent  to  two  right  angles  ; one  prong  slides 
into  a pivoted  socket  at  the  back  of  the  instru- 
ment, the  other  passes  laterall}^  through  A ; 
by  this  arrangement  the  lens -carrier.  A,  can 
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be  tilted  forward  or  backward,  or  laterall}^  in 
relation  to  the  object. 

This  system  of  changing-diaphragms,  made 


Fig.  30. 


Simple  Microscope  (Modified  from 
Musschenbroek’s,  1702). 

by  cutting  them  in  a zone  in  a sector 
pivoted  in  its  centre,  is  the  first  I have  met  with 
in  connection  with  a microscope. 

The  workmanship  of  Miisschenbroek’s 


Fig.  31. 


microscopes  is  very  neat  and  well  finished, 
very  superior  to  that  of  Leeuwenhoek’s.  As  to 
the  lenses,  those  I have  had  the  opportunity  of 
examining  were  about  equal  to  his.  1 


(7.)  Another  form  of  simple  microscope  is 
shown  in  Fig.  30,  which  seems  to  have  been  partly 
copied  from  Musschenbroek’s  [zb.,  p.  796). 
B B is  the  object-carrier  on  which  slides  the 
lens-carrier,  c C,  pivoted  by  the  arm,  D D,  at 
O on  the  socket,  M N. 

(8.)  Cuzio's  Simple  Microscope. — Cuno’s 
simple  microscope  is  figured  with  the  preced- 
ing whence  my  Fig.  31  is  copied.  The  sim- 
plicity of  this  instrument  would  suggest  that  it 
may  have  been  the  original  from  which 
Musschenbroek,  Wilson,  and  Lieberkiihn 
devised  their  modifications.  We  shall  meet 
with  a still  more  primitive  arrangement  in  an 
Italian  work  which  we  shall  examine.  The 
lens  is  mounted  in  the  cell.  A,  fitting  on  the 
spike,  C.  The  object  is  attached  to  the  rod,  F, 
or  the  fork,  G,  which  are  adjustable  on  the 
hinged  arm,  D ; then  by  means  of  the  screw,  E, 
attached  to  D,  and  travelling  through  the 
standard,  A B,  the  focus  is  adjusted. 


Figs.  13,  15,  16,  17,  18,  19,  20,  23,  24,  25,  26,  27, 
29,  30,  and  31  were  reproduced  from  the  original 
Figs.,  in  the  works  cited. 

Fig.  14  is  a woodcut  from  my  sketch  of  the 
instrument. 

Figs.  21,  22,  and  28,  were  photographed  on  the 
wood-blocks  from  the  original  instruments,  to  ensure 
the  accuracy  of  the  drawings. 


ELEMENTARY  LECTURES. 

ELECTRICITY. 

Bv  Professor  George  Forbes. 

Lecture  III. — Delivered  April  17,  1886. 

In  my  first  two  lectures  I spoke  about  statical 
electricity,  and  about  a current  of  electricity, 
and  I mentioned  that  there  was  a time  when  it 
was  absolutely  necessary  to  prove  that  these 
two  manifestations  of  electrical  influence  were 
identical.  Now,  there  is  no  doubt  about  it. 
We  know  that  statical  electricity  and  dynamic 
electricity  are  identical,  that  there  are  not  two 
kinds  of  electricity,  but  that  the  phenomena 
we  studied  on  the  occasion  of  the  first  lecture, 
and  the  phenomena  we  considered  on  the 
occasion  of  the  second  lecture,  are  really 
different  manifestations  of  one  identical  force. 
The  discharge  of  the  Wimshurst  machine  is 
identical  with  the  current  from  a battery,  and 
the  difference  of  electric  potential  at  the  ter- 
minals of  a battery ’s  of  the  same  character 
as  that  at  the  two  knobs  of  the  Wimshurst 
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machine.  To  day  I am  going  to  describe  to 
you  some  of  the  principal  phenomena  of 
magnetism,  and  we  shall  find  that  here  also 
we  are  dealing  with  simply  another  manifesta- 
tion of  this  same  electrical  energy.  The  com- 
pletest  developments  of  the  theory  of  magnetism 
in  fact  do  actually  go  to  prove  that  magnetism 
is  simply  due  to  a large  number  of  small 
electrical  currents,  but  about  that  we  shall  be 
able  to  say  something  more  definite  towards 
the  close  of  the  lecture.  The  facts  in  con- 
nection with  magnetism  which  were  known  in 
days  of  old  were  very  limited  indeed.  In 
fact,  it  seems  remarkable  that  the  discovery 
of  the  mariner’s  compass  should  have  been 
delayed  to  so  late  a period  in  the  world’s 
history  as  it  was.  In  various  parts  of  the 
world  occasionally  pieces  of  mineral  largely 
composed  of  iron  are  found,  which  have  a 
definite  line  in  their  substance,  which  we  call 
the  magnetic  axis,  and  which  have  this  peculiar 
property,  that  when  suspended  by  means  of  a 
thread,  the  line  called  the  magnetic  axis  points 
roughly  in  a north  and  south  direction  if  they 
are  not  disturbed  by  the  presence  of  other 
pieces  of  iron  in  the  neighbourhood.  Here  is 
a piece  of  lodestone  which  is  m.arked  at  the 
two  ends  with  a blue  and  red  mark  to  mark 
the  extremities  of  the  axes,  which  lies  along 
its  length  ; then  suspending  it  by  a thread  so 
that  the  axis  is  horizontal,  we  see  that  the 
direction  of  the  axis  of  the  lodestone  remains 
in  the  magnetic  meridian,  that  is  to  say, 
approximately,  in  a north  and  south  direction. 
There  is  another  property  in  connection  with 
the  lodestone,  which  is  this,  that  two  different 
pieces  of  lodestone  influence  each  other,  that 
they  produce  a movement  of  attraction  or 
repulsion.  Thus  when  I take  one  piece  of 
lodestone,  and  bring  it  into  the  neighbourhood 
of  another  which  is  suspended,  you  see  it 
immediately  turning  round,  showing  there  is 
an  influence  between  the  pole  I presented  to  it, 
and  the  pole  of  the  suspended  magnet.  I 
have  commenced  these  remarks  with  speaking 
about  the  lodestone,  because  that  was  really 
the  earliest  source  of  magnetism,  but  in 
our  experiments  which  we  may  perform 
in  the  laboratory,  instead  of  using  a piece  of 
natural  lodestone,  such  as  is  found  already 
magnetised,  it  is  much  more  convenient  and 
general  to  use  a magnet  artificially  made,  such 
as  I have  here,  and  which  I can  suspend 
upon  a pivot.  A magnet  thus  magnetised 
will  set  itself  naturally  in  a north  and  south 
direction,  and  can  be  acted  upon  by  another 
magnet  brought  near  it  so  as  to  cause  repulsion 


between  the  two  north-seeking  ends,  or  between 
the  two  south-seeking  ends.  You  will  now  see 
that  we  likewise  have  an  attraction  between  the 
north  end  of  one  magnet  and  the  south  end  of 
another.  This  is  generally  expressed  by  saying 
that  like  magnetisms  repel  each  other,  and 
unlike  magnetisms  attract  each  other.  The 
substance  which  is  capable  of  being  most 
powerfully  magnetised  is  the  metal  iron. 
Nickel  and  cobalt  possess  the  property  to  a 
less  degree. 

This  action  between  a suspended  magnet 
and  another  magnet  is  identically  of  the  same 
nature  as  the  action  which  takes  place  between 
the  whole  mass  of  the  earth  and  a compass 
needle  or  suspended  magnet,  so  as  to  cause  it 
to  lie  in  a fixed  direction  with  respect  to  the 
earth.  The  suspended  magnet  tends  to  place 
itself  in  a north  and  south  direction,  the  reason 
being  that  the  whole  of  the  earth  acts  in  the 
same  manner  as  this  magnet  which  I hold  in 
my  hand  does.  When  I hold  the  magnet,  it 
tends  to  give  a certain  direction  to  the  sus- 
pended magnet.  The  action  of  the  earth  is  of 
the  same  nature,  and  it  is  due  to  the  fact  that 
the  earth  is  magaetisedas  a whole -that  there 
is  a sufficient  quantity  of  iron  in  this  magnetic 
condition  in  the  earth — that  we  have  the  most 
valuable  property  of  the  compass  needle,  viz., 
that  it  points  north  and  south. 

It  was  noticed  in  the  17th  century  that  there 
is  another  action  due  to  the  earth’s  magnetism 
besides  that  which  attracts  the  magnetic 
needle  into  the  north  and  south  position.  It 
was  noticed  by  Norman  that  if  we  take  a bar 
of  steel  pivoted  accurately  at  its  centre  of 
gravity  so  that  it  ought  naturally  to  rest 
equally  in  every  direction,  then  the  end  which 
points  to  the  north  will  also  incline  downwards 
at  a considerable  angle,  70®  in  this  country. 
Here  I have  such  a needle  which  I place  in  the 
magnetic  meridian  fairly  suspended  on  the 
pivot,  and  free  to  take  up  any  position  in  the 
magnetic  meridian.  That  compass  needle,  as 
you  will  notice,  points  at  a very  great  angle — 
something  like  70°  to  the  horizon.  This  is 
spoken  of  as  the  dip  of  the  compass  needle. 
Gilbert,  who  was  the  father  of  the  science  of 
magnetism,  wrote  a great  deal  about  this,  and 
pointed  out  that  the  dip  of  the  needle  might  be 
explained  simply  by  supposing  that  the  earth 
was  acting  as  a magnet.  Gilbert  said  if  we 
have  a magnet  going  through  the  earth,  or 
only  a short  magnet  at  its  centre,  it  will  attract 
the  suspended  magnet,  and  the  tendency  will 
be  for  the  magnet  placed  on  the  equator  to 
rest  horizontally.  But  if  we  were  to  bring  the 
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same  needle  up  to,  sa)^  the  latitude  of  Great 
Britain,  then  the  end  of  it  which  was  attracted 
by  the  pole  of  the  magnet  in  the  centre  of  the 
earth  would  point  downwards.  Therefore,  we 
should  have  the  compass  needle  when  sus- 
pended at  the  centre  of  gravity  not  lying 
horizontally,  but  dipping  down  towards  the 
horizon,  and  this  will  explain  the  dip  of  the 
needle,  viz.,  that  it  is  a directive  action  due  to 
the  magnetised  portions  of  the  earth.  Gilbert 
had  no  more  knowledge  about  dip  than  the 
fact  that  in  these  latitudes  the  dip  was  about 
70'’,  but  he  saw,  if  his  explanation  was  correct, 
that  the  dip  would  vary  in  different  parts  of 
the  earth  ; that  at  the  magnetic  north  pole  of 
the  earth  the  needle  would  dip  vertically  down- 
wards, that  at  the  equator  it  would  be  parallel 
to  the  horizon,  and  that  the  inclination  would 
gradually  change  from  the  vertical  to  the 
horizontal  as  we  pass  from  one  of  the  poles  to 
the  equator.  This  was  a prediction  by  Gilbert 
which  was,  as  we  know,  fulfilled  when  obser- 
vations were  made  in  different  parts  of  the 
earth  by  means  of  this  dipping  needle,  which 
varies  in  inclination  when  taken  to  different 
parts  of  the  earth.  The  spot  near  the  North 
Pole,  where  it  is  perfectly  vertical,  has  actually 
been  visitedby  Arctic  explorers,  and  the  needle 
has  been  found  to  be  vertical  there. 

When  I was  speaking  ro  you  about  a statical 
electrified  body,  I told  you  there  were  two 
kinds  of  forces  that  came  into  play ; one  was 
a real  true  force,  which  caused  a motion  in  a 
material  body  ; the  other  was  not  what  Newton 
would  call  a force,  because  it  did  not  produce 
a motion  in  a body,  but  produced  a motion  of 
electrification.  That  kind  of  force  we  call 
electromotive  force,  and  electromotive  force 
produced  a change  in  the  arrangement  of  the 
electrical  condition  of  bodies.  We  have  an 
exactly  similar  thing  in  the  case  of  magnetism. 
Whenever  there  is  a magnet  in  the  neigh- 
bourhood of  any  point  of  space,  it  is  pro- 
ducing a force  of  this  peculiar  kind,  not  only 
a force  that  will  produce  motion  in  a body, 
but  a force  tending  to  produce  a re-arrange- 
ment of  the  magnetic  condition.  An  electric 
current  in  a conductor  also  acts  in  this  way  on 
space  in  its  vicinity.  We  shall  see  a little 
more  clearly  presently  how  this  magnetic  in- 
duction is  created;  but  as  we  study  the 
question  of  magnetism  more  fully  we  shall 
find  that  all  the  magnetic  phenomena  are 
produced  by  the  action  of  forces  which,  besides 
having  the  power  of  attracting  and  repelling 
magnetic  poles,  are  also  able  to  rearrange  the 
condition  of  magnetism  in  iron  bodies,  and 


those  forces  are  trying  to  change  the  con- 
dition of  magnetism  in  those  iron  bodies.  If 
the  bodies  oifer  sufficiently  small  resistance, 
then  the  change  in  the  condition  of  magnetism 
can  take  place,  and  we  have  magnetic  induc- 
tion ; if  they  offer  a large  resistance,  the 
change  cannot  take  place  to  a great  degree. 
The  analogy  is  most  remarkable  between  this, 
which  we  might  call  magneto-motive  force, 
and  what  we  have  spoken  of  as  electromotive 
force.  The  small  resistance  which  iron, 
nickel,  and  cobalt  oppose  to  the  re-arrange- 
ment of  the  magnetic  state,  and  the  large 
magnetic  resistance  of  all  other  materials,  is 
exactly  analogous  to  the  resistance  which  is 
offered  by  different  materials,  either  con- 
ductors or  insulators,  to  the  re-arrangement  of 
the  electrical  condition  when  a body  is  sub- 
jected to  the  electromotive  force.  But  there 
is  no  material  which  is  anything  approaching 
a perfect  magnetic  insulator.  I will  carry  the 
analogy  still  iurther  by  reminding  you  of  the 
remarks  which  I made  in  my  lecture  on  what 
is  called  electric  potential.  I said  there  was  a 
difference  of  electric  potential  between  any 
two  bodies  which  were  electrified,  one  posi- 
tively and  the  other  negatively  ; so  also  I say 
there  is  a difference  of  magnetic  potential 
between  the  two  ends  of  this  magnet.  I said 
that  we  meant  by  a difference  of  potential  that 
work  was  done  in  carrying  something  from 
one  point  to  another.  There  is  a difference  of 
gravity  potential  between  the  floor  and  the 
table,  because  work  is  done  in  lifting  a mass 
from  the  floor  to  the  top  of  the  table.  There 
is  also  a difference  in  magnetic  potential  be- 
tween the  two  ends  of  the  magnet,  because 
work  must  be  done  in  carrying  this  magnetic 
pole  from  the  one  to  the  other,  it  being 
attracted  by  the  first  one,  and  repelled  by  the 
second.  The  condition  of  re-arrangement  of 
the  magnetic  state,  owing  to  the  existence  of 
a magnetising  force,  is  called  magnetic  induc- 
tion, and  the  magnetic  induction  which  results 
depends  partly  upon  the  direction  in  which 
the  magnetising  force  is  acting,  and  partly  on 
the  shape  of  the  body  which  is  being  acted 
upon.  Iron  is  the  body  which  most  freely 
permits  the  action  of  this  magnetising  force. 
In  other  words,  we  should  say  that  iron  offers 
less  resistance  than  any  other  material  to  the 
induction  due  to  a magnetising  force.  The 
softer  the  iron,  the  less  is  its  magnetic  resist- 
ance, and  hard  steel  has  much  more  resistance 
than  wrought  iron. 

I have  here  a compass  needle  suspended, 
which  will  perhaps  enable  me  to  illustrate 


1024 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


\Septembe7‘  lo,  1886. 


some  of  the  phenomena  of  induction  by  throw- 
ing the  image  of  it  on  the  screen.  The  com- 
pass needle  is  now  suspended  in  a certain 
direction.  I wish  to  show  you  the  production 
of  induction  in  a piece  of  iron  by  subjecting  it 
to  magnetising  force.  The  magnetising  force 
which  I shall  employ  is  the  earth’s  magnetism. 
We  know,  from  what  has  already  been  said, 
that  the  earth’s  magnetism  acts  in  a north  and 
south  plane,  and  moreover  that  it  acts  far 
more  up  and  down  than  it  does  horizontally. 
Thus  the  direction  of  magnetism  is  some- 
thing of  the  direction  in  which  I am  hold- 
ing this  bar.  At  present,  therefore,  the  bar  is 
in  a position  subject  to  the  action  of  the 
magnetising  force  ; that  is  due  to  the  earth 
which  is  trying  to  pull  the  north  end  down- 
wards, and  trying  to  drive  away  the  south 
magnetism  at  the  other  end.  If  this  were  a 
magnet  freely  suspended,  as  the  dipping  needle 
was,  it  would  set  itseli  in  this  direction  with 
north  end  downwards.  But  it  is  not  a magnet, 
and  I say  the  magnetising  force  of  the  earth 
produces  a re-arrangement  of  the  magnetism 
of  this  bar.  I will  try  and  show  you  that  that 
is  the  case.  If  that  is  the  case,  then  the  earth 
is  creating  a north  pole  at  the  lower  end  of  the 
bar,  and  a south  pole  at  the  upper  end,  as  you 
see  by  the  motions  of  the  needle,  and  it  will 
remain  so,  even  though  I reverse  the  iron  bar, 
still  you  see  the  north  pole  points  to  the  ground, 
and  the  south  pole  points  upwards.  I hope  I 
shall  be  able  to  show  you  that  there  is  really 
a magnetising  force  acting  on  this  iron,  and 
to  prove  it  to  you  by  the  fact  that  this  selfsame 
end  is  a north  pole  when  it  is  pointing  down- 
wards, and  a south  pole  when  it  is  pointing 
upwards.  I will  bring  the  upper  end  first 
towards  the  needle.  You  see  the  direction  in 
which  the  needle  tends  to  go  in  a horizontal 
direction  as  shown  on  the  screen.  The  opposite 
end  of  the  iron  will  certainly  be  found  to  be 
magnetised  in  the  opposite  direction.  Now 
the  remarkable  thing  I wish  to  show  you  is 
this,  that  when  I turn  the  iron  round  I shall 
reverse  the  polarity  of  the  iron  bar.  I now 
present  that  pole  which  deflected  the  needle 
vertically  before  and  it  deflects  it  horizontally, 
and  the  other  end  deflects  it  into  a vertical 
position  instead  of  a horizontal. 

Now  I wish  to  show  you  some  facts  which 
enable  us  to  get  a very  fair  notion  of  the  ulti- 
mate nature  of  a magnet.  I have  told  you  that 
in  the  laboratory  it  is  not  very  convenient  or 
customary  to  use  pieces  of  lodestone  as 
magnets,  but  that  we  use  little  magnets  which 
have  been  artificially  made.  We  can  convert 


pieces  of  common  steel  into  magnets  in  a 
variety  of  ways.  One  way  is  by  making  use 
of  the  lodestone  itself  and  drawing  one  of  the 
poles  over  the  piece  of  steel.  On  drawing  one 
pole  of  the  lodestone  over  the  piece  of  steel 
always  in  the  same  direction,  the  steel  is  con- 
verted into  a magnet.  Here  is  a piece  of  steel 
tape  ; first  I will  show  you  that  it  is  not  sensibly 
a magnet,  that  it  does  not  seriously  influence 
the  compass  needle.  Now  I lay  down  this 
piece  of  steel  tape  and  draw  a pole  of  the 
magnet  over  it  from  one  end  to  the  other  of  the 
tape  in  one  direction.  By  this  means  I am  pro- 
ducing a magnetising  force,  and  that  is  an 
action  very  much  the  same  as  was  produced 
by  the  earth's  magnetism  on  the  soft  iron.  The 
only  difference  is  that  this  steel  is  not  like  soft 
iron,  and  when  it  is  magnetised  it  does  not  lose 
its  magnetism  easily,  therefore,  it  is  not  easily 
reversed  as  you  saw  in  the  iron  bar.  I 
have  now  stroked  this  over  several  times 
with  one  of  the  poles  of  this  magnet, 
and  on  bringing  it  into  the  neighbourhood  of 
the  compass  needle,  the  latter  is  violently 
deflected,  thus  showing  that  this  steel  tape 
has  been  converted  into  a magnet ; one  end 
attracts  the  needle  into  the  horizontal  position, 
and  the  other  end  repels  it.  Now  the  whole 
of  this  magnetism  is  resident  at  the  two  ends, 
and  it  might  be  thought  that  in  the  first  place 
we  have  north  magnetism  at  one  end  of  the 
steel,  and  south  magnetism  at  the  other  end. 
If  that  were  so,  you  would  think  that  upon 
breaking  this  you  ought  to  have  the  whole  of 
the  north  magnetism  at  one  end,  and  the  whole 
of  the  south  magnetism  at  the  other.  I will 
try  that  experiment  and  see  what  happens.  I 
have  broken  the  steel  into  two  portions.  I 
bring  one  end  towards  the  needle,  and  it  is 
moved  in  one  direction,  and  now  I bring  the 
other  end  towards  the  needle,  and  it  is  moved 
in  the  opposite  direction.  The  same  with  the 
other  fragment.  The  two  ends  have  opposite 
polarity  when  I have  broken  the  fragment  into 
two,  and  I might  go  on  breaking  it  again,  and 
still  there  would  be  the  two  poles  in  each  frag- 
ment. I might  imagine  it  to  be  broken  smaller 
and  smaller,  until  I had  reached  an  ultimate 
molecule,  but  I should  always  have  the  two 
poles  north  and  south,  that  is  to  say,  carrying 
it  to  the  extreme  limit,  the  actual  molecule  of 
iron  is  magnetised,  and  has  magnetic  polarity, 
one  end  of  the  molecule  being  north,  and 
the  other  end  of  the  molecule  being  south. 
This  is  a theory  which  has  been  developed 
by  various  persons,  and  is  now  pretty  generally 
accepted.  The  theory  as  generally  accepted 
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Dow-a-days  is  that  the  molecules  are  all 
magnetic  with  a north  end  and  south  end,  and 
that  in  every  piece  of  iron  the  molecules  are 
of  that  nature  ; but  that  when  we  subject  the 
iron  to  a magnetising  force,  then  we  arrange 
the  direction  of  those  molecules  so  as  to  be  all 
parallel  to  one  another,  and  in  the  same 
direction.  It  is  perfectly  clear  that  if  we  had 
a lot  of  little  magnets  all  arranged  in  the  same 
direction  and  parallel  to  each  other,  with  their 
north  ends  pointing  all  in  the  same  direction, 
and  their  south  ends  pointing  in  the  other 
direction,  then  the  whole  group  of  those 
magnets  will  act  as  one  large  magnet  does, 
they  would  attract  the  compass  needle  in 
exactly  the  same  way  that  we  find  a magnet 
attract  the  compass  needle.  Moreover  we 
know  that  if  a mass  of  iron  were  so  con- 
stituted, made  up  of  molecules  like  that,  and 
if  it  were  subjected  to  a magnetising  force, 
and  if  those  molecules  were  free  to  move,  that 
they  would  tend  to  arrange  themselves  in  the 
direction  of  the  magnetising  force,  and  that 
they  would  make  the  mass  of  metal  into  a 
magnet  just  as  you  saw  the  iron  bar  did  when 
subjected  to  the  inductive  action  of  the  earth’s 
magnetism.  This  is  the  theory  of  magnetism 
which  is  most  generally  accepted. 

I have  shown  you  one  way  of  converting 
iron  into  a magnet,  but  we  have  another  and 
much  more  potent  manner  of  doing  so,  and 
that  is  by  the  aid  of  the  electric  current,  and 
with  the  discovery  of  this  power  in  the  electric 
current  to  convert  iron  into  a magnet,  a field 
was  opened  for  an  enormous  number  of  prac- 
tical applications  of  electricity  and  magnetism. 
I will  show  you  electro-magnets  of  two  very 
different  shapes,  and  show  the  effects  which 
can  be  drawn  from  them.  The  first  one  is 
suspended  up  here,  and  simply  consists  of 
two  flat  discs  of  iron,  with  a circular  groove 
between  them,  in  which  groove  is  a coil  of 
insulated  copper  wire.  I shall  pass  an  electric 
current  through  the  wire,  and  now  it  has 
become  a powerful  magnet  able  to  support 
a very  heavy  weight.  When  we  look  at  the 
small  size  of  the  magnet,  weighing  about 
three  ounces,  and  the  considerable  weight 
supported,  over  loo  pounds,  it  is  most  striking. 
This  is  for  its  weight  the  most  powerful  electro- 
magnet I have  seen,  the  proportions  being 
specially  designed  for  that  purpose. 

Here  is  another  electric  magnet  of  a different 
form.  This  is  a horseshoe  of  iron,  round  which 
are  coils  of  wire.  At  the  present  moment  it 
has  no  influence  whatever  ; it  is  not  magnetised 
at  all  ; but  as  soon  as  an  electric  current  is 


sent  through  the  coils,  you  see  it  requires  con- 
siderable force  to  lift  off  the  iron  armature 
lying  on  one  of  the  poles.  Now  I will  connect 
the  two  poles  by  means  of  the  iron  armature 
or  keeper,  and  then  the  force  with  which 
it  attracts  is  something  enormous.  Not  only 
can  I lift  the  magnet  bodily  up  by  this  keeper, 
but  it  is  impossible  to  remove  the  keeper  from 
it  by  any  force  which  my  muscles  can  exert. 
When  I first  had  this  magnet  some  fourteen 
years  ago,  I was  showing  the  experiment  to 
some  students,  and  I told  my  audience  that 
as  soon  as  the  current  ceased  to  circulate  in 
this  wire  the  magnetism  would  disappear,  but 
to  my  astonishment  on  trying  it  I found  that 
it  did  not  disappear  at  all.  There  is  no  current 
passing  through  the  wire  at  present,  but  still 
it  attracts  the  keeper,  and  I cannot  pull  the 
keeper  off  by  a direct  pull.  If,  however,  I 
slide  that  iron  keeper  off,  the  magnetism 
absolutely  disappears.  As  a matter  of  fact 
this  piece  of  iron  is  so  remarkably  soft  that 
the  magnetic  induction  which  is  taking  place 
continuously  through  the  iron  mass  retains 
this  arrangement  actually  after  the  magnetis- 
ing force  has  been  removed.  I once  made  a 
special  kind  of  dynamo  machine,  and  after  the 
field  magnets,  which  were  of  the  softest  iron, 
were  magnetised,  they  retained  the  magnetism 
even  if  the  magnetising  current  were  stopped, 
and  continued  to  do  so.  I will  show  you  an 
experiment  which  suffices  to  show  that  when 
the  current  disappears  the  magnetism  does 
disappear.  Here  we  let  the  keeper  only  touch 
one  of  the  two  poles  of  the  magnet,  and  as 
soon  as  the  current  stops  the  magnetism  stops 
too.  But  when  I have  the  iron  formed  in  a 
complete  ring  so  that  all  the  molecules  are  end 
to  end  all  the  way  round,  it  retains  its  strength 
even  after  the  current  has  ceased.  There  is 
another  interestingexperiment,  in  which  instead 
of  the  solid  keeper  I use  a mass  of  horseshoe 
nails  which  form  a bridge  from  one  pole  of  the 
magnet  to  the  other,  and  which  present  a 
curious  appearance  of  rigidity,  but  directly 
the  current  is  broken  they  fall  apart. 

Faraday,  when  he  was  engaged  in  his 
brilliant  researches  on  magnetism,  was  accus- 
tomed to  study  the  nature  of  induction,  and 
the  direction  of  magnetic  induction  in  space, 
by  means  of  iron  filings.  I have  here  a small 
horseshoe  magnet  fastened  under  a horizontal 
sheet  of  glass,  which  I shall  project  on  the 
screen.  I now  dust  the  glass  over  with  iron 
filings,  and  you  will  see  the  direction  in  which 
they  lie  after  I shake  the  glass.  Each  little 
piece  of  iron  filing  is  converted,  temporarily. 
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iDy  the  force  of  the  magnet  into  a magnet 
itself,  and  it  settles  itself  in  the  direction  in 
which  the  inducing  force  of  the  magnet  is 
acting  at  that  point  of  space.  You  notice 
these  beautiful  curves  connecting  the  poles, 
which  come  out  more  clearly  when  I tap  the 
glass  gently,  so  as  to  allow  the  filings  to 
arrange  themselves.  In  the  first  place  you 
see  there  is  always  a tendency  for  the  lines  of 
induction  to  go  from  the  north  pole  to  the 
south  pole.  At  every  point  the  direction  of 
the  filings  indicates  the  direction  in  which 
induction  is  taking  place  at  that  particular 
spot.  I shall  not  enter  much  into  the  question 
of  these  lines  of  force  to-day,  but  Faraday 
thought  a great  deal  about  them,  and  the  con- 
•ceptionheusedhasbeen very  generally  adopted, 
and  is  a very  material  aid  to  the  understand- 
ing of  some  of  the  more  difficult  problems  of 
electricity  which  we  shall  be  coming  to  in  the 
succeeding  lectures.  If  we  suppose  that  the 
magnet  itself  consists  of  little  pieces  of  iron, 
with  north  and  south  polarity  going  all  the  way 
through  the  magnet,  from  one  pole  to  the  other, 
then  these  iron  filings  continue  the  chain, 
and  we  have  a continuous  line  of  force  going 
right  through  the  magnet  from  one  pole  to  the 
other  and  then  through  space.  Some  of  them 
go  right  through  to  the  end,  and  then  come 
back,  others  only  go  partially  through  the 
magnet,  and  come  back  across  the  air-space. 
But  by  a study  of  the  direction  of  these  lines 
of  force  we  are  able  to  get  a great  insight  not 
only  into  the  theory  of  magnetism,  but  into 
magneto-electric  phenomena,  which  we  shall 
be  examining  presently. 

I will  now  throw  on  the  screen  another 
illustration  of  the  same  kind  in  which  I 
have  unlike  poles  facing  each  other,  and 
you  will  see  the  direction  which  the  line  of 
force  will  take  when  we  spread  the  iron  filings 
there.  The  general  tendency  is  to  cause  the 
lines  of  force  to  cross  from  the  north  pole  to 
the  south  pole  ; not  only  in  a direction  straight 
across,  but  also  in  every  direction  in  space. 
They  may  ^-ake  all  sorts  of  different  directions, 
but  they  are  always  passing  from  one  pole  to 
the  other.  The  lines  of  force  then  go  right 
through  the  iron  ; and  it  is  very  important  in 
the  conception  of  lines  of  force  to  retain  that 
notion  that  these  lines  are  continued  through 
the  iron,  and  are  closed  curves  having  no  ends, 
and  that  this  arrangement  of  molecules  of 
which  I have  spoken  is  really  existing  in  the 
iron.  This  is  a very  beautiful  means  of  study- 
ing the  phenomena  of  induction,  and  the 
condition  of  the  magnetic  field  in  the  neigh- 


bourhood of  magnets  which  was  very  largely 
used  by  Faraday. 

I have  been  speaking  about  these  ultimate 
small  particles  of  iron  as  being  magnetic  in 
themselves,  and  I should  mention  here  a further 
theory  or  hypothesis  which  has  been  advanced 
to  account  for  the  existence  of  magnetism  in 
these  ultimate  molecules.  That  is  the  theory 
which  the  great  French  philosopher  Ampere 
proposed.  He  suggested  that  a molecule  of 
iron  is  nothing  more  nor  less  than  a circular 
current  of  electricity.  If  a current  of  elec- 
tricity could  be  created  in  a circular  piece  of 
metal,  and  if  that  metal  offered  no  resistance 
to  the  current  passing,  that  current  of  elec- 
tricity would  go  on  for  ever ; and  what  Ampere 
suggested  really  amounted  to  this,  that  a 
molecule  of  iron  is  a perfect  conductor  of 
electricity,  in  which  an  electric  current  had 
been  at  one  time  or  other  established  when 
it  was  created,  and  consequently  the  elec- 
tric currents  are  going  on,  continually  cir- 
culating in  those  molecules.  I can  show  you 
this  much,  that  if  we  had  a circular  current  of 
electricity,  the  action  would  be  such  as 
Ampere  described.  Here  I have  a coil  of 
wire,  the  two  ends  of  which  are  attached,  one 
to  a piece  of  copper,  and  the  other  to  a piece 
of  zinc.  I shall  dip  this  coil  into  a vessel 
containing  dilute  acid,  the  vessel  being  floated 
in  this  glass  dish.  Now  the  coil  of  wire  has  a 
current  of  electricity  in  it,  because  the  dis- 
similar metals  are  dipping  in  a solution  of 
acid  and  water ; and  we  find  that  that  coil 
takes  up  a position  so  that  its  axis  is  in  the 
direction  of  the  magnetic  meridian,  so 
long  as  there  is  a current  of  electricity 
passing  through  it.  I can  show  you  that  the 
action  of  the  magnet  upon  it  is  similar 
to  the  action  of  the  magnet  upon  another  freely 
suspended  magnet.  I can  do  that  by  means 
of  this  bar  magnet ; I can  attract  or  repel  that 
coil  according  to  the  pole  of  the  magnet  I 
employ,  and  according  to  the  side  of  the  coil 
at  which  I approach  that  pole.  You  see  now 
it  turns  round  and  presents  the  other  face 
towards  me.  I can  attract  the  whole  thing 
bodily  towards  the  sides  of  the  vessel.  The 
other  pole  will  attract  the  other  side  of  the  coil 
bodily  right  across  the  vessel.  Thus  whatever 
magnetising  force  I may  have  in  the  space 
occupied  by  this  floating  coil,  the  coil  will 
always  tend  to  set  itself  with  its  axis  parallel 
to  the  magnetising  force  exactly  in  the  same 
way  as  a freely  suspended  compass  needle 
would  do.  Finally,  I may  force  the  coil  to 
pass  over  the  bar  of  iron  and  to  run  along  the 
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whole  length  of  it,  showing  the  different  series 
of  actions  which  are  exercised  between  the 
magnetic  bar  and  the  circular  coil  which  has 
a current  of  electricity  passing  through  it. 
This  is  the  typical  magnetic  molecule  which 
Ampere  suggested  as  being  the  true  molecule 
of  iron,  and  if  we  can  conceive  of  a molecule 
having  a current  of  electricity  revolving  round 
it  like  that,  the  whole  of  the  actions  of  magnet- 
ism would  take  place  just  as  we  know  them  to 
do.  This  is  what  I meant  when  I said  that  we 
should  find  that  magnetism  is  also  another 
manifestation  of  the  same  electricity  which  we 
were  examining  in  our  last  two  lectures. 

It  was  shown  first  by  Joule  that  when  we 
magnetise  an  iron  bar  its  length  is  increased. 
It  has  been  supposed  by  some  that  that  is  due 
to  the  fact  of  these  magnetic  molecules  of  iron 
being  really  of  greater  size  in  the  direction  of 
the  axis  than  across,  so  that  when  a magnet- 
ising force  acts  on  them  so  as  to  put  their 
lengths  all  in  the  same  direction,  they  naturally 
take  up  more  space  lengthways  than  if  they 
were  all'  mixed  up  in  different  directions. 
Whether  that  is  the  true  explanation  or  not  I 
should  not  like  to  say.  The  experiment  that 
Joule  showed  proved  conclusively  that  iron 
-does  expand  when  it  is  magnetised.  It  is  a 
very  important  experiment,  which  I believe  is 
destined  to  give  us  a great  deal  of  information 
in  the  future  as  to  the  nature  of  magnetism. 
It  is  an  experiment  about  which  we  do  not 
know  anything  yet;  but  a great  deal  has  been 
done  in  the  course  of  the  last  year  or  two,  and 
the  astonishing  fact  has  been  discovered  by 
Mr.  Shelford  Bidwell,  that  not  only  does  iron 
■expand  when  we  put  it  into  a magnetic  field 
of  a certain  strength,  but  that  if  we  increase 
the  strength  of  that  field,  and  the  power  of 
induction  acting  on  the  iron,  to  a considerable 
extent,  we  diminish  the  action  ; that  is  to  say, 
that  as  we  go  on  increasing  the  magnetising 
force  we  first  get  expansion,  but  finally  an 
absolute  contraction,  and  the  contraction  is 
very  much  greater  than  the  expansion  which 
had  been  investigated  by  Joule.  I am  for- 
tunately able  to  show  you  this  experiment,  which 
Mr.  Bidwell  has  been  kind  enough  to  set  up 
for  us,  and  he  will  kindly  throw  upon  the  screen 
an  image  of  it  by  the  limelight.  I will  indicate 
a part  of  the  arrangement.  Here  is  a piece  of 
iron  rod  that  is  fixed  at  the  bottom  but  presses 
on  a lever  upwards.  The  end  of  the  long  arm 
of  that  lever  acts  on  a mirror  attached  on  a 
pivot,  so  that  if  the  piece  of  iron  lengthens  it 
will  give  motion  to  the  mirror,  and  the  spot  of 
light  reflected  from  it  will  be  seen  to  change  its 


position.  If  the  iron  were  to  grow  shorter 
the  spot  of  light  would  be  seen  to  rise 
up  on  the  scale.  I will  first  commence 
with  comparatively  feeble  magnetising  power. 
The  black  line  on  the  scale  is  a fixed  wire  re- 
flected by  a mirror,  and  when  I pass  a current 
round  the  iron  wire,  so  as  to  magnetise  it  with 
a comparatively  feeble  current,  we  see  a descent 
of  that  line,  indicating  that  the  iron  has  ex- 
panded in  length ; there  is  a motion  of  about 
an  inch  and  a half  or  so.  I will  now  ask  Mr. 
Bidwell  to  put  in  an  extra  strength  of  current, 
and  you  notice  the  very  large  contraction 
indeed  indicated  by  the  rising  of  the  spot  of 
light.  This  shows  the  contraction  of  the  iron 
when  we  use  it  with  sufficiently  high  mag- 
netising power.  This  was  not  noticed  by  Joule, 
because  he  did  not  use  a strong  enough  current. 
Finally,  as  we  have  this  experiment  arranged,  I 
will  show  you  the  contraction  produced  in 
nickel,  which  will  indicate  to  you  that  nickel,  one 
of  the  other  magnetic  metals,  also  contracts.  I 
might  mention  that  in  all  these  experiments 
the  total  movement  is  something  extremely 
small— something  like  one-millionth  of  an  inch 
to  a hundred  thousandth,  and  as  the  piece 
of  wire  is  only  three  or  four  inches  long,  the 
enlargement  which  we  are  obliged  to  have 
to  make  it  evident  is  very  great  indeed.  But 
this  mechanical  arrangement  which  Mr. 
Bidwell  has  introduced  is  very  satisfactory. 
On  introducing,  now,  the  nickel,  we  find  a 
rise  of  several  inches  when  contact  is  made. 
The  feebler  power  that  gave  expansion  with 
iron,  gives  a sensible  contraction,  and  on 
increasing  the  magnetisation,  you  see  that  the 
contraction  is  very  great. 


Miscellaneous. 

# 

CANAL  NAVIGATION. 

The  following  particulars  respecting  canals  as  a 
means  of  transport  are  taken  from  an  article  in  the 
Engineer : — 

There  are  now  in  the  United  Kingdom  3,931  miles 
of  canal  navigation,  of  which  927  miles  belong  to 
public  trusts,  1,445  to  independent  companies, 
1,333  miles  are  guaranteed  and  owned  by  railway 
companies,  i88|-  miles  are  derelict,  and  37  miles 
belong  to  owners  of  whom  nothing  appears  to  be 
known.  It  will  thus  be  seen  that  34  per  cent,  of 
all  the  canal  mileage  in  the  country  is  in  the  hands 
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of  the  railway  companies.  The  chief  among  the 
canal-owning  railways  is  the  London  and  North- 
Western,  which  has  eight  different  canals,  having  a 
total  length  of  488 J miles.  Among  these,  the  two 
principal,  alike  in  respect  of  their  length,  and  the 
districts  which  they  traverse,  are  the  Birmingham 
canals,  with  a total  of  169  miles,  and  the  Shropshire 
Union  Canal,  with  a length  of  203  miles.  These 
canals  pass  through  very  important  districts,  and 
should,  if  they  were  allowed  fair  play,  prove  a very 
formidable  rival  to  the  railway  system  of  which  they 
may  be  said  to  form  a part.  The  first  will  admit  of 
72  ft.  by  7 ft.,  and  the  second  is  adapted  for  vessels 
of  80  ft.  by  15  ft.  The  Midland  Railway  possesses 
only  the  Ashby-de-la-Zouche  and  the  Oakham 
canals,  the  latter  of  which  has  been  converted  into  a 
railway.  The  Great  Western  Railway  owns  257^ 
miles  of  canals,  the  two  principal  of  which  are  the 
Kennet  and  Avon,  85  miles  in  length,  and  the 
Monmouthshire,  Brecon,  and  Abergavenny,  54 
miles  in  length.  The  former  canal  is  distinguished 
for  the  large  size  of  craft  that  it  can  provide  for, 
occupying  in  this  respect  the  fourth  position  among 
the  canals  of  England,  as  the  following  figures 
show  : — 

The  Severn  Trust  Canal  will  admit  craft  270  ft.  by  35  ft. 
The  Aire  and  C alder  ,,  ,,  ,,  212  ft.  by  22ft. 

The  Gloucester  and  Birmingham  ,,  163  ft.  by  29  ft. 
The  Kennet  and  Avon  ,,  ,,  ,,  120 ft.  by  i8ft. 

The  Great  Western  Railway  Company  has  con- 
verted into  a railway  the  Hereford  and  Gloucester 
Canal,  thirty-four  miles  in  length,  which  probably 
did  not  traverse  a district  of  the  first  industrial  im- 
portance ; but  all  the  same,  the  alternative  route  for 
heavy  traffic  was  calculated  to  be  a real  public 
benefit.  Several  important  canals  are  owned  by  the 
Manchester,  Sheffield,  and  Lincolnshire  Railway, 
including  the  Chesterfield,  forty-six  miles  in  length, 
and  the  Dunn  Navigations,  thirty-nine  miles  long. 
The  total  length  of  the  canals  owned  by  this  company 
is  180^  miles,  and  104^  miles  more  are  owned  by  the 
Great  Northern  Railway  Company,  the  principal  two 
being  the  Grantham,  33^^  miles,  and  the  Witham 
Navigation,  31  miles  long.  Canals  of  minor  extent 
are  also  owned  by  the  Lancashire  and  Yorkshire,  the 
North-Eastern,  the  North  Staffordshire,  and  the 
Great  Eastern  Railway  Companies.  Most  of  the 
canals  so  owned  are  scarcely  worked  at  all,  no  provision 
being  made,  as  a general  rule,  for  allowing  the  public 
the  choice  of  such  an  alternate  method  of  transport. 
It  is,  of  course,  quite  a different  matter  with  canals 
owned  by  public  trusts  and  independent  companies. 
These  unitedly  own  or  control  2,372  miles  of  canal 
navigation  in  England  and  Wales,  which  is  1,039 
miles  more  than  the  extent  of  navigation  owned  by 
the  railway  companies.  The  fact  is,  that  few  indus- 
trial centres  are  without  canals  that  may  be  resorted 
to  for,  at  any  rate,  local  traffic,  while  many  give 
access  to  the  larger  markets  of  the  country.  In 
Lancashire,  for  example,  there  is,  among  canals  of 


importance,  the  Duke  of  Bridgwater’s,  the  IrwelJ 
Navigation,  the  Rochdale,  and  the  Leeds  and  Liver- 
pool ; in  Staffordshire  and  Worcestershire  there  is 
the  Birmingham,  the  Stourbridge,  the  Warwick  and 
Birmingham,  and  the  Staffordshire  and  Worcester- 
shire canals;  in  Yorkshire  there  is  the  Aire  and 
Calder,  the  Leeds  and  Liverpool,  and  the  Ouse  river  ; 
in  Leicestershire,  the  Leicester,  and  the  Leicester 
and  Northampton  canals ; in  Cheshire,  the  River 
Weaver,  and  the  Droitwich  canals;  in  Wales,  the 
Aberdare  and  Glamorganshire  canals  ; in  Gloucester- 
shire, the  Avon,  the  Wye,  and  several  smaller  canals, 
not  to  speak  of  the  Severn  river ; and  so  with 
other  counties  and  districts.  But  it  happens  in  only 
very  few  cases— as  in  that  of  the  Leeds  and  Liverpool 
Canal — that  these  canals,  all  of  which  are  controlled 
independently  of  railways,  afford  through  communi- 
cation from  one  important  centre  to  another.  They 
do  not,  as  do  the  railways,  form  great  trunk  lines,  by 
means  of  which  goods  can  be  transported  direct  from 
any  one  part  of  the  kingdom  to  any  other ; and  they 
also  labour  under  the  serious  disadvantage,  in  prac- 
tical operation,  of  lack  of  uniformity  of  dimensions, 
rates,  and  general  control.  Some  of  them  will  allow 
of  vessels  over  200  ft.  long,  while  others  will  only 
pass  craft  of  50ft.  to  55  ft.  It  would  be  possible  to 
remedy  this  condition  of  things,  if  the  canals  were 
not  under  so  many  separate  and  conflicting  juris- 
dictions, and  especially  if  the  railway  canals  were 
made  as  free  as  all  the  others.  As  it  is,  about  120 
miles  of  canal  navigation  have  been  converted  into 
railways,  and  188  miles  have  become  derelict  or 
abandoned,  presumably  in  consequence  of  their  failure 
to  remunerate  their  owners  for  the  cost  of  main- 
tenance. Most  of  the  existing  water-ways  are  in  a 
more  or  less  neglected  state. 

While  Great  Britain  has  been  neglecting  her 
internal  water-ways,  and  while  our  traders  have  been 
content  to  depend  upon  railway  transport  almost 
exclusively,  the  French  and  some  other  nations  of 
Continental  Europe  have  been  spending  large  sums 
of  money  in  endeavouring  to  establish  a complete 
system  of  canal  transport  between  the  chief  industrial 
and  commercial  centres.  A Commission  of  the 
French  Chamber  of  Deputies  reported  in  1879  that 
it  was  “impossible  to  fulfil  the  requirements  of  com- 
merce and  industry  without  the  service  both  of 
railways  and  canals,”  and  hence  they  recommended 
the  completion  of  the  network  of  canal  water-ways 
in  France  by  the  expenditure  of  iif  millions  sterling 
on  the  improvement  of  existing  canals,  and  of  16^ 
millions  on  the  construction  of  new  ones,  making  a 
total  of  about  28|-  millions  sterling.  In  favour  of 
this  project,  the  Commission  stated  that  while  coal 
could  not  be  carried  on  railways  for  less  than  0'5d.  to 
to  o-6d.  per  ton  per  mile,  it  could  be  transported  by 
canal  at  less  than  one-half  the  lowest  of  these  rates. 
This  has  been  much  the  experience  of  the  canal  system 
of  Belgium,  which  has  in  consequence  been  carefully 
cultivated  and  largely  extended.  On  the  other  hand, 
however,  it  must  be  said  that  there  is  certainly  not 
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much  encouragement  to  be  drawn  by  those  who  desire 
to  see  the  canal  navagation  of  the  past  restored  to  its 
prestine  utility  as  a means  of  transport  from  the  annals 
of  the  canal  system  of  the  United  States.  In  that 
country  there  were  in  1880 — the  most  recent  year  for 
which  returns  are  at  command — the  total  of  4,468 
miles  of  canals,  or  about  136  miles  more  than  the 
total  canal  mileage  of  England  and  Wales.  But  of 
these  4,468  miles,  no  less  than  1,953  miles  had  been 
altogether  abandoned,  and  it  was  reported  that  a 
large  part  of  the  remaining  2,515  miles  was  not 
paying  expenses.  In  the  New  England  States  all  the 
canals  had  been  abandoned.  In  New  York  State, 
357  miles  of  canals,  the  construction  of  which  had 
cost  over  10^  millions  of  dols.,  had  been  abandoned, 
as  was  also  447  miles  in  Pennsylvania,  constructed 
at  a cost  of  12^  millions  of  dols.  ; 205  miles  in  Ohio, 
constructed  at  a cost  of  3 millions  of  dols. ; and  379 
miles  in  Indiana,  costing  6^  millions  of  dols.  *so 
recently  as  1851.  The  total  cost  of  the  canals  of  the 
United  States  has  been  returned  officially  at  214 
millions  of  dols.,  or  about  53  millions  sterling.  The 
average  cost  per  mile  of  canal  built  has  been  48,000 
dols.,  or  about  ;^9, 600,  against  an  estimated  average 
of  ^6,560  for  the  canals  in  the  United  Kingdom,  and 
an  average  of  ^^6,229  per  mile  for  the  Erench  canals. 

The  two  most  important  American  canals,  the 
Erie  and  the  Champlain,  are  both  in  the  State  of 
New  York.  The  former  canal  was  constructed  for 
the  purpose  of  uniting  the  w’aters  of  Lake  Erie  and 
the  Hudson.  The  total  length  of  the  canal,  with  its 
branches  and  feeders,  is  365  miles,  and  the  total  cost 
was  51,609,000  dols.,  or  upwards  of  ^^141, 000  per 
mile.  The  width  of  the  canal  is  70  ft.  at  the  surface, 
and  52^  ft.  at  the  bottom,  the  depth  being  7 ft. 
There  are  72  locks,  each  no  ft.  in  length,  by  18  ft. 
in  ^\^dth,  and  having  a rise  and  fall  of  656  ft.  The 
total  freight  traffic  on  the  Erie  Canal,  in  1880,  was 
4,608,651  tons;  the  gross  income  i,  120,691  dols.; 
and  the  net  income,  442,567  dols. — which  was  only 
equal  to  paying  about  i per  cent,  on  the  capital  cost 
of  construction.  The  total  expenditure  incurred  on 
behalf  of  the  canal  for  the  year  in  question,  including 
cost  of  working,  was  678,124  dols.,  or  60  percent, 
of  the  gross  income.  In  the  case  of  the  Champlain 
Canal  the  results  are  even  less  satisfactory,  the 
amount  of  freight  moved  in  1880  having  been 
1,200,000  tons  ; the  gross  income,  51,267  dols.  ; and 
the  expenditure  136,520  dols. ; leaving  a deficiency 
of  85,253  dols. 

Now  compare  these  figures  with  those  that  refer  to 
the  chief  competing  route — the  New  York  Central 
Railroad.  In  1868,  the  total  traffic  carried  on  that 
line  was  1,846,000  tons,  and  the  average  ton-mile 
rate  was  2*743  cents,  or  more  than  three  times  the 
amount  of  the  average  canal  rate  for  the  same  year. 
Yet,  in  spite  of  this  enormous  difference,  the  railway 
traffic  went  on  increasing  until,  in  1873,  amounted 
to  5,522,000  tons,  being  an  increase  of  3,676,000 
tons,  or  about  200  per  cent,  on  the  quantity  carried  in 
1868,  notwithstanding  the  enormous  difference  in  the 


cost  of  transport  as  against  the  railroad  already 
referred  to.  In  1873  the  average  ton-mile  rate  on  the 
New  York  Central  had  been  reduced  to  i*573  cents, 
a reduction  of  1*170  cents,  or  about  43  per  cent,  on 
the  average  ton-mile  rate  of  1868.  But  even  at  the 
reduced  rate,  the  railway  was  still  charging  *686 
cents,  or  about  77  per  cent,  more  than  the  canals* 
It  might  be  thought  that  this  difference  would  tend 
to  militate  against  the  progress  of  the  railway 
in  the  comparatively  depressed  times  that  followed. 
The  official  figures  show  that  between  1873  and  1883 
the  traffic  on  the  New  York  Central  Railway  had 
just  about  doubled,  while  on  the  canals  of  the  same 
State  there  was  a very  considerable  decline.  The 
movement  may  be  even  more  strikingly  illustrated  if 
the  average  rates  by  canal  and  lake  and  by  railroad 
alongside  the  total  grain  and  flour  traffic  received 
at  New  York  for  the  period  1878-1884,  are  grouped 
in  one  Table  as  set  forth  in  the  official  report  on  the 
foreign  commerce  of  the  United  States  for  1884 : — 


Grain  Traffic  by  Canal  and  Railway 
BETWEEN  Chicago  and  New  York,  and 
Average  Rates  per  Bushel. 


Grain  and  Flour  receipts  at 

Average  rates 

Year. 

New 

York. 

per  bushel. 

By  canal  and  river. 

By  rail. 

By 

By  rail. 

(i  looobushels.) 

(i  = 1000  bushels.) 

canal. 

Cents. 

Cents. 

00 

00 

63.905 

85,050 

9-15 

177 

1879 

57,044 

ioi,ii6 

11*60 

17*3 

1880 

69,440 

95,414 

12*27 

19*7 

1881 

38,192 

98,574 

8*19 

14*4- 

1882 

34.631 

81,224 

7-89 

14*6 

1883 

44,946 

81,636 

8*40 

16*5 

1884 

— 

— 

6*60 

13*0. 

The  greatest  advantage  possessed  by  canals  next  to 
that  of  their  lower  first  cost  is  the  much  lower 
expenditure  in  working  and  maintenance  than  belong 
to  railways.  Mr.  Conder  has  calculated  that  out  of 
every  ^200  paid  for  an  equal  tonnage  transported  an> 
equal  distance,  the  detailed  costs  are  : — 


Item 

By  railway. 
£ 

By  canaL 

Maintenance  of  way  .... 

....  13  .. 

. . 0* 

Maintenance  of  works  . . 

..  2*3 

Repairs  of  rolling  stock . . 

..  6 

Traction  

....  16  .. 

..  8. 

Traffic  expenses  

..  6 

General  charges 

....  15  .. 

..  15 

Interest  on  capital 

. . . . 100  . . 

..  337 

Total 

;^70‘6 

On  these  and  other  data  of  a cognate  character  it 
has  been  calculated  that  while  the  cost  of  an  equal 
amount  of  traffic  on  the  railways  and  canals  of  the 
United  Kingdom  would  be  1*2 id.  per  ton  per  mile 
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in  the  case  of  the  former,  it  would  only  be  0‘37d. 
per  ton  per  mile  in  that  of  the  latter.  In  other 
words,  canal  transport  is  little  more  than  a fourth 
that  of  railway  transport  for  the  same  volume  of* 
trade.  If  the  substantial  accuracy  of  this  estimate 
were  to  be  assumed,  it  would  seem  to  follow  that  if 
canals  are  made  to  take  the  place  of  railways  as 
regards  mineral  traffic  generally,  the  cost  of  trans- 
porting such  traffic,  which  now  amounts  to  about 
P^i6, 000,000  sterling  per  annum,  might  be  reduced 
to  little  more  than  ^4,000,000,  which  would  leave  a 
balance  of  about  2,000,000,  now  paid  for  railway 
transport,  either  to  be  disposed  of  in  favour  of  the 
general  public,  as  consumers,  or  to  help  to  provide 
that  margin  of  profit  for  coalowners  and  ironmasters 
to  which  they  have  now  for  some  years  been 
-strangers. 


PRODUCTION  OF  NITRATE  OF  SODA  IN 
CHILI. 

Extensive  deposits  of  nitrate  of  soda  exist  at 
Antofagasta,  Taltal,  and  other  places  in  the  desert  of 
Atacama,  but  the  chief  centre  of  production  is  the 
newly-acquired  province  of  Tarapaca,  which  is 
described  as  one  immense  bed  of  this  valuable  salt. 
At  the  present  time  the  nitrate  business  appears  to 
be  passing  through  a series  of  crises  which  is  the 
result  of  two  distinct  causes.  A commission  ap- 
pointed by  the  United  States  Government  to  inquire 
into  the  industrial  and  commercial  condition  of  the 
Central  and  South  American  States,  writing  on  the 
subject  of  the  nitrate  deposits,  says  that,  in  1875,  the 
Peruvian  Government  appropriated  the  nitrate  de- 
posits of  Tarapaca  and  compelled  the  proprietors  of 
works  to  hold  them  under  leases  from  the  Peruvian 
Government,  and  to  produce  nitrate  subject  to  the 
payment  of  a royalty,  but  the  production  was  limited 
to  a certain  specified  quantity  per  annum.  The 
object  of  the  Peruvian  Government  in  appropriating 
the  nitrate  deposits,  and  in  limiting  the  production, 
was  to  prevent  nitrate  competing  with  guano  as  a 
fertiliser.  AVhen  Chili  took  possession  of  Tarapaca 
the  works  belonging  to  the  Peruvian  Government 
were  sold,  those  which  had  been  seized  but  not 
paid  for,  were  restored  to  their  rightful  owners, 
and  the  production  of  nitrate  was  declared  to 
be  free.  A considerable  impetus  was  thus  given 
to  the  production  which  was  already  in  excess 
of  the  demand  when,  rather  more  than  a year  ago,  a 
sudden  collapse  in  a large  consuming  market  brought 
about  a crisis  in  the  nitrate  business.  About  three 
years  ago,  the  beet  growers  commenced  to  use  nitrate 
as  a fertiliser.  The  roots  attained  an  enormous  size, 
and  the  quantity  produced  per  acre  far  exceeded  that 
obtained  by  any  other  fertiliser.  Experience,  how- 
ever, soon  demonstrated  that,  although  the  beet  roots 
attained  an  unprecedented  size  under  the  influence  of 
nitrate  as  [a  compost,  it  was  at  the  expense  of  the 


saccharine  matter  contained  in  the  root,  and  it  was 
also  discovered  that  the  salt  had  a deleterious  effect 
upon  the  sugar  in  the  act  of  granulation,  and  even 
upon  the  sugar  itself.  The  result  of  this  discovery 
has  been  the  refusal  of  the  best  sugar  producers  to 
purchase  roots  to  which  nitrate  had  been  applied. 
To  meet  this  altered  condition  of  affairs  the  nitrate 
producers  combined  not  to  produce  more  than 
10,000,000  quintals  per  annum,  and  with  the  object 
of  finding  a new  outlet  for  their  production,  the 
owners  of  nitrate  works  agreed  to  offer  a prize  of 
;^i,ooo  to  the  discoverer  of  a new  use  for  nitrate; 
and  they  also  purposed  distributing  among  agricul- 
tural societies,  institutes,  and  schools,  500  tons  of 
salt  for  experimental  purposes.  A considerable 
quantity  of  iodine,  for  which  practically  there  is  an 
unlimited  market,  is  obtained  from  nitrate,  but  as  it 
is  a residual  product,  the  quantity  obtained  obeys  the 
laws  of  production  of  nitrate.  The  iodine  is  held  in 
solution  in  the  water  in  which  the  nitrate  earth  is 
boiled,  and  washed,  and  the  reagent  used  is  sul- 
phuric acid.  The  total  value  of  the  nitrate  of  soda 
exported  in  1883  amounted  to  ^6,409,000,  of  which 
the  United  Kingdom  took  ^,^5, 8 78, 000,  and  the 
United  States  ^168,000.  The  total  value  of  the 
iodine  exported  in  1883  was  ;i^597,ooo,  of  which 
;i^90,ooo  went  to  the  United  States,  and  ^355,000 
to  the  United  Kingdom. 


Obituary. 

^ 

Samuel  Morley. — Mr.  Morley  died  at  his  London 
residence  on  Sunday,  5th  inst.,  after  a long-continued 
illness,  which  prevented  him  from  appearing  in  public. 
He  was  born  at  Wells- street,  Hackney,  in  1809,  and 
early  in  life  took  a prominent  position  in  the  business 
of  his  father.  In  July,  1865,  he  commenced  his 
political  career  by  becoming  a candidate  for  the  re- 
presentation of  Nottingham.  He  wns  returned,  but 
unseated  on  petition  in  the  following  May.  In  1868, 
he  was  elected  member  for  Bristol,  and  he  continued 
to  represent  that  city  until  1885,  when  he  declined  to 
come  forward  again  at  the  general  election  of  that 
year.  Mr.  Morley  was  a deputy-lieutenant  and 
magistrate  for  Middlesex  and  Kent.  His  many  deeds 
of  philanthropy,  performed  during  a long  life,  are 
well  known,  and  he  is  said  to  have  spent  between 
^20,000  and  ^^30,000  a year  in  religious  and  benevo- 
lent works,  Mr.  Morley  was  elected  a member  of 
the  Society  of  Arts  in  1854,  and  took  a prominent 
part  in  the  promotion  of  technical  education.  In 
1875,  on  the  formation  of  the  National  Training 
School  for  Music,  Mr.  Morley  founded  two  scholar- 
ships of  ^80  for  five  years  in  connection  with 
Nottingham  and  Bristol.  He  was  a membet  of  the 
Executive  Committee  of  the  City  and  Guilds  of 
London  Institute. 
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CANTOR  LECTURES. 

THE  MICROSCOPE. 

By  John  Mayall,  Jun. 

Lecture  III.— Delivered  December  7,  1885. 

Early  Italian  Microscopes. — In  an  Italian 
•work,  entitled  “ Nvove  invention!  di  tvbi 
ottici,”  which  appears  to  have  been  a com- 
munication to  the  “ Accademia  Fisico-matc- 
matica,”  of  Rome,  in  the  year  1686,  signed  by 
“Carlo  di  Napoli”  (but  which  was  probably 
written  by  Ciampini,  the  editor  of  the 
“ Giornale  de  Letterati,”  vide  Langenmantel’s 
notes  on  Tortoni’s  microscope  in  “ Miscell, 
curiosa,”  2nd  Decade,  7th  year,  1689,  p.  444), 
a Plate  is  given  of  a number  of  curious  forms 
of  microscopes  which  are  reproduced  in  Fig.  32 
(p.  1032). 

The  microscope,  shown  in  Fig.  i,  is 
similar  to  the  one  we  noted  from  Sturm’s 
“ Collegium  curiosum.”  Fig.  2 is  a sort  of 
goblet  with  a lens  on  the  top.  Fig.  3 is  not 
glazed  at  the  sides,  so  that  the  objects  could 
be  readily  changed.  Fig.  4 seems  to  me  an 
older  form  than  Cuno’s  simple  microscope, 
which  we  have  examined,  and  may  be  the 
original  design  that  suggested  Cuno’s  which 
was  improved  upon  by  Musschenbroek, 
Wilson,  Lieberkiihn,  and  others,  dowm 
almost  to  our  own  time  ; it  has  generally 
been  termed  “The  Opaque  Microscope.” 
The  rod,  B,  carrying  the  lens-holder.  A,  slides 
and  turns  in  the  sockets,  D D,  and  the  forceps, 
G H,  fit  similarly  in  E E ; D D and  E E are 
pivoted  at  F.  The  forceps  are  sprung  open  by 
pressure  of  the  screw  i.  Fig.  5 embodies 


quite  original  points  (so  far  as  I know) ; the 
objects  are  fixed  on  the  edge  of  the  vertical 
disc,  G,  which  rotates  under  the  lens  in  the 
centre  of  the  disc,  D,  and  different  portions  of 
the  objects  can  be  brought  in  the  optic  axis 
by  the  screw- action  of  the  peg,  H ; c is  a 
spring  carrying  the  lens-holder,  D,  and  by 
means  of  the  cord,  E,  winding  on  the  peg,  F, 
the  lens-holder  was  drawn  down  to  the  proper 
focus,  or  by  the  reverse  action  it  was  raised  by 
the  spring,  c.  Fig.  6 is  of  special  interest  from 
the  fact  that  itis  stated  to  have  been  designed  by 
“Hombergh,  Gentiluomo  Indiana” — Homberg 
the  well-known  member  of  the  “ Academic  des 
Sciences,”  of  Paris,  and  whose  “Eloge”  was 
WTitten  by  Fontenelle.  The  eye-piece  w'as  of 
peculiar  design,  the  field-lens  being  mounted 
at  the  upper  end  of  an  inner  tube  over  which 
slid  an  outer  tube  having  the  eye-lens  at  the 
top ; the  separation  of  the  lenses  could  thus 
be  varied.  The  body  was  of  brass,  on  which 
a screw-thread  was  cut  on  a length  of  about 
two  inches,  and  the  focussing  was  effected  by 
rotating  the  body  in  the  brass  screw- socket, 
A B ; the  extended  bearing  of  the  screw 
(which  had  a rather  fine  thread)  made  the 
movement  far  more  accurate  and  steady  than 
was  usual  in  microscopes  of  that  date.  Fig. 
7 shows  the  same  model,  said  to  be  improved 
by  mounting  the  body  to  screw  in  a ring  on  an 
arm  on  a pillar,  instead  of  the  tripod.  Fig.  8 
was  designed  by  “Carlo  Antonio  Tortoni.” 
For  viewing  transparent  objects,  this  microscope 
was  to  be  directed  to  the  sky,  the  light  passing 
through  the  aperture,  E,  in  the  base-plate. 
This  microscope  was  furnished  with  a field-lens, 
otherwise  its  similarity  to  the  Campani  instru- 
ment, we  have  examined,  is  manifest.  Another 
somewhat  similar  microscope,  by  Tortoni,  was 
communicated  to  the  “Miscell.  curiosa”  (cited 
above)  by  Langenmantel.  Figs.  9 and  10  are 
attributed  to  “Marco  Antonio  Cellio;”  the 
lower  tube,  in  Fig.  10,  screws  in  the  socket  at 
A for  focussing  ; the  upper  is  a draw-tube  ; a 
field-lens  is  applied ; the  object-slide  passes 
through  a slot  in  the  base,  and  is  held  by 
springs  (shown  at  E E in  the  circular  figure  on 
the  right).  Here,  again,  the  modifications 
from  Campani’s  design  (except,  of  course,  the 
presence  of  the  field-lens)  are  but  slight,  as, 
indeed,  noted  by  the  author  of  the  paper. 
Fig.  II  is  said  to  be  the  “smallest  of  all  the 
microscopes;”  the  sides  w'ere  of  wood,  and 
the  multiple  object-disc  (No.  2)  w^as  fitted  to 
rotate  between  them,  the  portions,  N M,  pro- 
jecting at  the  edges  for  convenience  of  turning. 
The  lenses  are  said  to  have  been  made  of 
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‘‘crystal,”  of  about  the  size  “of  a small 
grain  of  millet;”  the  magnifying  power  was 
therefore  high  ; they  were  mounted  in  discs  as 


at  S (No.  3),  and  a diaphragm  Q was  pivoted 
at  R on  the  other  side  (No.  i)  to  regulate  the 
light.  A focussing  screw  (No.  4)  was  applied 


at  the  upper  end  between  tlie  sides  at  I (No.  3),  j Fig.  12  is  said  to  have  been  devised  , by 
and  the  milled  edge  disc,,  L,  projected  slightly  Tortoni ; the  lens  formed  the  signet  of  the 
beyond  the  top  for  the  aption  of  the  finger.  ring,  and  on  the  opposite  side  of  the  ring  a 
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hole  was  made,  through  which  a short  screw- 
rod  travelled,  carrying  a small  object-plate  to 
the  focus. 

Grind!  s Coittloimd  Microscope.  — In 


Grindl’s  “ Micrographia  nova ” (Norimb.,  168/ , 
4to),  p.  7,  we  find  the  microscope  whence  mv 
Fig.  33  is  copied.  The  optical  construction  is 
stated  by  Zahn  (“  Oculus  artificialis,”  1685, 


Grindl’s  Compound  Microscope  (1687). 


Fundam.,  111.,  p.  234)  to  have  been  communi- 
cated to  him  by  Grindl  in  December,  1685. 

I have  already  noted  that  Divini  combined 
two  plano-convex  lenses,  with  their  convex 


surfaces  facing,  to  form  an  eye-piece,  with 
which  he  claimed  that  objects  were  seen  less 
curved  ; and  we  found  that  Divini’ s idea  was 
carried  out  further  by  an  optrcian  of  L on 

■(i  ■ 
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in  1668  (cited  under  my  notes  on  Hooke’s 
microscopes),  who  used  two  pairs  of  these 
lenses  in  his  microscope.  Grindl  combined 
with  the  latter  eye-piece  a pair  of  similar  (but 
smaller)  lenses  acting  together  as  an  objective, 
as  shown  in  the  diagram. 

The  form  of  the  stand  appears  to  have  been 
copied  from  that  of  Cherubin  d’Orleans,  modi- 
fied, however,  by  the  application  of  an  external 
screw  to  the  body-tube  acting  in  a screw- 
socket  for  focussing. 

BonannVs  Microscopes.  — In  Bonanni’s 
■“  Micrographia  curiosa  ” (Rome,  1691,  4to), 
p.  26,  we  find  the  microscopes  shown  in  Figs. 
34  and  35.  The  interesting  point  in  the  design 


Fig.  34. 


Microscope  of  Bonanni. 


of  Fig.  34  is  that  the  focussing  can  be  effected 
by  a “screw-barrel”  arrangement  acting  on 
the  object,  which  is  clipped  between  two  plates 
and  pressed  away  from  the  object-lens  by  a 
spiral- spring.  This  system  of  focussing  was 
shown  more  practically  (as  we  shall  see)  by 
Hartsoeker  (1694),  in  combination  with  a con- 
densing lens;  and  Hartsoeker’ s design  was 
clearly  the  original  of  Wilson’s  (1702). 

In  Fig.  35  the  focussing  is  effected  by  rotat- 
ing the  body-tube  in  a screw-socket.  The 
plate,  G,  was  fixed  ; the  object  was  slid  between 
F and  G,  and  a spiral-spring  within  E D pressed 
it  in  contact  with  G.  The  tube,  M,  w’as  put  as  a 
sheath  over  E i,  D I,  to  exclude  all  light  but 
that  transmitted  by  the  object  when  the  instru- 
ment was  directed  to  the  sky.  The  design  of 


this  microscope  is  similar  to,  but  an  improve- 
ment on,  that  of  Cellio  {m'de  Fig.  32,  Fi^-.  10), 
which  was  but  slightly  modified  from  Cam- 
pani’s,  as  w^e  noted. 

Fig.  35. 


Microscope  of  Bonanni. 

Bonanni  is  better  known  as  the  author  of  the 
horizontal  compound  microscope  in  Fig.  36 
(p.  1035),  which  is  copied  from  the  original  in 
the  same  work,  p.  28.  The  convenience  of  using 
the  microscope  in  a horizontal  position,  with  a 
lamp  and  condenser  in  the  same  axis,  is 
obvious,  especially  in  view  of  the  fact  that 
nearly  all  the  compound  microscopes  designed 
previously  had  to  be  used  vertical,  or  directed 
to  the  sky.  The  mechanism  appears  to  modern 
eyes  somewhat  primitive  ; but  we  must  not  be 
too  exacting  in  our  criticisms  on  this  point, 
We  have  to  acknowledge  our  obligations  to 
Bonanni  for  initiating  the  system  of  the 
horizontal  microscope,  and  for  a graphical 
presentation  of  a compound  condenser  fitted 
with  focussing  mechanism  for  illuminating 
transparent  objects  by  transmitted  light. 

Hartsoeker' s Simple  Microscope.  — In 
Hartsoeker’ s “ Essay  de  Dioptrique  ” (Paris, 
1694,  4to),  p.  175,  we  find  the  microscope  shown 
in  Fig.  37  (p.  1036).  I must  at  once  call  your 
attention  to  the  fact  that  in  every  essential  point 
of  design,  Hartsoeker’s  microscope  anticipated 
Wilson’s  “screw-barrel”  microscope  (pub- 
lished in  the  “ Phil.  Trans.,”  1702),  v/hich 
became  so  popular  in  the  i8th  century.  The 
lens-carrier,  A B (on  wEich  the  cell,  P,  contain- 
ing the  lens,  is  screwed),  screws  into  the  body 
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0 C,  Q D,  at  O Q ; the  thin  brass  plates,  E 
and  F,  fit  within  the  body,  the  portions  cut  out 
allowing  them  to  slide  on  the  short  pillars,  O C 
and  Q D,  and  the  spiral- spring  pressing  them 
towards  c D ; the  object-slides,  or  an  animal- 
cule cage,  G H (hinged  at  <2  ^ to  allow  the  lid, 
G,  to  fit  into  H,  enclosing  the  objects  between 
strips  of  talc),  slide  between  the  plates,  E and 
F,  when  in  position,  and  the  “screw-barrel,” 

1 K,  fits  into  the  screw-socket,  C D,  and 
regulates  the  focussing  ; a condensing  lens,  N, 
fits  on  a second  “screw-barrel,”  LM,  which  is 
appliedinthe  screw-socket  of  IK.  This  arrange- 
ment of  the  condenser  is  better  than  the  plan 
adopted  by  Wilson,  as  it  allows  the  illumina- 
tion to  be  focussed  on  the  object  independently 
of  the  focal  adjustment  of  the  object  to  the  mag- 


nifying lens  ; whereas,  in  Wilson’s  microscope, 
the  condenser  being  mounted  in  l K,  without 
facility  of  adjustment,  remained  at  a fixed 
distance  from  the  object,  and  hence  the  control 
of  the  illumination  was  very  limited. 

Hartsoeker  appears  to  have  been  an  expert 
in  microscopical  observations  at  a very  early 
age.  According  to  his  “ Eloge”  by  Fontenelle, 
when  still  a student  of  geometry,  he  constructed 
microscopes  of  blown-glass  globules,  and  used 
them  in  the  observation  or  discovery  of  minute 
forms  of  life  with  so  much  success,  as  to  excite 
the  jealously  of  Leeuwenhoek.  His  skill  in  the 
construction  and  use  of  the  microscope  brought 
him  to  the  notice  of  Huyghens,  by  whose 
recommendation  he  was  made  a member  of  the 
“ Academie  des  Sciences,”  of  Paris. 


Fig.  37. 


Hartsoeker’s  Simple  Microscope  (1694). 


In  mentioning  Huyghens  in  connection  with 
microscopes,  it  may  not  be  uninteresting  to 
note  that  in  Vol.  X (1730),  pp.  608-9,  of  the 
“ Mem.  de  I’Acad.  Royale  des  Sci.,”  it  is 
stated  that  in  1678  he  reported  having  brought 
microscopes  from  Holland,  consisting  of 
“minute  spheres  of  glass,”  some  of  which 
were  not  larger  than  a grain  of  sand. 

Gray's  “ Water  Microscope." — In  the 
“Phil.  Trans.,”  XIX.  (1696),  pp.  353-6,  Gray 
communicated  the  design  of  his  water  micro- 
scope, shown  in  Fig.  38  (p.  1037),  together  with 
notes  on  its  use.  He  had  previously  figured 
and  described  {ib.,  pp.  281-3)  a simpler  form, 
consisting  of  a plate  of  brass  with  minute 
holes  in  which  drops  of  water  were  to  be 
placed,  but  without  arrangements  for  holding 


the  objects  to  be  examined.  Here,  however, 
we  have  an  object-holder,  C D E,  pivoted  at 
E on  the  lens-carrier,  A B,  the  point,  F,  serving 
for  such  objects  as  could  be  fixed  upon  it, 
while  the  hole,  c,  was  intended  for  drops  of 
the  fluid  to  be  examined ; G is  a thumb-screw 
acting  through  the  plate,  A B,  by  which  the 
obj ect-carrier  was  focussed  underthe  water-lens 
at  A,  the  slot,  D,  enabling  the  carrier  to  pass 
the  screw,  G,  the  disc  under  G serving  as  a 
“washer;”  the  carrier  was  made  of  well- 
hammered  brass,  and  sprung  somewhat  up 
from  E so  as  to  follow  the  movement  of  G, 
At  A was  a concavity  about  1-8  inch  in  diameter, 
with  a hole  through  the  plate  1-32  inch  in 
diameter — the  plate  itself  being  1-8  inch  thick 
—and  on  the  other  side  was  a corresponding 
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concavity  of  i-j6  inch  diameter,  the  two  meet- 
ing in  an  edge  in  the  plate.  Drops  of  water 
were  put  in  these  concavities,  forming  a bi- 
convex lens  of  unequal  curvatures,  by  which, 
with  care,  interesting  observations  could 
doubtless  be  made.  At  B a cylindrical  hole 
i-io  inch  was  made,  and  in  this  either  a 
shallow  lens  was  formed  by  not  inserting  too 
much  water,  or  a fluid  containing  organisms 
was  inserted  gradually  until  both  surfaces  were 
deeply  convex,  then,  applying  the  eye  suitably, 
one  was  expected  to  see  the  organisms  by 
means  of  pencils  that  had  undergone  total 
reflexion  within  the  waterbefore  being  refracted 


Fig.  38. 


to  the  eye — which  process  of  observation  was, 
I should  say,  both  ingenious  and  useless. 

In  the  early  part  of  this  century  Brewster 
attempted  to  revive  the  use  of  fluid  lenses,  in 
some  experiments  following  those  of  Gray,  with 
modifications.  Gray  had  made  lenses  by 
allowing  drops  of  a warm  solution  of  isinglass 
to  solidify  on  plates  of  glass,  either  on  the 
upper  surface  or  suspended  beneath.  Brewster 
improved  on  this  plan  by  using  drops  of  Canada 
balsam,  which  would  dry  hard  and  be  more 
transparent  and  less  liable  to  injury.  He  also 
propK>sed  (in  conjunction  with  Dr.  Blair)  a 


number  of  combinations  of  fluids  and  lenses  to 
obtain  achromatism,  and,  in  fact,  he  ap- 
pears to  have  sought  to  exhaust  the  subject  of 
fluid  lenses.  Many  of  Brewster’s  favourable 
criticisms*  on  the  fluid  lenses  he  devised  have 
failed  of  any  practical  issue ; and,  except  by 
here  and  there  an  enthusiast — especially  those 
who  are  unaware  of  Gray’s  and  Brewster’s 
priority — lenses  consisting  of  drops  of  water,  or 
other  fluids,  applied  with  more  or  less  inge- 
nuity to  form  practical  microscopes  — are 
generally  regarded  as  things  of  the  past,  not 
worth  reviving.  The  possibility  of  seeing  objects 
greatly  magnified  by  means  of  a drop  of  water 
used  as  a lens  should  be  known  to  botanists 
and  others  who  may  happen,  in  an  emergency,, 
not  to  be  provided  with  better  means. 

Wilson's  Microscopes. — In  the  “ Phil. 
Trans.,”  XXII.  (1702),  pp.  1241-7,  we  find  a 
description,  with  four  Figs,  of  the  two  “ small 
Pocket  Microscopes”  shown  in  Fig.  39 
(p.  1038).  Fig.  I is  the  simple  microscope  that 
was  termed,  later  on,  the  “ screw-barrel its 
resemblance  to  Hartsoeker’s  instrument  is 
obvious.  The  object-lens  (of which  there  were 
seven  of  different  foci.  Fig.  2 representing  the 
lowest  power,  mounted  in  “ a little  Barrel  Box 
of  Ivory”  ) was  mounted  in  the  disc,  B,  screw- 
ing in  the  tube,  A A,  below  ; the  object-slide,  as 
ee,  or  an  aquatic  tube,  gg,  was  applied  in  the 
the  centre  between  the  plates  at  E E,  the  spiral - 
spring,  H,  pressing  it  upwards ; D was  a 
hollow  cylinder  with  an  exterior  screw-thread 
travelling  in  a screw-socket  at  the  upper  A A,, 
thus  controlling  the  focussing,  c was  a cell,, 
containing  a condensing  lens,  forming  a con- 
venient grip  for  actuating  the  screw  movement 
of  D.  In  action,  the  lens  in  B was  applied  to 
the  eye,  and  the  instrument  directed  to  the  sky 
or  other  source  of  light. 

This  form  of  microscope,  with  slight  modi- 
fications, became  very  popular  in  the  i8th 
century.  It  was  originally  made  of  ivory  ; but 
the  great  majority  were  of  brass  ; occasionally 
it  was  made  of  silver.  Its  great  success  was 
probably  due  to  its  simplicity,  whence  it  could 
be  produced  in  large  numbers  at  very  moderate 
cost.  The  size  rendered  it  easily  portable, 
and  the  design  was  so  plain  and  substantial, 
that  it  could  be  used  by  the  veriest  novice 
without  risk  of  injury.  The  form  lent  itself 
readily  to  the  application  of  a handle  ; then  it 
was  easily  mounted  on  a pillar,  and  used 


* Published  in  his  “ Treatise  on  New  Philosophical  Instru- 
ments,” Edinb.  (1813),  8vo.,  in  the  “ Edinb.  Encyclop.” 
(Art.  “ Microscope”),  in  the  “Encyclop.  Britan.”  (7th  and 
8th  editions,  Art.  “ Microscope  ”),  and  many  other  works. 
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with  or  without  a mirror  ; a very  simple  addi- 
tion rendered  it  convenient  for  viewing  opaque 
objects  ; the  compound  body  could  be  added 
without  difficulty,  which  was  done  by  Culpeper, 
as  we  shall  see,  and  diaphragms  were  applied 
to  the  condenser  ; with  slight  modifications  it 
was  combined  with  various  forms  of  heliostat, 
thus  becoming  an  essential  feature  in  the  solar 
microscope ; and,  combined  w’ith  a system  of 
large  condensers,  it  became  the  lantern  micro- 
scope, as  used  far  into  this  century. 

Fig.  3 shows  the  “ opaque  microscope  ” de- 
vised by  Wilson.  The  series  of  magnifiers 
made  for  the  above  instrument  were  also  used 
with  this ; they  were  each  provided  with  a 
small  hole,  at  the  side  of  the  ivory  cylinder  in 
which  the  lens  was  mounted,  by  which  they 
could  be  fixed  on  the  spike,  A (as  shown  in 
Fig.  4).  The  object  was  held  by  “a  small 
pair  of  Tongs,  G G,”  or  placed  upon  the  black 
or  white  side  of  the  ivory  disc,  H,  at  the  other 
end.  The  focussing  was  effected  by  the  milled 
nut,  D,  acting  on  the  screw,  C,  which  was  fixed 
in  the  arm,  P,  the  spring,  E,  giving  the  reverse 
motion  when  the  nut  was  turned  the  opposite 
way.  The  pivoted  arms  gave  ample  range  of 
motion  to  adjust  the  object  under  the  lens. 

This  instrument  was  a decided  improvement 
on  Cuno’s  Simple  Microscope  (Fig.  31),  and  on 
the  Italian  form  shown  in  Fig.  32,  Fig.  4. 

Before  passing  on  to  the  examination  of 
other  models,  we  will  note  upon  some  of  the 
modifications  of  Wilson’s  “screw-barrel” 
microscope  that  were  devised  in  the  i8th 
century. 

(i.)  Culpeper's  Sitnple  Microscope  (Wil- 
son’s form).— Fig.  40  shows  Culpeper’s  appli- 
cation of  a folding  tripod  base  with  pillar  to 
Wilson’s  model,  with  the  addition  of  the  lens- 
carrier  on  an  arm  to  enable  the  instrument  to 
be  used  with  opaque  objects  . I have  not  been 
able  to  fix  the  date  of  this  instrument ; but  as 
none  of  the  examples  I have  seen  were  furnished 
with  “ Lieberkiihns,”  we  may  infer  the  con- 
struction was  probably  anterior  to  1738.  A 
ball-and-socket  joint  supports  the  microscope, 
and  with  so  small  an  instrument  it  was  not  so 
defective  as  with  larger  ones  on  the  pillar. 
A complex  system  of  articulations  clamped  on 
the  pillar  carries  a condensing  lens  for  illumi- 
nating opaque  objects,  or  a plane  mirror,  as  in 
Fig.  41  (p.  1040).  For  viewing  opaque  objects 
the  lens  was  removed  from  the  body-tube,  and 
a disc,  having  a pivoted  arm  terminating  in  a 
ring,  substituted  ; the  low-power  lens,  in  a horn 
mount  was  then  screwed  in  the  ring,  and  was 
thus  held  some  distance  away  from  the  body 


of  the  instrument,  so  that  the  object  could  be 
properly  illuminated.  This  arrangement  is 
shown  in  the  Figure. 


Fig.  40. 


Culpeper’s  Simple  Microscope  (Wilson’s 
Form,  ante  1738.?). 


(2.)  Culpeper's  Compound  Mic'/oscope. — 
In  Fig.  41  we  have  the  same  instrument  as  the 
preceding,  but  with  a compound  body-tube  of 
ivory,  with  draw-tube  substituted  for  the  lens- 
carrier.  A plane  mirror  takes  the  place  of  the 
condensers  on  the  articulated  arm  ; in  later 
constructions,  Culpeper  applied  the  mirror  on 
one  of  the  feet  in  a line  with  the  optic  axis.  A 
set  of  three  diaphragms  (of  which  one  is  shown 
in  front)  can  be  placed  over  the  condenser  in 
the  lower  end  of  the  “ Wilson  ” screw-barrel. 
The  ivory  handle  is  shown,  on  which  the 
“Wilson”  is  held  when  unscrewed  from  the 
ball-and-socket ; the  box  end  is  unscrewed 
where  discs  of  talc,  and  brass  wire  rings,  for 
holding  the  talcs  in  cells,  were  stored.  An 
early  form  of  animalcule  cage  is  shown 
in  front,  having  four  concave  discs  of  glass 
mounted  in  apertures  in  a plate  on  which  a 
similar  plate,  with  four  corresponding  aper- 
tures and  plane  discs,  is  hinged  to  open  or 
close. 

The  instruments  of  Culpeper’s  manufacture 
were  sometimes  covered  with  ornamental  en- 
graving. In  this  example,  the  lens-carrier  for 
opaque  examinations,  the  forceps-plate,  the 
articulated  mirror-arm,  the  tripod,  and  the 
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disc  at  the  base  of  the  pillar  are  engraved 
in  this  manner;  and  I have  met  with  other 
examples  in  which  the  Wilson  “ screw-barrel” 
was  similarly  engraved. 


(3.)  Wilson's  Simple  Microscope  (as  made 
by  Adams). — In  Adams’s  Micrographia 
illustrata”  (1746,  4to),  PI.  5,  we  find  the 
Wilson  “screw-barrel”  microscope,  shown  in 


Fig.  41. 


Culpeper’s  Compound  Microscope  {ante  1738?). 


Fig.  42.  The  lens-carrier,  Q r,  for  opaque 
work,  is  similar  to  that  made  by  Culpeper. 
The  forceps-plate  was  (apparently)  no  longer 
in  vogue,  though  it  was  useful  with  the  Wilson 
model,  as  I can  testify  by  practice.  A lens 
combined  with  a “ Lieberkiihn  ” is  shown 
at  S,  which  enables  us  to  fix  the  date  as  later 
than  1738. 

(4.)  Wilson' s Simple  Microscope  on  Scroll 
Standard  (as  made  by  Adams). — In  the  same 
work  (loc.  cit.J  the  Wilson  model  is  shown 
mounted  on  a scroll  standard,  and  with  a 
mirror  mounted  on  the  base  in  a line  with  the 
optic  axis  (Fig.  43,  p.  1041). 

One  of  the  most  symmetrical  arrangements 
of  the  Wilson  model  (and  of  the  adaptation  of 
the  compound  body)  that  I have  met  with,  was 
constructed  in  the  last  century  by  Cramer,  of 
Groningen,  Holland.  The  “Wilson”  partis 
of  brass,  the  lens-mounts,  the  compound  body, 
and  draw- tube  are  of  ivory,  the  scroll  standard 
is  of  brass  with  ornamental  chasings,  and  the 


Fig.  42. 


Wilson’s  Simple  Microscope  (as  made  bv 
Adam:s,  1746). 
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shaped  ebony  base  stands  on  three  chased 
ormolu  claws,  the  whole  fitting  in  a truncated 
pyramidal  box. 

Fig.  43. 


. G 


Wilson’s  Simple  Microscope  on  Scroll 
Standard  (as  made  by  Adams,  1746). 

Marshair s Compoiuid  Microscope.  — In 
Vlarris’s  “Lexicon  technicum  ” (1704,  2 vols. 
fol.),  under  the  word  microscope,  Marshall’s 
compound  microscope  (Fig.  44,  p.  1042)  is  de- 
scribed and  figured.  Several  important  innova- 
tions in  microscopical  construction  were  here 
embodied,  (i.)  A fine-adjustment  screw,  F,  is 
connected  with  the  sliding  socket,  E,  support- 
ing the  arm,  D,  in  which  the  body-tube  is 
screwed ; the  focussing  could  thus  be  con- 
trolled in  a far  more  effective  manner  than  by 
any  system  previously  applied  to  a large 
microscope.  The  previous  systems  involved 
the  direct  movement  of  the  body-tube,  either 
by  rotating  in  a screw-socket  (as  in  Hooke’s), 
or  by  sliding  in  a cylindrical  socket  (as  in 
Divini’s  and  Cherubin’s) ; in  a few  instances 
the  object  was  moved  in  relation  to  the  object- 
lens  ; but  all  these  plans  were  more  or  less 
defective,  especially  with  microscopes  of  large 
dimensions.  Marshall’s  system  was  a distinct 
mechanical  improvement,  for  the  object  could 
now  be  viewed  during  the  actual  process  of 
focussing,  as  the  image  would  remain  steadily 
n the  field.  (2.)  Hooke’s  arrangement  of  a 
lii^v  to  encircle  the  pillar  and  carry  a 
rotaing  stage,  is  here  modified  into  a fork, 
and,  instead  of  being  clamped  on  the 
base  hr  a thumb- screw  on  the  fixed  pillar, 
it  iS  hert  applied  with  a similar  thumb-screw 


clamp,  O,  on  the  pillar  itself.  (3.)  Hooke’s 
ball-and-socket  joint,  which  was  applied  to 
the  arm,  I,  is  here  shifted  to  the  lower  end  of 
the  pillar,  where  it  would  give  the  niovements 
of  inclination  to  the  whole  microscope,  instead 
of  to  the  body-tube  only,  as  in  Hooke’s ; the 
ball,  L,  could  be  tightly  clamped  by  the  screw- 
collar,  M,  in  which  slots  were  cut  to  give 
spring.  In  one  example  I have  met  with,  the 
slots  were  not  cut,  whence  I infer  that  it  may 
have  been  one  of  the  first  of  the  kind  con- 
structed, before  the  slots  were  applied.  (4.) 
A condensing  lens  on  jointed  arms  appears  ; 
I think  this  was  the  first  application  of  such 
adjustments  to  the  condenser.  From  the 
singular  position  of  the  candle  beneath  the 
condenser,  I think  we  may  infer,  without  doubt, 
that  the  mirror  was  still  unknown  as  a micro- 
scopical accessory  in  England. 

As  a matter  of  fact,  I have  met  with  this 
model  of  Marshall’s  microscope  bearing  the 
date,  1718,  still  without  mirror.  The  earliest 
instrument  I have  seen  provided  with  a mirror 
was  a modification  of  Marshall’s,  in  which  the 
ball  - and  - socket  was  replaced  by  a rigid 
pillar,  and  the  open-link  stage-carrier  was 
replaced  by  an  arm,  attached  to  a socket 
rotating  on  the  pillar,  and  fitted  with 
appliances  decidedly  in  advance  of  those 
figured  by  Harris,  or  indeed  of  any  belonging 
to  actual  models  I have  seen  of  Marshall’s  ; 
and  the  date  of  the  construction  I should 
assign  would  be  1718-1730 — probably  earlier 
than  the  Culpeper  instruments  we  hav^e  ex- 
amined, in  which  the  articulations  of  the 
mirror-support  point  to  an  experienced  use  of 
the  mirror. 

Harris  commends  Marshall’s  arrangement 
of  the  fish-trough  with  the  “ Lead  Coffin,”  M, 
“ to  be  put  on  the  Fish  to  hinder  it  from  spring- 
ing away,  and  moving  his  Tail  out  of  the 
Light”  while  under  examination.  The  series 
of  object-lenses  were  apparently  regarded  as 
novel  in  connection  with  a compound  micro- 
scope. The  numbers  on  the  standard  were  to 
indicate  approximately  the  position  of  the 
coarse  adjustment  for  the  different  powers. 
To  counterbalance  the  instrument  wEen  in  use, 
as  figured,  the  opposite  end  of  the  base  had  a 
large  block  of  lead  fixed  inside. 

The  figure  of  Marshall’s  microscope  has 
been  reproduced  very  frequently  in  Encyclo- 
paedias, and  other  works  ; and  occasionally 
the  position  of  the  candle  has  been  said  to  be 
more  favourable  for  depositing  soot  on  the 
condenser  than  for  illuminating  the  object. 
The  instrument  should  be  judged  by  com- 
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parison  with  the  microscopes  of  its  day.  Harris 
tells  us  that  Mellen’s  and  Leeuwenhoek’s 
simple  microscopes  were  the  best  then  in  use, 
and  he  concludes  his  notice  of  Marshall’s 
thus! — “I  have  had  Melleri' s Glasses,  and 
seen  LewenhoecF s and  CamlanI s y but  I 
would  sooner  have  the  Double  Microscope 
[Marshall’s]  than  any  of  them,  and  the  price 
is  much  easier.” 

JobloVs  Simple  Microscope.— Ivl  Joblot’s 
” Descriptions  et  usages  de  plusieurs  nouveaux 
Microscopes  ” (Paris,  1718,  4to),  several 
different  forms  of  microscopes  are  figured  and 
described.  I select  the  one  shown  in  Fig.  45 

Fig.  45. 


Joblot’s  Simple  Microscope  (1718). 

as  typical,  at  least,  of  the  ornate  designs  pro- 
posed by  Joblot.  The  lens  was  mounted  in  the 
small  cylindrical  tube  in  the  centre  of  the 
vertical  plate  on  the  right,  to  the  lower  part  of 
which  a rod  was  attached  passing  into  the 
lower  horizontal  tube,  and  with  a screw  at  the 
other  end  acted  upon  by  a nut  for  focussing. 


Joblot’s  principal  claim  to  recognition  as  a 
designer  in  connection  with  the  evolution  of 
the  microscope,  is  the  fact  that  he  devised  a 
rotating  object-stage  (applied  to  the  model  here 
figured)  that  may  have  suggested  to  Oberhaeuser 
the  plan  he  worked  out  so  successfully ; but  on 
this  latter  point  I speak  with  reserve,  for  the 
similarity  in  the  mechanism  is  not  a proof  that 
the  one  was  based  on  the  other. 

Joblot  mounted  a simple  lens  on  an  arm 
composed  of  three  ball-and-socket  joints 
attached  to  a short  stem ; it  is  in  con- 
nection with  this  construction  that  his  name 
has  been  handed  down  to  us  in  the  succession 
of  works  treating  of  the  microscope.  He  was,, 
however,  so  distinctly  preceded  by  Musschen- 
broek  in  the  essentials  of  his  design,  that  I 
pass  over  that  form.  For  the  same  reason  I 
pass  over  Lyonet’s  Simple  Microscope,  w^hicb 
differed  from  Musschenbroek’s  and  Joblot’s,. 
in  being  attached  to  an  oval  stage  of  wood,, 
supported  at  one  end  by  a brass  pillar  con- 
necting it  with  the  base,  and  with  an  aperture 
through  which  the  light  from  a mirror  was 
reflected  on  the  object. 

Barker's  ” Catoptric  Microscope. — In  the 
“Phil.  Trans.”  XXXIX.  (1736).  pp.  259-61 
(5  Figs.),  Barker  described  this  instrument  (Fig, 
46,  p.  1044)  as  “ contrived  ....  on  the  Model  of 

the  Newtonian  [Gregorian]  Telescope ” It 

was  arranged  to  magnify  “from  the  Distance 
of  9 Inches  to  24  Inches,”  so  that  opaque- 
objects  could  be  easily  illuminated  and  viewed. 
The  focussing  was  effected  as  with  the  Gre- 
gorian telescope,  i.e  , by  means  of  a rod  and 
screw,  M L,  {Fig.  2)  acting  on  the  small  con- 
cave speculum,  c D.  The  eye-piece  had  a 
plano-convex  field-lens,  G H,  and  a bi-convex 
eye-lens.  The  instrument  was  mounted  on  a 
cradle-joint  on  the  top  of  a pillar,  and  was  not 
connected  with  the  object  {Fig.  i). 

The  construction  was  simply  that  of  a 
Gregorian  telescope  of  very  short  focus,  w'ith 
an  extra  range  of  movement  fo-r  the  small 
speculum  to  focus  objects  distant  only  from 
9 to  24  inches. 

The  diagram,  shows  thepath  of  therays 

from  the  object  to  the  eye.  By  bringing  the 
small  concave  nearer  the  large  one,  more  and 
more  distant  objects  would  be  viewed,  until  the- 
instrument  would  become  a telescope  proper 
thus  furnishing  an  example  of  the  conversion 
of  a microscope  into  a telescope,  or,  conversely,. 
“ Thus  a telescope  used  for  viewing  very  near 
objects  becomes  a microscope,'  as  stated  by 
Herschel  (“  Encyclop.  Metrop.,”  art.  “Light,’*" 
p.  403). 
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CiilAeler  and  Scarlefs  Cotnpoutid  Micro- 
scope.— This  microscope  (Fig.  47,  p.  1045)  was 
published  in  R.  Smith’s  “Opticks”  (Camb., 
1738,  2vols.,  4to),I.,  p.  407,  and  was  considered 
by  Smith  as  a better  form  than  any  that  preceded 
it.  From  our  point  of  view  this  commendation 
appears  strange,  for  the  general  design  does 
not  suggest  a convenient  working  instrument. 
There  was  no  fine  adjustment,  and  the 
focussing  was  effected  by  sliding  the  body- 
tube  in  the  socket.  A rotating  multiple  object- 
disc,  s' ;f,  is  seen  (reversed  in  the  Fig.  to  show 
the  “button”  in  the  centre  by  which  it  was 
fitted  in  a slit,  i,  and  held  by  the  small  brass 
sliding  plate,  i",  under  the  stage).  The  spring- 
stage,  m n,  fitted  in  the  aperture,  /e,  and  acted 
after  the  manner  of  modern  safety  stages.  The 
fish-trough,  q (shown  reversed),  was  applied 
at  /,  and  the  “coffin,”  / (devised  by  Marshall), 


held  the  fish  still.  From  Smith’s  reference  to 
the  “concave  looking  glass,  ya,”  I think  we 
may  infer  that  the  application  of  a mirror  was 
new  to  him. 

Smith  mentions  that  he  had  occasionally 
used  this  model  as  a Reflecting  Microscope, 
after  the  method  explained  by  Newton  (see 
Fig.  18).  For  this  purpose  he  removed  the 
mirror,  y z,  and  substituted  the  slotted  spring- 
tube,  D,  in  which  a concave  speculum, 
cemented  on  the  top  of  A B,  was  adjustable  by 
means  of  a small  wooden  cylinder,  c,  beneath; 
then  he  removed  the  field-lens  from  the  eye- 
piece and  the  object-lens,  f,  from  the  body- 
tube,  placed  an  object  on  a piece  of  clear 
glass  at  7c,  condensing  light  upon  it  by  the 
lens,  o /3,  applied  at  /,  and  by  sliding  the 
speculum  up  or  down,  and  adjusting  the  eye- 
lens  correspondingly,  so  that  the  object  and 
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its  image  were  the  two  conjugate  foci  of  the 
speculum,  he  saw  the  magnified  image  3.t  a a. 
The  general  design  of  this  microscope  was 


Fig.  47. 


Culpeper  and  Scarlet’s  Compound 
Microscope.  (1738]. 


much  in  vogue  in  the  i8th  centur}%  and  was 
modified  by  Adams,  Dollond,  and  others.  In 
some  instances  the  pillars  were  made  very 
ornate,  especially  by  Italian  opticians.  Adams 
added  a fourth  pillar,  and  applied  a rack-and- 
pinionto  the  body-tube  and  socketforfocussing. 
In  odd  examples  I have  met  with,  the  construc- 
tion of  which  suggested  that  they  were  prob- 
ably made  by  Brander,  of  Augsburg,  the  socket 
of  the  body-tube  was  hinged  on  the  stage  by 
two  short  pillars,  so  that  the  upper  part  could 
be  inclined  in  relation  to  the  stage.  The 
Niirnberg  toy-manufacturers  seem  (as  I have 
already  noted)  to  have  popularised  this  tripod 
form,  probably  because  the  design  could  be 
carried  out  easily  in  wood  and  cardboard  at  a 
small  outlay ; occasionally  they  applied  two  or 
more  draw-tubes,  and  added  to  the  body-tube 
an  arrangement  similar  to  Bonanni’s  (Fig.  35) 
for  holding  the  obi'ects. 

Smith's  Rejiecting  Micj-oscope. — In  the 
same  work  (II.,  pp.  95-7,  Fig.  169),  the  con- 
struction of  a reflecting  microscope  of  the 
Cassegrainian  form,  shown  in  Fig.  48,  for  view- 
ing transparent  objects,  is  given  in  detail. 

This  microscope  was  similar  to  the  Casse- 
grainian telescope,  but  with  an  extra  long  eye- 
piece tube  to  permit  the  focussing  by  move- 
ment of  the  eye-lens.  The  object  was  placed 
at  M N ; the  image  was  taken  up  by  the 
concave,  reflected  on  the  convex,  and  again 
reflected  to  the  eye-lens.  He  advised  the 
use  of  a condensing  lens  for  the  illumination, 
to  prevent  “the  mixture  of  foreign  rays  with 
those  of  the  object,”  otherwise  the  instrument 
gave  confused  images  of  distant  objects  when 
it  was  used  as  a microscope. 

In  the  one  instrument  of  this  form  I have 


Fig.  48. 


S.mith's  Reflecting  Microscope  (1738). 
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examined,  the  objects  are  magnified  very 
clearly,  though  there  is  no  condensing  lens. 

Lieberkiihn'’ s Simple  Microscope  (as  made 
by  Adams). — About  1738,  Lieberkiihn  devised 
a combination  of  a simple  lens,  mounted  in  a 
central  aperture  in  a polished  metal  reflector, 
which  he  applied  to  a small  hand-microscope 
(similar  to  the  second  form  of  Wilson’s,  vide 
Fig.  39)  for  the  special  purpose  of  viewing 
opaque  objects.  Fig.  49  shows  the  microscope 
as  made  by  Adams  {vide  “ Microgr.  illustr.,” 
loc.  cit.).  The  combination  of  a lens  and 
reflector  (shown  at  K)  is  practically  identical 
with  that  of  Descartes  (1637),  but  the  applica- 
tion to  a convenient  hand-microscope  rendered 
it  infinitely  more  serviceable.  As  proposed 
by  Descartes,  the  object  had  to  be  viewed  as 
it  happened  to  be  attached  to  the  spike,  and 
required  complete  re-adjustment  for  every  dif- 
ferent view;  but  Lieberkiihn’s  application  by 
which  the  lens  was  no  longer  fixed  to  the 
object-carrier,  left  the  latter  free  to  be  turned 
and  adjusted  as  required  by  the  forceps,  &:c. 


Cuff,  the  English  optician,  is  stated  to  have 
improved  upon  Lieberkiihn’s  original  con- 
struction (where  one  reflector  served  for  lenses 
of  different  foci)  by  making  a series  of  reflectors 
to  correspond  with  the  foci  of  the  lenses,  so 
that  the  objects  were  more  perfectly  illuminated. 

Lindsay  (1742)  used  not  only  spherical  con- 
cave reflectors,  but  also  hollow  cones  of 
polished  silver. 

Dellebarre  (1777)  made  extra  large  reflectors 
of  silver,  and  also  of  silvered  glass,  for  his  com- 
pound microscope  (vide  Lalande’s  description 
in  Montucla’s  “Hist,  des  Mathematiques,’^ 
2nd  ed.,  1799-1802,  III.,  p.  511).  In  severalcf 
Dellebarre’s  microscopes  that  I have  examined, 
the  large  perforated  silver  mirror  was  adjust- 
able on  the  nose-piece  of  the  body-tube,  with 
a range  of  upwards  of  an  inch  of  screw-motion ► 

The  “ Lieberkiihn”  was  readily  modified 
in  construction  so  that  it  could  be  applied  to 
achromatic  objectives  by  means  of  a cylindrical 
tube  sliding  on  the  end  of  the  mounting,  and 
has  thus  held  its  own  to  this  day. 


Fig.  49. 


Charles  Chevalier  (1830)  made  use  of  a 
perforated  silvered  mirror  of  glass  to  avoid  the 
inconvenience  of  tarnishing,  especially  where 
chemical  re-actions  were  under  observation. 
Amici  (1840)  made  some  extremely  small, 
“ Lieberkiihn’s ; ” in  one  I have  met  with, 
of  silver,  the  concavity  was  less  than  i-8th  inch 
in  diameter. 

Lieberkiihn' s Solar  Microscope  (as  im- 
proved by  Adams).  — Lieberkiihn  was  the 
inventor  of  the  solar  microscope  (1738).  As 
first  devised,  there  was  no  mirror,  the  micro- 
scope with  the  condenser  had  thus  to  be 
directed  to  the  sun,  which  was  done  by  means 
of  a “ Scioptric  Ball  and  Socket,”  and  the 
screen  upon  which  the  magnified  image  was 
projected  had  to  follow  the  movement  of  the 
microscope.  The  English  optician  Cuff  is  said 
to  have  improved  upon  Lieberkiihn’ s arrange- 
ment by  the  application  of  a mirror  (^heliostat) 
with  mechanism,  by  which  the  sun-light  could 
be  directed  constantly  through  the  microscope. 


and  the  magnified  image  projected  on  a fixed' 
screen.  In  the  earliest  form  of  solar  micro- 
scope I have  seen  by  Cuff,  the  rotation  of  the 
mirror  on  the  axis  of  the  microscope  was 
effected  as  shown  in  Fig.  50,  p.  1047  (copied 
from  Baker’s  “The  Microscope  made  easy,’^ 
3rd  ed.,  1744,  p.  22),  by  means  of  a cord 
encircling  a large  .grooved  wooden  disc,  B, 
on  which  the  mirror,  was  hinged  at  one  end, 
and  carried  over  a second  and  much  smaller 
disc  or  wheel,  4,  connected  with  a thumb-screw, 
5 ; the  other  movement  of  the  mirror  being 
controlled  by  a rod,  H,  connected  with  the 
mirror-frame  by  a jointed  arm,  6,  and  passing 
through  a metal  friction-socket  in  the  rotating 
disc,  B,  terminating  in  a ring,  8,  by  which  it  was 
moved.  The  heliostat  was  also  made  in  this 
way  by  Martin  in  his  earliest  examples. 
The  arrangement  was  improved  shortly  after- 
wards by  making  the  moving  parts  of  brass  ; 
the  disc,  B,  was  toothed  on  its  circumference, 
and  a pinion  controlled  the  rotation  ; a worm- 
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wheel  and  endless-screw  gave  the  other  motion. 

I cannot  say  who  devised  these  improvements  ; 
the  latter  one  was,  however,  shown  by  Adams 
in  1746  (“  Microgr.  illustr.,”  PL  IV.),  together 
with  his  application  of  his  “ New  Universal  j 


Single  Microscope  ” (Fig-  sO-  Martin 
claimed  the  former,  if  not  both  ; at  any  rate, 
in  his  “ Micographia  nova”  (1742),  his  de- 
scription of  the  solar  microscope  refers  only  to 
a “ Scioptric  Ball  and  Socket  ” arrangement. 


Fig.  50. 


Liebf.rkuhn’s  Solar  Microscope  (as  Improved  by  Cuff,  1744). 


so  he  did  not  know  of  the  application  of  a 
mirror  at  that  date. 

The  various  references  to  the  use  of  the  solar 
or  Camera  obscura  microscope,  published  in 
the  last  centuiy,  show  that  far  too  much  was 


claimed  for  it.  Martin,  Adams,  and  Baker 
seemed  to  vie  with  each  as  to  who  could 
speak  of  it  in  terms  of  highest  admiration, 
admiration  which  is  now  seen  to  be  out  of  all 
proportion  to  the  solid  merits  of  the  instru- 


Lieberkuhn’s  Solar  Microscope  (as  improved  by  Adams,  1746). 


ment.  The  modifications  by  which  the 
lucernal  microscope  was  developed— where  a 
lamp  was  used  instead  of  sunlight,  and  the 
image  was  received  on  a ground-glass  screen 
— may  have  contributed  to  render  the  micro- 


j scope  a means  of  amusement,  but  I do  not 
think  these  applications  have  added  to  its 
scientific  value,  certainly  not  in  a measure 
proportionate  to  the  attention  they  received  at 
the  hands  of  the  opticians. 
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Lindsajs  Simjle  Microscope. — This  minia- 
ture microscope  (Fig.  52)  is  of  two-fold  interest 
to  us : ( I ),  it  was  the  first  microscope  for  which 
a patent  was  registered  (1742);  (2),  the  design 
is  so  neat  and  compact  and  so  novel,  and  the 
workmanship  so  superior  to  the  rivals  of  its 
day,  that  one  has  a difficulty  in  accepting  the 
fact  of  its  construction  in  1742. 

The  focussing  is  effected  by  a lever  at  the 
side  raising  or  lowering  the  stage  in  grooves. 


Fig  52. 


Lindsay’s  Simple  Microscope  (1742). 


Single  lenses  are  mounted  in  two  plates  (as 
shown  in  the  box-lid)  sliding  in  the  grooved 
lens-carrier  at  the  top  of  the  instrument.  The 
lowest  power  is  mounted  in  a Lieberkiihn  re- 
flector ; and  a hollow  conical  reflector  is  shown 
in  front.  The  stage-forceps,  fish-plate,  mirror, 
jointedstem,  foldingtripod,  &c.,  are  all  designed 
to  pack  with  the  instrument  in  the  box  about 
4-^  X 2\  X 2 inches.  The  microscope  figured 
is  made  of  silver,  and  is  one  of  the  best  ex- 
amples of  eighteenth  century  workmanship 
that  I have  met  with. 


Figs.  32-37,  39,  42-51,  were  reproduced  from  the 
original  Figures  in  the  works  cited.  Fig.  38  was 
copied  from  a tracing  of  the  original. 

My  acknowledgments  are  due  to  the  Royal  Society 
for  permission  to  reproduce  Figs.  32,  38,  and  46, 
from  the  “ Philosophical  Transactions.” 

^-1  Fig.  52  wasjDhotographed  on,  the  wood-block  from 
the  instrument. 


ELEMENTARY  LECTURES. 
ELECTRICITY. 

By  Professor  George  Forbes. 

Lecture  IV. — Delivered  May  '^th,  1886. 

In  a previous  lecture,  when  we  were  ex- 
amining the  current,  we  saw  the  means  by 
which  we  could  create  electric  currents,  and 
we  saw  something  of  the  way  in  which  these 
electric  currents  act.  It  will  be  my  endeavour 
to-day  to  show  you  some  experiments  illustra- 
tive of  the  enormous  progress  which  was  made 
during  the  years  1820  to  1830,  the  results  of 
which  have  formed  the  foundation  of  the  whole 
of  the  most  important  developments  and  prac- 
tical applications  of  electricity  since  that  date. 
Previous  to  the  year  1820,  there  were  but  few 
phenomena  known  connected  with  the  electric 
current.  We  knew  that  the  electric  current 
would  heat  up  conductors  ; we  knew  that  we 
could  get  a spark  from  the  charcoal  points 
from  Humphry  Davy’s  celebrated  experi- 
ment, which  led  eventually  to  the  construction 
of  the  arc  light ; we  also  knew  that  chemical 
substances  could  be  decomposed  by  means  of 
the  electric  current,  but  beyond  that  practi- 
cally nothing  was  known.  A certain  number 
of  facts,  isolated  and  non-reproducable,  appa- 
rently had  been  collected.  It  had  been  found 
that  there  was  some  sort  of  connection  between 
magnetism  and  electricity,  but  as  to  the 
nature  of  this  connection  nothing  was  knowm. 
It  had,  however,  been  observed  that  frequently 
on  board  ship,  during  a thunderstorm,  wFen  a 
flash  of  lightning  struck  the  vessel,  the  com- 
pass needle  was  either  rendered  useless,  or  it 
might  be  caused  to  point  in  the  exactly  oppo- 
site direction,  its  north  end  pointing  south, 
and  its  south  end  pointing  north.  It  appeared 
then  that  this  electric  current  and  the  dis- 
charge of  lightning  had  some  connection  with 
magnetism,  but  up  to  the  year  1820,  there 
was  no  clue  as  to  what  the  connec- 
tion between  those  two  was.  In  my  last 
lecture  I showed  you  what  very  intimate 
connection  there  w'ould  now  seem  to  be 
between  electricity  and  magnetism  ; and  every 
step  of  our  progress  to-day  will  show  you  the 
connection  still  closer.  In  the  year  1883  there 
was  a grand  exhibition  of  electric  appliances 
in  Vienna,  and  I remember  well,  after  Mean- 
dering round  that  enormous  building  in  the 
Prater,  where  was  collected  a display  — the 
developrfierits  of  electric  science  in  every  de- 
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partment— in  telegraphy,  telephon}'-,  electric 
lighting,  electric  clocks,  and  all  kinds  of 
electric  appliances  ; after  having  examined  all 
these  dynamo  machines,  arc  lamps,  and  other 
things,  I came,  in  a secluded  corner,  upon  a 
minute  exhibit,  which  made  me  pause  with  a 
feeling  of  respect,  and  almost  of  awe,  when  I 
looked  at  this  small  apparatus,  and  thought  of 
the  consequences  which  had  followed  from  the 
experiments  made  with  it.  This  was  simply  a 
compass  needle  placed  on  a stand  with  a glass 
shade  over  it,  and  above  the  compass  needle 
was  a bust  of  the  man  who  had  used  this 
simple  apparatus.  I assure  you  that  when  I 
thought  of  the  experiment  that  had  been  made 
with  that  compass  needle,  and  when  I saw 
that,  from  that  single  experiment,  the  whole  of 
the  principles  involved  in  the  vast  assemblage 
of  electric  apparatus  in  that  building  almost 
immediately  followed,  one  could  not  help 
feeling  that  there  was  something  to  have 
respect  for.  I need  hardly  say,  the  exhibit  I 
was  looking  at  was  the  compass  needle,  and 
that  the  bust  behind  it  was  the  bust  of  Pro- 
fessor Oersted,  of  Copenhagen.  His  grand 
experiment  was  the  genesis  of  all  that  has 
been  done  in  electro-magnetism  since  then, 
and  I think  that  you  and  I shall  be  able 
to  see  this  afternoon,  as  we  take  up  one 
experiment  after  the  other,  how  it  might 
have  been  possible  almost  to  have  fore- 
told from  that  one  experiment  a vast  number 
of  phenomena  which  were  discovered  after- 
wards, and  which  form  the  fundamental 
principles  of  our  science.  The  experiment  of 
Oersted  was  in  bringing  a wire  through  which 
an  electric  current  was  passing  into  the 
neighbourhood  of  a suspended  compass  needle. 
Here  I have  a compass  needle  suspended  on 
a pivot.  In  my  hand  I hold  a wire,  through 
which  I am  able  to  pass  an  electric  current 
by  connecting  its  two  ends  with  a battery. 
The  direction  of  the  current  is  shown  by  the 
arrow  on  this  wire.  The  result  is,  that  if  the 
wire  containing  the  current  be  held  parallel  to 
the  needle,  it  will  be  deflected  in  one  direction 
or  the  other,  and  the  direction  in  which  the 
magnet  is  deflected  depends  partly  on  tlie 
direction  of  the  current,  and  partly  on  the 
position  of  the  current  above  or  below  the 
needle.  First,  I place  the  current  travelling 
from  north  to  south,  and  I place  the  current 
over  the  compass  needle.  You  will  then  see 
that  the  north  pole,  which  is  the  one  to  my 
right,  moves  towards  me,  that  is  to  the  east. 
I reverse  the  current,  and  make  it  travel  from 
south  to  north,  and  immediately  the  motion  is 


checked,  and  more  rapid  motion  in  the  oppo- 
site direction  is  produced.  By  reversing  the 
direction  of  the  current,  then  1 am  able,  to 
reverse  the  direction  of  the  motion  of  the  com- 
pass needle.  I will  place  the  current  travelling 
from  north  to  south,  but  under  the  needle,  and 
the  north  pole  will  go  away  from  me  instead  of 
towards  me  as  it  did  before.  I reverse  the  cur- 
rent once  more,  and  now  it  will  be  going  from 
south  to  north,  and  then  we  shall  see,  when  it  is 
below,  the  north  pole  will  approach  me.  Now 
let  me  show  you  what  conclusions  you  might 
legitimately  draw  from  these  facts.  It  has 
nothing  to  do  with  the  vertical  position,  except 
that  the  pivot  being  vertical  the  magnet  can 
only  travel  in  a horizontal  plane,  therefore  we 
must  not  define  the  action  as  being  dependent 
on  the  position  of  the  current  above  or  below'. 
But  I w'ill  give  you  a law  which  has  been  very 
generally  used  as  a sort  of  aid  to  memor}-.  If 
I be  facing  the  magnet,  and  if  my  body  be 
lying  in  the  direction  of  the  current  so  that  I 
am  as  it  were  swimming  with  the  current,  the 
current  coming  in  at  my  feet,  and  goingout  at 
my  head,  and  if  I be  looking  at  the  north  pole, 
I shall  see  the  north  pole  going  to  my  left- 
hand  side.  That  is  a general  statement  that 
includes  a statement  for  all  cases.  If  it  were  a 
south  pole  I was  looking  at,  it  would  be  urged 
in  the  opposite  way. 

Another  thing  which  follows  immediately 
from  this  observation  of  Oersted’s  is  this  ; it 
follows  that  each  one  of  these  poles  is  trying 
to  go  round  the  current.  When  I have  the 
current  near  the  compass  needle  the  north  pole 
is  trying  to  go  round  the  current,  and  w'ould 
go  round  it  continuously,  but  that  it  is  restrained 
in  its  action  by  its  connection  with  the  south 
pole.  Therefore,  I have  both  the  north  pole 
and  the  south  pole  wishing  to  go  round  the 
wire  in  opposite  directions ; they  cannot  go 
round  in  opposite  directions  because  they  are 
rigidly  connected,  therefore  the  most  they  are 
able  to  do  is  to  move  in  a position  at  right  angles 
to  the  current.  But  we  see  clearly  enough  that 
if  we  could  arrange  matters  so  that  only 
the  north  pole  was  tending  to  go  round  the 
current,  and  the  current  did  not  extend  over 
the  south  pole,  then  we  should  be  able  to  get 
continuous  rotation  of  the  north  pole  round 
the  current.  I think  you  will  agree  with  me 
that  is  a conclusion  we  naturally  have  arrived 
at,  and  which  ought  to  be  evident  from  the 
experiment  of  Oersted.  I will  try  that  experi- 
ment with  a small  piece  of  apparatus  I have 
on  the  table.  It  consists  of  a magnet  wdiich 
is  in  a bent  form.  The  vertical  magnet  is 
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pivotted  by  a wire  at  the  top  and  bottom.  The 
current  goes  down  through  the  top  pivot 
alongside  of  the  north  pole,  but  it  is  stopped 
at  the  middle  of  the  magnet,  and  carried  away 
by  a wire  dipping  into  a trough  of  mercury  so 
lhat  it  does  not  comedown  near  the  south  pole, 
it  passes  only  in  the  neighbourhood  of  the 
north  pole.  If  our  conclusion  is  right,  that 
north  pole  ought  to  travel  continuously  round 
.the  current,  and  we  should  have  continuous 
'rotation  of  this  north  pole  round  the  current 
when  we  connect  with  the  battery.  The 
presence  of  the  current  is  rendered  evident  by 
the  luminosity  of  the  little  piece  of  platinum 
wire  which  is  bent  round  so  as  to  dip  into  the 
mercury  cup.  We  find  when  it  is  adjusted 
that  we  shall  get  continuous  rotation  of  the 
magnet  round  the  current.  I will  now  describe 
-another  experiment  which  is  a simplification  of 
■this,  a very  remarkable  thing,  too.  This  con- 
sists of  a compass  needle  north  and  south ; 
it  forms  its  own  axis,  being  pivotted  top  and 
bottom,  but  there  is  a platinum  wure  as  before 
dipping  down  into  the  mercury  cup  w^hich 
c;arries  away  the  current  from  the  middle  of 
the  magnet,  so  that  the  current  only  traverses 
half  the  magnet,  then  passes  away,  and  does 
not  come  near  the  south  pole.  In  this  case 
-also  the  north  pole,  which  is  at  the  top,,  ought 
to  travel  round  itself.  This  experiment 
illustrates  it  equally  w'ell  with  the  other, 
.although  it  is  a step  in  advance,  perhaps. 
The  north  pole  rotates  round  itself  in  a con- 
tinuous direction. 

It  appears,  then,  so  far  as  the  action  of  the 
vcurrent  on  a magnet  is  concerned,  it  is  this. 
There  is  a tendency  to  cause  the  north  pole  to 
move  perpendicular  to  the  direction  of  the 
-current,  and  for  the  south  pole  also  to  move 
perpendicular  to  the  direction  of  the  current, 
but  in  an  opposite  way.  In  other  w^ords,  the 
current  has  the  power  of  creating  magnetic 
force  in  its  neighbourhood,  that  is,  of  in- 
ifluencing  a magnetic  pole.  If  it  has  the  power 
of  creating  magnetic  force,  we  know  that  there 
are  many  things  it  is  capable  of  doing,  that  it 
is  not  only  capable  of  moving  a magnetic  pole, 
but  that  it  is  also  capable  of  creating  a mag- 
netic pole  in  a piece  of  iron.  And  you  re- 
member in  the  experiments  of  last  lecture  I 
threw  some  images  of  iron  filings  on  the 
screen  in  a magnetic  field,  and  showed  that 
the  direction  taken  by  those  iron  filings 
indicated  to  us  the  direction  of  the  magnetic 
force  ; so  you  will  easily  see  that  we  ought,  if 
we  sprinkle  filings  round  the  wire,  to  be  able 
ito  see  these  lines  of  induction  by  circles  round 


the  magnetic  pole.  I will  now  throw  this  on 
the  screen. 

When  we  have  a current  going  through  a 
coil  of  wire,  making  a ring  of  current,  what  is 
the  condition  of  the  magnetic  force  ? We  know 
that  any  part  of  a coil  through  w’hich  the 
current  is  traversing  is  tending  to  move  the 
north  pole  continuously  round  it  in  a cer- 
tain direction.  Every  part,  then,  of  the 
coil  of  wire  is  tending  to  move  north  poles 
round  the  outside  of  the  ring  and  in  through  its 
centre  ; they  all  combine  to  tend  to  move  the 
north  pole  through  the  centre  of  the  coil.  You 
remember  that  when  I had  this  floating  battery 
with  this  coil  of  wire  attached  there  was  a 
tendency  for  the  magnet  to  suck  this  coil  over 
itself,  and  now  we  see  clearly  that  the  opposite 
effect  is  capable  of  being  produced,  and  that 
the  coil  would  naturally  tend  to  create  a 
magnetic  force  through  its  centre,  and  a com- 
plete magnetic  circuit  would  be  established 
round  its  outside,  and  back  again  through  its 
centre.  This  action  can  produce  certain  effects. 
This  creation  of  a magnetic  field  can  cause  a 
magnet  pole  to  be  moved,  so  that  if  we  have  a 
compass  needle  suspended  inside  this  coil  the 
current  would  tend  to  turn  the  needle  at  right 
angles  to  the  coil,  the  north  pole  being  moved 
through  the  coil  in  one  direction,  and  the  south 
pole  being  moved  in  the  other  direction.  This 
is  the  principle  of  the  construction  of  our  gal- 
vanometers, of  which  I have  one  on  the  table 
here.  We  have  two  coils  of  wire  both  wound 
in  the  same  direction,  and  the  current  circu- 
lates through  these  wires.  On  the  central 
stand  there  is  a compass  needle  which  naturally 
points  north,  parallel  to  the  plane  of  the  coils, 
but  when  the  current  is  complete  both  these 
coils  tend  to  move  the  north  pole  to  the  right 
if  the  current  is  in  one  direction,  and  the  south 
pole  to  the  left,  or  the  north  pole  to  the  left, 
and  the  south  to  the  right  if  the  current  is  in 
the  opposite  direction.  This  is  one  of  the 
actions  which  a coil  can  produce  owing  to  the 
magnetic  condition  of  the  space  in  its  neigh- 
bourhood. 

Another  thing  which  a magnetic  force 
can  do  is  to  create  poles  in  a piece  of  iron. 
Thus  if  I put  this  piece  of  iron  into  the 
centre  of  this  coil,  and  if  I hold  a few 
iron  tacks  in  my  hand  under  it,  they  are 
not  attracted,  but  if  we  turn  on  the 
current,  those  tacks  will  be  attracted  and 
hang  there.  The  moment  the  current  is 
broken  the  tacks  fall  down  again,  showing 
that  this  coil,  with  a current  passing  through 
it,  created  magnetic  force  in  its  neighbour- 
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hood,  and  is  also  able  to  induce  polarity  in  a 
piece  of  iron. 

The  third  action  is  the  combined  effect  of 
the  two.  This  coil  has  the  power,  when  I 
suspend  my  iron  by  a piece  of  thread  in  front 
of,  and  co-axially  with  the  coil,  of  creating 
polarity  in  the  piece  of  iron,  and  then  of 
causing  the  pole  to  move  in  accordance  with 
the  rules  w'e  have  already  described.  On 
passing  the  current,  )’’ou  see  the  iron  sucked 
into  the  coil.  This  sucking  action  is  applic- 
able to  a great  many  pieces  of  apparatus,  and 
I might  illustrate  it  by  a small  piece  of  appa- 
ratus which  has  been  called  an  electric  hammer. 
Here  is  a vertical  tube,  w’ound  continuously 
w'ith  a coil  of  wire  from  the  bottom  to  the  top. 
At  every  fifth  turn  there  is  a separate  wire  led 
away  to  one  of  these  pieces  of  brass,  of  which 
there  are  in  all  fifty  round  the  stand.  The 
lowest  five  turns  are  connected  with  the  piece 
of  brass  next  to  me ; the  second  five  with  the  next 
piece  of  brass ; the  third  with  the  third  piece, 
and  so  on,  until  the  last  piece  furthest  from 
me  is  connected  to  those  coils  which  are 
at  the  very  top  of  the  column.  If  I introduce 
into  this  column  a piece  of  iron,  I have  the 
means  of  causing  any  set  of  these  turns  of  iron 
round  the  vertical  column  to  have  a current 
passing  in  them.  The  wires  from  my  battery 
come  to  this  piece  of  wood  w'hich  has  two  con- 
tact pieces  on  it,  and  they  just  cover  ten  of 
these  brass  pieces  on  the  flat  board,  so  that 
by  moving  the  wood  along  the  flat  board  I 
make  contact  with  the  dilferent  pieces  of  brass, 
and  I can  send  the  electric  current  through 
any  ten  of  these  sets  of  turns  which  I please 
from  the  bottom  of  the  vertical  column  right 
up  to  the  top.  Thus,  if  I introduce  a piece  of  iron 
into  the  tube  by  making  contact,  and  sending 
current  through  these  coils,  I can  suck  the 
iron  right  up  to  the  top,  and  drive  it  down 
with  ver}'’  considerable  force.  I put  a piece  of 
paper  on  the  top  of  the  tube,  so  that  you  may 
see  the  rise  of  the  iron.  The  force  with  which 
I am  able  to  bring  it  down  produces  a very 
considerable  blow.  The  arrangement,  of  which 
this  is  a model  called  an  electric  hammer, 
was  shown  in  the  Munich  Exhibition  of  1882  on 
a considerable  scale,  but  more  as  one  of  the 
evidences  of  w’hat  wa  may  expect  the  appli- 
cations of  electricity  to  lead  to  than  for  any 
purposes  which  it  served  at  that  time. 

I have  said  that  a study  of  these  pheno- 
mena, resulting  simply  from  Oersted’s  grand 
discovery,  should  lead  us  to  many  new  facts 
even  before  we  had  performed  the  experiments, 
and  I am  going  to  ask  you  to  think  about  that 


very  connection  in  order  that  you  may  be  led  to 
one  of  Faraday’s  beautiful  discoveries,  and  I 
believe  that  in  so  thinking  over  Oersted’s 
experiment,  and  leading  up  to  Faraday’s  great 
experiments,  we  shall  be  following  somewhat 
in  the  path  over  which  Faraday  travelled. 
Faraday  never  told  us  that  he  knew  beforehand 
what  results  he  was  going  to  get.  He  always 
described  his  experiments  simply  as  they  came, 
but  at  the  same  time  I have  little  doubt  he 
reasoned  somewhat  in  this  manner.  We  have 
found  that  a north  pole  tends  to  move  in  a 
certain  direction  round  an  electric  current. 
Now  it  is  a grand  law  which  we  have  known 
since  the  time  of  Newton  that  action  and  re- 
action are  always  equal  and  opposite.  Let 
me  say  a few  words  to  show  what  I mean.  If 
one  of  you  and  myself  were  sitting  on  two  chairs 
on  casters  connected  by  a rope,  and  I was  to 
pull,  you  must  not  imagine  that  you  alone  would 
be  pulled  along  the  floor  towards  me,  I also 
should  be  pulled  towards  you,  or  if  you  were  to 
pull  both  of  us  would  be  moved  towards  each 
other.  In  every  case  whoever  may  do  the  work 
there  is  always  are-action  equal,  and  opposite 
in  direction,  to  the  action.  When  a planet  is 
going  round  the  sun,  the  planet  is  drawn  towards 
the  sun  by  the  force  of  gravitation,  but  you 
must  not  suppose  that  the  sun  is  not  also  drawn 
towards  the  planet ; it  most  undoubtedly  is. 
And  although  the  mass  of  the  sun  is  so 
great  that  its  movement  is  small,  the  total 
amount  of  re-action  is  exactly  equal  to  the 
action  of  the  earth  in  moving  towards  the 
sun.  When  a stone  falls  from  the  hand 
towards  the  ground,  it  falls  by  the  force  of 
gravitation  of  the  earth  attracting  it,  but  the 
stone  is  at  the  same  time  attracting  the  earth, 
and  the  earth  moves  in  the  opposite  direction 
to  the  stone,  and  the  total  action  which  we 
observe  by  the  fall  of  the  stone  is  exactly  equal 
to  the  reaction  in  that  motion  of  the  earth 
upwards  to  the  stone,  only  the  mass  of  the 
earth  is  so  great  that  of  course  its  motion  is 
totally  insensible.  Now  with  these  preliminaiy 
remarks,  let  us  return  to  the  experiments  we 
have  been  considering.  We  find  that  a mag- 
netic pole  tends  to  rotate  round  an  electric 
current.  We  know  that  action  and  reaction 
are  always  equal  and  opposite,  therefore,, 
before  we  try  an  experiment,  we  know  with 
absolute  certainty  that  a current  wall  tend  to 
rotate  round  a magnetic  pole.  This  is  the 
sort  of  argument  which  I have  always  imagined 
to  myself  Faraday  must  have  used  in  studying 
Oersted’s  experiment  as  leading  up  to  this 
beautiful  experiment  which  he  produced,  show'^- 
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ing  that  an  electric  current  rotates  round  a 
magnetic  pole.  This  apparatus  is  exactly  the 
converse  of  that  smaller  apparatus  which 
showed  us  the  other  experiment.  Here  I have 
a vertical  magnet  with  its  south  pole  upper- 
most. Pivotted  on  the  top  of  the  magnet  is  a 
conductor,  a piece  of  copper  wire  in  fact, 
which  travels  parallel  to  the  magnet,  and  dips 
^down  into  a trough  of  mercury.  The  current 
then  enters  the  magnet,  goes  up  to  the  pole 
at  the  top,  traverses  the  pivot,  goes  down 
the  wire  which  is  parallel  to  the  magnet, 
.but  outside  it,  then  into  the  mercury,  and  back 
to  the  battery.  Now,  when  we  turn  on  the 
.current,  we  shall  find  that  the  wire  is  rotating 
round,  showing  the  accuracy  of  the  principle, 
that  action  and  reaction  are  equal  and  oppo- 
site. I have  only  to  change  the  direction  of 
the  current  in  order  to  show  you  that  the 
motion  is  in  the  opposite  direction.  I shall 
now  simply  show  you  the  effect  of  reversing 
the  polarity.  You  noticed  that  the  wire  went 
round,  if  you  looked  down  upon  it,  in  the 
direction  of  the  hands  of  a watch.  I have 
now  reversed  the  magnet,  and  put  the  north 
pole  uppermost,  and  we  shall  find  that  the 
current,  which  is  in  the  same  direction,  will  go 
in  the  opposite  direction.  This  experiment  led 
Faraday  to  a large  number  of  very  beautiful  ex- 
periments, all  illustrating  the  same  point ; but 
the  general  fact  remains,  that  when  we  have 
an  electric  current  in  a magnetic  field — that  is 
to  say,  in  a part  of  space  where  there  is  a 
magnetic  induction— and  cutting  the  lines 
of  magnetic  induction,  then  there  is  a force 
tending  to  move  that  current  and  tending  to 
move  the  magnet,  and  whichever  is  free  to 
move  will  move,  and  if  both  are  free  to  move, 
both  may  move.  I should  like  to  say  a little 
more  about  the  direction.  I told  you,  when  I 
was  using  the  suspended  magnet,  the  law 
derived  from  Oersted’s  experiment  was,  that  if 
you  supposed  yourself  a conductor  carrying  a 
current,  your  head  pointed  in  the  direction  of  the 
current,  and  you  looked  towards  the  north 
pole,  that  then  you  would  see  the  north  pole 
moved  to  your  left.  Another  way  is  to  place 
the  face  of  your  hands  with  the  palm  towards 
the  north-pole,  and  stretch  your  thumb  away 
from  your  fingers,  and  point  your  thumb  in  the 
direction  of  the  current  so  that  the  current  may 
come  down  your  thumb.  If  the  current  is  coming 
from  the  point  of  your  thumb  towards  your 
hand,  and  the  palm  of  your  hand  is  facing 
towards  the  north  pole,  then  your  fingers  will 
show  the  direction  in  which  the  north  pole  of  the 
compass  tends  to  move.  That  is,  perhaps,  a 


little  simpler  than  the  way  I previously  de- 
scribed it.  Another  way  has  been  put  very 
clearly  thus.  Suppose  you  are  using  a cork- 
screw, you  turn  it  round  in  the  direction  of 
the  hands  of  a watch,  and  at  the  same  time 
the  corkscrew  moves  through  the  cork.  That 
gives  you  a relative  idea  of  the  direction  of 
the  rotation,  and  a motion  perpendicular  to 
the  plane  of  the  rotation.  Then  I would  say, 
when  the  current  is  going  in  the  direction  in 
which  the  corkscrew  moves,  that  is  into  or  out 
of  the  cork,  then  the  north  magnetic  pole  will 
be  seen  to  turn  in  the  direction  in  which  the 
corkscrew  turns.  I give  you  these  three  rules 
because  it  is  very  easy  to  choose  one  of  them 
and  fix  upon  it,  but  you  are  apt  to  get  con- 
fused if  you  do  not  fix  on  the  one  which  you 
are  going  to  use  for  the  future.  I recommend 
each  one  who  has  not  a rule  of  his  own  for  the 
purpose,  to  fix  on  one  of  these  and  keep  to  it 
as  to  the  direction  in  which  the  compass  needle 
moves.  Then  when  you  want  to  know  in 
which  direction  the  current  moves,  you  always 
have  to  remember  that  by  the  law  that  action 
and  re-action  are  always  equal  and  opposite, 
therefore,  under  these  circumstances,  if  the 
north  pole  tends  to  move  in  one  direction,  you 
know  that  under  the  same  circumstances  the 
current  tends  to  move  in  the  opposite  direc- 
tion. 

Now  I must  come  to  another  set  of  pheno- 
mena ; the  action  of  a coil  on  a piece  of  iron 
is  to  magnetise  it,  and  this  action  tends  to 
make  that  magnet  move.  In  fact,  the  action 
of  this  coil  is  to  create  a magnetic  field.  The 
action  of  the  coil  is  identical  with  the  action  of 
a magnet.  The  magnet  could  be  constructed 
of  definite  proportions  which  could  behave  in 
exactly  the  same  way  as  this  coil  does  on  all 
external  objects.  I do  not  say  on  objects  in 
the  interior  of  it,  because  there  there  would 
be  a difference,  but  on  the  exterior  object.  If 
the  action  of  this  coil  and  the  magnet  which 
could  be  made  would  be  identical.  Now  if 
this  coil  attracts  the  magnet,  and  another 
coil  will  act  as  a magnet  it  is  perfectly  clear 
the  two  coils  ought  to  attract  each  other. 
Each  of  these  coils  before  you  is  acting  as  a 
magnet,  and,  therefore,  they  ought  to  be  able 
to  attract  each  other,  or  to  repel  each  other 
according  to  the  position  of  their  axes,  and 
according  to  the  direction  in  which  the  currents 
are  rotating  around  the  coils  of  wire.  This  is 
a part  of  the  development  of  those  grand  re- 
searches which  were  undertaken  by  the  French 
philosopher.  Ampere.  Ampere  thought  there 
ought  to  be  some  action  between  conductors 
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which  carry  currents  of  electricity,  and  on 
studying  these  actions  he  was  able  to  bring 
out  some  general  laws.  He  aimed  at  putting 
his  conclusions  in  a certain  definite  form.  He 
supposes  we  have  two  circuits,  whether  they 
are  coils,  or  whatever  they  may  be,  with  electric 
currents,  each  little  bit  of  a current  in  the  one 
circuit  was  acting  with  some  force  or  another 
upon  each  little  bit  of  a current  in  the  other 
circuit,  and  that  the  total  action  observed  was 
the  sum  total  of  all  these  little  independent 
actions.  This  was  a very  difficult  way  of 
attacking  the  problem.  He  did  attack  it  from 
a purely  mathematical  point  of  view,  and 
worked  it  out  mathematically  to  find  what 
law  it  would  be  necessary  to  assume  in  the 
action  between  little  pieces  of  current  in  order 
that  all  the  phenomena  which  are  observed 
might  supervene.  One  result  he  showed  to  be 
that  two  little  bits  of  current  parallel  to  each 
other  either  attracted  each  other  or  repelled 
each  other  according  as  the  directions  of  the 
currents  in  the  two  were  the  same  or  opposite. 
I have  the  means  there  of  showing  you  this  by 
means  of  a flat  coil  of  wire.  The  wire  was 
simply  wrapped  between  two  boards,  the  wire 
being  insulated  and  wound  round  itself  con- 
stantly, always  being  coiled  between  two 
boards  until  we  get  a flat  spiral  of  considerable 
size,  and  exposing  a considerable  surface, 
which  might  be  subjected  to  an  attracting  or 
repelling  influence.  The  suspension  of  the 
the  coil  is  effected  by  means  of  the  wire  itself; 
the  two  ends  of  the  coil  are  continued  up  to 
the  beam  over  my  head,  and  thence  wires  go  to 
the  battery,  so  that  I am  able  to  send  a current 
circulating  through  that  coil.  I have  here 
another  coil  or  flat  spiral,  exactly  similar  to 
the  one  I have  been  describing.  I have  a 
battery  also  attached  to  this  spiral,  and  a 
separate  battery  attached  to  the  other  spiral. 
The  current  is  now  circulating  through  the 
suspended  coil,  but  there  is  no  current  at 
present  circulating  through  the  coil  I hold  in 
my  hand.  I bring  this  coil  in  the  neighbour- 
hood of  the  suspended  spiral,  and  there  is  no 
motion  whatever,  whether  I hold  one  side 
towards  it  or  the  other.  Now  if  we  put  on 
the  current,  you  will  see  immediately  an 
attraction.  It  draws  the  other  spiral  to 
it,  and  tries  to  stick  to  it ; on  breaking  the 
contact  it  flies  away  immediately.  Here, 
then,  is  a case  in  w’hich  the  two  currents  of 
electricity  w’ere  circulating  round  these  two 
coils  in  the  same  direction,  and  the  parallel 
currents,  going  in  the  same  direction, 
attract  each  other.  Now  we  will  reverse 


the  direction  of  the  current  of  electricity, 
so  that  the  currents  in  the  two  coils  will 
be  going  in  opposite  directions.  I am  now 
holding  my  coil  close  to  the  suspended  one, 
and  there  is  a violent  repulsion  when  I 
bring  the  coils  close  together;  they  try  to 
slide  over  each  other,  and  get  away  from 
each  other.  I could  get  up  quite  a swing  by 
following  it  about  a little  time,  and  I can 
check  the  swing  by  a judicious  movement  of 
the  one  I hold  in  my  hand.  I will  now  simply 
turn  my  coil  round,  and  ask  Mr.  Davenport  to 
put  on  the  current  in  the  same  direction  in 
which  he  had  it  just  now,  and  there  is  imme- 
diate attraction.  So  that  you  see  when  I 
reverse  the  position  of  the  coil,  I am  doing 
exactly  the  same  as  if  I had  reversed  the 
direction  of  the  current  by  the  commutator. 
We  have  attraction  when  the  one  current  is 
circulating  in  the  same  direction,  just  as  we 
always  found  that  we  had  attraction  when  the 
current  of  electricity  was  rotating  in  the  same 
direction  in  the  two  spirals. 

I will  now  show  you  by  means  of  a piece  of 
apparatus  on  the  table,  the  truth  of  Ampere’s 
conclusions,  viz.,  that  two  parallel  currents 
attract  each  other  when  they  are  going  in  the 
same  direction,  and  repel  each  other  when 
they  are  going  in  opposite  directions.  This 
piece  of  apparatus  consists  of  a vertical  column 
supporting  at  its  top,  on  a pivot,  a horizontal 
wire,  which  is  then  bent  downwards,  and  dips 
into  a trough  of  mercury,  the  base  of  the  vertical 
column.  I shall  be  able  to  put  on  a current 
immediately,  and  the  direction  of  the  current 
I have  carefully  observed  before.  The  current 
is  coming  from  the  copper  and  going  to  the 
zinc  of  the  battery,  and  goes  up  through  this 
part  of  the  external  circuit.  The  current  of 
electricity  in  the  wire  which  I hold  in  my  hand  is 
also  going  in  the  direction  of  the  arrow  which  is 
attached  to  the  conductor  I hold  in  my  hand. 
The  currents  are  now  circulating  in  this  direc- 
tion. In  the  first  place  I will  keep  both 
currents  in  the  same  direction.  As  I bring 
mine  near  the  suspended  one,  you  immediately 
see  an  attraction  producing  a rotation  of  the 
whole  apparatus  round  the  central  pivot.  I 
reverse  the  action  by  bringing  it  the  other  side, 
the  two  currents  being  parallel,  and  there  is 
the  same  attraction,  showing  that  two  parallel 
currents  going  in  the  same  direction  attract 
each  other.  I will  now  steady  it,  and  hold  my 
current  in  the  opposite  direction  with  the  point 
of  the  arrow  downwards,  and  cause  the  current 
to  flow  downwards  whilst  that  in  the  apparatus 
goes  upwards  ; bringing  them  near  to  each 
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other  we  shall  see  there  is  a decided  repulsion. 
These  two  main  principles  of  Ampere’s  experi- 
ment appear  to  be  true,  viz.,  that  two  parallel 
currents  attract  or  repel  each  other  according 
.as  the  direction  of  the  currents  are  in  the  same 
or  opposite  directions. 

There  is  anotherpartof  Ampere’sconclusions 
to  which  I would  also  direct  your  attention. 
He  also  showed  us  that  if  two  wires  both  carry 
■currents,  and  cross  each  other,  and  if  they  can 
rotate  about  the  point  of  intersection,  then  if 
the  currents  are  going  both  to  or  both  from 
the  point  of  intersection,  w’e  have  attraction. 
If  one  is  going  to  and  the  other  from  the 
point  of  intersection,  w^e  have  repulsion. 

I have  an  apparatus  here  w^hich  will  show  this 
action  very  well.  This  is  a beautiful  piece  of 
apparatus  which  I happened  to  come  across 
the  other  day.  I daresay  it  is  very  common, 
but  I never  saw  it  before.  There  are  two  coils 
of  wire,  both  on  vertical  pivots,  and  both 
■capable  of  rotating  about  that  axis.  A cur- 
rent of  electricity  can  be  independently  sent 
'through  these  twa  wires.  Both  of  them  in 
rotating  are  able  to  make  contact  with  mer- 
chry,  which  is  contained  in  little  cups.  The 
ends  of  the  one  coil  always  dip  into  the  same 
cups  of  mercury,  and  therefore  the  current 
always  goes  in  the  same  direction  through  that 
-coil.  The  ends  of  the  other  coil  dip  into  a cup 
which  has  a partition,  and  the  mercury  which 
is  in  the  cup  rises  by  capillary  force  above  that 
partition  so  as  to  meet ; and  thus  we  have  two 
■mercury  sectors  into  which  the  wares  can  dip, 
and  this  acts  as  a commutator  tending  con- 
>tinual3y  to  reverse  the  direction  of  the  current; 
so  we  shall  find  that  there  is  attraction  tend- 
ing to  bring  the  currents  together  up  to  a 
certain  point.  As  soon  as  that  point  is  reached 
the  current  is  reversed,  and  then  the  force  is 
-converted  into  repulsion,  tending  to  continue 
the  rotation.  By  this  ingenious  device  we  can 
get  continuous  rotation  of  these  two  coils 
round  the  vertical  axis  of  two  coils  rotating  in 
opposite  directions.  That  illustrates  the  action 
I have  just  been  describing,  showing  the 
attraction  or  repulsion  between  these  two  cross 
conductors  at  the  top  and  at  the  bottom  of 
the  pivot,  combined  wath  the  attraction  of 
parallel  conductors  which  are  at  the  sides, 
and  it  forms  a very  pretty  illustration  of  the 
principle. 

In  conclusion,  I will  show  you  an  experi- 
ment which  further  illustrates  the  attraction 
•of  currents  for  each  other  in  a very  simple  way. 
1 have  upon  the  stand  a spiral  of  copper  wire 
forming  a vertical  coil  freely  suspended  from 


its  top.  The  lower  end  of  the  copper  ware 
dips  into  a small  vessel  of  mercury.  Now 
when  I turn  on  the  current  W'e  know  that  there 
will  be  attraction  between  each  one  of  those 
spirals  and  its  neighbour,  and  the  attraction 
is  simply  due  to  the  creation  of  a magnetic 
field  in  the  way  in  which  we  have  evolved  these 
things  from  Oersted’s  experiment.  By  the 
creation  of  a magnetic  field  there  is  an  attrac- 
tion produced  between  the  turns  of  spirals.  If  ' 
I were  to  put  a piece  of  iron  into  the  centre  of  | 
it,  the  intensity  of  the  magnetic  field  would  be 
increased,  but  even  without  that  there  is  a | 
magnetic  field  created  there  producing  attrac- 
tion between  the  spirals  of  this  copper  wire. 

The  result  is  to  lift  the  point  right  out  of  the 
mercury,  so  that  if  a current  of  electricity  has 
passed  through  the  spiral  and  lifts  the  spiral 
above  the  mercury  the  current  of  electricity 
would  be  stopped  as  soon  as  this  action  has 
commenced  to  take  place.  Immediately  then, 
the  currenthavingceased,  the  spiral  resumes  its 
normal  length,  and  sinks  again  into  the  mercury. 
Then  the  current  acts  again,  a magnetic  field 
is  created,  the  attraction  ensues,  and  it  is 
lifted  out  of  the  mercury  again,  so  that  in  that 
way  it  is  alternately  lifted  and  dropped  at  a 
very  rapid  rate.  The  sparkling  indicates  the 
change,  and  you  can  also  hear  it.  I want  you 
to  notice  the  rapidity  wfith  which  the  sparkling 
takes  places  which  makes  the  action  perfectly 
evident. 


General  JMotes. 


Manganese  in  Russia. — From  an  official  report 
lately  issuedit  appeal  s that  the  production  of  manganese 
in  Russia  is  steadily  increasing.  The  exports  for  the 
first  four  months  of  this  year  amounted  to  9,000  tons, 
as  against  4,500  tons  for  the  corresponding  period  of 
1885.  This  is  shipped  principally  from  Poti,  where 
it  is  conveyed  by  the  Transcaucasian  Railway  from 
the  mines,  in  order  not  to  interfere  with  the  pet  10- 
leum  trade  of  the  neighbouring  port  of  Eatoun.. 
Owing  to  the  bad  condition  of  the  conveyance  used 
in  transporting  it  from  the  mines  at  Tchiatoor  to  the 
Transcaucasian  Railw^ay,  large  lumps  of  ore  only  can 
be  carried,  the  result  being  that  the  smaller  pieces, 
which  are  equal  to  two-thirds  of  the  total  quantity- 
extracted,  are  wasted,  although  equal  in  quality  to  | 
that  exported. 
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CANTOR  LECTURES. 

THE  MICROSCOPE. 

By  John  Mayall,  Jux. 

Lecture  IV. — Delivered  December  14,  1885. 

Modern  Microscopes  to  the  Date  of 

THE  Application  of  Achromatism 

(Continued). 

Martin  ’ “ Pocket  Rejlecting Microscope.  ’ ’ 
— This  microscope  (Fig.  53,  p.  1056)  wasfigured 
in B.  Martin’s  ‘ ‘ Micrographianova  ’ ’ (Reading, 
1742,  4to).  The  point  of  interest  is  the  appli- 
cation of  a screw-micrometer  in  the  eye-piece, 
having  a certain  number  of  threads  to  the 
inch,  by  which  accurate  measurements  could 
be  made.  Martin  was,  I believe,  the  first  to 
provide  accurate  means  of  determining  the 
exact  magnifying  power  of  any  object-lens,  so 
that  the  observ^er  might  state  definitely  that 
•he  used  an  amplification  of  a certain  number 
of  diameters.  He  describes  his  method  thus : — 

“Take  any  Ruler,  &c.,  which  has  inches  divided 
into  Tenths,  and  place  it  under  the  Microscope  so 
that  you  may  have  one  of  these  Tenths  in  full  View 
in  the  Image,  then  measure  it  carefully  with  the 
Micrometer,  and  count  how  many  turns  were  made 
in  so  doing ; divide  that  number  by  5,  and  the 
•Quotient  will  show  how  many  times  the  Image  is 
bigger  thaa  the  Object.  Thus  suppose  in  Measuring 
one  of  those  Tenths  I make  40  Turns,  that  divided 
by  5 quotes  8 ; and  so  many  times  does  the  Micro- 
scope magnify  with  the  glass.  Note,  the  Reason 
why  you  divide  by  5,  is  because  there  being  50 
Threads  to  an  Inch,  5 must  be  equal  to  one  Tenth  in 
the  Object ; therefore  as  many  times  5 as  there  are 


*055 

in  the  Image,  so  many  times  must  the  Object  be 
magnified”  (pp.‘i2-3). 

This  instrument  had  a mirror  fitted  in  the 
cylinder-base,  and  was  hence  termed  by 
Martin  a “reflecting”  microscope,  though,  in 
fact,  it  was  a compound  dioptric  form.  Martin 
regarded  the  base  as  a special  point  in  the 
construction  “for  the  instrument  to  stand 
upon.”  In  later  constructions  the  tubes  were 
of  brass,  and  the  outer  one  was  cut  away  to 
facilitate  the  placing  of  object-slides  on  the 
stage,  and  the  mirror  was  hinged  exactly  as  we 
see  in  the  “ Microscope  a tambour,”  which  is 
now  largely  manufactured  in  Paris  as  a low- 
priced  instrument. 

I do  not  think  that  any  other  microscope 
has  a better  claim  than  this  one  to  be  re- 
garded as  the  original  form  of  the  modern 
“drum”  microscopes,  which  Frauenhofer  re- 
vived in  the  early  years  of  this  century,  and 
which  was  modified  by  Oberhaeuser  into  his 
well-known  form  of  dissecting  compound  micro- 
scope. This  latter  has  gone  through  a series 
of  alterations — conducted  with  admirable  skill 
and  foresight  by  Oberhaeuser,  Hartnack  and 
Prazmowski,  Zeiss,  Nachet,  sen.,  and  his  son 
and  successor,  Alfred  Nachet — resulting  in  the 
general  type  of  microscope  known  as  the  ‘ ‘ Con- 
tinental model,”  with  which  I believe  it  is  no 
exaggeration  to  say  that  90  per  cent,  of  the 
useful  microscopy  of  our  time  has  been  pro- 
duced. 

Martin's  "^Universal  Microscope." — In 
the  same  work  Martin,  figured  and  described 
his  “Universal  Microscope,  mounted  on  a 
Ball  and  Socket”  (Fig.  54,  p.  1057). 

Martin  appears  to  have  considered  his  appli- 
cation of  the  ball-and-socket  as  of  prime 
importance,  and  he  introduces  it  with  a 
criticism  on  the  inconvenience  of  the  “usual 
Construction  of  the  large  double  Microscope,” 
of  the  tall  tripod  form,  referring,  doubtless,  to 
Culpeper  and  Scarlet’s  model.  He  claims  that 
with  his  ball-joint  one  can  “view  all  Kinds  of 
Objects  in  every  possible  Position  or  Situation  ” 
(p.  13).  No  fine  adjustment  was  applied  ; the 
focussing  was  effected  (presumably)  by  sliding 
the  body-tube  within  the  sheath,  D E.  The 
“ Quadrantal  ” stage,  R Q,  moved  horizontally 
on  the  pillar,  P,  and  the  zone-section,  V u,  was 
of  glass  placed  over  an  opening  of  similar 
shape  in  the  stage  and  concentric  with  the 
pillar,  hence  “the  Object,  once  well  posited, 
is  not  moved,  but  the  Plate  whereon  it  lyes 
passes  thro’  the  whole  Length  of  it  under  the 
Object  Glass”  (p.  15), 
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Martin  devised  numerous  improvements  in 
the  mechanism  and  optical  arrangement  of  the 
microscope.  He  appears  to  have  suggested 
the  rotating  multiple  lens-carrier  nosepiece,  in 
which  he  placed  six  dilferent  powers  to  rotate 
successively  in  the  axis,  first  applied  to  a 
simple  microscope  and  later  to  a compound. 
The  invention  of  the  multiple  system  of  pocket 
lenses  is  attributed  to  him.  He  applied  to  a 
simple  microscope  a fine  adjustment  (after 
Cuff’s  design,  but  acting  on  the  stage— not  on 
the  optical  body,  with  ‘Hhe  constant  pressure 
of  a Spring”  to  check  the  motion— 
“Optical  Essays,”  p.  9,  Fig.  XVL).  He  also 
applied  to  simple  and  compound  microscopes 
rack-and-pinion  focussing  adjustments;  to 
the  latter  he  added  inclining  movements  to  the 
pillar  carrying  the  stage  and  mirror,  and 
rectangular  mechanical  motions  to  the  stage. 

Mar  tiF s Large  Universal  Microscope. — 
This  instrument  (Fig.  55)  was  formerly  in  the 
possession  of  the  late  Professor  Quekett,  who 
presented  it  to  the  Microscopical  Society  of 
London.  After  a general  reference  to  “ the 
extent  and  variety  of  its  accessory  instruments 
. . . . ” in  which  “ it  is  perhaps  one  of  the  most 
complete  instruments  ever  manufactured  in 
this  or  any  other  country,”  Quekett  describes 
the  microscope  as  follows  : — 

“ This  microscope  ....  stands  about  two  feet  in 
height,  and  is  supported  on  a tripod  base,  A ; the  central 
part  or  stem,  b,  is  of  triangular  figure,  having  a rack 
at  the  back,  upon  which  the  stage,  o,  and  frame,  d, 
supporting  the  mirror,  E,  are  capable  of  being  moved 
up  or  down.  The  compound  body,  F,  is  three  inches 
in  diameter  ; it  is  composed  of  two  tubes,  the  inner 
of  wliich  contains  the  eye-piece,  and  can  be  raised  or 
depressed  by  rack  and  pinion,  so  as  to  increase  or 
diminish  the  magnifying  power.  At  the  base  of  the 
triangular  bar  is  a cradle  joint,  G,  by  which  the 
instrument  can  be  inclined  by  turning  the  screw-head, 
H [connected  with  an  endless  screw  acting  upon  a 
worm-wheel].  The  arm,  i,  supporting  the  compound 
body,  is  supplied  with  a rack  and  pinion,  k,  by  which 
it  can  be  moved  backwards  and  forwards,  and  a joint 
]s  placed  below  it,  upon  which  the  body  can  be 
turned  into  a horizontal  position  ; another  bar  carry- 
ing a stage  and  mirror,  can  be  attached  by  the  screw, 

L N,  so  as  to  convert  it  into  a horizontal  microscope. 
The  stage,  o,  is  provided  with  all  the  usual  apparatus 
for  clamping  objects,  and  a condenser  can  be  applied 
to  its  under  surface  ; the  stage  itself  may  be  removed, 
the  arm,  p,  supporting  it,  turned  round  on  the  pivot 
C,  and  another  stage  of  exquisite  workmanship  placed 
in  its  stead,  the  under  surface  of  which  is  shown  at  Q. 

“This  stage  is  strictly  a micrometerone,  having  rect- 
angular movements  and  a fine  adjustment ; the 
movements  being  accomplished  by  fine-threaded 


screws,  the  milled  heads  of  which  are  graduated. 
The  mirror,  E,  is  a double  one,  and  can  be  raised  or 
depressed  by  rack  and  pinion  ; it  is  also  capable  of 
removal,  and  an  apparatus  for  holding  large  opaque 
objects,  such  as  minerals,  can  be  substituted  for  it. 
The  accessory  instruments  are  very  numerous,  and 
amongst  the  more  remarkable  may  be  mentioned  a 
tube,  M,  containing  a speculum,  which  can  take  the 
place  of  the  tube,  R,  and  so  form  a reflecting  micro- 
scope. The  apparatus  for  holding  animalcules  or 
other  live  objects,  which  is  represented  at  S,  as  well 


Fig.  55. 


Martin’s  Large  Universal  Microscope 
{ante  1782). 


as  a plate  of  glass  6 inches  in  diameter,  with  four 
concave  wells  ground  in  it,  can  be  applied  to  the 
stage ; so  that  each  well  may  be  brought  in  succession 
under  the  magnifying  power.  The  lenses  belonging 
to  this  microscope  are  twenty-four  in  number ; they 
vary  m focal  length  from  4 inches  to  i-ioth  of  an 
inch ; ten  of  them  are  supplied  with  Lieberkiihns. 
A small  arm,  capable  of  carrying  single  lenses,  can 
be  applied  at  T,  and  when  turned  over  the  stage,  the 
instrument  becomes  a single  microscope  ; there  are 
four  lenses  suitable  for  this  purpose,  their  focal  length 
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vanning  from  i-ioth  to  i-40th  of  an  inch.  The  per- 
formance of  all  the  lenses  is  excellent,  and  no  pains 
appear  to  have  been  spared  in  their  construction. 
There  are  numerous  other  pieces  of  accessory  appa- 
ratus, all  remarkable  for  the  beauty  of  their  workman- 
ship.” (“A  Practical  Treatise  on  the  Use  of  the 
Microscope,”  3rd  ed.,  London,  1855,  8vo.,  pp. 
25-6). 

In  addition  to  the  movements  described 
above  by  Quekett,  the  body-tube,  with  its  sup- 
port, can  be  moved  in  an  arc  concentrically 
with  the  axis  of  the  triangular  pillar,  h,  on 
the  top  of  which  it  is  fitted  with  worm-wheel 
and  endless-screw  mechanism,  actuated  by 
the  screw-head  below  T. 

Though  I cannot  endorse  Quekett’s  criticism 
on  this  instrument,  namely,  that  ” in  point  of 
•w'orkmanship  ” it  “ can  probably  not  be  sur- 
passed, even  in  the  present  day,”  not  even 
with  reference  to  the  workmanship  of  his  day, 
for  microscopes  by  Powell,  Ross,  Pritchard, 
Charles  Chevalier,  and  Smith  and  Beck,  were 
then  constructed  which  were  superior  in  every 
essential  point  of  workmanship  ; yet  I must 
admit  that  Martin  led  the  way  far  beyond  his 
contemporaries,  both  in  the  design  and  the 
execution  of  this  microscope.  From  my  point 
of  view,  any  detailed  comparison  of  the  design 
with  that  of  our  best  modern  microscopes 
would  lead  to  such  a disparagement  of  Martin’s 
chef-d' CBuvre,  that  I prefer  not  engaging  upon 
the  task. 

I cannot,  however,  pass  over  Martin’s  work 
in  connection  with  the  microscope  without 
calling  attention  to  the  fact  that  he  was  the 
first  to  construct  an  achromatic  objective,  and 
at  a date  so  early  in  the  history  of  the  appli- 
cation of  achromatism  that  his  priority  as  a 
mere  question  of  date  cannot  be  disputed.  In 
his  “New'  Elements  of  Optics”  (London, 
1759,  8vo),  published  in  the  year  following 
Uollond’s  communication  to  the  Royal  Society 
of  his  successfnl  construction  of  an  achromatic 
telescope  ( 1 758),  Martin  dealt  with  the  principle 
of  achromatism,  and  after  stating  the  results 
of  his  comparisons  of  achromatic  telescope 
object-glasses  with  reflecting  telescopes  of  the 
same  magnifying  powder,  in  which  he  gave  the 
preference  to  the  latter,  he  informs  us  that  he 
made  a similar  comparison  between  an  achro- 
matic object-glass  and  a speculum,  applied  as 
an  object-glass  in  a compound  microscope. 
He  thus  describes  his  experiment : — 

“ Having  found  so  great  a Difference  in  the  Appear- 
ance of  Images  formed  in  the  solar  Focus  of  a com- 
pound [achromatic]  Lens  and  Speculum,  I thought 


it  would  be  necessary  to  compare  the  Appearance  of 
the  Images  form’d  in  the  proper  or  conjugate 
Focusses  of  a small  triple  [achromatic]  Lens  and 
Speculum,  applied  as  an  Object-Glass  in  a compound 
Microscope,  ....  which  I did  by  giving  the  same 
Length  to  the  Images,  and  viewing  them  with  the 
same  Eye-Glasses ; and  consequently  the  small 
Objects  were  equally  magnified  in  the  refracting  and 
reflecting  Alicroscope,  but  with  how  great  a Difference 
in  point  of  Clearness  and  Perfection  in  all  the  Circum- 
stances of  Vision,  those  only  will  be  able  to  conceive 
who  shall  try  the  Experiment  themselves  ” (p.  96.) 

Martin  states  that  he  made  similar  com- 
parisons between  ” a double  achramaticJ^ens, 
and  a Speculum  of  the  same  focal  distances  ” 
applied  to  a Camera  Odscura,  and  also  as 
” Solar  Megaloscopes,”  and  in  each  case  the 
advantage  was  with  the  speculum. 

When  we  consider  the  severity  of  the  tests 
he  applied,  and  that  even  now  there  are 
astronomers  who  prefer  the  reflecting  to  the 
refracting  telescope,  we  need  not  be  surprised 
that  Martin’s  achromatic  microscope  objective 
should  have  proved  in  his  hands  inferior  to  the 
reflecting  microscope.  The  case  could  hardly 
have  been  otherwise,  for  reflectors  up  to  a 
moderate  size  were  nearly  as  well  made  then 
as  they  can  be  made  now ; but  the  construc- 
tion of  achromatic  objectives  for  the  telescope, 
microscope,  &c.,  was  a quite  new  art, 
involving  enormous  extra  difficulties  of  work- 
manship at  that  date.  If  we  were  to 
test  some  of  our  inferior  i inch  or  1-2  incli 
achromatic  objectives  against  some  of  Cuth- 
bert’s  reflectors  of  the  same  magnifying  power, 
I suspect  we  should  have  to  endorse  Martin’s 
judgment  in  favour  of  the  reflectors. 

But  the  question  I have  in  view  is — Whether 
or  not  we  shall  be  justified  in  assigning  to 
Martin  the  credit  of  the  first  production  of  an 
achromatic  microscope-objective  ? 

By  his  own  admission  he  made  one,  and  we 
know  that  he  published  the  fact  in  1759,  for 
the  publication  is  before  us.  That  he  did  not 
succeed  in  such  a manner  as  to  induce  him  to 
adopt  the  achromatic  system  to  the  exclusion 
of  the  older  systems  is  a difficulty  I admit ; it 
shows,  at  any  rate,  that  he  did  not  fully 
appreciate  the  value  of  achromatism  in  micro- 
scope-objectives. If  he  had  sent  his  achro- 
matic objective  to  the  Royal  Society  instead  of 
publishing  the  result  of  his  comparison  of  it 
with  a reflector  (as  cited  above),  there  can  be 
no  doubt  he  would  have  had  full  recognition  as 
the  inventor  of  achromatic  microscopes,  quite 
regardless  of  the  mere  quality  of  his  work. 

If  the  criterion  of  invention  be  the  first 
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constructiofi  combined  with  first  ^publication, 
then  Martin  must  be  regarded  as  the  inventor 
of  the  achromatic  microscope. 

Cujfi' s Co7npotmd Microscope. — This  micro- 
scope (Fig.  56,  p.  1061)  was  figured  and  des- 
cribed by  Baker  (“  Employment  for  the  Micro- 
scope,” 1753,  8vo,  pp.  442-6)  who  considered  it 
mere  serviceable  as  a working  instrument  than 
the  tall  tripod  form  of  Culpeper  and  Scarlet. 
The  stage  was  more  accessible,  while  the 
application  of  a fine  adjustment  of  greater 
delicacy  than  any  previously  in  vogue  shows 
that  Cuff  aimed  distinctly  at  improving  the 
mechanical  construction.  The  slotted  tube,  I, 
carries  a polished  reflector,  h,  at  the  lower 
end,  and  is  adjustable  on  the  lower  part  of  the 
body-tube  for  illuminating  opaque  objects. 
R is  a conical  diaphragm  fitting  beneath  the 
stage.  Q is  a Lieberkiihn  lens. 

Soon  after  the  publication  of  this  model, 
AdamiS  and  others  improved  upon  it  by  apply- 
ing a cradle-joint  to  the  lower  end  of  the 
pillar,  on  which  the  instrument  could  be 
inclined  ; the  mirror  was  then  attached  to  the 
pillar,  first  by  a horizontal  rod  passing 
through  it,  and  connected  with  the  gimbal, 
and  then,  with  the  addition  of  an  arm, 
giving  lateral  swing.  I believe  Martin  was 
the  first  to  apply  a separate  stem,  of  square 
section,  on  which  the  mirror  could  be  slid  up 
or  down  ; then  he  made  the  mirror  travel  by 
rack-and-pinion  on  the  standard  itself,  as  we 
saw  on  his  large  Universal  Microscope. 

Nairne  made  Cuff’s  microscope  in  a very 
substantial  manner,  fitting  it  on  a cradle-joint 
to  shut  down  in  a box  ; and  he  was  one  of  the 
first  makers  of  compound  microscopes  to  plan 
the  instrument  with  a view  to  portability. 
Other  opticians,  both  here  and  abroad,  worked 
out  various  plans  for  rendering  this  microscope 
portable,  such  as  by  screwing  the  pillar 
within  a box  ; but  Nairne  was  the  most  suc- 
cessful, for  his  plan  did  not  diminish  the 
general  stability  of  the  instrument.  Passemant, 
of  Paris,  copied  Cuff’s  model  exactly,  in  some 
cases  gilding  the  metal  work  throughout ; he 
also  added  ornamental  scrolls,  &c.,  in  one 
example  I have  seen,  these  ornaments  were 
carried  to  the  verge  of  absurdity— a not  un- 
common defect  in  the  designs  of  microscopes, 
&c.,  in  France  during  the  last  century. 

Baker  states  that  in  1747  Cuff  contrived  a 
micrometer  for  his  microscope,  consisting  of 
a “Lattice  of  fine  Wires,”  distant  from  each 
other  I -50th  of  an  inch,  and  intersecting  at 
right  angles ; this  was  placed  in  the  focus  of 
the  eye-lens  so  as  to  “ divide  the  whole  visible 


Area  of  the  Microscope  into  Squares,  whose 
Sides  are  each  i-50th  of  an  inch”  de- 

scription by  Martin  Folkes,  P.R.S.,  ib.,  p.  426). 

Folkes  mentions  that  he  had  been  informed 
that  “ silver  wire  may  be  had  to  make  these 
lattices  of,  whose  diameter  is  rather  less  than 
the  seven  hundredth  part  of  an  inch  ” {ib.,  p. 

430). 

Ellis's  Aquatic  Microscope"  (made  by 
Cuff). — In  Ellis’s  “Essay  tov/ards  a natural 
History  of  Corallines”  (Bond.,  1755),  this 
microscope  (Fig.  57,  p.  1062)  is  figured.  We 
have  here  the  model  which  we  may  safely  regard 
as  the  original  from  which  our  best  forms  of 
simple  dissecting  microscopes  have  been  de- 
veloped. A disc  of  plane  glass,  C,  or  a con- 
cave, M,  was  applied  on  the  stage  on  which 
dissections,  &:c.,  could  be  made;  a mirror,  I, 
was  fitted  in  a gimbal  with  a stem  sliding  in 
a socket  in  the  pillar;  the  lens-carrier,  F, 
alone,  or  with  Lieberkiihn,  F,  screwed  in  a ring 
on  the  end  of  a horizontal  arm,  E,  sliding 
through  a socket,  attached  to  a vertical  rod, 
D,  sliding  and  rotating  in  a socket  at  the 
back  of  the  pillar  for  focussing,  &c.  The 
pillar  screwed  on  the  lid  of  the  box,  within 
which  the  instrument  was  packed  with  sundry 
accessories. 

About  1835,  Raspail  was  connected  with  a 
modified  form  of  this  microscope  which  became 
very  popular  in  France  ; the  horizontal  arm 
was  made  to  move  forward  or  backward  by 
means  of  an  internal  screw  controlled  by  a 
milled  head  at  the  back,  and  these  movements, 
together  with  the  rotation  in  the  vertical  socket, 
enabled  the  observer  to  view  different  portions 
of  the  object  in  a manner  equivalent  to  the  use 
of  mechanical  movements  of  the  stage.  The 
success  of  Raspail’s  model  roused  much 
jealousy  among  the  opticians  in  Paris.  Vincent 
and  Charles  Chevalier,  then  regarded  as  the 
leading  manufacturers,  took  especial  umbrage 
at  certain  laudatory  notices  of  the  “new” 
microscope,  and  the  latter  addressed  (April, 
1835)  a communication  of  “ Notes  justifica- 
tives  ” to  the  “ Academie  Royale  des 
Sciences,”  characterising  the  model  as  a mere 
plagiarism  on  Cuff’s  (Ellis’s).  Shortly  after- 
wards, however,  C.  Chevalier  proceeded  to 
modify  the  instrument,  improving  it  both 
optically  and  mechanically  ; but,  notwithstand- 
ing his  efforts  to  disconnect  Raspail’ s name 
from  the  design,  it  is  still  best  known  as  the 
“ modele  Raspail,”  and  Chevalier’s  improve- 
ments have  been  almost  wholly  ignored. 
Andrew'  Ross  applied  a fine  adjustment  to  his 
modification  of  this  model. 
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Adams’s  2Vew  Universal  Single  Micro- 
sco;pe.” — In  Adams’s  “Microgr.  illustr.”  (cited 
above),  this  microscope  (Fig.  58,  p.  1063) 
appears  as  the  frontispiece.  He  introduces  his 
description  of  the  instrument  as  follows  : — 

“ It  hath  long  been  the  Desire  of  the  Curious  and 
Inquisitive  Part  of  Mankind,  to  have  a Microscope 
which  would  be  Portable  and  Universal,  that  is  to 
say,  One  only  Instrume7it,  by  which  all  Sorts  of 
minute  Objects  might  be  observ’d”  (p.  i). 

He  tells  us  “ This  Microscope  is  made 
either  of  Brass  or  Silver,  and  is  composed  of 
six  double  convex  Lens  of  different  Foci” 
(/A). 


The  disc,  M M M,  containing  the  six  lenses, 
could  be  rotated  in  a collar-fitting  on  the  top 
of  the  pillar,  so  as  to  bring  the  different 
powers  to  bear  upon  the  object.  N is  an  eye- 
guard  connected  with  the  top  of  the  pillar  by 
a short  arm,  under  which  the  lenses  pass.  Q 
is  a “reflecting  Speculum  of  Silver,  or  other 
Metal,  highly  polished  ; which  when  an  opake 
Object  is  to  be  viewed,  must  be  placed  under 
the  Eye-piece  n”  (p.  2).  This  reflector  was 
not  yet  (1746)  termed  a “ Lieberkiihn.” 

The  mirror,  r,  is  supported  by  a hinge,  V, 
in  the  centre  of  the  back,  on  a short  pillar,  H, 
rotating  in  the  disc,  G.  The  feet,  A and  B, 
pivot  on  c,  and  fold  under  D for  convenience 


Fig.  57. 


Ellis’s  “Aquatic  Microscope”  (1755). 


of  packing.  A fine  adjustment  screw  passes 
through  the  pillar,  and  is  actuated  by  a milled 
head,  p,  and  connected  with  the  stage.  Adams 
remarks  that  “the  screw  P is  to  be  turned  as 
your  hands  and  arms  are  resting  upon  the 
table,  which  is  a conveniency  to  be  met  with 
in  no  other  Microscope  ” (p.  5). 

The  numbers  engraved  on  the  pillar  “ shew 
the  respective  Distances  of  the  Object  from 
the  Magnifiers,  according  as  each  Glass 
magnifies  more  or  less.  For  instance,  if  you 
use  the  5th  magnifier,  first  place  it  under  the 
Eye-Piece  N,  and  then  with  your  Finger  and 
Thumb  turn  the  Screw  P,  till  the  Finger  of  the 
Hand  which  is  engraved  on  the  Sliding-piece 


Q,  points  to  the  Mark  5 on  the  Pillar ; then 
will  the  Object  be  very  near  its  exact  Distance 
from  the  Magnifier  ; so  that  by  a Turn  or  two 
of  the  Screw  P,  either  backwards  or  forwards, 
to  be  found  by  trial,  you  may  soon  fit  it 
exactly  to  your  Eye  ” (pp.  2-3). 

The  combination  of  this  instrument  with  a 
heliostat,  forming  a solar  microscope,  was 
shown  in  Fig.  5 1 . The  connection  was  made  by 
removing  the  mirror,  F (Fig.  58),  and  the  disc, 
G,  from  the  front  foot ; then  the  microscope  was 
placed  horizontally,  and  the  conical-ended 
tube,  forming  a draw-tube  to  the  solar  appa- 
ratus, was  screwed  in  the  place  of  G,  through 
the  under  side  of  the  foot. 
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In  practice,  as  a simple  microscope,  this  guard,  one  is  obliged  to  turn  the  head  awk- 
large  disc  lens-carrier  is  very  inconvenient ; wardly.  The  instrument  is  so  light  that  one  is 
in  order  to  apply  the  eye  close  to  the  eye-  1 obliged  to  hold  it  firmly  with  one  hand  whilst 

Fig.  58. 

THE 

NEW  UNIVERSAL 

SINGLE  MICROSCOPE, 

Invented, Made  and  Sold  by 

GEORGE  ADAMS 

at  Tycho  Rrahe's  HcouT  cft  Ficet  Street, 

LONDON. 


M 


(1746.) 


sco^peT' — In  the  same  work,  PL  III.,  we  find  this 
microscope  (Fig.  59,  p.  1064).  The  hexagonal 
pillar  of  the  instrument,  shown  in  Fig.  58,  is 


actuating  the  fine  adjustment  with  the  other 
hand— not  a commendable  arrangement. 

I Adams's  “New  Universal  Double  Micro- 
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here  continued  above  the  disc,  mm  mm,  of  lens- 
carriers,  by  a pillar  of  square  section,  RS, 
attached  by  the  screw,  ce  : the  disc  rotates  as 


before  in  the  collar-fitting,  F,  which  is  con- 
nected with  a sliding  socket  (moving  on  RS) 
having  an  arm,  x,  and  ring  to  support  the 


Fig.  59. 


TH  E 

NEW  (JNIVERSAL  DOUBLE 
MICROSCOPE 
InventedjMade  arul  Sold  by 
GEORGE  ADAMS 

0y(^/u?^raAei) 

£02^jD0JV'. 


(1746). 


compound  body-tube.  The  focus  was  adjusted 
roughly  by  sliding  the  socket  to  the  numbers 
on  the  pillar  corresponding  with  the  powers, 


and  then  the  fine  adjustment  screw,  P,  acted 
on  the  object-carrier,  u,  as  in  Fig.  58. 

No  stage  is  shown  in  the  Figures,  but  in  the 
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instruments  I have  examined,  the  stage  was 
applied  by  means  of  a short  stem  at  the  back 
fitting  in  a hole,  L,  in  the  pillar,  E (Fig.  58). 

Adams  explains  how  “these  two  new 
microscopes  are  best  illuminated  by  Candle- 
Light,”  using  a globe  of  water  as  a condenser, 
“ and  if  that  should  prove  too  glaring,  as  it 
sometimes  does,  interpose  between  the  globe 
and  microscope  a piece  of  thin  oil’d  paper,  by 
which  means  most  sorts  of  objects  may  be 
view’d  as  well  by  night,  as  in  the  day  time  ” 
{ib.,  p.  7),  which  plan  was  equivalent  to  that  of 
Hooke,  as  used  with  sunlight. 

Ada?ns's  “ Variable  Microscope T — In  the 
4th  ed.  (1771)  of  Adams’s  “ Microgr.  illustr.” 
this  microscope  (Fig.  60,  p.  1066)  is  figured  and 
described  (pp.  i-vi.  PI.  II).  Adams  states  that 
“We  owe  the  construction  of  the  variable 
microscope  to  the  ingenuity  and  generosity  of 
a noble  person.  The  apparatus  belonging  to 
it  is  more  convenient,  more  certain,  and  more 
extensive  than  that  of  any  other  at  present 
extant ; consequently  the  advantage  and 
pleasure  attending  the  observations  in  viewing 
objects  through  it,  must  be  as  extensive  in 
proportion.” 

In  this  instrument  Adams  claims  to  have 
embodied  a number  of  improvements  on  all 
previous  constructions.  He  applied  “two 
eye-glasses  at  A,  a third  near  B,  and  a fourth 
in  the  conical  part  between  b and  C,”  by  which 
he  increased  “ the  field  of  view  and  of  light ; ” 
draw-tubes  w'ere  at  A and  B,  by  which  these 
lenses  could  be  separated  more  or  less.  He 
also  arranged  the  object-lenses,  or  “buttons,” 
A and  B,  to  be  combined;  seven  “buttons” 
W’ere  provided,  “also  six  silver  specula 
[“  Lieberkiihns  ”]  highly  polished,  each  having 
a magnifier  adapted  to  the  focus  of  its  con- 
cavity, one  of  which  is  represented  at  E,”  and 
the  “ buttons  ” could  also  be  used  with  “ any- 
one of  these  specula,”  by  means  of  the 
adapter,  d. 

The  body- tube,  ABC,  with  its  arm,  F (in  which 
it  screwed  at  f),  and  stem  attachment  with  the 
fine  adjustment,  were  clearly  modified  from 
Cuff’s  design  (Fig.  56).  The  large  ivory  head, 
I,  actuated  a pinion  and  rack  for  raising  or 
depressing  the  body-attachment  on  the  stem. 
The  stage  and  mirror  were  adjustable  on  the 
stem.  The  large  ratchet-wheel  controlled  by 
the  pinion-handle,  s,  gave  the  required  inclina- 
tion to  the  stem. 

Nos.  I and  2 were  ivory  and  glass  “ sliders  ” 
for  objects,  to  be  applied  in  the  spring-stage  N o. 
3 fitting  at  T;  the  “ hollow  at  K [No.  3]  is  to 
receive  the  glass  tube  No.  lo.”  No.  4 was 


a diaphragm  fitting  in  the  lower  end  of  No.  3, 
“ to  exclude  some  part  of  the  light  which  is 
reflected  from  the  mirror  Q.”  The  forceps. 
No.  5,  could  be  placed  “in  one  of  the  small 
holes  near  the  extremities,  of  the  stage,  or  in. 
the  socket  R,  at  the  end  of  the  chain  of  balls 
No.  6.”  No.  6 was  an  arm  composed  of  a 
series  of  ball-and-socket  joints,  similar  to  the 
system  employed  by  Musschenbroek  (Fig.  28), 
by  Joblot,  and  by  Lyonet,  to  w'hich  I referred  in 
my  remarks  on  Joblot’s  microscope,  and 
was  intended  to  be  applied  at  W,  when 
the  stage  w^as  removed.  No.  7 was  a box  of 
ivory  in  which  discs  of  talc,  and  brass  rings 
were  packed  ; No.  8,  a hand-magnifier  ; No.  9, 
a sliding  arm  lens-carrier  fitting  on  z,  when 
the  instrument  was  required  to  be  used  as  a 
simple  microscope  ; No.  ii,  a rod  of  ware  with 
spiral  at  the  end  , for  picking  up  soft  objects 
from  bottles,  &c.  ; and  No.  12,  an  ivory  disc, 
black  on  one  side  and  white  on  the  other, 
fitting  at  T to  carry  opaque  objects. 

To  use  the  instrument  as  a simple  micro- 
scope, the  body-tube,  A B C,  was  removed  from 
the  ring,  F ; the  lens-carrier,  No.  9,  was  placed, 
on  z,  and  a lens  with  reflector,  E,  screwed  in  the- 
ring,  c ; the  ball-and-socket  arm.  No.  6,  w’as- 
applied  at  w,  by  the  part  X,  and  the  object 
held  by  either  of  the  forceps  could  be  turned 
and  viewed  as  desired.  For  dissections,  &c.,. 
the  stage  could  be  screwed  on  at  F,  and  a 
glass  plate  applied  at  T. 

One  of  the  best  examples  of  this  design  that 
I have  seen,  has  a nose-piece  w’ith  a slide- 
carrying three  objectives — the  first  arrange- 
ment of  “triple  nose-piece,”  or,  indeed,  of 
changing  nose-piece  for  objectives  (as  dis- 
tinguished from  simple  lens-carriers),  that  I 
have  met  with. 

The  inclining  movements  that  w^ere  applied 
previous  to  the  date  of  this  instrument  were 
generally  defective.  The  ball-and-socket  as 
employed  with  large  microscopes  by  flooke, 
Marshall,  and  Martin,  could  never  have  been- 
a really  serviceable  arrangement ; the  cradle- 
joint  at  the  lower  end  of  the  pillar,  as  em- 
ployed by  Cuff,  Adams,  and  Martin,  though 
better  than  the  ball-and-socket,  could  not 
have  been  quite  satisfactory.  In  the  “Variable- 
Microscope”  Adams  made  a new  departure 
as  regards  the  mechanism  of  the  inclining- 
movement,  by  placing  it  far  more  under  con- 
trol than  any  previous  system.  Were  we  dis- 
posed to  criticise  this  mechanism,  w^e  might 
easily  show  that  Adams  here  applied  an 
extremely  complex  system  to  arrive  at  a minor 
result,  and  that  he  passed  over  feeble  points  in 
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Fig.  60. 


THE  Variable  Microscope 

Hy  KAaaaisM^?6o.Fl£et  StreetJ^ONDON. 
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his  design  apparently  oblivious  of  their  exist- 
ence. But  from  his  above-cited  statement 
v>e  may  fairly  assume  that  he  was  not  wholly 
responsible  for  the  design.  Adams  and  his 
son  (the  author  of  the  well-known  “ Essays  on 
the  Microscope  ”),  and  W.  and  S.  Jones,  were 
the  originators  of  the  model  adopted  by  Vincent 
and  his  son  Charles  Chevalier  for  their  early 
achromatic  microscopes,  and  hence  should  be 
entitled  to  special  consideration  in  any  detailed 
estimate  of  individual  services  rendered  to- 
wards improving  the  design  of  microscopes. 

Delleharre' s ‘ ‘ Micruscole  Universel.  ’ ’ — 
This  microscope  is  shown  in  Fig.  6i  (copied 


Fig.  61. 


Dellebarre’s  “Microscope  Universel ” (i 777)- 

from  Harting’s  “ Das  Mikroskop,”  German 
trails.,  2nded.,  3 vols.,  8vo,  Braunschweig,  1866, 
III.,  p.  123).  The  pillar  was  hinged  at  e for 
ordinary  inclination,  and  at  f to  enable  the 
body-tube  to  be  placed  horizontal,  in  the  latter 
case  the  stage,  P PI,  could  be  inclined  with 
the  upper  part  of  the  pillar,  or  slid  down  below 
the  hinge,  when  it  would  remain  horizontal, 
and  bottles,  &c.,  could  be  stood  upon  it.  The 
body-tube,  ab  c,  was  carried  in  a hinged  ring, 
h,  shutting  by  a spring-catch,  and  the  screws, 
i and  m,  served  to  hold  the  body-tube  firmly  ; 
the  ring,  was  attached  to  an  arm,  sliding 
through  a socket,  and  could  >•  fixed  by  the 


screw,  /,  the  socket  rotated  on  a long  pivot 
fitting  in  n,  and  a screw  (not  shown)  fixed  it. 
The  stage  was  hinged  to  fold  against  the 
pillar,  the  condenser,  u,  was  hinged  to  move 
laterally  also  (the  hinge  for  the  folding  motion 
is  not  shown  in  the  figure,  but  should  be  like 
/),  and  the  mirror,  on  gimbal,  similarly  fitted, 
also  folded  against  the  pillar  for  convenience 
of  packing.  At  c the  long  screw-thread  is 
shown  on  which  a large  silver  reflector  was 
adjustable  for  illuminating  opaque  objects,  to 
which  I referred  in  my  notes  on  Lieberkiihn’s 
microscopes. 

This  form  of  Dellebarre’s  microscope  was 
applied  by  a long  pivot  fitting  in  the  centre  of 
a scroll  tripod  stand,  the  feet  hinged  to  fold 
downwards  ; in  later  models  the  lateral-folding 
tripod  was  adopted.  Dellebarre  also  applied 
a rack-and-pinion  to  a movable  socket  con- 
nected with  the  stage,  and  adjustable  by  a 
clamp-screw  on  the  pillar,  which  was  a very 
inferior  arrangement  for  focussing.  In  other 
constructions,  however,  he  applied  the  rack 
in  front  of  the  pillar,  which  was  a better  place. 

Dellebarre’s  microscope  was  described  in 
detail  by  Lalande  {^jide  Montucla’s  “Hist, 
des  Mathemat.,”  III.,  p.  51 1),  and  appears  to 
have  been  the  subject  of  a special  report  to 
the  “ Academie  des  Sciences,”  in  June,  1777, 
by  MM.  Montigny,  Le  Roy,  and  Brisson.  He 
was  much  commended  for  his  application  of 
six  or  seven  lenses  to  be  used  in  various  com- 
binations as  eye-pieces.  Lalande  states  that 
he  deserved  special  credit  for  having  con- 
structed a microscope  composed  of  six  lenses  ; 
but  his  description  is  too  vague  to  enable  us 
to  say  whether  or  not  this  design  followed  on 
the  lines  of  that  of  Adams  (Fig.  56).  He 
dwells  upon  the  fact  that  Euler  had  computed 
a combination  of  six  lenses  for  a microscope, 
and  also  certain  achromatic  eye-pieces,  and 
appears  to  imply  that  Dellebarre  carried  out 
the  construction  ; and  he  refers  very  distinctly 
to  Dellebarre’s  “Large  Achromatic  Micro- 
scope” to  be  seen  at  La  Haye,  in  1771,  and 
promises  to  treat  of  it  later,  in  “Art.  viii.,” 
but  on  referring  to  Art.  viii.  I find  nothing  by 
which  I can  identify  the  instrument  as  an 
achromatic  construction.  I think  Lalande 
must  have  been  mistaken  on  the  matter,  for 
though  I have  examined  upwards  of  twenty  of 
Dellebarre’s  microscopes,  some  evidently  of 
his  early  constructions,  and  some  dated  from 
Delft,  as  late  as  1796,  and  Paris,  1805,  I have 
never  seen  any  eye-piece  or  objective  of  his 
of  achromatic  form.  The  value  of  the  combina- 
tions of  lenses  for  eye-pieces,  so  highly  com- 
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mended  by  Lalande,  seems  to  me  very  much 
exaggerated. 

The  general  form  of  Dellebarre’s  instruments 
was  much  inferior  to  the  best  contemporary 
work  produced  in  England.  Fresnel,  in  his 
“ Rapport  sur  le  Microscope  Achromatique  de 
M.  Selligue  ’’  (1824),  remarks  (p.  15)  that, 
other  things  being  equal,  those  microscopes 
which  have  the  largest  field  fatigue  the  eye 
the  least;  judged  by  that  criterion,  Dellebarre’s 


Fig.  62. 


JoN£ss  Improved  compovttd  Microscope. 
AND  Apparatus. 


{Ante  1798). 

were  inferior  to  the  microscopes  of  Amici  and 
Selligue,  and  these  were  inferior  to  the  English 
microscope  of  Adams  (which  was  practically 
identical  with  Jones’s,  Fig.  63).  Classifying 
the  microscopes  according  to  the  “sharpness 
of  the  images,”  Fresnel  found  Delebarre’s 
“the  worst,”  Adams’s  next,  and  Amici’s  and 
Selligue’s  were  “ greatly  superior”  {zb.). 

Jones's  Improved  Compound  Micro- 
scope."— In  Adams’s  “Essays  on  the  Micro- 


scope” (2nd  ed.,  1798},  PL  IV.,  this  micro- 
scope (Fig.  62)  is  given. 

We  have  here  Martin’s  rotating  multiple 
disc,  P,  of  object-lenses ; the  arm,  c D,  carry- 
ing the  body-tube  (A,  b)  slides  in  a rotating 
socket  on  the  top  of  the  pillar,  to  view  different 
portions  of  an  object ; arack-and-pinion  acting 
on  the  stage  is  applied  for  focussing ; a carrier, 
a,  for  the  condenser,  L,  or  silver  speculum, 
e,  with  a stem,  is  to  be  applied  in  a sliding 


Fig.  63. 


JONES'S  MOST  improved  COMPOUND 
M-ICIiO.S  ( OPE  AND  APPARATUS. 


(1798). 

socket  in  the  front  of  the  stage  above  or  below ; 
another  condenser,  D,  with  gimbal,  sliding 
stem,  and  arm,  can  be  applied  at  S or  T to 
illuminate  opaque  objects  ; at  v the  arm,  C D, 
with  the  disc  of  lenses,  P,  is  shown  in  combi- 
nation with  the  forceps,  B,  in  use  as  a simple 
hand  microscope.  The  other  pieces  of  appa- 
ratus need  not  be  described. 

Jones's  Mosi  Improved  Compound 
Microscope  and  Apparatzcs." — In  the  same 
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work  Joe.  cit.)  this  instrument  (Fig.  63,  p. 
1068)  is  also  figured. 

The  folding  tripod  base  is  adopted.  The 
inclination  of  the  stem  on  a cradle-joint  on  the 
top  of  the  pillar  was  unquestionably  the  best 
system  devised  up  to  that  date.  The  arm 
carrying  the  body  - tube  is  here  provided 
with  a rack-and-pinion,  as  well  as  a rotary 
motion  on  the  top  of  the  stem,  E,  by  which 
different  parts  of  an  object  would  be  viewed 
better  than  with  Jones’s  previous  arrange- 
ment. The  stage  has  clips  to  hold  the 
objects,  and  an  extra  carrier,  w,  for  discs  of 
glass,  &:c.,  pivots  at  s,  so  that  the  objects 
pass  successively  in  the  optic  axis.  The  con- 
denser, u,  slides  on  the  stem  by  the  socket  tc, 
the  bent  arm  allowing  space  for  the  rack 
focussing  of  the  stage  ; the  mirror  also  slides 


Tig.  64. 


on  the  stei-n.  A [brass  cell,  y,  contains  a 
high  power,  i-30th  or  i-qoth  of  an  inch  focus, 
and  screws  on  the  nose-piece  when  the  lens- 
disc  is  removed. 

I regard  this  form  of  microscope  as  the  best 
that  was  produced  in  the  last  century,  with  the 
exception  of  Martin’s  “ Large  Universal  Micro- 
scope ” (Fig.  54,  p.  1057),  of  which  I believe 
only  two  examples  are  known,  and  which  hardly 
entered  the  field  of  competition. 

Jones's  Radial  Swinging  Sub-stage. — In 
the  same  work,  PI.  IX.,  this  apparatus  (Fig. 
64)  is  figured.  F is  the  stage  of  a lucernal  micro- 
scope, of  which  the  axis  passes  through  the 
socket,  M,  to  the  base-support ; G is  a tail- 
piece swinging  laterally  by  the  socket,  M,  on 
he  axis  of  the  stage,  so  that  the  illumination 


from  the  lamp,  passing  through  the  condensers- 
I and  2,  strikes  on  the  centre  of  the  stage,  and 
remains  on  it  during  the  lateral  swinging — 
thus  providing  radial  illumination  at  all 
obliquities  for  transparent  or  opaque  objects. 
In  the  earliest  form  I have  seen  of  this 
apparatus,  bearing  the  names  “ W.  and  S. 
Jones,”  no  lamp  was  attached  to  the  tail-piece,, 
but  a mirror  was  made  to  slide  on  it. 

Adams  states  that  the  apparatus  was  sug- 
gested by  “ the  Rev.  John  Prince,  LL.D.,  now 
of  Salem,  Massachuset’s  States,  North 
America,”  and  that  the  lamp  was  attached  to 
it  at  the  suggestion  of  Mr.  John  Hill,  of  Wells, 
Norfolk. 

The  modern  swinging  sub-stage,  known  as 
Zentmayer’s,  which  he  exhibited  at  the 
Philadelphia  Exposition,  in  1876,  acts  on  the 
same  principle  as  the  above  ; and  the  addition 
of  the  lamp  to  the  tail-piece  of  Zentmayer’s 
form  by  Bulloch,  of  Chicago,  was  a revival  of 
Hill’s  suggestion. 

Cuthberf  s Rejiectmg  Microscope  ( A mid' s 
form J. — In  the  early  years  of  this  century,. 
Frauenhofer,  Amici,  and  others,  experimented 
with  the  construction  of  achromatic  objectives, 
and,  despairing  of  success  in  consequence  of  the 
difficulties  of  manufacture,  they  turned  their 
attention  to  the  improvement  of  reffecting 
microscopes.  Amici  is  said  to  have  made  such 
improvements  in  the  latter,  that  even  after  the 
announcement  (1824)  of  Chevalier’s  success 
with  achromatic  combinations,  he  still  worked 
at  his  reffectors. 

In  England,  Cuthbert,  acting  with  the  advice- 
of  Goring,  brought  the  construction  of  reflecting 
microscopes  to  the  highest  point  of  excellence 
ever  reached,  improving  even  upon  Amici’s 
one  of  his  latest  instruments  is  shown  in- 
Fig-  65,  p.  1070  (copied  from  the  ” Encyclop. 
Britan.,”  8th  ed.,  art.  “Microscope,”  p.  786), 
which  served  also  as  a compound  achromatic 
(dioptric)  microscope.  Six  sets  of  reflectors 
were  supplied,  varying  from  2 inches  to  3-ioths 
in  solar  focus,  and  of  angles  of  aperture  from 
13°  to  55°-  Each  set  was  applied  in  a separate 
tube,  b c,  and  the  three  lower  powers  were 
supplied  with  Lieberkiihns  sprung  on  the  tubes, 
for  illuminating  opaque  objects  ; the  higher 
powers  were  useful  for  transparent  objects  only,, 
on  account  of  the  shortness  of  the  focus. 

Mechanical  movements,  m,  are  applied  to 
the  stage,  the  construction  of  which  is  similar 
to  that  known  as  the  “Turrill”  system,  the 
two  milled  heads  working  on  one  axis.  The 
fine  adjustment  is  a modification  of  Cuff’s. 

In  action  as  a dioptic  microscope,  the  tube. 
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b c,  was  removed,  and  an  achromatic  objective 
substituted,  then  by  means  of  an  angle-piece 
the  sterOj^',  was  carried  at  right  angles  to  the 
position  shown,  so  that  the  stage  and  mirror 
were  in  the  optic  axis. 

I have  examined  several  of  these  micro- 
scopes, and  can  testify  to  their  general 
excellence.  Cuthbert’s  work  was  superior 
to  Amici’s,  as  I found  by  comparison. 

In  concluding  my  notes  on  non-achromatic 
and  reflecting  microscopes,  a few  remarks 
may  be  made  by  way  of  resume. 

Of  simple  microscopes  we  may  note  that  the 
earliest  forms  were  mere  hand-lenses.  The  next 
step  was  probably  effected  by  mounting  them 
at  one  end  of  a tube  of  card-board  or  wood. 


the  object  being  held  on  a needle  at  the  focus, 
or  attached  to  a plate  of  glass,  or  between  two 
plates,  and  viewed  as  shown  in  the  “ Micro- 
scopium  Pulicare  ” {Vide  Figs.  4,  23,  &c.) ; 
for  magnifying  larger  objects,  the  instruments 
shown  in  Figs.  7,  9,  10,  and  ii,  were  employed 
with  more  or  less  modification.  Where  higher 
power  was  needed,  some  system  of  focussing 
would  be  adopted,  either  by  sliding  the  object- 
carrier  or  the  lens.  For  still  higher  power, 
where  the  difficulty  of  making  the  lenses  would 
limit  the  power,  globules  of  blown-glass  were 
used ; the  first  production  of  such  globules 
was  by  Toricelli  Poggendorff’s  “ Hist,  de 
la  Pliysique,”  p.  357).  Hooke  gave  detailed 
instructions  for  making  these  globules,  and  he 


Fig.  65. 


Cuthbert’s  Reflecting  Microscope  (Amici’s  Form,  1827-8). 


appears  to  have  partly  ground  and  polished 
them.  The  names  of  Butterfield  (1678)  and 
Della  Torre  (1765)  appear  in  the  “ Phil.  Trans.” 
in  connection  with  various  processes  they  de- 
vised for  the  production  of  these  globules,  and 
the  latter  was  said  to  have  been  specially  suc- 
cessful in  making  very  small  ones.  In  some 
cases  the  globules  were  melted  on  the  end  of  a 
needle  or  fine  silver  wire  in  a spirit-flame  and 
left  adhering,  so  that  they  could  be  handled  with 
facility.  Another  and  apparently  better  plan  was 
adopted  by  Sivright  (1829),  who  placed  a frag- 
ment of  glass  on  a minute  hole  in  a thin  plate 
of  metal,  and  then  by  means  of  a blow-pipe 
and  spirit-flame  melted  the  glass  so  that  it  ran 
through  the  hole,  and  with  careful  manipula- 
tion it  was  said  that  a serviceable  lens  could 
be  produced  having  a small  diaphragm  in  its 
centre,  the  plate  thus  forming  a substantial 


mount  for  the  lens.  But  the  uncertainty  of  the 
successful  production  of  these  globules  must 
have  struck  every  serious  worker ; and  thus 
we  find  that  Leeuwenhoek  used  only  lenses 
with  ground  and  polished  surfaces,  and  except 
in  the  matter  of  mounting  such  lenses  in  cells 
so  as  to  be  more  conveniently  applied  or 
changed,  no  essential  improvement  was  made 
in  their  construction  until  Wollaston,  Brewster, 
Goring,  Herschel,  Tully,  and  Coddington 
worked  out  by  theory  and  practice  the  best 
forms  and  combinations  of  simple  lenses,  re- 
sulting in  the  well-known  “Doublets,” 
“Triplets,”  the  “Herschel  combinations,” 
the  “ Bird’s-eye”  or  “ Coddington,”  the 
“Stanhope,”  the  “ Crossed-lens,”  &c.,  al^ 
produced  between  1790  and  1830,  i.e.,  during 
the  years  when  the  possibility  of  applying 
achromatism  to  the  microscope  presented 
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itself  to  the  same  investigators,  with  the  addi- 
tion of  Beeldsnyder,  Van  Deyl,  Frauenhofer, 
Amici,  Selligue,  and  the  Chevaliers,  as  a pro- 
blem to  be  solved  by  practical  constructions. 

With  regard  to  the  sequence  of  construction 
in  the  period  of  nearly  two  centuries  we  have 
dealt  with,  we  cannot  affirm  that  in  either 
the  optical  or  the  mechanical  design  the 
construction  of  compound  microscopes  pro- 
gressed steadily  from  generation  to  generation. 
Until  about  1824,  the  optical  arrangement 
seems  to  have  drifted  about  almost  aimlessly, 
with  little  or  no  reference  to  any  question  of 
the  theoretically  best  forms  or  combinations. 
In  Hooke’s  microscope  the  field -lens  was 
applied  or  withdrawn  without  any  apparent 
conception  that  a combination  might  be  de- 
vised of  permanent  service,  and  during  the 
next  hundred  years  the  compound  eye-piece 
was  hardly  improved.  The  improvement  then 
initiated  was  in  the  more  accurate  mounting 
of  the  lenses  rather  than  the  adoption  of  a 
better  optical  system. 

Then  with  reference  to  the  object-lenses  for 
compound  microscopes,  from  the  date  of 
Hooke’s  instrument  (1665)  to  the  end  of  the 
i8th  century,  plano-convex,  orbi-convex  lenses 
w’ere  used  almost  hap-hazard.  In  the  few  cases 
where  a combination  w'as  attempted,  the  ex- 
periments seem  to  have  been  limited  to  the 
rude  system  of  placing  the  plano-convex  lenses 
with  their  convex  surfaces  as  close  together 
as  possible  ; and  even  this  improvement  de- 
vised by  Divini,  and  carried  somewhat  further 
by  Christopher  Cock,  and  by  Grindl,  led  to  no 
permanent  advance— the  suggestion  died  out. 

If  we  examine  a consecutive  series  of  object- 
lenses  produced  during  this  period,  we  shall 
find  Campani  used  a bi-convex  lens  placed 
loosely  in  a wooden  cap,  with  a small  central 
hole,  which  was  screwed  on  the  nose-piece, 
the  lens  accommodating  itself  to  the  axis 
without  reference  to  any  exact  process  of 
centering.  In  the  Hooke  instrument  the 
nose-piece  was  a small  cylindrical  tube  of 
brass,  and  the  end  was  made  slightly  concave 
(perhaps  accidentally) ; the  lens  was  placed  in 
the  concavity,  and  a brass  cap  with  a plane 
perforated  end  was  slid  over  it.  In  Divini’s  a 
similar  arrangement  was  adopted.  Later  on 
the  lens  was  held  in  its  cell  by  a sprung- 
ring,  as  in  Marshall’s,  and  the  higher  powers 
were  mounted  between  two  perforated  con- 
cavities moulded  in  small  cups  of  thin  sheet 
silver  or  brass,  the  cups  being  held  in  the  cells 
by  sprung-rings  ; and  this  latter  system  was 
applied  to  the  lower  powers  also  by  Culpeper, 


Cuff,  Adams,  Martin,  Dollond,  and  others,  the 
perforations  in  the  plates  serving  as  dia- 
phragms, for  the  opticians  soon  found  that  with 
compound  microscopes  small  diaphragms  were 
essential  to  render  the  image  tolerable  to  the 
eye.  In  the  mean  time,  in  England,  and  on 
the  Continent  especially,  many  compound 
microscopes  were  made  with  wood,  ivory,  or 
horn  nose-pieces,  in  which  the  lenses  were 
sometimes  dropped  and  held  by  a sprung- 
ring,  or  on  which  perforated  caps  of  similar 
materials  fitted  by  screws.  Whatever  system 
was  adopted,  the  result  was  that  the  lens 
had  not  the  slightest  pretence  of  being  exactly 
centered.  Towards  the  end  of  the  century 
Martin,  Adams,  Dollond,  and  Jones,  in  Eng- 
land, and  Dellebarre  and  others  on  the  Con- 
tinent, began  to  mount  the  lenses  in  accu- 
rately fitting  cells,  in  some  cases  burnishing 
them  in  immovably,  as  was  commonly  done 
with  achromatic  telescope  object  glasses.  This 
latter  plan  was  adopted  also  for  the  lenses  of 
the  eye-piece.  There  can  be  no  doubt  that 
the  severe  attention  to  accuracy  of  optical 
workmanship  required  for  the  successful  pro- 
duction of  achromatic  telescopes  had  much  in- 
fluence on  the  microscope,  especially  in  Eng- 
land, where  the  best  opticians  generally  con- 
structed both  telescopes  and  microscopes. 

As  to  the  mechanical  construction,  no  regu- 
lar progress  was  made,  and  this  was  probably 
due  (i)  to  the  small  number  of  microscopes 
manufactured,  and  (2)  to  the  difficulty  of  com- 
munication, whence  the  opticians  were  in- 
formed of  the  improvements  devised  by  their 
rivals  by  printed  or  ©ral  descriptions  only,  and 
seldom  had  the  opportunity  of  actually  in- 
specting the  instruments.  The  large  body- 
tubes,  with  draw-tubes  of  the  early  construc- 
tions, imply  that  low  powers  were  generally 
used;  and  conversely,  as  the  body- tubes  w'ere 
diminished  in  diameter,  higher  powers  were 
employed,  for  here  the  extra-large  field  would 
be  useless  so  far  as  definition  was  concerned. 

The  fluctuations  in  the  application  or  the 
omission  of  fine  adjustments  point  to  the  fact 
that  no  pressing  need  was  felt  for  delicate 
focussing ; the  extremely  minute  diaphragms 
applied  to  the  object-lenses  would  account  for 
this  partially.  And  again,  the  fact  that  very 
little  original  and  difficult  investigation  was 
attempted  with  the  microscope— the  majority 
of  instruments  serving  iov  W\&  merest  diletta?iU 
purposes  only — would  indicate  that  the  instru- 
ment was  seldom  sufficiently  familiarised  to 
betray  its  weak  points  ; hence  the  progress  in 
the  design  was  slow  and  intermittent.  It  mny 
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appear  strange,  but  it  is  nevertheless  true, 
that  on  examining  the  proboscis  of  a blow-fly 
with  the  Campani  microscope  (Fig.  12),  which 
I believe  was  made  before  1665,  I cannot  say 
that  the  image  was  inferior  in  definition,  with 
€qual  magnification,  to  that  given  by  micro- 
scopes by  the  whole  series  of  makers  preceding 
the  general  application  of  achromatism  (1824- 
1830). 

The  application  of  achromatism  infused  new 
and  vigorous  life  into  the  use  of  the  micro- 
scope, and  gave  a great  impetus  to  its  develop- 
ment, both  optically  and  mechanically,  as  we 
shall  see. 

Achromatic  Microscopes. 

I have  already  stated  that  B.  Martin  pub- 
lished the  fact  of  his  having  constructed  an 
achromatic  microscope  objective,  and  have 
cited  from  his  “New  Elements  of  Optics” 
(1759),  the  passage  wherein  he  described  the 
result  of  his  comparison  of  the  objective  with 
a reflector  giving  the  same  magnification.  It 
does  not  appear  that  Martin  followed  up  the 
subject  beyond  the  trials  he  then  described, 
though  in  the  same  volume  he  promised  to  treat 
of  the  theory  and  practical  construction  of 
achromatic  objectives  for  the  microscope,  and 
refers  us  to  a later  portion  of  his  treatise,  where 
we  find  the  matter  briefly  alluded  to  (Part  VI., 
p.  1 14)  and  dismissed. 

Euler  touched  upon  the  theory  of  achro- 
matic miroscopesas  early  as  1762,  and  in  1771 
(“  Dioptrica,”  Petrop.,  3 vols.,  4to),  he  dealt 
with  the  subject  more  fully.  In  1774,  his  pupil 
and  friend,  Nicolas  Fuss,  published  a small  vol. 
ntitled  “ Instruction  detailee  pour  porter  les 
unettes  . . . au  plus  hautdegre  de  perfection  . , . 
avec  la  description  d’un  microscope  . . . le  plus 
parfait  dans  son  espece  ” (St.  Petersb.,  4to), 
in  which  plain  instructions  were  given  whence 
any  practical  optician  could  construct  an 
achromatic  microscope.  In  1778,  Kliigel  trans- 
lated Fuss’s  work  into  German  (“  Anweisung 
von  Fernrohren,”  Leipzig,  4to),  adding  further 
notes  and  diagrams  ; and  in  his  “ Analytische 
Dioptrik”  (Leipzig,  1778,  4to)  the  subject  was 
treated  of  more  distinctly  from  his  own  point 
of  view. 

With  reference  to  fixing  with  accuracy  the 
dates  of  the  early  applications  of  achromatism 
to  the  microscope,  and  the  various  modifica- 
tions in  the  designs  of  the  instruments  issued 
by  the  different  opticians,  I have  found 
so  much  evidence  of  inaccuracy  among  the 
early  writers  that,  except  in  the  cases  where 
original  references  are  cited,  I give  a/I  other 


dates  under  reserve ; for  in  the  majority  of 
instances  every  petty  modification  has  been 
a subject  of  more  or  less  controversy  as  to 
priority  of  invention. 

Beeldsnyder' s Achromatic  Objective.  — I 
have  not  been  able  to  trace  any  practical 
outcome  from  Euler’s,  Fuss’s,  or  Kliigel’s 
theoretical  discussions  of  nearer  date  than  the 
achromatic  objective  (Fig.  66)  made  by 
Fran9ois  Beeldsnyder  in  1791  {yide  Harting, 
loc.  cit.,  p.  132),  which  Harting  presented  to 
the  Museum  of  the  University  of  Utrecht. 
The  combination  consists  of  two  bi-convex 
crown-glass  lenses,  with  an  interposed  bi- 
concave flint  lens ; the  focus  is  slightly  less 
than  I inch.  The  workmanship  is  inferior,  and 


Fig.  66. 


Beeldsnyder’s  Achromatic  Objective  (1791). 

the  definition  leaves  “much  to  be  desired.” 
If  Martin’s  achromatic  objective  of  1759  was 
not  better  than  Beeldsnyder’s  of  1791, 1 am  not 
at  all  surprised  that  he  was  not  encouraged  to 
throw  aside  his  older  constructions  in  favour 
of  achromatism. 

Van  DeyVs  Achromatic  Microscope. — 
Harting  {loc.  cit.,  p.  133-4)  figures  and  des- 
cribes an  achromatic  microscope  which  was 
constructed  by  Van  Deyl  in  1807 ; the 
mechanism  was  similar  to  that  of  Jones’s 
microscope  (Fig.  62,  p.  1068),  except  that  Van 
Deyl  applied  a tripod  base,  and  the  pinion  for 
focussing  by  the  stage  passed  through  the 
pillar  and  was  actuated  by  a milled  head  at 
the  back. 

Between  1800  and  1810,  M.  Charles,  of  the 
“Institut,”  Paris,  is  said  by  C.  Chevalier 
(“  Des  Microscopes,”  Paris,  1839,  ^yal  8vo, 
p.  86)  to  have  made  small  achromatic  lenses, 
which  were  to  be  seen  at  the  “Conservatoire 
des  Arts  et  Metiers  but  Chevalier  says  they 
were  so  imperfect  in  workmanship  that  they 
could  hardly  have  been  used  as  microscopes. 

FraiLenhofeV  s Achromatic  ‘^Dru7?i’' 
Microscope.  — In  1811,  Frauenhofer  is  said 
{vide  Harting,  loc.  cit.,  p.  136)  to  have  made 
achromatic  doublets  ; but  he  does  not  appear 
to  have  been  satisfied  with  them.  Whilst  his 


September  24.  x886.]  JOURNAL  OF  THE  SO C IETF  OF  ARTS. 


073 


attention  was  engaged  on  the  construction  of 
microscopes,  he  modified  Martin’s  later  model 
■of  his  “ Pocket  Reflecting  Microscope  ” {mde 
my  notes  under  this  heading)  by  adopting  eye- 
pieces of  different  power,  and  a condenser  on 
two  arms  pivoted  on  the  body-tube  for  illu- 
minating opaque  objects  (Fig.  67) ; otherwise 


Fig.  67. 


Fraunhofer’s  Achromatic  “Drum”  Micro- 
scope (1811). 

the  difference  in  the  mechanical  constructions 
was  hardly  distinguishable.  Frauenhofer  also 
attached  the  microscope  on  a box,  thus  ren- 
dering it  more  secure  in  use. 

In  1815,  Amici  worked  at  achromatic  micro- 
scopes, and  abandoned  them  entirely  in  favour 
of  reflecting  instruments  until  after  the  pub- 
lication of  Fresnel’s  favourable  report  on  the 
construction  of  Selligue’s  achromatic  ob- 
jectives, in  1824. 

C.  Chevalier,  in  his  “ Notes  Justificatives  ” 
(Paris,  1837,  4to),  gave  a summary  of  dates 
relating  to  the  early  history  of  the  achro- 
matic microscope,  from  which  I select  those  of 
which  he  probably  had  personal  knowledge  ; — 
(i.)  In  1823-4,  Messrs.  Vincent  and  Charles 
Chevalier  made  an  achromatic  microscope 
with  four  doublet  lenses  superposed,  according 
to  the  plans  of  Selligue,  who  exhibited  it  at 
the  “ Academie  des  Sciences”  [on  April  5, 
1824]. 

(2.)  In  1824-5,  Messrs.  Chevalier  exhibited 
at  the  “ Societe  d’encouragement  ” their  im- 
proved ‘‘  Microscope  d’Euler.” 

(3.)  In  1827,  Amici  exhibited  in  Paris  his 
horizontal  dioptric  microscope,  the  novelty  of 
which  was  much  admired.  Amici  applied  a. 
series  of  oculars,  camerae  lucidse  for  drawing. 


a movable  object-carrier,  and  “very  good” 
superposed  achromatic  objectives,  but  of 
longer  focus  than  those  of  Messrs.  Chevalier. 

(4.)  In  1827,  a few  months  after  Amici’s 
visit,  Messrs.  Chevalier  exhibited  at  the  Louvre 
an  “ Amici  ” microscope  of  their  construction, 
which  was  highly  commended  by  Arago. 

Selligue' s Achrottialic  Microscope. — 
Selligue  (1823)  was  the  first  to  suggest  the 
plan  of  combining  two,  three,  or  four  plano- 
convex achromatic  doublets  of  similar  foci  one 
above  the  other,  to  increase  the  power  and  the 
aperture,  which  plan  was  carried  out  for  him 
by  Messrs.  Chevalier. 

Fresnel,  the  eminent  mathematician,  was 
appointed  to  make  a special  report  on  Selligue’s 
microscope  (Fig.  68)  to  the  “ Academie  Royale 


Selligue’s  Achromatic  Microscope  (1823-4) . 


desSciences”  (August30, 1824).  Fresnel  states 
that  he  compared  the  objectives  with  those  of 
one  of  Adams’s  best  non-achromatic  instru- 
ments (of  which  the  lenses  had  been  “re- 
touched” and  improved  by  Selligue),  and  up 
to  a magnification  of  “two  hundred  times  ” 
Selligue’s  was  decidedly  superior ; beyond 
that  limit  Fresnel  did  not  find  the  achromatic 
superior  to  the  non-achromatic — “ the  contours 
of  the  images  did  not  appear  more  indistinct 
than  in  the  microscope  of  M.  Selligue  ” {vide 
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reprint  of  Fresnel’s  “ Rapport,  &c.,”  Paris, 
1824,  8vo.,  p.  ii).  For  prolonged  observations 
Fresnel  preferredAdams’s  microscope,  because 
it  gave  a larger  field  than  Selligue’s;  this 
defect  in  the  latter  instrument  was  due  to  the 
use  of  too  small  a diaphragm  “above  the 
objectives  ” {ib,,  p.  15).  Fresnel  specially 
commended  Selligue’s  plan  of  placing  a small 
diaphragm  between  the  mirror  and  the  object 
at  N ; in  one  of  the  Selligue  instruments  I have 
examined,  the  diaphragm  consisted  of  a plate 
with  a graduated  series  of  apertures  sliding 
in  a slot,  as  shown  at  N. 

The  mechanism  of  Selligue’s  microscope  was 
similar  to  that  shown  in  Fig.  63  (p.  1068),  though 
Fresnel  thought  the  English  model  superior  (his 
comparison  was  with  a microscope  by  Adams, 
whose  model  was  practically  indentical  with 
that  of  Jones),  The  focussing  was  by  rack- 
and-pinion,  F,  acting  on  the  stage,  the 
pinion  remaining  stationary  and  not  travelling 
on  the  rack;  which  seems  to  have  been  a 
modification  of  one  of  Dellebarre’s  plans.  Two 
draw-tubes,  A and  B,  were  applied  within  the 
body-tube,  C,  the  upper  one  having  a bi-con- 
cave lens,  S (of  which  two  of  different  powers 
were  provided),  at  the  lower  end  serving  as  an 
amplifier ; this  was,  I believe,  the  first  appli- 
cation of  the  “ Barlow  ” lens  to  a microscope. 
A lenticular  prism,  P,  was  attached  to  a 
gimbal  connected  with  a ring  encircling  the 
body-tube  for  illuminating  opaque  objects, 
which  seems  to  have  been  a modification  of 
Fraunhofer’s  plan  of  pivoting  a condenser 
with  two  arms  on  the  body-tube  of  his  “ Drum  ” 
microscope. 

Fresnel  states  that  the  range  of  amplification 
was  from  40  to  1,200  diameters.  The  objectives 
were  composed  either  of  two  doublejt  systems 
for  low-power  work,  or  the  four  doublet 
systems  were  all  screwed  together  for  high- 
power  work.  The  two  amplifiers  were  used 
either  separately  or  together,  and  two  oculars 
of  different  power  were  supplied. 

The  diagram  shows  the  path  of  the  rays 
througii  the  instrument.  It  should  be  noted 
that  the  convex  (crown)  was  turned  towards 
the  object. 

C.  Chevalier  states  (“  Des  Microscopes,”  p. 
87)  that  Fresnel  was  unaware  at  the  date  of 
his  report  that  the  objectives  were  constructed 
by  the  Chevaliers. 

Chevalier's  Achromatic  Microscope 
(Euler’s  system). — Soon  after  the  completion 
of  Selligue’s  objectives,  the  Chevaliers  found 
that  better  results  were  obtained  by  turning 
the  plane  side  of  the  flint  to  the  object ; and 


in  their  improved  “ Microscope  selon  Euler  ” 
they  carried  out  this  modification.  The 
mechanism  was  very  similar  to  that  of  Jones’s 
microscope  (Fig.  63)  except  that  the  body- 
tube  was  attached  to  the  stem  directly,  as  in 
Selligue’s,  and  not  to  an  arm  as  in  Jones’s. 

TullJ s Achromatic  Microscope. — In  1824,. 
Tully,  the  well-known  optician  of  London,  was 
induced  by  Dr.  Goring  to  work  at  achromati- 
sing  the  microscope,  and  his  first  construc- 
tions appear  to  have  been  at  least  equal  ta 
those  of  the  Chevaliers.  The  increase  of 
apertures  Tully  obtained  by  the  achromatic 
system  appears  to  have  betrayed  the  need  of 
better  mechanism  in  the  microscope,  accord- 
ingly we  find  him  devising  sliding  rods,  similar 
to  those  in  use  with  telescopes,  to  connect  the 
body-tube  with  the  feet,  by  which  greater 
steadiness  was  secured;  and  he  also  applied 
mechanical  movements  to  the  stage. 

Amici's  Microscope.— In  1827,  Amici  ex- 
hibited in  Paris  his  horizontal  microscope,  in 
which  he  is  said  to  have  increased  the  apertures 
of  his  objectives  by  combining  doublets  with 
triplets.  The  point  of  novelty  in  Amici’s  con- 
struction was  the  application  of  a right-angled 
prism  immediately  above  the  objective,  to  de- 
flect the  rays  through  the  horizontal  body-tube. 
The  great  convenience  of  this  arrangement — 
especially  for  microscopical  dissections— was 
at  once  appreciated,  and  the  Chevaliers 
hastened  to  adopt  the  model  with  many 
modifications. 

Merz  (1829),  successor  to  Frauenhofer,  also 
applied  Amici’s  system  of  horizontal  body- 
tube,  by  placing  the  right-angled  prism  in  the 
middle  of  the  body-tube,  which  modification 
was  adopted  by  Amici  later  on. 

Fig.  69  (p.  1075)  shows  one  of  Amici’s  con- 
structions, which  Harting  states  was  made  some 
years  later.  In  examining  a large  number  of 
Amici’s  microscopes,  I have  found  much  diffi- 
culty in  assigning  the  probable  dates.  An 
apparent  advance  in  design  in  Amici’s  instru- 
ments does  not  necessarily  indicate  that  the 
construction  was  later.  This  model  seems  to 
have  been  modified  from  his  very  early  dioptric 
constructions  by  the  application  of  a fine 
adjustment,  /,  at  the  back  acting  on  the  stage^ 
and  by  the  adoption  of  Merz’s  plan  of  using 
the  prism,  a,  in  the  middle  of  the  body-tube, 
Jn,  instead  of  placing  it  immediately  above 
the  objective,  as  shown  in  the  next  Figure. 

Chevalier's  '■^Microscope  Universel."  — 
This  instrument  (Fig.  70,  p.  1076)  was  brought 
out  by  Charles  Chevalier  in  1834,  shortly  after 
he  started  a separate  establishment  from  that  of 
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his  father.  He  here  combined  Amici’s  re- 
flecting’ microscope  with  his  own  dioptric 
system,  together  with  a number  of  improve- 
ments— especially  in  workmanship — by  which 
the  construction  was  carried  quite  beyond  the 
point  reached  with  any  microscope  of  earlier 
date.  The  design  embodied  so  many  com- 
binations, that  the  title  of  Universal  Micro- 


Fig.  69. 


scope  was  more  justly  applied  to  it  than  to 
any  of  its  predecessors,  including  the  Large 
Universal  of  B.  Martin. 

I shows  the  instrument  arranged  as  a 
horizontal  microscope.  The  right  - angled 
prism  for  deflecting  the  rays  into  the  horizontal 
body-tube,  R,  is  within  the  angle-tube,  v x. 
The  coarse  adjustment  is  effected  by  rack- 
and-pinion,  o,  to  the  stage,  and  a fine  adjust- 
ment screw,  Q,  with  ball-socket  bearings,  is 
also  applied  to  the  stage  by  means  of  an  extra 
slide  in  front.  The  mirror  (plane  and  concave) 


racks  on  the  stem  by  the  pinion,  N.  The 
stage  has  rectangular  motions,  actuated  by 
mechanism  similar  to  that  known  in  England 
as  the  “Turrill”  system.  The  body-tube 
pivots  laterally  at  a,  to  facilitate  changing  the 
objectives ; the  draw-tube,  T,  is  moved  by  a 
rack-and-pinion  at  u.  In  F^£^.  2 the  angle- 
tube,  VX,  containing  the  prism  is  removed,, 
and  an  adapter,  V,  is  substituted,  in  which  the 
objective,  Y,  is  screwed,  then  the  body-tube  is 
raised  to  the  vertical  by  means  of  the  hinge,  Cy 
and  on  removing  the  pin,  G (Fi^.  i),  the 
instrument  can  be  inclined  on  the  cradle-joint 
on  the  top  of  the  pillar.  F/^.  3 shows  the 
adaptation  of  the  horizontal  body-tube  for  the- 
observation  of  chemical  reactions,  &c.  ; the 
angle-tube,  vx,  is  turned  upwards,  and  an 
extra  stem  carrying  the  rack  stage,  /,  the 
mirror,  and  the  rotating  disc  of  diaphragms,. 
h,  is  applied  by  a socket,  d.  Fig.  3 bis  shows- 
the  application  of  a stage,  I'  /',  carrying  a 
disc  of  glass,  o,  to  be  heated  by  the  lamps, 
m m,  also  for  the  observation  of  chemical 
reactions,  &c.  Fig.  4 shows  the  ordinary 
dioptric  arrangement  of  Fig.  2,  but  inclined  to 
the  horizontal,  and  a powerful  compound  con- 
denser, s s\  applied  to  rack  on  the  stem.  In 
Fig.  5 we  find  a condensing  lens,  M,  on  jointed 
arms,  connected  with  a socket,  d,  sliding  over 
the  tube,  X,  for  illuminating  opaque  objects.. 
In  Fig.  6 a silvered  glass  “ Lieberkiihn  ” is 
shown.  In  Fig.  7 polarising  and  analysing 
prisms  are  shown.  Fig.  8 shows  the  combina- 
tion of  the  body-tube  with  Amici’s  reflecting 
microscope,  the  tube,  i i',  carrying  the  specu- 
lum and  Lieberkiihn  (2) ; 33  is  an  object- 
carrier  applied  on  the  stage  to  bring  the 
objects  close  to  the  tube.  Fig.  9 is  the  con- 
denser (yi  of  Figs.  I and  2)  with  disc  of 
diaphragms. 

This  microscope  was  directly  traceable  to- 
the  application  of  achromatism.  Chevalier 
applied  numerous  pieces  of  accessory  appa- 
ratus to  the  instrument,  such  as  a screw  stage- 
micrometer,  eye-piece  micrometer,  a series  of 
different  eye-pieces,  compressoria,  &c.  Inde- 
pendently of  the  diversity  of  the  movements,, 
the  whole  mechanism  evidences  care  and  pre- 
cision, entitling  Chevalier  to  high  praise. 

Chevalier' s Simple  Eisseciing  Microscope.. 
— Charles  Chevalier  modified  Ellis’s  “Aquatic 
Microscope”  as  we  see  in  Fig.  71.  He 
applied  rack-work  focussing  to  the  lens- 
carrier,  and  a gimbaland  sliding  socket  to  the 
mirror  (plane  and  concave) ; his  principal  im- 
provement was  the  rotating  disc  of  diaphragms 
fitted  beneath  the  stage. 


Fig. 
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This  microscope  was  brought  out  as  a 
counterblast  ” to  the  “ modMe  Raspail.”  In 
later  constructions  Chevalier  added  horizontal 


screw-mechanism  at  b,  passing  through  the 
arm-support  of  the  lens-carrier,  which  was 
also  pivoted  at  b,  to  facilitate  the  examination 


of  different  parts  of  the  object.  The  modifica- 
tions applied  to  this  form  of  microscope  by 
different  makers  in  Paris  were  the  subject  of 


much  controversy.  The  fact,|however,  is  clear 
that,  after  having  alluded  to  the  “ modele 
Raspail  ” as  a mere  copy  of  Cuff’s,  Chevalier 


C.  Chevalier’s  ‘‘Microscope  Universel”  (1833-4). 
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adopted  the  model,  and  improved  it  in  many 
important  points. 

Andrew  Ross  improved  upon  Chevalier’s 
model,  by  applying  a fine  adjustment  for 
focussing,  which  was  much  needed  when 
doublets  and  triplets  of  1-20  inch  focus  were 
employed. 


Fig.  71. 


Chevalier’s  Simple  Dissecting  Microscope. 

Between  1820  and  1835  the  English  opticians, 
Tully,  Pritchard,  Dollond,  Andrew  Ross,  and 
Powell,  encouraged  by  the  advice  of  Wollaston, 
Brewster,  Goring,  and  others,  worked  out  in- 
numerable combinations  of  single  and  com- 
pound lenses  to  be  used  as  simple  micro- 
scopes. In  some  cases  lenses  were  made 
of  sapphire,  spinel,  and  diamond,  which 
Brewster  and  Goring  seemed  to  think  would 
supersede  all  other  forms  of  single  lenses,  or 
even  achromatic  combinations,  for  simple 
microscopes,  by  reason  of  the  greater  working 
distance  their  higher  refractive  indices  gave 
with  equal  magnification.  Pritchard  devoted 
special  attention  to  these  “jewel  ’’  lenses, 
carrying  the  focus  as  high  as  i-ioo  inch  ; but 
the  difficulties  of  manufacture  were  so  great 
compared  with  the  production  of  glass  lenses, 
and  their  general  utility  was  so  small  compared 
with  that  of  compound  microscopes,  that  they 
were  abandoned. 

Schiek's  Microscope. — About  1828  1835, 
Schiek,  of  Berlin,  and  Ploessl,  of  Vienna, 
and  Pistor,  carried  out  the  general  form  of 
microscope  shown  in  Fig.  72.  The  body- 
tube  here  travels  by  means  of  an  arm 
and  rack-and-pinion  socket  on  a stem  of 
triangular  section,  on  which  the  stage  and 
mirror  are  also  carried.  In  some  cases  a 
fine  adjustment  was  applied  to  the  stage 
after  the  design  of  Cuff’s,  or  again  to  the 
travelling-socket — systems  more  or  less  compli- 
cated, and  persevered  in,  as  it  would  seem, 
from  sheer  unwillingness  to  abandon  obsolete 
forms  of  mechanism. 


The  stem,  however,  may  have  suggested  to 
Andrew  Ross  some  of  his  earliest  designs  of 
large  microscopes,  in  which  he  mounted  the 
body-tube,  stage,  and  mirror  on  a bent  stem 
(bent  to  provide  space  fora  large  stage),  carry- 
ing the  body-tube  on  the  upper  part  and  the 
mirror  on  the  lower  part,  so  as  to  be  on  the 
same  axis,  which  construction  preceded,  I 
believe,  the  suggestion  of  a similar  design  by 
Jackson. 


Fig.  72. 


Oberhaeuser' s Compound  Dissectmc^ 
Microscope. — About  1830,  Oberhaeuser,  in 
conjunction  with  Trecourt  and  Bouquet, 
brought  out  the  instrument  shown  in  Fig. 
73  (p.  1078).  Oberhaeuser’s  design  was  evi- 
dently based  on  that  of  Frauenhofer’s  “Drum” 
microscope  (Fig.  67),  but  the  modifica- 
tions and  improvements  were  so  great  as 
to  overwhelm  Frauenhofer’s  slight  modifica- 
tions of  Martin’s  original  constructions  of  the 
last  century  ; so  that  Chevalier’s  attempt  to 
fix  upon  Oberhaeuser  the  charge  of  being  a 
mere  plagiarist  is  absurd — hardly  needing 
consideration. 

The  application  of  the  socket-support,  /,  for 
the  body-tube,  and  bracket,  i,  connecting  it 
with  a second  socket,  h,  mounted  as  a sheath 
on  a pillar  through  which  a fine  adjustment 
screw,  /&,  acted  for  focussing,  was  in  itself  an 
improvement  of  first-rate  importance ; Ober- 
haeuser, however,  combined  this  improvement 
with  another  equally  important  one,  by  mount- 
ing the  pillar  on  a plate  made  to  rotate  on 
the  optic  axis  on  a drum-base,  and  serving  as 
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the  object-stage — a combination  of  improve- 
ments in  the  mechanical  design  of  the  com- 
pound microscope  entitling  Oberhaeuser  to  a 
conspicuous  place  among  the  inventors  who 
have  sought  to  perfect  the  instrument. 

For  the  purpose  intended,  z.e.,  as  a com- 
pound dissecting  microscope,  no  instrument 
of  previous  date  was  made  at  all  comparable 
with  this  of  Oberhaeuser’s  for  convenience. 
The  stage  was  so  well  supported  that  the 
dissecting  operations  could  be  observed  with- 
out the  slightest  trace  of  flexure  or  tremor, 
e»^en  with  the  hands  resting  on  the  edge; 
whilst  the  convenience  of  rotating  the  object 
so  as  to  view  each  part  most  favourably,  and 
without  lateral  movement  in  the  field,  must 


Fig.  73. 


Oberhaeuser’s  Compound  Dissecting 
Microscope  (1830 .?). 

have  presented  itself  as  a new  and  most  im- 
portant advance  to  the  microscopists  of  that 
date.  The  success  of  the  model  was,  I 
believe,  quite  unprecedented  in  the  history  of 
the  microscope.  The  design  was  copied  by 
the  Ingenieur  Chevallier,  Lerebours,  Soleil, 
and  Nachet,  senior,  with  modifications  prin- 
cipally with  reference  to  the  mechanism  of  the 
sub-stage  ; in  some  cases  the  sub-stage  was 
mounted  in  a gimbal  actuated  by  a lever, 
in  others  a rack-and-pinion  movement  was 
applied,  and  here  and  there  more  convenient 
means  were  applied  for  changing  the  cylinder- 
diaphragms  or  the  condenser.  Prisms  were 
occasionally  applied  to  the  body-tube  either  to 
form  a horizontal  arm  or  to  be  more  or  less 
inclined.  Rack-and-pinion  movement  was 


applied  to  the  body-tube  by  Oberhaeuser  in 
addition  to  the  sliding  socket ; and  a similar 
movement  to  the  draw-tube  (first  devised,  I 
believe,  by  Dr.  Cuno  Fischer,  of  St.  Petersburg) 
made  a “ pancratic  ” arrangement. 

Hartnack' s Microscope  (Oberhaeuser’s 
form). — The  substitution  of  the  horse-shoe 
base  and  pillar  (Fig.  74)  for  the  drum-base  of 
Oberhaeuser’s  model  was,  I believe,  carried 
out  by  Hartnack,  Oberhaeuser’s  nephew,  and 
was  evidently  devised  to  facilitate  the  use  of 
oblique  light.  With  the  drum-base  the  mirror 
remained  in  the  axis,  and  thus  could  not  be 
used  to  provide  oblique  light  beyond  a 


Fig.  74. 


Hartnack’s  Microscope  ( Oberhaeuser’s  F orm)  . 


few  degrees  from  the  axis,  depending  on 
its  size  and  focus  ; but  the  horse-shoe  base 
allowed  the  mirror  to  be  swung  on  a 
pivoted  arm  sliding  in  the  pillar,  which  was,  of 
course,  an  improvement.  The  cylinder-dia- 
phragms or  a condenser  were  contrived  to  fit  in 
a sliding  sub-stage,  with  a cylindrical  socket 
which  can  be  centered  to  the  optic  axis  by  the 
optician,  but  which  the  amateur  adjusts  with 
much  difficulty.  In  the  early  models  of  this 
design  the  focussing-screw  remained,  as  before, 
at  the  lower  end  of  the  pillar,  and  then  the  micro- 
scope could  not  be  inclined  ; Hartnack  moved 
the  actuating  milled  head  to  the  top  of  the 
pillar,  so  as  to  permit  the  application  of  a 
horizontal  axis  to  the  upper  ends  of  the  pillars 
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on  which  the  body-tube,  stage,  and  tail-piece 
could  be  inclined. 

This  form  of  microscrope  has  been  generally 
adopted  on  the  Continent,  and  is  known  as  the 
“Continental  model.”  Asa  working  instru- 
ment, the  general  design  is,  in  my  opinion,  the 
most  serviceable  extant.  That  the  mechanical 
arrangement  is  susceptible  of  improvement,  I 
have  no  doubt;  for  example  (i),  the  base  is 
not  safe  when  the  stage  and  body-tube  are 
inclined  (which  difficulty  has  been  met  by 
Nachet  and  Zeiss,  and  others,  by  extending 
the  base  behind  the  pillar  supports)  ; (2)  the 
sub-stage  should  be  applied  to  the  tail-piece 
with  rack-work  and  centering  arrangements, 
on  the  plan  adopted  in  the  better  class  of 
English  microscopes  ; (3)  the  fine  adjustment 
screw  is  far  too  rapid  in  action  for  high  powers ; 
(4)  a convenient  mechanical  stage  is  needed, 
that  can  be  readily  applied  or  removed  (my 
next  Figure  shows  a design  I have  suggested 
for  this  purpose). 


Fig.  75. 


Mayair s Mechanical  Stage. — The  aim  of 
this  device  is  to  provide  mechanical  move- 
ments for  the  object-slide,  without  the  use  of 
travelling  plates.  The  slide  is  placed  on  the 
surface  of  the  stage  (in  the  Oberhaeuser  form, 
or  on  the  rotating  stage-plate  of  the  usual 
English  model),  being  held  in  a hinged  frame 
connected  with  the  mechanical  movements. 

The  apparatus  is  shown  in  Fig.  75,  as  made 
by  Swift  and  Son  ; it  is  attached  to  the  sur- 
face of  the  stage  by  the  milled-head  screws 
shown  at  either  end  of  the  lower  part.  The 
curved  arm  on  the  right,  and  the  straight  arm 
on  the  left,  are  hinged  with  sprung  fittings  like 
the  blades  of  a pocket-knife.  As  the  slide 
lies  in  contact  with  the  surface  of  the  stage 
(or  of  the  rotating  stage-plate),  the  flexure 
that  is  found  more  or  less  in  every  form  of 


mechanical  stage,  acting  by  one  or  more 
superposed  plates,  is  obviated. 

In  practice  I have  found  it  advisable  to  gum 
a narrow  strip  of  paper  near  the  ends  of  the 
under  surface  of  the  glass  slides,  to  remedy 
the  inconvenience  due  to  any  unevenness  of 
surface. 


Fig.  76. 


Zeiss’s  Microscope. 


Zeiss's  Microscope. — In  several  points  of 
detail  the  mechanism  of  Zeiss’s  micro- 
scope’^Fig.  76)  is  superior  to  Ilartnack’s, 
while  the  application  of  Abbe’s  condenser  has 
added  to  its  general  efficiency,  especially  for 
oblique  illumination.  In  Zeiss’s  latest  models 
mechanical  movements  are  applied  to  the 
stage,  as  here  shown. 

Nachet' s Microscope. — In  this  latest  model 
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(Fig.  77)  M.  Nachet  claims  to  have  much 
improved  on  the  older  forms  of  fine  adjust- 
ment used  with  the  “Continental  model,” 
by  reversing  the  action  of  the  spiral-spring. 


It  is  now  arranged  to  draw  the  sheath  con- 
nected with  the  body-tube  downwards,  in- 
stead of  pushing  it  upwards  as  formerly  ; by 
this  alteration  the  fine  adjustment  screw  con- 


Fig.  77. 


Nachet’ s Microscope. 


trols  the  movement  by  the  contact  of  its  point 
with  a hardened  steel-plate,  greatly  reducing 
the  friction,  whereas  formerly  the  screw  passed 
through  the  nut- on  the  top  against  which  the 


spiral  spring  pressed  upw^ards,  causing  much 
friction. 

The  sub-stage  is  centering,  and,  to  change 
the  condensers,  &c.,  can  be  turned  away  from 
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the  axis  of  the  body-tube  on  a pivot,  which 
can  also  be  removed  when  required,  being 
attached  to  a short  arm  sliding  in  grooves  in 
the  tail-piece,  and  controlled  b}'-  a lever.  The 
pivot  contains  a slow  motion  (by  screw), 
allowing  the  sub-stage  condenser  to  be 
focussed  exactly  on  the  object. 

The  mirror  is  attached  by  a series  of  short 
arms  with  three  articulations  acting  at  right 
angles  to  each  other,  so  that  it  can  be  moved 
in  all  directions  for  oblique  illumination. 

Mechanical  movements  are  applied  to  the 
stage,  and  M.  Nachet  has  devised  a special 
arrangement  of  small  mirrors,  by  which  the 
approach  of  the  objective  to  the  cover-glass 
can  be  readily  seen — a matter  of  importance 
to  those  who  use  high  powers  only  occasionally. 


Figs.  53,  54,  56-65  are  reproduced  from  the  works 
cited ; Fig.  55,  from  Quekett’s  “ Treatise  on  the 
^licroscope  ” (above-cited),  p.  27;  Figs.  66  and  75 
were  photographed  on  the  wood-blocks  from  the 
instruments;  Figs.  67,  71-73  reproduced  from 

Hannover’s  Treatise  “ On  the  construction  and  use 
of  the  Microscope,”  English  trans.  by  John  Goodsir, 
F.R.S.E.,  Edinb.,  1853,  8vo. ; Fig.  68,  from  the 
Plate  in  the  above-cited  reprint  of  Fresnel’s 
“Rapport,  8cc.  ; ” Fig.  69,  from  Harting’s  “Das 
iMicroskop  ” (above-cited),  hi.,  p.  169. 


ELEMENTARY  LECTURES. 

ELECTRICITY. 

By  Professor  George  Forbes. 

Lecture  V. — Delivered  May  15,  1886. 

In  my  last  lecture  I commenced  by  showing 
you  the  remarkable  experiment  which  was  made 
by  Professor  Oersted,  of  Copenhagen,  and  I 
proceeded  to  tell  you  that  nearly  all  the 
phenomena  of  electro-magnetism,  wEich  have 
been  the  foundation  of  the  great  progress  in 
electrical  science  and  its  applications  since 
that  date,  could  have  been  deduced  from  that 
experiment  of  Oersted.  Oersted’s  experiment 
has  been  spoken  of  by  some  as  having  been  an 
accident.  At  the  moment  that  he  saw  the 
influence  which  a wire  carrying  a current  had 
on  a magnet  he  was  trying  to  detect  the 
influence  in  a totally  different  manner,  he  was 
trying  to  detect  the  influence  of  the  heat 
generated  upon  the  magnet,  but  instead  of  that 
he  found  the  remarkable  result  which  formed 
the  basis  of  our  demonstrations  in  the  last 
lecture.  It  has  been  said  by  some  that 


Oersted’s  experiment  was  the  result  of  an 
accident,  but  I protest  against  any  such  inter- 
pretation being  put  upon  it.  It  shows  a com- 
paratively feeble  knowledge  of  the  means  of 
progress  in  scientific  discovery.  It  is  by  such 
constant  labour,  and  the  readiness  to  grasp 
the  importance  of  unexpected  phenomena  that 
present  themselves,  that  the  greatest  discoveries 
have  been  made.  Were  we  to  say  that  the 
philosopher  studying  in  his  laboratory  at 
numerous  experiments,  when  he  first  happens 
to  come  across  something  he  had  never  found 
before,  and  tests  it,  and  finds  it  to  be  a new 
fact — were  we  to  call  that  an  accident, 
then  forsooth  we  should  have  to  say  that  the 
discovery  of  the  planet  Uranus  was  an  accident, 
that  the  discovery  of  the  many  continents  and 
islands  of  the  world,  and  half  the  discoveries 
of  philosophers  in  their  laboratories,  have  been 
accidents.  As  the  result  of  that  brilliant 
discovery  of  Professor  Oersted,  we  saw 
last  week  that  several  conclusions  could  be 
drawn.  The  continuous  rotation  of  a mag- 
netic pole  round  an  electric  current,  the 
motion  of  a wire  carrying  the  electric  current 
in  the  neighbourhood  of  a magnet,  and  the 
attraction  or  repulsion  of  two  parallel  cur- 
rents according  as  they  were  in  the  same  or  in 
opposite  directions,  these  discoveries  of  Faraday 
and  Ampere  are  the  necessary  conclusions 
from  Oersted’s  experiment.  At  the  same  time 
that  does  not  detract  in  the  least  from  the 
originality  or  the  merit  of  these  great  men  who 
followed  out  the  experimental  work,  and  proved 
the  truth  of  these  facts  wEich  were  new  to 
science.  And  so  it  is  in  the  present  day;  fre- 
quently we  find  new  discoveries  wEich,  upon 
investigation,  are  found  really  to  be  deducible 
from  what  we  knew  before,  but  that  in  no  way 
detracts  from  the  merits  of  those  investigators 
who  by  their  laborious  researches  have  intro- 
duced facts  which  were  new  at  the  time  to 
science,  and  especially  is  this  the  case  in 
electrical  science.  Frequently  we  have  new 
facts  presented  to  us — facts  which  none  of  us 
before  have  been  acquainted  with,  and  it  is 
common  to  say,  “ Oh,  such  facts  are  perfectly 
deducible  from  the  theory  of  electricity.”  That 
may  be  so,  but  it  does  not  in  the  least  detract 
from  the  value  of  these  new  researches. 

I will,  with  your  permission,  before  goingon 
to  the  question  of  induced  currents,  which  is  a 
mere  continuation  of  the  deductions  wEich  were 
made  from  Oersted’s  experiment,  illustrate  the 
subject  of  the  last  lecture  by  means  of  a 
dilferent  apparatus — a piece  of  apparatus  of 
great  beauty,  and  one  which  with  the  same 
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fidelity  proves  the  rotation  of  a current  of  elec- 
tricity round  a magnet.  I have  here  a globe 
.partially  exhausted  of  air,  the  density  of  the  air 
within  it  is  very  much  smaller  than  the  density 
of  the  atmosphere  around  us.  I shall  pass  a 
current  of  electricity  through  this  globe, 
passing  it  along  the  outside  of  the  tube  which 
goes  down  from  the  top  through  the  middle  of 
the  globe.  Within  that  tube  I have  a piece  of 
iron  with  a coil  of  wire  round  it,  so  that  with 
•the  wires  connected  to  a battery  I am  able  to 
magnetise  that  central  piece  of  iron  either 
’with  the  north  pole  downwards,  or  with  the 
south  pole  downwards.  We  saw  last  time,  by 
.numerous  experiments,  that  when  a current  is 
travelling  parallel  to  a magnet  it  tends  to 
’rotate  round  it  in  one  direction  or  another, 
-according  to  the  direction  of  the  magnetisation. 
-In  those  experiments  we  always  used  a solid 
body,  generally  a copper  wire,  to  convey  the 
current  of  electricity.  In  this  case  I am  going 
to  pass  the  current  of  electricity  through  attenu- 
-ated  air.  When  we  send  a current  by  means  of 
that  grand  induction  coil  through  there,  you  see 
.the  signs  of  a stream  of  electricity,  a current  is 
^passing  parallel  to  the  magnet  from  the  top  to 
the  bottom.  I am  now  able,  by  means  of  a com- 
.mutator,  to  magnetise  that  bar  of  iron.  I will 
.magnetise  it  first  with  the  north  pole  down- 
wards, and  you  see  a continuous  rotation  of 
-the  current  of  electricity  round  the  pole  of  the 
.magnet.  I will  now  reverse  the  direction  of 
.magnetisation,  and  put  the  south  pole  down- 
wards in  place  of  the  north  pole  ; the  current 
stops,  and  immediately  rotates  in  the  opposite 
^direction. 

All  the  phenomena  of  the  movement  of 
wires  carrying  currents  which  were  shown  in 
fhe  last  lecture,  were  shown  to  be  due  to  the 
presence  of  a magnetic  field.  The  wire  itself 
•acts  in  such  a way  as  to  create  a magnetic 
■field  in  its  neighbourhood.  The  magnet  itself, 
however,  may  be  looked  upon  as  an  agglomera- 
tion of  electric  currents,  and  I showed  you  a 
model  representing  the  ideal  magnetic  mole- 
x:ule.  Let  us  consider  now  the  question  of 
•Oersted’s  first  experiment,  or  one  of  the  ex- 
periments that  follow  from  it.  I will  take  the 
case  of  a coil  of  wire  with  a magnetic  pole  in 
its  neighbourhood.  When  I pass  a current  of 
electricity  through  that  coil  it  moves  that 
magnet— moves  it  against  the  force  of  terres- 
tial  magnetisation  which  is  trying  to  hold  it  in 
its  place.  Therefore,  when  the  current  is 
passing  through  a coil  of  wire,  it  uses  up 
•energy  in  moving  that  magnet.  Now  the 
principle  of  conservation  of  energy  proves  to 


us  that  the  motion,  like  that  of  a magnet 
towards  the  coil,  or  away  from  the  coil,  cannot 
take  place  without  the  consumption  of  energy. 
I have  a current  of  electricity  passing  through 
in  the  coil,  and  as  soon  as  I bring  it  near  the 
magnetic  pole,  energy  is  consumed.  What  is 
the  energy  which  is  consumed  ? Where  does 
it  disappear  from  ? Clearly  it  must  disappear 
from  the  energy  of  the  current  which  is  cir- 
culating in  the  coil.  In  other  words,  when 
the  magnet  pole  approaches  towards  the  coil 
the  energy  of  the  current  is  diminished.  The 
diminution  of  this  current  by  the  approach  of 
the  magnet  towards  the  coil  simply  means  that 
there  is  a tendency  to  set  up  an  inverse  current 
by  the  approach  of  the  magnet ; in  other 
words,  by  a plain  consideration  of  the  principle 
of  conservation  of  energy,  we  are  able  to  deduce 
from  Oersted’s  experiments  this  remarkable 
fact,  that  when  the  pole  of  a magnet  approaches 
a coil,  a current  is  generated  in  the  coil  by 
the  influence  of  their  mutual  approach. 

However  desirable  it  may  be  to  trace  the 
connection  between  all  these  different  pheno- 
mena, the  facts  themselves  must  be  demon- 
strated, and  we  must  see  the  experiments 
before  us  in  order  to  convince  ourselves  of 
their  reality.  I have  on  the  mantelpiece  a 
small  galvanometer  which  consists  simply  of  a 
small  magnet  attached  to  a highly  polished 
mirror,  and  placed  in  the  centre  of  a coil  of 
wire  which  surrounds  the  magnet.  The  lime- 
light is  thrown  upon  the  mirror,  which  reflects 
the  beam  of  light  to  the  scale  on  the  wall.  A 
vertical  wire  is  placed  in  the  position  which 
would  be  occupied  by  the  slide  of  a magic 
lantern,  so  that  we  shall  have  an  image  of  a 
wire  moving  upon  the  screen  in  accordance 
with  the  motion  of  the  magnet  within  the  coil 
of  wire.  The  ends  of  the  coil  of  wire  are 
carried  away,  and  are  continuously  connected 
together,  so  that  that  coil  of  wire  has  practi- 
cally no  ends,  for  the  two  ends  coming  over 
here  are  coiled  up  into  a little  bundle  of  half-a- 
dozen  turns.  I hold  in  my  hand  a magnet  with 
the  north  pole  pointing  towards  you.  My 
object  in  this  experiment  will  be  to  prove  the 
truth  of  the  deduction  which  we  made  just 
now,  and  to  show  you  that  simply  by  the  ap- 
proach of  a magnet  into  a little  coil  of  wire  like 
that,  we  are  able  to  introduce  a current  of  elec- 
tricity into  the  wire  which  will  circulate  round 
the  coils  of  the  galvanometer,  and  so  deflect 
the  compass  needle  which  is  there  suspended, 
which  will  be  evidenced  by  the  motion  of  the 
spot  of  light  and  wire  on  the  screen.  At  the 
present  moment  it  is  my  intention  to  force  the 
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north  pole  of  the  magnet  within  the  coil  of 
wire  ; on  doing  so,  the  spot  of  light  moves  to 
the  right.  If  our  theory  be  true,  it  would 
immediately  follow  that  on  the  withdrawal  of 
the  north  pole  from  the  coil  we  should  get  a 
motion  in  the  opposite  direction.  I withdraw 
the  magnet,  and  the  spot  of  light  moves  to  the 
left.  I will  now  introduce  the  south  pole 
instead  of  the  north  pole.  It  moves  to  the 
left,  in  the  opposite  direction  to  what  it 
did  before.  I will  now  complete  the  experi- 
ment by  withdrawing  the  south  pole,  and  the 
motion  of  the  spot  of  light  in  this  case  is  to 
the  right. 

A vast  number  of  experiments  were  under- 
taken by  Faraday,  who  made  this  brilliant 
discovery,  extending  the  application  of  these 
general  principles  ; and  just  as  we  have  found 
that  the  experiment  with  the  magnet  and  coil 
is  a direct  result  of  the  brilliant  experiment  of 
Professor  Oersted,  so  we  shall  see  that  other 
experiments  which  were  performed  by  Faraday 
are  a necessary  and  natural  consequence  of 
the  results  arrived  at  by  the  French  philoso- 
pher, Ampere.  Ampere  found  that  when  two 
coils  of  wire  were  placed  in  proximity  to  each 
other,  and  currents  of  electricity  were  following 
through  both,  there  was  attraction  or  repulsion 
between  them  according  as  the  direction  of  the 
currents  of  electricity  were  the  same  or  op- 
posite to  each  other  in  the  two  coils.  Exactly 
similar  reasoning  to  that  which  I used  a short 
•time  ago,  depending  on  the  principle  of  the 
conser\’ation  of  energy,  proves  to  us  that  this 
•energy  which  is  thus  transformed  must  be  de- 
rived from  the  energy  in  the  currents,  and  that 
at  the  moment  of  the  approach  of  the  two  coils 
there  must  be  a diminution  in  the  strength  of 
•the  currents  of  electricity.  But  if  there  be 
a current  of  electricity  in  only  one  of  the  coils, 
then  the  approach  of  the  two  coils  together 
must  cause  the  creation  of  an  inverse  current 
in  the  second  coil.  I have  connected  now  the 
one  coil  to  the  galvanometer,  while  the  other 
•coil  is  connected  with  the  commutator,  by 
means  of  which  I am  able  to  send  a current  of 
•electricity  through  it.  At  present  there  is  no 
current  passing  through  it.  I have  now  a 
current  of  electricity  passing  through  my 
coil,  and  I will  approach  the  coil  towards  the 
one  which  is  connected  wdth  the  galvano- 
meter. The  motion  will,  in  this  case,  be  very 
much  larger,  because  I am  using  much  larger 
coils.  It  moves  nearly  to  the  end  of  the 
scale.  That  shows  the  creation  of  a current 
in  the  induced  coil  inverse  to  the  direction  of 
the  current  in  the  inducing  coil  when  the  spot 


of  light  went  to  the  right.  When  I withdraw 
the  two  coils  we  see,  in  the  same  way,  the 
motion  of  the  spot  of  light  to  the  left.  I will 
now  reverse  the  direction  of  the  current  of 
electricity,  and  we  shall  find  the  opposite 
effect  will  take  place.  I shall  now  be  able  to 
prove  conclusively  that  a current  induced 
in  the  second  coil  is  always  in  the  opposite 
direction  to  that  of  the  inducing  coil.  When 
I approach  the  coils  now  the  motion  of  the 
spot  of  light  ought  to  be  to  the  left,  if  the 
induced  current  is  in  the  opposite  direction  to 
the  inducing  current.  On  approaching  them, 
you  see  the  motion  is  to  the  end  of  the  scale  on 
the  left.  In  conclusion,  I will  show  you  that 
when  I keep  the  coils  close  together,  and 
make  or  break  the  circuit,  the  same  effects 
take  place.  I first  make  the  circuit,  and  the 
spot  of  light  moves  to  the  right.  That  is 
equivalent  to  approaching  the  two  coils  to- 
gether. I will  now  break  the  circuit,  and  the 
spot  moves  to  the  left,  which  is  equivalent  to 
the  opposite  effect  of  withdrawing  the  two 
currents  from  each  other. 

There  is  one  more  experiment  I will  show 
you  in  connection  with  this,  and  that  is  the 
enormous  influence  of  the  introduction  of  a 
bar  of  iron  into  these  coils.  We  have  seen  that 
the  whole  of  these  electric  magnetic  effects 
are  due  to  the  production  of  magnetic  fields  in 
the  neighbourhood  of  wires.  If  then  I introduce 
a bar  of  iron  partly  into  the  secondary  coil, 
and  partly  into  the  primary  coil,  and  then 
make  or  break  the  circuit,  the  deflection  of  the 
spot  of  light  will  be  very  much  increased,  in 
fact,  it  is  moved  right  off  the  scale,  and  swings 
half  round  the  room. 

Faraday  long  continued  these  experiments, 
and  tested  the  accuracy  of  his  conclu- 
sions in  a great  variety  of  ways.  It  is  all 
very  well  for  us  just  to  look  at  a few  con- 
clusive experiments  like  this,  and  to  say  they 
are  the  necessary  conclusion  irom  Oersted’s 
experiments,  but  that  is  not  sufficient  to  con- 
vince the  philosopher  when  he  is  investigating 
these  new  facts,  and  it  was  a laborious  study 
of  years  on  the  part  of  Faraday  that  completely 
established  the  truth  of  the  whole  of  the  laws 
of  induction.  Faraday  showed  that  terrestrial 
magnetism  was  sufficient  to  induce  a current 
of  electricity  in  a moving  wire,  and  it  is 
evident  that  this  must  be  the  case,  and  we 
shall  see  that  it  is  so  by  means  of  this  ap- 
paratus. I will  place  this  coil  of  wire  so  that 
I can  rotate  it  about  a horizontal  axis  which 
will  cut  the  magnetic  field  created  by  the  earth’s 
magnetism.  The  lines  of  force  in  the  earth’s 
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magnetism  are  going  in  a direction  per- 
pendicular to  the  axis  about  which  I rotate 
the  coil.  You  see,  then,  that  at  any  moment 
v^hile  this  half  of  the  coil  is  cutting  the 
lines  of  force  in  one  direction,  the  other 
half  is  cutting  the  lines  in  the  other 
direction.  It  follows  from  this  that  a current 
of  electricity  will  be  created  in  the  one  half 
of  the  coil  from  your  left  to  your  right, 
and  in  the  lower  half  of  the  coil  it  would 
be  at  the  same  time  from  your  right  to 
your  left.  The  combined  effect  of  this  is  to 
produce  in  both  parts  of  the  coil  continuous 
current  in  one  direction  round  the  coil.  But 
after  this  has  accomplished  half  a revolution, 
a simple  examination  of  it  will  show  you  that 
the  tendency  would  be  to  create  currents 
in  the  opposite  direction  in  the  wires.  It 
would  be  in  the  same  direction  in  space,  but, 
therefore,  in  the  opposite  direction  in  the  wires 
at  each  half  of  the  revolution.  In  order  to  get 
over  that  difficulty,  what  is  called  a commutator 
is  introduced,  by  means  of  which  the  direction 
of  the  currents  which  are  taken  here  to  the 
galvanometer  are  reversed  at  each  half  revolu- 
tion. Thus,  if  there  is  a reversal  in  the  coils  of 
wire  at  each  half  revolution,  and  also  reversal 
m the  galvanometer,  the  direction  will  be  caused 
to  be  continuous,  and  then  by  turning  the 
handle  rapidly  we  are  able  to  add  together  the 
effects  of  the  successive  half  rotations ; we 
shall  have  a continuous  deflection  of  the  spot 
of  light  on  the  scale  due  to  the  action  of  this 
current  created  in  the  moving  coil,  and  carried 
from  the  commutator  to  the  galvanometer 
which  we  have  been  looking  at  before.  I will 
rotate  this  coil,  and  you  see  the  movement  of 
the  spot  of  light  to  the  right.  I will  now  rotate 
it  again  in  the  opposite  direction,  and  it  moves 
to  the  left.  I will  intensify  your  belief  in  this 
by  causing  the  spot  of  light,  after  a moment,  to 
come  to  rest  by  alternately  reversing  the  direc- 
tion of  the  current.  The  generating  of  currents 
of  electricity  by  this  means,  that  is  to  say,  by 
the  motion  of  a wire  in  a magnetic  field,  have 
given  rise  to  practical  applications  of  the  very 
highest  importance,  and  without  speaking  of 
those  powerful  currents  of  electricity  which  are 
created  by  our  dynamo  machines,  I will  intro- 
duce at  least  one  illustration  here  of  the  in- 
tensity of  these  currents  which  can  be  so 
induced.  I have  upon  the  table  an  apparatus 
consisting  of  a horse-shoe  magnet  with  a soft 
iron  pole  piece,  and  round  this  pole  piece  are 
bobbins  of  wire,  and  there  is  a keeper  placed 
on  the  poles  thus  created  at  the  end  of  the 
piece  of  soft  iron.  At  the  present  moment 


there  is  an  intense  degree  of  magnetisa- 
tion in  these  iron  cores  round  which 
the  coils  of  wire  are  placed.  If  I sud- 
denly remove  the  keeper  from  the  magnet, 
I diminish  the  amount  of  magnetisation 
of  the  soft  iron  pole  piece  to  a very  great 
extent.  This  change  in  the  intensity  of  the 
magnetism  inside  the  coil  is  equivalent  to  the 
passing  of  lines  of  force  through  these  coils. 
The  result  of  this  diminution  in  magnetism  is 
to  create  an  intense  electromotive  force  in  the 
wires,  which  electromotive  force  may  be 
utilised  for  several  purposes.  At  the  present 
moment  I have  placed  upon  it  one  of  those 
fuses  generally  known  as  Abel  fuses,  from 
the  name  of  your  Chairman,  who  constructed 
them  for  exploding  charges  in  mines,  and  the 
current  which  we  shall  be  able  to  get  simply  on 
detaching  suddenly  the  armature  from  the 
magnet  will  be  sufficient  to  explode  the  little 
fuses  which  are  connected  with  the  wires  which 
surround  the  soft  iron  poles.  You  saw  the 
explosion  when  the  armature  was  removed, 
that,  I need  not  say,  was  a current  of  very  great 
intensity  indeed,  but  of  very  short  duration, 
but  it  is  very  powerful  during  the  short  time 
that  it  lasts,  and  is  capable  of  overcoming  very 
great  resistance. 

There  are  many  other  experiments  illustra- 
tive of  induction  which  I should  wish  to  show 
you.  Here  is  one  of  a very  important 
character,  and  very  instructive  when  we  see 
the  reason  why  it  works.  I have  a copper  disc 
supported  on  a vertical  axis  to  which  I have 
the  power  to  give  very  rapid  rotation.  I have 
above  that  a sheet  of  glass  considerably  larger 
than  the  copper  disc,  and  I attach  it,  and  fix  it 
in  position.  Upon  the  centre  of  the  sheet  is  a 
pivot  with  a compass-needle  attached  to  it. 
When  I rotate  the  copper  disc  the  compass- 
needle  is  seen  to  rotate  in  the  same  direction. 
There  are  no  air  currents  capable  of  influencing- 
it,  because  the  glass  plate  shields  the  compass- 
needle  from  the  influence  of  currents  of  air. 
This  was  discovered  by  Arago,  and  Faraday 
was  the  first  to  show  that  it  was  simply  a con- 
sequence of  those  induced  currents  which  he 
had  been  investigating.  Now,  let  us  see  how 
the  explanation  is  arrived  at  before  we 
actually  try  the  experiment.  Consider  this 
north  pole  and  the  copper  disc  is  moving 
past  it,  therefore,  a current  of  electricity  is. 
generated  in  the  copper  disc.  But  when  a 
current  of  electricity  is  in  the  neighbourhood 
of  a pole  it  causes  that  pole  to  move.  There- 
fore the  rotation  of  the  copper  disc  has  the 
double  effect  of  first  inducing  a current  by  its 
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own  influence  on  the  pole,  and  then  re-actin^ 
under  the  existence  of  the  current  upon  the 
magnetic  pole  itself,  and  so  being  able  event- 
ually, I dare  say,  to  turn  it  right  round,  because 
it  circulates  in  the  same  way.  I will  now  rotate 
the  copper  disc.  You  see  the  motion  of  the 
needle  which  is  under  the  directive  influence  of 
the  earth’s  magnetism,  but  still  it  goes  on,  and 
is  able  to  overcome  the  earth’s  magnetism, 
and  it  is  rotated  in  the  same  direction  as  the 
copper  disc,  and  gradually  acquires  velocity, 
and  if  I continued  the  motion,  eventually  it 
would  rotate  at  almost  exactly  the  same 
speed  at  which  the  copper  disc  itself  is 
rotating. 

This  phenomenon,  after  it  had  been  ex- 
plained by  Faraday,  was  also  examined  by 
others,  and  there  are  a vast  number  of  in- 
structive results  which  come  from  modifi- 
cations of  this  experiment.  I am  only  going 
to  show  you  one  modification  which  was  first 
shown  to  me  by  Professor  Guthrie,  and  it 
seemed  to  me  a very  striking  experiment 
indeed.  I suspend  from  a gallows  there  a 
horse-shoe  magnet  so  that  the  poles  are  just 
above  the  rotating  copper  disc.  The  effect  I 
wish  to  show  you  is  this,  that  there  is  repul- 
sion from  the  rotating  copper  disc  to  the  poles 
of  the  magnet.  Why  should  there  be  a repul- 
sion ? It  is  due  to  what  has  been  spoken  of 
as  electro  - kinetic  momentum ; that  is  to 
say,  an  electric  current  has  a species  of 
momentum  much  like  a moving  body  has  a 
kind  of  momentum,  although  we  are  very 
certain  that  electricity  is  not  a material  sub- 
stance, yet  it  is  influenced  by  the  electromotive 
force  very  much  as  material  substances  are 
influenced  by  ordinary  force,  and  there  is  such 
a thing  as  momentum,  that  is  to  say,  a current 
once  created  tends  to  maintain  itself.  One  of 
the  consequences  of  this  is,  that  when  we  rotate 
the  disc,  the  action,  whether  attractive  or  re- 
pulsive, lasts  for  a little  time,  it  does  not 
take  place  at  the  same  points  where  we 
should  expect  it  to  take  place  if  we  did 
not  consider  electro-kinetic  momentum.  If 
we  do  not  consider  this  momentum,  then  as 
any  point  of  the  copper  disc  is  approaching 
towards  the  magnet  it  would  be  repelling  it, 
tending  partly  to  turn  it  round  and  partly  to 
raise  it ; but  any  point  of  the  copper  disc  in 
receding  from  the  pole  of  the  magnet  would 
be  tending  to  attract  it,  which  would  partly 
pull  it  down  and  partly  turn  it  round.  If  there 
were  no  electro-kinetic  momentum,  the  upward 
motion  tended  to  be  produced  by  the  approach- 
ing part  of  the  plate  would  be  equal  to  the 


downward  pull  produced  by  the  receding  part 
of  the  plate ; but  if  there  be  electro- 
kinetic  momentum,  so  that  the  current  once 
established  tends  to  keep  itself  going,  then 
the  action  of  the  approaching  part  would 
be  nearer  to  the  pole  than  the  action  of  the 
receding  part,  and  therefore  the  repulsion  up- 
wards produced  by  that  part  would  be  in  excess 
of  the  attraction  downwards  produced  by  the- 
receding  part  of  the  copper  disc.  I think 
this  is  now  pretty  well  balanced.  You  see 
there  is  repulsion ; the  magnet  is  pulled 
away  from  the  copper  disc,  and  retains  that 
position,  and  never  swings  back  again  ; but 
the  magnet  is  distinctly  at  the  distance  of 
about  an  inch  and  a half  from  the  plate,, 
whereas  it  was  almost  in  actual  contact  before. 
It  would  lead  me  very  far  if  I were  to  go  on  to 
all  those  phenomena  of  which  that  is  only  the 
germ,  due  to  electro-kinetic  momentum,  i 
shall  have  a few  words  to  say  about  it  in 
a minute  or  so,  but  in  the  first  place  I want 
to  show  you  an  experiment  exhibiting  the 
powerful  nature  of  the  induced  current  when  a 
good  conducting  material  is  moving  in  the 
neighbourhood  of  a magnet.  I have  here  a 
copper  medal  placed  between  the  two  poles  of 
a powerful  magnet.  I shall  give  this  medal 
a considerable  spin.  I will  twist  the  thread 
which  suspends  it  between  the  poles,  and 
when  it  is  twisting  so  that  it  will  maintain  a 
spin  for  a long  time,  I shall  replace  the  poles, 
so  that  it  may  spin  freely  between  these  two 
magnetic  poles.  As  soon  as  I connect  the 
magnetic  current  by  connecting  this  electro- 
magnet with  a powerful  battery,  this  excellent 
conductor,  this  copper  medal  will  be  creating 
in  itself  currents  of  great  intensity  as  it  cuts 
the  line  of  magnetic  force,  and  the  re- 
sult of  that  will  be  that  these  currents  will 
react  on  the  magnet,  and  the  magnet  will 
always  tend  to  stop  motion  which  gave  rise  to 
the  current  which  is  possessed  by  the  body, 
and,  therefore,  when  it  has  acquired  velocity, 
and  when  I connect  the  magnet  with  a power- 
ful battery,  you  will  see  the  rotation  of  the 
copper  medal  retarded  or  stopped.  It  is  now 
rotating  rapidly ; I make  the  contact  and 
the  rotation  is  immediately  stopped.  If  I 
take  away  the  magnetism,  the  copper  again, 
spins  with  great  velocity.  When  we  use  so 
large  a mass  of  metal  as  this,  the  intensity  of 
the  current  created  in  it  depends  partly  on  its 
form,  and  partly  on  its  conducting  power.  The 
greater  the  conducting  power  of  the  material 
the  greater  is  the  effect  of  this  kind  which  is 
produced.  If  I used  a comparatively  bad  con- 
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ducting-  material,  such  as  lead,  the  effect  would 
not  have  been  nearly  so  marked  ; but  by  using 
a high  conducting  material,  such  as  copper, 
the  effect  is  very  appreciable  indeed.  Thus 
the  intensity  of  induced  currents  of  bodies  of 
the  same  form  subjected  to  the  same  inducing 
influence,  depends  on  their  conducting  power. 
This  property  has  been  utilised  by  Professor 
Hughes  in  a very  ingenious  instrument  which 
he  called  the  induction  balance,  in  order  to 
detect  minute  differences  in  metals.  Not  only 
was  he  able  to  measure  the  difference  of  con- 
ductivity of  different  metals,  but  of  the  same 
metal  with  slight  variations  of  impurities  in  it. 

I can  only  show  you  this  apparatus,  because  in 
speaking  of  induction  it  is  essential  that  atten- 
tion should  be  drawn  to  this  very  beautiful 
apparatus.  It  consists  essentially  of  two  pairs 
of  coils,  one  pair  at  each  side  of  a bar.  One 
rests  above  the  other  with  a hollow  cup  in 
the  centre.  When  we  have  the  piece  of 
metal  in  the  centre  of  one  of  these  coils,  when 
we  send  a current  through  one  of  the  coils,  a 
-current  is  induced  in  the  second  coil  by  the 
action  of  the  one  through  which  the  battery  is 
sending  the  current ; but  there  is  something 
more  than  that ; in  the  centre  of  the  coil  we 
have  placed  a mass  of  metal,  it  may  be  of  good 
conductivity,  certainly  of  comparatively  low 
resistance.  Currents  are  induced  in  that  mass 
•of  metal,  they  re-act  on  the  second  coil  under, 
.and  the  intensity  of  this  re-  action  can  be  shown 
by  connecting  the  second  coil  with  a telephone. 
This  was  the  means  by  which  Professor  Hughes 
examined  it.  Then  when  he  made  and  broke 
contact  with  the  primary  coil  he  got  sounds 
on  the  telephone  which  depended  for  their 
intensity  on  the  kind  of  metal  which  was 
inside,  and  by  arranging  two  pairs  of  coils 
in  this  way,  and  getting  them  in  such  a 
way  that  when  there  was  no  metal  in  the 
■centre  of  either  pair  of  coils  the  one 
counteracted  the  other,  and  no  sound  was 
heard  in  the  telephone,  and  then  when  a piece 
of  metal  was  introduced  to  one  or  the  other, 
the  effects  were  apparent  by  the  noise  in  the 
telephone,  and  so  delicate  was  this  test  that 
he  found,  on  actually  placing  on  the  centre  of 
two  coils  two  sovereigns  turned  out  from  the 
Mint  by  the  same  machinery,  he  was  able  to 
trace  a difference  in  the  effect,  either  due  to 
resistance,  or  to  the  difference  in  form,  or 
to  the  difference  in  material  of  those  two 
sovereigns,  though  the  two  sovereigns  were 
freshly  turned  out  from  the  Mint  at  the  same 
time,  both  perfectly  new,  and  had  never  been 
touched.  By  being  able  to  test  resistances 


of  masses  of  metal,  instead  of  the  resistance 
simply  of  wires  of  metal,  as  we  have  usually 
done,  Professor  Hughes  has  been  able  to 
arrive  at  some  very  remarkable  conclusions. 
One  illustration  is  on  this  scale  I have  here. 
On  it  I have  three  pieces  of  copper  repre- 
senting the  scale  of  conductivity  of  these  three 
different  specimens.  The  specimen  which  I 
have  on  my  right,  which  is  so  low  down  on  the 
scale,  is  common  commercial  copper— its  con- 
ductivity is  indicated  by  the  short  distance  ; 
up  here  in  the  form  of  wire  we  have  a high 
conductivity  copper  which  is  used  for  all  re- 
fined laboratory  research,  which  is  nearly 
pure  ; the  conductivity  is  represented  by  about 
three  times  the  distance,  while  beyond  either 
Professor  Hughes  found  that  a deposit  of 
copper  by  electrolysis  gave  conductivity  far  in 
excess  of  the  finest  copper  obtained  for  use  by 
experimental  processes. 

1 am  afraid  time  will  not  permit  me  to  explain 
this  more  recent  experimental  and  beautiful 
apparatus  of  Professor  Hughes,  but  perhaps  it 
would  be  best  if  I were  to  leave  that  for  the 
present,  and  speak  of  it  in  the  next  lecture,  but 
I might  be  able  to  allude  to  this  induction 
bridge,  as  he  has  called  it,  as  conveying  the 
object  for  which  it  was  designed.  We  all  know 
now  that  when  a current  of  electricity  is 
passing  through  one  wire,  and  there  is  another 
wire  in  its  neighbourhood,  that  the  act  of 
passing  the  current  in  the  one  induces  a 
current  in  the  opposite  direction  in  the  other. 
If  the  current  came  through  these  wires 
simultaneously,  each  one  would  at  the  same 
moment  be  tending  to  create  a current  in  the 
opposite  direction  to  the  other  wire.  Thus  the 
current  would  diminish  owing  to  its  mutual  in- 
fluence between  the  two  wires.  But  this  effect 
does  not  in  the  least  arise  from  the  fact  of  there 
being  two  separate  conductors,  but  owing  to 
the  fact  of  there  being  two  conductors.  If 
those  were  a solid  mass  of  conducting  material 
like  a thickish  wire,  each  part  of  the  wire  which 
is  carrying  the  current  itself  when  at  the 
moment  of  making  or  breaking  current  would 
influence  the  other  part.  The  current  is  not 
so  strong  at  first  as  it  would  be  if  there 
was  none  [of  this  , self  - induction,  as  it 
has  been  called.  I will  go  no  further 
with  that  question  at  present,  I simply 
say  this  apparatus  was  devised  for  study- 
ing the  principle  of  self  - induction  which 
is  possessed  by  wires,  which  is  really  the 
mutual  induction  of  the  different  parts  of  a 
wire  upon  itself,  and  by  means  of  this  appa- 
ratus Professor  Hughes  was  able  to  enlarge 
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our  knowledge  ver)'  considerably.  I will  just 
send  a current  through  it.  I have  here  a 
bridge  of  iron  wire  ; the  interrupted  current  is 
caused  by  clockwork.  This  is  a bridge  like 
the  Wheatstone  bridge  which  I showed  you 
the  practical  working  of  in  my  second  lecture. 
The  existence  of  the  current  is  shown  by  the 
noise  of  the  telephone  in  the  box.  We  are 
able  to  silence  that  noise  by  a suitable  choice 
of  the  resistance.  The  little  noise  you  hear 
now  is  the  noise  of  the  clockwork  ; the  noise  of 
the  telephone  has  entirely  ceased,  because  the 
Hughes  induction  bridge  has  been  balanced. 
Now  there  are  two  ways  of  arranging  this,  so 
that  either  the  current  of  the  battery  may  be 
made  or  broken,  or  else  I might  arrange  the 
clockwork  so  that  the  current  going  to  the 
telephone  from  the  points  where  it  is  attached 
is  made  and  broken.  At  present,  the  wires  of 
the  telephone  are  joined,  though  there  is 
silence  as  far  as  the  telephone  is  concerned.  I 
will  now  change  it  to  the  condition  in  which 
the  current  from  the  battery  is  made  and 
broken  in  succession,  and  then  when  it  is 
steady,  by  listening  attentively,  you  can  hear 
the  noise  in  the  telephone  ; you  cannot  hear  it 
when  it  is  in  an  unsteady  condition.  This  is 
all  the  distance  I am  able  to  go  in  illustrating 
this  experiment  of  Professor  Hughes. 

I will  now  show  you  a few  experiments  with 
the  magnificent  induction  coil  I have  with  me 
upon  the  table,  lent  me  by  Mr.  Apps,  who 
constructed  that  splendid  induction  coil  which 
was  in  the  possession  of  the  late  IMr.  Spottis- 
woode.  An  induction  coil  simply  consists  of 
primary  coils  of  wire  wound  round  a bundle  of 
iron  wires,  that  is  connected  with  a battery  in 
such  a way  that  we  are  able  to  make  and 
break  contact  in  succession.  Thus  in  the 
primary  we  have  electric  current  conveying 
the  current  itself,  but  with  rapid  interruptions. 
Round  that  is  a high  resistance  coil  of  wire, 
and  the  making  and  breaking  of  the  current  in 
the  primary  tends  (chiefly  on  account  of  the 
influence  of  the  iron  which  is  in  its  centre)  to 
cause  of  itself  currents  to  be  created  in  the 
outer  coil  which  creates  enormous  difference  of 
potential  incomparably  greater  than  that  of  any 
ordinary  battery,  or  even  of  the  Wimshurst 
machine  which  we  examined  in  the  first  two 
of  these  lectures.  I will  first  show  you  the 
continuous  discharge  between  those  two 
points — almost  continuous — when  I make  and 
break  the  primary  circuit.  You  see  what  an 
enormous  length  of  spark  we  are  enabled  to 
get.  This  enormous  length  of  spark  is  obtained 
simply  from  four  cells  of  a battery  which  in 


themselves  could  not  produce  a spark  looth 
or  loooth  of  the  length  you  see  there.  I will 
now  put  on  a Leyden  jar  in  the  secondary 
circuit,  the  manner  in  which  for  spectroscopic 
work  such  an  induction  coil  is  generally  em- 
ployed. By  this  means  we  do  not  get  anything 
like  so  long  a spark,  but  we  get  a much 
greater  quantity  of  electricity,  and  the  effect 
is  quite  as  striking  as  the  other  way  in  which 
we  were  working.  Here  I have  two  specimens 
of  glass  jar,  which  were  on  the  table  when  I 
was  speaking  about  differences  of  potential  in- 
my  first  lecture.  One  is  the  thick  piece  of 
glass  I inch  in  diameter,  which  was  pierced  by 
a spark  from  Mr.  Spottiswoode’s  machine.  The 
other  piece  not  so  thick,  about  -^-inch,  has  been 
pierced  by  a sparkfrom  a machine  you  see  before 
you.  It  is  very  beautiful  to  see  the  nature 
of  the  discharge  through  the  glass.  Here 
I have  half-a-dozen  of  Abel’s  fuses  which  I 
will  explode  all  together  in  series.  I vvill  now 
show  you,  as  we  have  this  apparatus  on  the  table, 
the  very  beautiful  form  of  discharge  by  Mr. 
Gassiot’s  tubes.  This  jar  has  the  conductor  from 
the  top  passing  through  an  insulated  tube  down 
into  the  interior  of  a tumbler  where  the  ter- 
minal consists  of  a flat  disc  of  metal.  The 
other  pole  is  another  flat  disc  on  which  the 
tumbler,  as  I may  call  it,  is  supported.  The 
tumbler  itself  is  of  fluorescent  glass  and  adds 
to  the  beauly  of  the  appearance,  and  the 
discharge,  therefore,  cannot  pass  through 
the  glass  directly  from  pole  to  pole,  but 
has  to  mount  up  over  the  lip  of  the  cup  or 
tumbler. 

[Several  other  experiments  were  shown  illus- 
trating the  beautiful  colours  of  electric  dis- 
charge in  rarefied  atmosphere  with  fluorescent 
glass.] 


Miscellaneous. 


PROPOSED  INDIA  AT  AND  COLONIAL 

INSTITUTE. 

H.R.H.  the  Prince  of  Wales  has  addressed  the 
following  letter  to  the  Lord  Mayor : — 

Marlborough-house,  Pall-mall,  S.W., 
Sept.  13th,  1886. 

Dear  Lord  Mayor, — !My  attention  has  been  fre- 
quently called  to  the  general  anxiety  that  is  felt  to- 
commemorate  in  some  special  manner  the  approach- 
ing jubilee  of  her  Majesty’s  reign. 
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It  appears  to  me  that  no  more  suitable  memorial 
■could  be  suggested  than  an  Institute  which  should 
represent  the  Arts,  Manufactures,  and  Commerce  of 
the  Queen’s  Colonial  and  Indian  Empire. 

Such  an  Institution  would,  it  seems  to  me,  be 
singularly  appropriate  to  the  occasion,  for  it  would 
illustrate  the  progress  already  made  during  her 
Majesty’s  reign  in  the  Colonial  and  Indian 
Dominions,  while  it  would  record  year  by  year 
the  development  of  the  Empire  in  the  arts  of 
civilisation. 

It  would  thus  be  deeply  interesting  to  her 
Majesty’s  subjects  both  within  and  beyond  these 
islands,  and  would  tend  to  stimulate  emigration  to 
those  British  territories  where  it  is  required,  to  ex- 
pand the  trade  between  the  different  British  com- 
munities, and  to  draw  closer  the  bonds  which  unite 
the  Empire. 

It  would  be  at  once  a Museum,  an  Exhibition, 
and  the  proper  locality  for  the  discussion  of  Colonial 
•and  Indian  subjects. 

That  public  attention  has  already  been  forcibly 
directed  to  these  questions  is  sufficiently  proved  by 
the  remarkable  success  which  is  attending  the  Colonial 
and  Indian  Exhibition  at  South  Kensington,  and  I 
confidently  anticipate  that  arrangements  may  be 
made  whereby  the  more  important  collections,  which 
have  so  largely  contributed  to  this  success,  will  be 
placed  at  the  disposal  of  the  Institution. 

I have  much  satisfaction  in  addressing  this  letter 
to  your  Lordship  as  Chief  Magistrate  of  the  capital 
of  the  Empire,  and  to  invite  your  co-operation  in  the 
formation  of  this  Imperial  Institute  of  the  Colonies 
and  India,  as  the  memorial  of  her  Majesty’s  jubilee 
by  her  subjects. 

Should  your  Lordship  concur  in  this  proposal,  and 
be  v/illing  to  open  a fund  at  the  Mansion-house,  I 
would  suggest  that  the  contributions  received  be 
vested  in  a body  of  Trustees,  whom  the  Sovereign 
would  be  asked  to  nominate,  and  I would  further 
■suggest  that  the  Institution  should  be  under  the 
permanent  presidency  of  the  Heir  Apparent  to 
the  Throne.  I remain,  dear  Lord  Mayor, 

Yours  truly, 

Albert  Edward  P. 

The  Right  Hon.  the  Lord  Maj-or. 


The  Lord  Mayor’s  answer  to  the  Prince  of  Wales’s 
letter  is  as  follows  : — 

The  Mansion-house,  London,  E.C., 
Sept.  17th,  1886. 

Sir, — I have  the  honour  to  acknowledge  the  receipt 
of  ycur  Royal  Highness’s  letter  of  the  13th  inst., 
■and,  in  reply,  to  express  the  great  pleasure  it  will 
afford  me  to  give  the  heartiest  co-operation  and  aid 
in  the  formation  of  the  proposed  Imperial  Institute 
of  the  Colonies  and  India  as  the  memorial  of  her 
Majesty’s  jubilee  by  her  subjects. 

Your  Royal  Highness  truly  states  that  general 
anxiety  is  felt  to  commemorate  in  some  special 


manner  the  approaching  jubilee  of  her  Majesty’s 
reign.  There  will,  I am  sure,  be  a universal  desire 
to  give  expression,  in  a suitable  and,  if  possible,  ade- 
quate way,  to  the  deep  attachment,  veneration,  and 
loyalty  which  the  Queen’s  subjects  in  all  parts  of  her 
vast  dominions  entertain  for  a Sovereign  whose  long 
and  illustrious  reign  has  been  productive,  under  Pro- 
vidence, of  many  blessings  to  her  people  and  been 
rendered  memorable  by  the  striking  progress  in 
civilisation  and  prosperity  developed  throughout  the 
Empire. 

Difficult  as  it  may  be  to  signalise  in  a commen- 
surate way  the  feelings  which  are  thus  naturally 
emphasized  at  the  approach  of  the  jubilee  of  her 
Majesty’s  reign,  I am  convinced  that  the  proposal 
which  your  Royal  Highness  indicates,  and  which 
has  the  support  of  your  influence,  will  be  considered 
singularly  appropriate. 

It  will,  therefore,  give  me  much  satisfaction  to 
open  a fund  at  the  Mansion-house  for  the  receipt  of 
contributions,  as  suggested  by  your  Royal  Highness. 

I have  the  honour  to  reaiain.  Sir,  with  the  greatest 
respect,  your  Royal  Highness’s  most  dutiful  and 
most  obedient  servant, 

John  Staples,  Lord  Mayor. 

His  Royal  Highness  the  Prince  of  Wales,  K.G. 


THE  PRODUCTION  OF  AMBER  IN 
GERMANY. 

Her  Majesty’s  Consul  at  Konigsberg,  in  his  last 
report  upon  the  trade  and  industries  of  that  port, 
states  that  amber,  which  from  earliest  periods  has 
been  one  of  the  chief  productions  of  the  Konigsberg 
coast,  and  which  was  formerly  chiefly  picked  up  on 
the  shore,  or  floating  on  seaweed  in  the  sea,  is  now 
sought  for  by  mining  operations  at  Palmnicken,  and 
by  dragging  at  Schwarzort,  and  by  diving  operations 
at  both  places.  The  mining  operations  are  in  the 
hands  of  a company,  and  have  been  carried  on  for 
more  than  twenty  years.  In  the  time  of  Frederick 
the  Great,  mining  operations  were  also  attempted» 
but  they  were  not  sufficiently  successful,  on  account 
of  the  mines  not  being  carried  deep  enough,  and  they 
were  abandoned.  The  present  company  pays  the 
Prussian  Government  ^100,000  a year  for  the  right 
to  mine.  The  amber  is  found  in  this  way  in  great 
abundance,  and  it  is  said  that  the  prices  during  last 
season  did  not  vary  very  much.  Large  pieces  fetched 
from  13  marks  to  120  marks,  and  small  pieces  from 
25  pfennings  to  13  marks  per  kilogramme.  One 
piece,  weighing  7 lbs.,  was  found  in  the  course  of 
the  past  season,  and  a piece  of  1 1 lbs.  weight  was 
found  a year  or  two  ago,  by  mining,  which  is  the 
largest  piece  found  since  the  days  of  Frederick  the 
Great.  The  quantity  of  amber  obtained  by  steam 
dragging  at  Schwarzort,  in  1884,  amounted  to 
1,300  cwts.,  as  compared  with  1,230  cwts.  in  1883  ; 
by  mining  at  Palmnicken  and  Kraxtepellen  to 
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2,920  cwts.  against  2,000  cwts.;  by  diving,  160  cwts. 
were  obtained  in  1884,  compared  with  150  cwts.  in 
1883  ; and  the  quantity  found  by  dragging,  straining. 
See.,  amounted  to  100  cwts.  in  1884,  as  compared 
with  90  cwts.  in  the  preceding  year.  The  quantity 
therefore  found  in  1884  was  greater  than  that  obtained 
in  18S3,  by  no  cwts.  The  amber  trade,  however, 
says  Consul  Stigand,  has  been  suffering  considerably 
of  late  by  the  quantity  of  the  imitated  article  which 
has  been  thrown  on  the  market,  and  imitation  amber 
has  largely  taken  the  place  of  real  amber,  in  the 
manufacture  of  pipes.  This,  it  is  stated,  has  been 
especially  the  case  in  Vienna,  where  pipes  are  manu- 
factured in  large  quantities.  In  the  dragging  opera- 
tions at  Schwarzort  about  900  men  are  employed  ; 
in  Palmnicken,  during  the  summer,  about  r,ooo,  and 
120  divers  in  addition.  There  is  a special  railway  to 
the  mines  of  Palmnicken,  and  steam  engines  are 
employed  to  the  amount  of  about  1,400  horse-power. 


PA  TENT-  OFFICE  R EPOR  T. 

The  Report  of  the  Comptroller- General  of  Patents, 
Designs,  and  Trade  Marks,  for  the  year  1885,  has 
just  been  issued.  The  number  of  applications  for 
patents  during  the  year  was  16,101,  a falling  off  of 
1,009  only  from  the  number  (17,110)  applied  for  in 
1884,  the  first  year  of  the  new  Patent  Act.  Of  this 
total,  11,695  ""'ere  made  through  agents  (about  73 
per  cent.),  the  remainder,  or  27  per  cent.,  being 
made  directly  to  the  Patent-office  by  the  applicants 
themselves;  77  per  cent,  of  the  total  applications 
Mere  made  from  persons  resident  in  the  United 
Kingdom;  112  applications  for  amendment  of 
specifications  before  the  sealing  of  the  patent,  and 
6r  applications  for  amendment  after  sealing,  were 
made  at  the  Patent-office.  Of  these  173  applications 
120  M-ere  allowed  by  the  Comptroller,  13  were  refused, 
4 were  M-ithdrawn  or  abandoned,  and  36  M'ere  not 
dealt  with  during  the  year.  During  the  year,  4,383 
notices  of  similarity  of  inventions  applied  for  were 
given  in  respect  of  2,531  applications,  and  49  appli- 
cations previously  included  in  prior  applications  were 
reported.  About  120  under  Section  94  (which  pro- 
vides that  a personal  hearing  shall  be  given  to  the 
applicant  before  refusal)  M-ere  heard  by  the  Comp- 
troller. Only  a single  application,  and  that  an  in- 
formal one,  M-as  made  for  a compulsory  licence.  The 
number  of  readers  M’ho  frequented  the  library  during 
the  year  1885  M-as  44,176,  against  39,508  in  the 
previous  year.  The  number  of  designs  registered 
during  the  year  amounted  to  20,388,  exclusive  of  337 
“sets”  of  designs.  The  term  “set”  includes  any 
number  of  articles  ordinarily  on  sale  together, 
irrespective  of  the  varieties,  of  the  size,  or  arrange- 
ments in  which  the  particular  design  may  be  shown 
on  each  separate  article.  • The  total  number  of 
applications  for  trade  marks  during  the  year  (in- 
cluding 1 15  applications  to  the  Cutlers’  Company) 


was  8,026,  as  compered  with  7,104  in  the  year  1884, 
The  total  receipts  of  the  office  amounted  to  ;^88,509, 
the  payments  being  ^77,740,  leaving  ^10,769  surplus 
income. 


FORESTS  OF  ALSACE  LORRAINE. 

The  United  States  Consul,  at  Kehl,  says  that  the 
forests  of  Alsace  Lorraine  cover  an  area  of  1,109,660 
acres,  representing  about  36  per  cent,  of  the  whole 
territory.  The  most  important  are  situated  in  the 
Vosges  Mountains,  the  highest  peak  of  M-hich  is  the 
Balloii  de  Guebwiller  towering  to  a height  of  4,300 
feet.  The  importance  of  the  forests  of  Alsace 
Lorraine  is  very  considerable,  they  are  the  richest 
of  all  the  forests  of  France,  and  are  now  only 
excelled  in  Germany  by  the  forests  of  Baden.  As 
regards  the  ownership,  336,000  acres  are  held  by  the 
Government;  42,955  by  the  Government  and  various 
communities  ; 496,040  by  communities,  and  234,665 
by  private  individuals.  Of  the  336,000  acres  owned 
by  the  Government,  51,522  acres  are  situated  in 
Upper  Alsace;  100,380  in  Lower  Alsace;  and 
184,098  in  Lorraine.  By  Government,  is  to  be 
understood  the  Government  of  Alsace  Lorraine,  and 
not  the  Imperial  Government  at  Berlin.  While 
Alsace  formed  part  of  the  possessions  belonging  to 
France,  they  M-ere  managed  by  the  district  officers  at 
Colmar,  Strasburg,  Metz,  and  Nancy.  The  officer's 
M'ho  M-ere  under  the  supervision  of  the  central  forest 
administration  had  under  them  inspectors,  sub- 
inspectors, and  chief  foresters.  The  subaltern 
officers  were  foresters,  guards,  and  auxiliary  guards. 
The  whole  forest  service  consisted  of  4 conservators, 
18  inspectors,  71  sub-inspectors,  37  chief  foresters, 
and  330  foresters.  After  the  annexation  of  Alsace 
Lorraine  to  the  German  Empire,  the  French  division 
into  three  or  four  districts  M^as  maintained,  the  higher 
positions  being  filled  by  Germans,  while  in  the 
inferior  places  the  Alsatians  who  occupied  them 
before  the  M-ar  were  retained.  Upon  the  establish- 
ment of  a separate  Government  for  Alsace  Lorraine, 
under  Field-Marshal  von  Manteuffel,  the  administra- 
tion of  the  forests  was  attached  to  the  Treasury 
Department  of  Alsace  Lorraine.  The  trees  chiefly 
grown  are  oak,  beech,  pine,  fir,  birch,  and  elm.  All 
the  trees  have  a beautiful  growth,  notwithstanding 
the  stony  soil.  The  beech  tree  represents  33  per 
per  cent,  of  the  entire  forest  production,  and  this 
tree  is  cultivated  at  all  heights.  The  oak  is  generally 
planted  on  the  plains.  Among  the  evergreens  the 
fir  tree  is  the  most  important,  covering  34  per  cent, 
of  the  Alsatian  forests,  and  next  in  importance  is  the 
pine,  which  thrives  best  in  the  plains.  The  woods, 
where  large  trees  and  undergrowth  are  mixed 
together,  cover  an  area  of  377,887  acres.  There 
are  90,485  acres  of  undergrowth  alone.  Chestnut 
tree  groves  have  an  area  of  10,920  acres,  and  these 
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•which  only  thrive  well  in  sheltered  valleys,  are  found 
chiefly  in  Lower  Alsace.  All  the  forests,  no  matter 
to  whom  they  belong,  are  placed  under  the  super- 
vision of  the  forest  administration,  and  the  latter 
regulates  the  cutting  of  the  timber.  Owners 
even  of  private  forests  are  not  allowed  to  cut 
down  their  own  wood  without  the  consent  of  the 
Government.  The  forests  are  regularly  estimated 
in  order  to  determine  the  exact  yield.  For 
the  cutting  and  replanting  of  a forest  in  the  Vosges  a 
period  of  120  years  is  required.  The  Government  of 
Alsace  Lorraine  own  extensive  saw  mills,  which  can 
be  used  also  by  private  individuals  on  payment  of  a 
fee  of  sixteen  shillings  per  1,000  feet.  The  wood  is 
sold  by  public  auction.  The  chief  forester  is  allowed 
to  sell  small  quantities  of  wood,  never  exceeding 
about  forty-five  shillings  in  value,  to  the  same  person 
in  one  year.  For  larger  amounts  he  must  receive  a 
special  authorisation  from  his  superiors.  Since  1871 
the  area  of  the  forests  has  increased  to  the  extent  of 
3,300  acres,  2,332  of  which  were  for  Government 
forests,  and  during  this  period  2,370  acres  have  been 
cleared.  The  wages  of  wood  cutters  vary  consider- 
ably, in  autumn  from  one  shilling  to  two  shillings  and 
sixpence  a day ; in  spring  from  one  shilling  and  three- 
pence to  three  shillings,  while  during  the  time  of 
felling,  wages  are  at  the  rate  of  three  shillings  and 
sixpence  a day.  The  receipts  obtained  from  the 
Government  forests  in  Alsace  Lorraine  amounted  in 
1884  to  a total  of  ^40,300,  and  this  is  exclusive  of  the 
amounts  derived  from  hunting.  Hunting  is  either 
rented  to  private  persons  or  carried  on  by  foresters. 
The  amounts  produced  by  letting  to  private  persons 
averages  1, 560  for  147,500 acres,  or  about  twopence 
an  acre.  The  average  annual  expenditure  for  the 
maintenance  of  the  forests  is  about  ^125,000. 


RAILWAYS,  POST-OFFICES,  AND  TELE- 
GRAPHS  OF  WURTEMBURG. 

Her  Majesty’s  Secretary  of  Legation  at  Stutt- 
gart, in  his  last  report,  says  that  the  length  of  the 
permanent  way  open  for  traffic  on  the  State  railways 
in  Wiirtemburg  was,  on  the  31st  March,  1884,  958 
miles,  showing  a slight  increase  as  compared  with  the 
total  length  at  the  end  of  March,  1882.  The  small 
Freudenstadt-Schiltachline,  measuring  about  15  miles, 
and  which  is  in  course  of  construction,  will,  it  is 
expected,  be  finished  and  opened  for  traffic  in  a few 
months  ; in  this  case,  the  total  length  of  State  rail- 
ways would  amount  to  973  miles.  Of  the  present 
lines,  46  miles  are  situated  in  the  Grand  Duchy  of 
Baden,  5 miles  in  Bavaria,  37  in  Prussia,  and  870  in 
in  Wiirtemburg.  The  total  number  of  stations  of  all 
sorts  under  Wurtemburg  administration  amounted 
in  1884,  to  202,  and  the  total  number  of  servants  and 
employes  to  8,133  5 these  numbers  show  a slight  in- 
crease over  former  years.  The  rolling  stock  of  the 
State  railways  in  1884  consisted  of  331  locomotives, 


together  with  298  tenders,  798  passenger  carriages, 
to  seat  36,818  persons,  and  5,147  goods  trucks,  to 
carry  48,951  tons.  The  total  cost  of  the  rolling 
stock  is  calculated  at  ^2,012,762,  and  is  composed  as 
follows: — For  locomotives  and  tenders,  ;;^869,47i  ; 
for  passenger  carriages,  ,^291,442  ; and  for  goods 
trucks,  ^85 1,849.  The  list  of  accidents  for  1883-84 
amounts  to  90  in  all,  showing  an  increase  of  10  as 
compared  with  1882-83.  Of  this  number,  only  5 
passengers  were  killed,  and  seven  wounded ; 1 7 

railway  officials  were  killed,  the  rest  were  wounded, 
giving  an  average  per  1,000,000  passengers  of  *26 
killed  and  *62  injured.  The  total  number  o^ 
passengers  conveyed  during  the  years  1882-82. 
and  1883-84,  were  respectively  10388,941  and 
11,373,804;  of  these,  in  the  former  year,  ii-66  per 
cent,  travelled  first-class;  19-04  second-class ; 29-70' 
third-class,  and  26-63  composite  carriages,  and  in 
the  latter  year,  11-40  travelled  first-class;  15-60' 
second-class;  31-57  third-class;  and  26-63  per  cent, 
in  composite  carriages.  The  goods  traffic  in  1883-84. 
amounted  to  2,761,291  tons,  and  the  traffic  in  cattle 
amounted  to  135,099  tons  ; in  coal  to  606,342  tons, 
and  in  boats  running  in  connection  with  the  railways 
to  1,490  tons.  The  receipts  derived  from  passengers 
were  ;i^468,590,  and  from  goods  ^^861,223.  After- 
deducting  certain  items  from  the  gross  receipts  and 
expenses,  the  net  expenditure  for  the  year  1883-84- 
amounted  as  follows : — Receipts,  £ i ,453,09 1 ; working 
expenses,  ^771,091  ; leaving  a surplus  of  £(F>2,ooo. 
The  expenses  of  administration  can  thus  be  calculated 
at;^5i-i2  per  cent,  of  the  receipts,  as  compared  with 
53-7  per  cent,  in  the  year  1882-83,  53’2  per  cent., 

in  1881-82.  The  net  receipts  represent  3-07  per 
cent,  of  the  gross  capital,  as  compared  with  2-79  per 
cent,  in  1882-83,  and  2-86  per  cent,  in  1881-82.. 
The  total  number  of  postal  establishments  in  Wiir- 
temburg  on  the  31st  March,  1884,  amounted  to 
537,  or  three  more  than  in  the  previous  year.  A 
postal  establishment  serves  on  an  average  36,320- 
square  kilometres  and  3,671  inhabitants.  The  number 
of  places  selling  postage  stamps  was  958,  or  62  more 
than  in  1883.  Of  the  number  of  letter-boxes,  1,092  were 
placed  in  post  towns,  and  1,972  in  country  places, 
or  in  all  3,064,  an  increase  of  23  over  the  previous  year. 
The  total  number  of  post-office  employes  in  1884 
amounted  to  4,260,  andof  tt\QgTaph.e?nployes 
or  in  all  5,709.  The  number  of  letters  posted  in  Wur- 
temburg during  the  year  1884  amounted  to  39,7  [8,440, 
and  the  number  of  those  received  for  addresses, 
in  this  country  to  40,671,432,  which  gives  an  average 
of  a little  over  20  per  head  of  the  population.  The 
total  number  of  newspapers,  both  sent  and  delivered 
during  1884,  is  put  down  at  30,216,417  copies,  or  at 
the  rate  of  a little  over  15  per  head  of  the  population. 
The  total  number  of  parcels,  money  and  different 
valuables,  which  were  despatched  in  the  country 
during  the  year  1884  amounted  to  5,036,580,  and  the 
number  of  the  same  articles  received  for  addresses  in 
Wurtemburg  amounted  to  4,496,292,  or  an  average 
of  2-3  per  head  of  the  population.  The  total  value 
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of  Post-office  orders  paid  in  and  out  of  Wiirtemburg 
during  the  year  1884,  amounted  to  ^^I2, 300, 000, 
giving  an  average  of  33s.  6d,  per  head  of  the  popula- 
tion. The  total  number  of  State  telegraph  offices  in 
1884  was  414,  composed  as  follows: — 389  in  Wiir- 
temburg  territory,  15  in  the  State  of  Baden,  8 in 
Hohenzollern,  and  2 in  Bavaria.  This  gives  an 
average  of  one  telegraph  office  to  every  47 ‘2  square 
kilometres,  and  to  every  4,773  inhabitants.  The 
length  of  the  telegraph  lines  had  increased  from 
{,706  miles  on  the  31st  December,  1881,  to  1,723 
miles  on  the  31st  March,  1884.  The  total  number 
of  telegrams  of  every  description  received,  sent,  or 
transmitted  during  the  year  1884,  was  2,036,125,  or 
49,120  more  than  in  the  previous  year.  The  com- 
munications by  telegraph  only  date  from  the  year 
1881,  and  the  total  number  of  telephones  working  in 
the  kingdom  of  Wiiitemburg  on  the  31st  March, 
1884,  is  given  at  a little  over  200,  with  a length  of 
wire  of  151  miles.  The  gross  results  of  the  State 
posts  and  telegraphs  for  the  year  1884,  were  as 
follows: — Gross  receipts,  :^3' 9,431;  gross  expendi- 
ture, ;!^247,957  ; surplus,  ^71,474.  This  surplus, 
with  a few  other  items  accruing  to  it,  amounted 
actually  to  ^72,069,  and,  after  deducting  a 4 per  cent, 
interest  on  the  original  and  working  capital,  the  net 
receipts  for  the  year  amounted  to  the  snm  of 
/55doi. 


DISTRIBUTION  REFORM. 

Mr.  H.  J.  Jenkinson  has  put  forward  a scheme 
for  bringing  the  producer  and  consumer  together 
without  the  intervention  of  so  many  middlemen  or 
distributors  of  produce  as  at  present.  i\Ir.  Jenkinson, 
in  the  first  place,  brought  his  views  under  the  notice 
of  the  Postmaster-General,  and  of  the  Secretary  of 
the  Royal  Commission  on  Depression  of  Trade  and 
Industry,  but  as  neither  of  these  officials  were  able 
to  deal  with  the  matter,  he  now  suggests  that  the 
scheme  should  be  carried  out  by  a limited  liability 
company.  The  scheme  is  described  by  Mr.  Jenkin- 
son as  follows  : — 

“ Agents  of  the  company  to  be  employed  in  every 
town  and  village,  who  can  receive  orders  for  any 
articles  of  commerce.  The  orders  to  be  accompanied 
with  a deposit  of  the  price  and  cost  of  carriage,  &c. 
The  agent  will  then  communicate  direct  either  with 
the  manufacturer  or  w'ith  the  agent  residing  where 
the  orders  are  to  be  executed,  and  the  article  re- 
quired wall  be  sent  either  direct  to  the  purchaser  or 
to  the  agent  through  whom  the  order  was  given. 

“ For  this  service  rendered  by  the  company  a per- 
centage upon  the  price  of  the  purchase  will  be  in- 
cluded in  the  amount  deposited. 

The  per-centage  charged  by  the  company  on  all 
orders  for  goods,  as  sole  middlemen  between  the 
producer  and  the  consumer,  can  be  arranged  on  any 
workable  basis : say,  five  per  cent,  for  orders  of 
and  under,  with  no  less  charge  than  6d. ; above 


and  not  more  than  ^^lo,  four  percent.;  above  ;i^io 
and  not  more  than^^ao,  three  per  cent.  ; above  £20 
and  not  more  than  ^^50,  two-and-a-half  per  cent.  ; 
above  £^o  and  not  more  than  ^100,  two  per  cent.  ; 
above  £ roo,  one  per  cent. 

“ The  per-centage  required  to  pay  the  company,  as 
compared  with  the  present  retail  trade,  wdll  be  very 
small,  for  the  expenses  will  be  comparatively  light, 
the  whole  being  a ready  money  business,  requiring 
no  dead  stock,  bad  debts,  or  high  rents,  and  only  a 
limited  number  of  servants. 

“The  first  requisite  forcarryingout  the  scheme  w'ould 
be  a directory  containing  the  names  and  addresses  of 
all  manufacturers  and  wholesale  firms.  This  would 
be  useful  to  the  general  public,  and  could  be  pro- 
duced so  as  to  realise  a profit.” 


FOREST  DISTRIBUTION  OF  THE  UNITED 
STATES. 

In  the  United  States,  exclusive  of  Alaska,  the  dis- 
trict of  Columbia,  and  the  Indian  territory,  there  are 
thirty-eight  states  and  eight  territories,  making  a 
total  of  forty-six.  The  superficial  area  of  these 
amounts  to  2,900,107  square  miles,  or  1,856,070,400 
acres.  The  total  forest  area  is  489,280,000  acres,  or 
26-4  per  cent,  of  the  superficial  area.  The  Director 
of  the  United  States  Department  of  Agriculture, 
says  that  the  group  of  states  and  territories  lying 
west  of  the  ninety- fifth  meridian,  viz.,  Arizona, 
California,  Colorado,  Dakota,  Kansas,  Montana, 
Nebraska,  Nevada,  New  Mexico,  Oregon,  Texas, 
Utah,  Washington,  and  Wyoming,  have  an  area 
of  1,900,159  square  miles,  or  1,216,101,600  acres, 
which  is  65-5  per  cent,  of  the  whole  area  of  the 
United  States,  wdth  the  exceptions  above  noted. 
The  area  of  forests  in  this  group,  exclusive  of  the 
Indian  territory,  is  only  184800,000  acres,  or  15-2 
per  cent,  of  the  superficial  area.  Excluding  Cali- 
fornia, Montana,  Oregon,  Texas,  and  Washington, 
which  contain  the  largest  proportion  of  woodland, 
the  superficial  area  of  the  remaining  states  and  terri- 
tories of  the  group  wmuld  be  751,776,000  acres,  being 
40-5  per  cent,  of  the  whole  of  the  country,  only 
59,800,000  acres,  or  8 i per  cent,  of  which  is  in 
forests.  The  group  of  States,  thirty  in  number, 
lying  east  of  the  ninety-fifth  meridian,  have  an  area 
of  1,000,000  square  miles,  or  640,000,000  acres, 
being  34-5  per  cent,  of  the  wffiole  area;  304,280,000 
acres,  or  47-5  per  cent,  of  which  is  in  forests.  The 
Eastern  and  Northern  States,  forming  a part  of  this 
group,  namely,  Maine,  New  Hampshire,  Vermont, 
Masschusetts,  Rhode  Island,  Connecticut,  New  York, 
New  Jersey,  Pennsylvania,  Delaware,  Maryland, 
West  Virginia,  Ohio,  Indiana,  Illinois,  Michigan, 
Wisconsin,  Minnesota,  Iowa,  and  Missouri,  have  an 
area  of  313,547,200  acres,  139,180,000  of  which,  or 
44‘4  per  cent.,  is  in  forests.  The  Southern  States, 
forming  a part  of  the  group  east  of  the  ninety-fifth 
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meridian,  namely,  Virginia,  Kentucky,  Tennessee, 
North  Carolina,  South  Carolina,  Georgia,  Florida, 
Alabama,  Mississippi,  Arkansas,  and  Louisiana, 
have  an  area  of  326,421,600  acres,  165,100,000  of 
which,  or  50*6  per  cent.,  is  in  forests.  While  the 
section,  or  group  of  states  west  of  the  ninety-fifth 
meridian,  contains  65-5  per  cent,  of  the  whole  super- 
ficial area,  it  contains  but  37-8  per  cent,  of  the  forest 
area  of  the  country;  and  the  group  east  of  the  ninety- 
fifth  meridian,  while  it  contains  but  34*5  per  cent,  of 
the  whole  superficial  area,  contains  only  62-2  per 
cent,  of  the  area  of  the  forest.  The  group  of  nine- 
teen Eastern  and  Northern  States  contains  16-9  per 
cent,  of  the  total  superficial  area,  and  28-4  per  cent, 
of  the  forests.  The  group  of  eleven  Southern  States 
contains  17-6  per  cent,  of  total  superficies,  and  33-8 
per  cent,  of  the  whole  forest  area  of  the  United 
States.  The  Western  group  contains  889,680  acres 
of  superficial  area,  or  272-6  per  cent,  more  than  the 
Southern  group,  and  only  197,000,000  acres,  or  4 per 
cent,  more  of  forest  area. 


LIGHT  A ND  WA  TER- COL  O URS. 

Mr.  William  Simpson  records  in  the  Thnes  of  the 
13th  inst.  the  results  of  an  experiment  in  which  washes 
of  colour  have  been  exposed  for  fifteen  years,  and 
portions  of  the  same  wash  preserved  from  the  light, 
so  that  they  can  now  be  compared.  The  list  em- 
braces thirty-one  pigments,  including  the  most  of 
those  generally  used  by  water-colour  artists.  The 
washes  were  made  in  stripes  upon  cards ; and  the 
cards  afterwards  were  cut  in  two,  so  that  the  exposed 
and  unexposed  tints  could  be  compared  exactly  where 
they  were  separated.  The  exposed  slips  were  pasted 
on  a sheet  of  paper,  and  placed  in  a frame,  which 
was  hung  on  a shutter  of  a window  with  an  east 
light.  Here  they  remained  for  fifteen  years. 

The  following  is  the  list  of  colours,  with  Mr. 
.Simpson’s  remarks  : — Yellow  ochre  — unchanged. 
Indian  yellow  — has  faded  considerably.  Lemon 
yellow — is  not  perceptibly  affected.  Gamboge — has 
faded.  Newman’s  permanent  yellow — unchanged. 
Cadmium  yellow — this  has  not  faded,  but  has  seem- 
ingly become  of  a browner  tinge.  Chrome  yellow — 
faded  considerably ; the  slip  not  exposed  seems  to 
have  become  more  orange,  but,  unfortunately,  I had 
not  noted  at  the  time  which  chrome  had  been  used. 
Brown  pink — has  faded,  but  it  has  stood  better  than 
might  have  been  expected  from  its  reputation. 
Emerald  green — scarcely  changed.  Burnt  sienna — 
unchanged.  Vandyke  brown — unchanged.  Sepia — 
this  shows  a very  slight  tendency  to  fade.  Roman 
sepia — this  may  have  faded  also,  but,  like  the  common 
sepia,  the  change  is  not  very  perceptible.  Burnt 
umber — unchanged.  Bistre — unchanged.  Brown 

madder — this  colour  has  lost  a little  of  its  redness. 
Light  red  — unchanged.  Vermilion — shows  no 


change.  Indian  red — unchanged.  Crimson  lake — 
this  colour  has  all  but  disappeared  from  the  paper ; 
at  one  side  where  the  colour  was  laid  on  deeper  a 
brown  streak  still  remains.  Carmine — this,  like  the 
lake,  has  entirely  gone,  but  where  the  carmine  was 
laid  on  deeper,  a faint  brown  streak  is  still  left. 
Madder  lake — this  colour  has  stood  well,  but  it  is 
now  a little  less  red,  and  more  of  a purple.  Purple 
madder — like  the  other  madders  this  has  stood,  but 
seems  to  be  changed  very  slightly  in  tone.  Cyanine 
blue — seemingly  unchanged.  Prussian  blue — un- 
changed. French  blue— very  slightly  faded.  Cobalt — 
I can  detect  no  change  in  this  valuable  pigment. 
Ultramarine  is,  of  course,  unchanged.  Newman’s 
azure — is  unchanged.  Indigo— where  there  was  a 
rather  deep  wash  of  this  colour  the  exposed  slip  shows 
now  an  exceedingly  light  tint  of  grey  ; in  fact,  it  has 
nearly  left  the  paper  white,  but  has  not  vanished  so 
completely  as  the  crimson  lake  and  the  carmine. 
Lamp  black — unchanged. 


Correspondence. 


CANAL  NAVIGATION. 

The  article  from  the  Engineer.,  lately  condensed  in 
your  Journal,  makes  some  allusion  to  the  long  period 
(say  six  months)  during  which  ice  renders  the  Erie 
Canal  useless.  This  alone  is  quite  enough  to  prevent 
the  competition  between  that  waterway  and  the 
railways  forming  any  test  of  the  relative  merits  of  the 
two  kinds  of  carriage.  It  has  also  to  be  remembered 
that  the  large  cost  of  the  canal  is  due  to  its  present 
size  having  been  attained  by  successive  enlargements. 
There  is  also  the  rivalry  of  the  St.  Lawrence,  &c.,  to 
consider. 

Two  dimensions  only  of  some  British  locks  are 
given,  though  the  third  (depth)  is  wanted  to  form 
some  idea  of  the  tonnage  that  can  be  passed  at  one 
time. 

An  examination  of  many  foreign  transport  statistics 
has  led  me  to  believe  that  in  Britain,  a boat  of  about 
250  tons  might  carry,  on  an  artificial  waterway,  under 
average  conditions,  for  about  |d.  per  tone-mile  ; and, 
on  an  improved  river  (say  the  Lower  Severn)  for  about 
■Jd.  per  ton-mile ; making  the  cost  of  transport,  half 
on  a river,  half  on  canal,  about  ^d.  per  ton-mile.  The 
waterways,  however,  must  be  in  non-commercial 
hands  if  the  public  is  to  benefit  to  this  extent. 

Walter  M.  T.  Campbell. 


It  is  announced  that  an  Exhibition  of  the 
products  and  manufactures  of  the  Philippines  will 
be  opened  at  Madrid,  on  the  ist  April,  1887. 
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Notes  on  Books, 


The  Gas  Engineer’s  Chemical  Manual.  By  J, 
Alfred  Wanklyn.  London:  Scientific  Publishing 
Company.  1886.  Sm.  8vo. 

This  little  book  is  intended  primarily  as  a help  to 
those  whose  business  it  is  to  test  illuminating  gas, 
and  also  to  give  the  general  public  an  insight  into 
the  various  processes  for  the  manufacture  of  gas. 
The  first  chapter  is  introductor}^  the  second  is 
devoted  to  coal,  the  third  to  coal-gas,  the  fourth  to 
tar,  the  fifth  to  ammoniacal  or  gas  liquor,  the 
sixth  to  coke,  and  the  seventh  to  the  purification  of 
gas. 


Internal  Transit.  By  Sir  Arthur  Cotton, 
Dorking.  1883.  Sm.  8vo. 

This  pamphlet  contains  particulars  respecting 
the  canals  of  this  country’,  and  an  attempt  to 
show  the  need  for  a re-consideration  of  the  whole 
subject  of  transit  in  England.  The  author  writes, 
“ It  is  one  of  the  most  remarkable  things  in 
present  progress  that  while  there  is  nothing  in  which 
such  extraordinary  improvement  has  been  made  as  in 
ocean  transit,  internal  water  carriage  has  been 
almost  stationaiy,  ....  I have  no  doubt  that  had  a 
hundredth  part  of  the  thought  that  has  been  applied 
to  land  carriage  of  late  years,  been  brought  to  bear 
upon  internal  water  carriage,  England  would  have 
been  benefited  to  the  extent  of  sixty  or  eighty 
millions  a year.” 


The  Life  and  Labours  of  John  Mercer, 
F.R.S.,  F.C.S.,  THE  self-taught  Chemical 
Philosopher.  By  Edward  A.  Parnell,  F.C.S. 
London : Longmans,  Green,  and  Co.  1886. 

Sm.  8vo. 

It  is  now  nearly  twenty  years  since  iMr.  INIercer, 
the  technical  inventor  and  chemist,  died,  and  both 
his  sons  (each  of  whom  intended  to  write  the  life  of 
his  father)  have  died  within  this  period.  The  task 
of  writing  his  life  has  now  been  performed  by  Mr. 
Parnell.  John  Mercer  was  born  in  1791,  and 
began  life  as  a bobbin  winder,  and  afterwards  was 
employed  as  a hand-loom,  weaver.  He  taught  him- 
self the  art  of  dyeing,  and  soon  became  connected 
with  the  Oakenshaw  Print  Works,  in  which 
concern  he  was  subsequently  a partner.  His  first 
practical  knowledge  of  chemistry  was  obtained  from 
James  Parkinson’s  Chemical  Pocket-book,  1803, 
which  introduced  him,  he  said,  into  a new  world. 
He  soon  afterwards  commenced  those  discoveries  of 
applications  of  chemistry  to  the  art  of  dyeing  and 
calico-printing,  which  made  him  celebrated.  One 
of  his  processes  was  named  after  him,  “ Mercerising.” 
He  was  a juror  at  the  International  Exhibition  of 


1851,  and  in  the  following  year  he  was  elected  a 
Fellow  of  the  Royal  Society.  The  appendix  to  this 
book  contains  some  recipes  for  colour  preparations  in 
use  at  the  time  of  the  dissolution  of  partnership, 
which  have  not  previously  been  published. 


Obituary. 

♦ 

Professor  Barff. — Frederick  Settle  BarfT, 
!M.A.,  died  at  Buckingham,  on  the  nth  August, 
in  the  sixty-third  year  of  his  age.  Mr.  Barff  de- 
livered before  the  Society  of  Arts,  in  1870,  a series 
of  Cantor  Lectures  on  “ Artistic  Colours  and  Pig- 
ments.” At  this  time  he  held  the  office  of  Assistant 
Professor  of  Chemistry  at  University  College,  London. 
It  was  owing  to  the  attention  drawn  to  the  subject 
of  these  lectures  that  the  chair  of  Chemistry  was 
founded  at  the  Royal  Academy,  and  that  Mr.  BarfF 
was  appointed  the  first  Professor.  Professor  Barff  de- 
livered a course  of  Cantor  Lectures,  in  1872,  on 
“Silicates,  Silicides,  Glass,  and  Glass  Painting;’^ 
and  another,  in  1874,  on  “ Carbon,  and  Certain 
Compounds  of  Carbon,  treated  principally  in  refer- 
ence to  Heating  and  Illuminating  Purposes.”  He 
also  gave  the  Juvenile  Lectures  lor  1878,  on  “Coal 
and  its  Compounds.”  For  his  paper  on  “ Zinc  White 
as  Paint,  and  the  Treatment  of  Iron  for  the  Pre- 
vention of  Corrosion,”  read  in  1877,  Mr.  Barff  re- 
ceived the  Society’s  medal.  In  this  paper  he 
announced  the  discovery  of  his  method  of  protecting 
iron  from  rust  by  producing  a film  of  magnetic  or 
black  oxide  of  iron  on  the  surface  of  the  metal. 
In  March,  1879,  he  read  a second  paper  on  his  pro- 
cess for  “ The  Treatment  of  Iron  to  Prevent  Corro- 
sion.” In  1882,  he  obtained  another  medal  for  a paper- 
on  a “ Xew  Antiseptic  Compound,  and  its  Applica- 
tion to  the  Preservation  of  Food.”  Mr.  Barff  served 
as  examiner  in  Chemistry  for  the  Natural  Science 
Tripos  at  Cambridge,  and  held  the  office  of  Professor 
of  Chemistry  to  the  Catholic  University  at  Kensing- 
ton, and  in  the  Jesuits’  College,  Beaumont.  He  was 
elected  a member  of  the  Society  of  Arts  in  1870. 

Sir  John  Kelk,  Bart. — Sir  John  Kelk,  of 
Tidworth-house,  Wilts,  a member  of  the  Society  of 
Arts  since  1859,  died  on  Sunday,  12th  inst.,  in  his 
7 1st  year.  He  was  the  son  of  the  late  Mr.  John  Kelk, 
of  St.  Anne’s,  Westminster,  by  his  marriage  with 
Martha,  daughter  of  Mr.  Jacob  Germain,  of  Blooms- 
bury, Middlesex,  and  was  born  in  1816.  The  firm  of 
Lucas  and  Kelk  were  the  contractors  for  the  Exhi- 
bition of  1862,  and  when  it  was  evident,  at  the  close  of 
the  Exhibition,  that  the  receipts  would  not  suffice  to 
cover  the  expenses,  not  only  did  the  firm  forego 
certain  of  their  claims,  but  Mr.  Kelk  placed  a sum 
of  ^11,000  at  the  disposal  of  the  Commission,  in 
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order  to  prevent  the  necessity  of  a call  upon  the 
guarantors.  He  was  a magistrate  and  deputy- 
lieutenant  for  the  county  of  Middlesex,  a major  in 
(the  Engineer  Volunteer  Staff  Corps,  and  he  sat  in  the 
House  of  Commons  in  the  Conservative  interest  as 
member  for  Harwich  from  1865  to  1868.  He  was 
created  a baronet  in  1874,  and  served  as  high  sheriff 
of  Hampshire  in  1884. 


General  Notes. 


Commercial  Museums  in  Belgium. — Com- 
mercial museums  have  been  formed  at  Charleroi  and 
at  Liege.  At  Liege  the  museum  is  to  be  divided 
into  two  sections,  the  first  embracing  articles  of  im- 
port v/ith  a statement  in  each  case  of  their  origin, 
their  price  at  the  port  of  shipment,  cost  of  transport, 
custom  duties,  and  conditions  of  sale.  The  second 
section  will  be  devoted  to  articles  in  demand  in 
foreign  maikets,  together  with  particulars  as  to  the 
packing  of  the  goods  and  conditions  under  which 
they  can  be  delivered  to  the  purchaser. 

Metallurgy. — The  Session  of  the  Evening  Class 
Department  of  King’s  College,  London,  will  com- 
mence on  October  4th.  i.  A course  of  lectures  on 
^‘The  Properties  of  Metals  and  Alloys,  and  their 
Uses  in  the  Arts  ” will  be  given  on  Monday  even- 
ings, from  8 to  9 p.m.,  and  will  include  the  study  of 
the  various  metals  in  common  use.  Especial  atten- 
tion will  be  devoted  to  the  metallurgical  require- 
ments for  the  examinations  of  the  City  and  Guilds  of 
London  Institute  in  Metal  Plate  Work,  Plumbing^ 
and  Iron  and  Steel.  2.  A course  of  lectures  will  also 
be  given  by  W.  G.  McMilan  on  “ Fuels  ; their  Uses 
and  Economy,”  on  Monday  evenings,  from  7 to 
8 p.m.,  and  will  include  the  subjects  required  for  the 
City  and  Guilds  Institute  Examination  in  Fuel.  3. 
A class  of  Practical  Metallurgy  will  be  held  on 
Fridays  from  7 to  9 p.m.,  in  the  Metallurgical 
Laboratories,  to  enable  students  to  become  practi- 
cally acquainted  with  the  properties  of  Metals,  and  the 
general  methods  of  Assaying  and  Mechanical  Testing, 
&c.  ; and  also,  if  they  desire  it,  students  may  pre- 
pare for  the  Examination  of  the  Science  and  Art 
Department  in  Practical  Metallurgy.  There  are  a 
few  free  admissions  to  Classes  i and  3 ; those  de- 
sirous of  obtaining  them  should  apply  at  once  to 
Professor  Huntington,  at  the  College,  stating  fully 
the  grounds  on  which  their  claim  is  based. 

Parkes  Museum.— a course  of  lectures  and 
■demonstrations  for  the  instruction  of  sanitary  inspec- 
tors will  be  delivered  at  the  Parkes  Museum  on  the 
Mondays,  Wednesdays,  and  Fridays,  in  October, 
from  the  4th  to  the  29th,  at  eight  p.m.  The  intro- 
ductory lecture  will  be  on  “ General  History,  Prin- 
ciples, and  Methods  of  Hygiene,”  by  Dr.  G.  V. 


Poore,  and  the  following  lectures  have  been  arranged 
as  follows  : — 2.  “Water  Supply,  Drinking  Water, 
Pollution  of  Water,”  by  Prof.  W.  H.  Corfield,  M.D. 

3.  “ Drainage,  Construction,”  by  Prof.  H.  Robinson. 

4.  “ Sanitary  Appliances,”  by  Mr.  Percival  Smith. 

5.  “ Ventilation,  Measurement  of  Cubic  Space,  &c.,” 
by  Prof.  F.  de  Chaumont,  M.D.,  E.R.S.  6. 
“ Scavenging  and  Disposal  of  Refuse,”  by  ISIr.  H. 
Percy  Boulnois.  7.  “ Food,  good  and  bad,  Milk, 
Sale  of  Food  and  Drugs  Act,”  by  Mr.  C.  E.  Cassal. 
8.  “ Infectious  Diseases  and  Methods  of  Disinfec- 
tion,” by  Dr.  R.  Thorne  Thorne.  9.  “ General 
powers  and  duties  of  Inspectors  of  Nuisances. 
Method  of  Inspection,”  by  Mr.  J.  F.  J.  Sykes.  10. 
“Nature  of  Nuisances,  including  Nuisances  the 
abatement  of  which  is  difficult,”  by  Mr.  J.  F.  J. 
Sykes.  II.  “ Sanitary  Law — General  Enactments, 
Public  Health  Act,  1875,  Model  Bye-Laws,”  by  Dr. 
Charles  Kelly.  12.  “ Metropolitan  Acts,  Bye-Laws 
of  Metropolitan  Board  of  Works,”  by  Mr.  A. 
Wynter  Blyth.  It  is  proposed  to  repeat  the  course 
twice  each  year,  to  suit  the  requirements  of  persons 
preparing  for  the  Examinations  of  the  Sanitary 
Institution  of  Great  Britain ; the  lectures  will  com- 
prise all  the  subjects  scheduled  for  those  examina- 
tions. 

Woollen  Manufactures  in  Japan.  — 
Although  it  appears  that  there  is  no  probability  of 
wool  being  grown  in  Japan,  as  the  only  sheep  in  that 
country  are  animals  reared  with  great  trouble  as 
curiosities,  it  is  said  that  woollen  manufac- 
tures will  probably  be  carried  on  to  advantage 
there.  The  Japanese  of  the  upper  classes  are  very 
generally  adapting  European  clothing,  and  though 
this  is  now  principally  made  by  native  tailors,  all  the 
cloth  comes  from  abroad,  especially  from  Vermont 
and  other  New  England  States.  Woollen  fabrics 
are  being  used  very  extensively  amongst  the  rich,  and 
before  long  the  same  articles  bid  fair  to  become 
popular  with  the  poorer  people.  The  Japanese 
Government  and  nation  see  that  there  is  a fair 
field  for  starting  woollen  manufactures  in  their 
country,  and,  taking  into  consideration  the  imita- 
tive faculties  of  this  people,  and  the  low  rate  of 
wages  at  which  they  are  content  to  work,  they 
are  likely  soon  to  become  proficient  in  manu- 
facturing too,  if  they  can  get  the  wool,  especially 
as  they  have  shown  themselves  to  be  capable 
of  using  machinery  and  other  aids  to  labour 
which  twenty  years  ago  were  unknown  to  them.  If 
wool  could  be  imported,  a great  industry  might  be 
established.  The  wool  of  New  Zealand  and  Australia 
is  said  to  be  more  suitable  than  that  grown  in 
America  for  manufacturing  cloth  for  Japan,  on 
account  of  its  greater  fineness,  and  as  this  latter 
country  has  so  many  products,  such  as  tea,  sugar, 
and  rice,  all  of  which  are  marketable  commodities  in 
Australasia,  the  commercial  relations  between  Japan 
and  those  colonies,  it  is  thought,  might  be  developed 
advantageously  by  a mutual  exchange  of  produce. 
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CANTOR  LECTURES. 

THE  IMICROSCOPE. 

By  John  Mayall,  Jun. 

Lecture  V. — Delivered  December  21,  1885. 

Achromatic  Microscopes  (Coniinued). 

I have  said  that  the  application  of  achroma- 
tism to  microscopes  by  Tally,  in  England, 
appears  to  have  at  once  shown  the  need  of 
better  mechanism,  and  that  he  commenced 
the  improvement  by  applying  steadying  rods 
to  the  body- tube,  and  mechanical  movements 
to  the  stage.  Then,  as  the  apertures  of  the 
objectives  were  increased,  and  the  focal  planes 
became  correspondingly  shallower,  it  became 
necessary  to  apply  a more  sensitive  system 
of  focussing  than  any  previously  employed. 

Cuff’s  system  of  a direct  - action  screw 
moving  the  socket-support  of  the  body-tube, 
which  Martin  adapted  to  act  on  the  socket- 
support  of  the  stage,  fell  into  disuse  for  com- 
pound microscopes,  and  during  many  years 
was  superseded  by  the  rack-and-pinion  motion 
variously  applied.  The  Cuff-]\Iartin  system 
was  still  used  as  far  as  the  early  years  of 
this  century  for  simple  microscopes,  such  as 
Jones’s  “ Pocket  Botanical  and  Universal 
Microscope,”  where  two  or  three  single  lenses 
were  pivoted  on  a pillar,  to  act  singly  or  to- 
gether ever  a stage  and  mirror,  which  differed 
from  Ellis’s  Aquatic  Microscope  only  in  minor 
points,  contrived  specially  to  render  the  instru- 
ment more  portable. 

In  Cuthbert’s  Reflecting  Microscope  we 
saw  the  Cuff-Martin  focussing  screw  applied 
to  the  stage  ; and  in  Chevalier’s  ” Microscope 
Universel  ” a similar,  though  improved. 


arrangement  w'as  employed;  and  in  Schiek’s 
microscope,  Pistor’s,  and  Ploessl’s,  I have 
stated  that  inferior  plans,  somewhat  similar,- 
were  persisted  in  during  several  years,  when 
far  more  accurate  and  better  focussing  systems 
wTre  generally  known. 

On  the  Continent,  the  direct-action  screw 
seems  to  have  found  much  favour,  and  it 
would  not  be  difficult  to  select  from  the  micro- 
scopes that  are  known  a series  directly  con- 
verging to  the  plan  employed  by  Oberhaeuser  ; 
but  we  have  other  matters  to  engage  our 
attention. 

In  England,  the  Cuff-Martin  focussing 
screw  was  not  much  used  with  achromatic 
microscopes  ; indeed,  it  may  be  said  to  have 
died  out  with  Cuthbert’s  Reflecting  Micro- 
scope. Our  opticians  began  by  improving 
the  rack-work,  so  that  great  precision  of 
focussing  movement  was  thus  attained,  a 
precision  which  has,  on  the  whole,  been 
steadily  maintained  dowm  to  our  own  time, 
and  which  the  American  opticians — judging 
from  the  rack-work  of  Tolies,  Zentmayer, 
Grunow,  Bulloch,  Bausch,  Lomb,  and 
others  that  1 have  examined  — have  at 
least  equalled.  But,  however  well  the  rack- 
work  w^as  made,  still  more  sensitive  means 
were  required  for  focussing,  and  the  opticians 
attacked  the  problem  w-ith  much  energy. 
An  immense  number  of  devices  resulted,  some 
of  which  are  bizarre  in  the  extreme  as  well  as 
ingenious  ; in  others  the  ingenuity  has  been 
tempered  by  distinctly  practical  aims,  and  in 
a very  small  minority  of  cases  the  practical 
aims  have  been  so  well  supported  by  mechanical 
skill  and  experience,  that  great  success  has 
been  attained. 

Among  the  bizarre  contrivances  for  fine 
adjustment,  there  is  one  arrangement  which  I 
notice  on  account  of  its  singularity,  and  be- 
cause it  is  one  of  the  most  recent,  and  devised 
in  the  face  of  our  modern  systems  as  if  in 
defiance  of  all  the  experience,  optical  and 
mechanical,  of  w'hich  we  stand  possessed  ; I 
allude  to  D’Arsonval’s  system  of  water 
focussing,  where  the  fine  adjustment  is  effected 
by  pumping  more  or  less  water  into  a specially 
arranged  body-tube.  Other  bizarre  systems 
have  consisted  principally  in  the  applications 
of  cat-gut  to  actuate  the  mechanism,  or,  again, 
of  levers  of  extraordinary  length  acting  on 
the  body-tube,  causing  it  to  tilt  towards  or 
from  the  object.  This  latter  system  has  had 
(and  still  has)  its  equivalent  in  systems  em- 
ployed by  Amici,  and  Nobert,  and  others, 
where  the  stage  has  been  made  to  tilt  upwards 


1096 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


{October  i,  1886. 


or  downwaivis,  z'.e.,  obliquely  in  relation  to  the 
optic  axis,  by  the  action  of  a screw,  the 
upward  motion  being  sometimes  due  to  the 
spring  of  the  bent  stage-plate  itself  (as  in  one  of 
Amici’s  models),  or  to  a spiral-spring  raising 
the  stage-plate  on  a hinge  ; and  in  some  cases 
— notably  in  Nobert’s  model— the  stage  was 
suspended  on  two  points  serving  as  pivots,  and 
a lever  beneath,  acted  upon  by  a screw  passing 
through  the  pillar,  caused  the  upward  motion, 
the  reverse  motion  acting  by  gravity  alone,  so 
that,  in  practice,  the  position  of  the  microscope 
was  intended  to  be  vertical  only.  These  and 
analogous  contrivances  were  mostly  designed 
to  economise  the  expense ; from  any  other 
point  of  view  they  cannot  be  approved. 

A less  objectionable  plan  was  devised  (by 
Oberhaeuser,  I believe,  but  I have  met  with  it 
in  microscopes  of  early  date  by  C.  Chevalier, 
and  by  Pritchard— in  the  latter  case  bearing 
strong  evidences  of  Chevalier’s  workmanship), 
where  the  stage-plate  was  raised  or  depressed 
at  right-angles  to  the  optic  axis,  by  a direct- 
acting  screw,  with  or  without  the  combination 
of  a.  spiral  spring  encircling  it  within  a sheath. 

Our  earliest  real  designers  of  fine  adjust- 
ments for  the  compound  achromatic  micro- 
scope, James  Smith,  Andrew  Ross,  and  Hugh 
Powell  (I  purposely  exclude  Cornelius  Varley, 
for,  in  my  opinion,  most  of  his  contributions  to 
the  mechanism  of  the  microscope  bordered  so 
much  on  the  bizarre,  that  their  influence  has 
rather  retarded  than  advanced  the  best  points 
of  construction),  seem  to  have  been  undecided 
as  to  the  best  position  for  the  fine  adjustment ; 
hence  we  find  very  early,  and  apparently  con- 
temporaneous, efforts  made  to  apply  the  move- 
ment to  the  nose-piece  by  a conical-ended 
lifting  screw,  and  to  the  stage  by  means  of  a 
moving  frame  with  three  wedges,  acted  upon 
by  a screw,  variously  placed  (for  which  me- 
chanism Powell  was  awarded  the  Silver  Isis 
Medal  by  the  Society  of  Arts  in  1834).  Or,  again, 
modifications  of  Oberhaeuser’ s s}"stem  were 
tried,  either  by  a screw  acting  directly  on  the 
sheath-support  of  the  body-tube,  or  in  con- 
bination  with  a short  lever  at  the  back,  or  the 
screw  passed  through  the  tail-piece,  and  the 
actuating  milled  head  was  at  the  end.  In 
these  latter  modifications  Powell  does  not  seem 
to  have  taken  part  ;•  his  best  early  models  had 
the  fine  adjustment  applied  to  the  stage,  as  I 
have  noted,  and  it  is  only  justice  to  him  to 
admit  that,  as  a focussing  movement,  his 
mechanism  acted  with  great  precision — a pre- 
cision hardly  surpassed  at  the  present  day. 

At  this  early  period  the  best  microscopes 


were  made  of  what  would  now  be  regarded 
as  unwieldly  size— veritable  monuments  of 
mechanism.  Smith  and  Ross  built  up  their 
great  models  without  any  apparent  intention 
of  simplifying  the  movements.  We  find  me- 
chanical stages  of  six  or  eight  inches  diameter, 
and  two  or  three  inches  in  thickness,  with  con- 
trolling pinions  projecting  horizontally  two  or 
three  inches  laterally,  or  at  the  back,  or 
shortened  somewhat,  and  applied  vertically 
beneath  by  means  of  brackets  or  angle-pieces, 
the  arrangements  defying  description.  In 
some  of  Powell’s  models  we  find  his  “Turrell  ” 
stage-mechanism  with  two  screw  stage -micro- 
meter movements  acting  at  right  angles,  and 
the  focussing  movement  all  combined  in  one 
stage. 

I cannot  determine  who  first  applied  the  fine 
adjustment  to  the  nose-piece.  I have  met 
with  very  early  models  by  Powell,  with  a coni- 
cal-ended screw  lifting  the  nose-piece  by  the 
contact  and  movement  of  the  coned  surface  ; 
and  he  appears  to  have  tried  various  positions 
for  the  actuating  screw,  placing  it  even  near 
the  eye-piece.  Ross  appears  to  have  tried  the 
plan  now  known  as  “ Jackson’s  ” fine  adjust- 
ment earlier  than  1835,  according  to  the  recol- 
lection of  some  opticians  I have  met,  who  were 
connected  with  the  manufacture  of  microscopes 
at  that  date ; and  he  appears  also  to  have 
mounted  the  socket-carrier  of  the  body-tube  on 
a strong  stem  with  rack,  bent  in  the  middle  to 
provide  space  for  a large  stage,  and  continued 
beneath  the  stage,  in  a manner  quite  analogous 
to  that  known  as  the  ‘‘  Jackson  ” form. 

It  seems  to  be  generally  admitted  that  Ross 
devised  the  plan  of  carrying  the  body-tube  on 
the  end  of  a hollow  cross-bar  on  the  top  of,  and 
at  right  angles  to,  the  rack-stem,  which  was 
planned  to  enable  him  to  use  his  system  of 
fine  adjustment  consisting  of  a fine  screw  with 
large  milled  head,  acting  by  a point  on  the 
long  arm  of  a lever,  the  short  arm  of  which  ends 
in  a fork  in  contact  w'ith  a stud  on  either  side 
of  a cylindrical  sliding-tube,  forming  the  nose- 
piece  of  the  body- tube  in  which  the  objectives 
are  screwed  ; a spiral-spring  presses  down 
the  nose-piece,  and  it  is  against  this  pressure 
that  the  screw  and  lever  act. 

This  system  appears  to  be  the  first  really 
sensitive  focussing  applied  to  the  nose-piece  ; 
and  it  W'as,  and  probably  still  is,  the  most 
delicate  system  ever  applied  to  the  microscope. 
It  has  had  a long  period  of  popularity,  and  it 
still  survives  applied  to  Powell  and  Lealand’s 
microscopes,  which  are  generally  considered, 
by  experts  in  the  use  of  the  microscope,  to  stand 
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alone  in  their  excellence  for  all  purposes  where 
extreme  exactness  and  delicacy  are  needed. 

The  rival  system  of  fine  adjustment — the 
short  lever  and  screw  applied  externally  to  the 
bod\'-tube— known  as  the  “Jackson”  system, 
which  seems  to  have  been  contrived  to  allow 
the  body-tube  to  be  supported  more  substan- 
tially on  the  limb  or  stem,  has  had  its  merits 
ably  realised  in  the  microscopes  of  Smith  and 
Beck  and  their  successors,  and  by  Tolies,  of 
Boston,  and,  except  as  modified  by  the  present 
firm  of  Ross  (Schroeder’s  form,  which  we  shall 
examine  later  on),  I believe  the  consensus  of 
opinion  among  the  experts  in  manipulation 
is  that  it  has  been  superseded  by  other 
plans  applied  to  the  “ Jackson  ” form  of  micro- 
scope. 

As  I could  not  illustrate  the  various  phases 
of  the  development  of  these  fine  adjustments 
without  far  more  time  and  space  than  could 
be  properly  assigned  for  the  purpose,  I have 
thought  it  advisable  to  pass  over  this  period 
with  these  general  remarks,  and  come  at  once 
to  the  best  typical  example  evolved  by  the 
•combined  efforts  of  Ross  and  Powell,  and 
shall,  therefore,  ask  your  attention  to  Powell 
and  Lealand’s  microscope;  premising,  how- 
■ever,  that  it  represents  not  only  the  best  points 
of  construction  devised  by  Andrew  Ross,  but 
other  and  better  points  added  or  modified  by 
Messrs.  Powell  and  Lealand.  We  shall  ex- 
amine several  phases  of  construction  of  the 
“ Jackson  ” form  later  on,  and  compare  them 
incidently  with  this  microscope. 

Powell  a??d Leala?iT s Microscope. — In  this 
instrument  (Fig.  78,  p.  1098)  we  have  a broad 
tripod  base,  forming  the  most  substantial  sup- 
port ev’er  devised  for  a microscope  without 
unduly  increasing  the  weight;  the  position  of 
the  horizontal  (inclining)  axis  is  such  that  the 
balance  of  the  instrument  is  well  maintained 
from  the  vertical  to  the  horizontal. 

The  coarse  adjustment  is  effected  by  rack  on 
a large  prismatic  stem,  moving  within  a sheath 
or  box  through  the  front  of  which  passes  the 
horizontal  axis ; on  the  top  of  the  stem  is 
attached  the  cross-arm  carrying  the  body- 
tube— the  cross  - arm  enclosing  the  lever- 
mechanism  for  the  fine  adjustment,  as  devised 
by  Andrew  Ross.  This  cross-arm  is  much 
longer  than  that  used  by  Ross,  and  thus 
carries  the  body- tube  more  forward,  so  as  to 
provide  radial  space  for  the  complete  rotation 
of  the  stage  on  the  optic  axis,  while,  at  the 
same  time,  the  lever  of  the  fine  adjustment  is 
lengthened,  and  greater  delicacy  of  motion  is 
secured  without  rendering  the  actuating  screw 


or  other  parts  of  the  focussing  mechanism  too 
fragile  for  long  service. 

The  stage  has  mechanical  movements  on 
the  “ Turrell  ” system,  which  Powell  first 
constructed  for  Edmund  Turrell,  and  for  which 
the  Society  of  Arts  awarded  a medal  in  1832; 
it  also  rotates  completely  on  the  optic  axis  by 
means  of  an  obliquely  placed  pinion  acting  on 
a bevelled  rack  on  the  inner  face  of  the  stage- 
ring, supporting  the  mechanism.  “ Finders  ” 
are  engraved  on  the  plates,  and  the  main 
support  of  the  stage-ring  is  graduated  for 
angle  measuring,  a pointer  on  the  ring  mark- 
ing the  amount  of  motion  in  arc. 

The  sub-stage  is  carried  by  rack-work,  and 
has  rectangular  centering  movements,  sup- 
porting an  inner  socket  that  can  be  rotated  by 
rack-and-pinion,  in  which  sub-stage  apparatus 
is  placed.  In  the  latest  models,  a fine  adjust- 
ment by  screw-cone  and  stud  is  applied  b}' 
means  of  an  extra  slide  in  front  of  the  rack 
slide. 

The  mirror  (plane  and  concave)  is  mounted 
in  a half-gimbal,  with  two  arms  and  a socket 
sliding  and  rotating  on  the  tail-piece,  and  a 
clamp  screw  fixes  it  where  required. 

The  stage  is  attached  to  the  sheath  of  the 
stem  by  a special  arrangement  of  screws,  by 
which  the  rotation  in  the  optic  axis  can  be 
centered ; and  sliding  spring-clips,  and  a 
removable  and  adjustable  angle-piece  to  hold 
the  slides,  are  applied  on  the  upper  surface. 

The  body-tube  is  pivoted  to  move  laterally 
on  the  top  of  the  stem,  and  an  adjustable  steel 
stud  beneath  serves  to  stop  the  movement  in 
the  axis. 

In  venturing  to  note  upon  what  I consider  to 
be  points  where  improvement  might  be  made 
in  the  design  of  this  microscope,  I feel  that  I 
must  be  — 

“ . careful  of  my  motion, 

Like  the  skater  on  thin  ice  that  hardly  bears  him,'’ 

for  it  represents  the  result  of  nearly  fifty  }’ears 
steady  devotion  to  the  perfecting  of  the  instru- 
ment by  Powell  and  Lealand,  embodying  at 
the  same  time  the  best  ideas  of  mechanism 
and  design  by  Andrew  Ross. 

I find  the  mechanism  of  the  stage  movements 
always  in  a condition  of  flexure,  due  to  the 
system  of  superposed  plates  sliding  in  grooves ; 
and  I think  some  such  system  as  that  I have 
suggested  (Fig.  75,  see  anle,  p.  1079)  would 
get  rid  of  the  flexure,  especially  if  the  surface 
of  the  rotating  stage-ring  were  of  glass,  with- 
out in  any  way  diminishing  the  command  over 
the  movement  of  the  object-slide.  By  dis- 
pensing with  the  moving  plates,  the  thickness 
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of  the  stage  would  be  considerably  reduced, 
and  the  arrangement  would  be  available  for 
supporting  some  useful  form  of  oblique  illu- 
minator— preferably  on  the  homogeneous- 


immersion  system — not  needing  other  adjust- 
ments than  could  be  easily  combined  with  its 
own  fitting ; or  again,  allowing  the  ready 
application  of  a simple  system  of  graduated 


Powell  and  Lealand’s  Microscope. 


diaphragms,  stops,  &c.,  to  be  used  above  the 
sub-stage  condenser. 

Before  we  come  to  the  other  English  and 
American  microscopes  designedto  compete  with 
Powell  and  Lealand’s  as  instruments  of  the 


highest  class,  I must  note  that  they  have  all 
been  very  considerably  influenced  by  the  con- 
struction cf  Zentmayer’s  “Centennial”  Micro- 
scope, exhibited  at  the  Philadelphia  Exposition, 
in  1876,  in  which  the  tail-piece  was  arranged 
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to  swing  laterally  on  an  axis,  in  a line  cutting 
the  optic  axis  in  the  plane  of  the  object  on  the 
stage.  Zentmayer’s  idea  was,  I believe,  quite 
original  so  far  as  he  was  concerned,  though,  in 
fact,  it  was  a revival  of  Jones’s  system,  shown  in 
Fig.  64.  Singularly,  too,  the  idea  had  been 
realised  in  a different  manner  by  the  late 
Thomas  Grubb,  in  a microscope  he  devised  in 
1853,  patented  in  1854,  and  which  he  improved 
in  1858,  and  described  firstly  in  vol.  v.  of  the 


“ Proceedings  ” of  the  Royal  Irish  Academy, 
and  secondly  (the  improved  form)  in  a paper 
communicated  to  the  Royal  Dublin  Society, 
26th  March,  1858. 

Grubb's  Sector  Microscoje. — In  this  micro- 
I scope  (Fig.  79)  the  principle  of  radial 
illumination  was  shown  in  the  application  of  a 
! grooved  sector,  H h,  in  which  the  lenticular 
i prism,  E,  is  moved  by  hand  through  any  re- 
quired arc  concentric  with  the  object  on  the 


Fig.  79. 


Grubb’s  Sector  Microscope. 


stage,  so  as  to  provide  illumination  at  all 
obliquities  in  altitude : the  rotation  of  the 
toothed  wheel,  L,  by  means  of  the  pinion  and 
milled  head  presenting  the  object  to  the 
illumination  in  all  azimuths. 

I is  the  stage  ; it,  upper  and  lower  milled 
rings,  which  produce,  on  being  turned  by  hand, 
the  slow  motions  in  two  directions  of  the 
object-plate  of  the  stage. 


M is  a dovetailed  slide  carrying  both  stage 
and  sector,  with  the  illuminating  prism.  A 
screw  and  its  bent  lever  (the  latter  passing  to 
the  back  of  the  instrument)  are  partially  shown 
at  N ; and  at  O is  a spiral-spring  which  keeps 
the  slide,  M,  in  close  contact  with  the  screw,  n. 
The  body-tube  is  mounted  in  a centering  ring 
controlled  by  the  screws,  P P. 

This  microscope  appears  to  have  passed 
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almost  wholly  unnoticed  in  England  until 
about  1880.  As  a working  instrument,  1 should 
say  there  are  very  few  points  in  it  that  would 
now  commend  themselves  for  imitation.  In 
my  opinion,  how'ever,  for  the  purpose  of  radial 
illumination,  Grubb’s  sector  is  a more 
serviceable  system  than  that  employed  by 
Zentmayer.  With  the  sector,  the  adjustment 
of  the  illumination  can  be  effected  without 
causing  the  image  to  sway  about  in  the  field, 
because  the  illuminator  is  practically  free  from 
contact  with  the  stage;  but  with  Zentmayer’ s 
swinging  tail-piece,  suspended,  as  he  devised, 
on  a tubular  sheath  through  which  the  conical 
axle-support  of  the  stage  passes,  every  touch 
on  the  mirror  or  substage  is  translated  into 
unsteadiness  in  the  image. 

ZefitmayeY s “ Centennial Microscope. — 
This  microscope  (Fig.  8o,  p.  iioi)  was  con- 
trived by  Zentmayer,  of  Philadelphia,  to  pro- 
vide greater  facilities  for  oblique  illumination, 
by  mounting  the  sub-stage  and  mirror  or  arm 
suspended  as  I have  just  described. 

The  fine  adjustment  is  effected  by  means 
of  a second  slide,  behind  the  slide  of  the 
coarse  adjustment,  which  is  acted  upon  by  a 
lever  (within  the  bent  limb)  and  screw.  This 
system  of  fine  adjustment  which  acts  sensi- 
tively only  in  the  vertical  direction,  and  does 
not  respond  to  the  backward  motion  of  the 
screw  where  the  instrument  is  inclined  to  the 
horizontal — the  downward  motion  acting  by 
gravity  only — was  employed  by  Grunow,  in  a 
microscope  which  I examined  more  than  ten 
years  ago,andwhichhadthenbeenmade  several 
years.  The  principle  of  making  the  delicate- 
fitting  slides  of  the  fine  adjustment  bear  the 
weight  and  rough  usage  of  the  “Jackson” 
coarse  adjustment,  seems  to  me  wholly  defective. 
No  arrangement  of  this  kind  that  I have  ex- 
amined would  bear  any  critical  testing. 

As  to  the  particular  mechanism  of  the  swing- 
ing tail-piece  contrived  by  Zentmayer,  I have 
already  said  that  I regard  it  as  inferior  to 
Grubb’s  sector  arrangement. 

With  this  microscope,  Zentmayer  supplied 
two  extra  stages,  one  with  mechanical  and 
rotary  movements,  the  other  of  special  thinness, 
with  rotary  movement  only,  for  diatom  work. 
The  workmanship  is  excellent,  as  also  that  of 
the  “ Tilghman  ” friction-stage  shown  in  the 
figure.  The  mechanical  stage,  however,  is  so 
contrived  that  the  rotating  plate  is  mounted 
on  the  top  of  the  plate  actuated  by  the 
mechanism  of  the  rectangular  movements, 
so  that  the  rotation  has  no  direct  correspond- 
ence with  the  optic  axis ; that  such  an 


arrangement  should  have  been  devised  for  a 
modern  instrument  entering  the  lists  as  a first- 
class  miscroscope,  is  another  item  which  I 
cannot  approve. 

Bulloch's  “ Congress  ” Microscope 
form). — In  this  instrument  (Fig.  81,  p.  1102) 
Bulloch  improved  upon  Zentmayer’ s design, 
by  attaching  the  stage  to  the  limb  by  an  angle- 
piece,  so  as  to  be  free  from  the  tail-pieces,  of 
which  two  are  applied,  one  for  the  sub-stage,, 
and  one  for  the  mirror. 

The  arrangement  for  carrying  the  lamp,  so^ 
that  the  illumination  can  be  moved  con- 
centrically with  the  object  on  the  stage  should 
be  compared  with  that  shown  in  Jones’s  Radial 
Swinging  Tail-piece  (Fig.  64). 

Bulloch  modified  Zentmayer’s  fine  adjust- 
ment by  applying  a box-fitting  to  the  slide, 
and  by  adjusting  a spiral-spring  to  give  the 
downward  motion ; but  the  arrangement  is 
utterly  vitiated  by  carrying  the  coarse  adjust- 
ment on  the  front  of  the  delicate  slides  of  the 
fine  adjustment. 

Tolies' s Microscope  with  Vertical  Disc. — 
In  this  microscope  (Fig.  82)  Tolies  mounted 
the  stage  on  a disc,  the  centre  of  which 
corresponds  with  a line  cutting  the  optic  axis 
in  the  plane  of  the  object  on  the  stage.  Near 
the  edge  of  the  disc  the  substage  travels  in  a 
groove,  carrying  the  condenser  in  arc  round  the 
object  as  a centre,  in  a manner  analogous  to 
that  shown  in  Grubb’s  Sector  Microscope 
(Fig.  79)- 

For  obtaining  radial  illumination  on  the 
object,  this  arrangement  of  Tolles’s  is  an 
elaboration  of  his  Traverse  Substage,  which  I 
have  long  regarded  as  the  best  practical  acces- 
sory apparatus  that  has  been  applied  for  the  pur- 
pose. Some  of  the  details  of  the  construction, 
which  depend  to  a great  extent  on  the  applica- 
tion of  the  disc,  do  not  commend  themselves 
to  me  ; for  example,  I find  the  narrow  zone  on 
which  the  substage  is  supported  far  too  weak, 
and  the  attachments  and  general  mechanism 
of  the  substage  are  too  slight,  so  that  the 
centering-screws,  diaphragms,  &c.,  cannot  be 
touched  without  betraying  flexure. 

In  later  constructions  of  this  form  of  micro- 
scope, Tolies  applied  a mechanical  stage  acting 
by  two  plates  about  1-50  inch  in  thickness, 
actuated  by  two  pinions  vertical  to  the  surface 
of  the  stage.  By  this  arrangement  of  the 
pinions,  the  movements  were  effected  entirely 
within  the  circumference  of  the  stage,  so  that 
a complete  rotation  of  the  latter  was  obtained 
without  the  necessity  of  carrying  the  body-tube 
more  forward.  In  previous  constructions  of  the 
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‘^Jackson  ” form,  the  rotatory  movement  of  a 
large  mechanical  stage,  with  lateral  projecting 
pinions,  had  always  been  stopped  on  either 
side  by  the  limb. 


When  this  stage  was  examined  by  Mr, 
Wenham,  he  at  once  proposed  to  improve  the 
mechanism  by  removing  the  lower  of  the  two 
plates,  and  by  combining  the  pinions  on  one 


Zentmayer’s  “Centennial”  Microscope. 

axis— a modification  of  the  “ Turrell  form — j w^orked  out  practically  the  same  system  ; but, 
which  we  shall  see  adopted  in  the  Ross-  j as  a matter  of  fact,  he  was  preceded  by  Mr. 
Wenham  Radial  Microscope.  Tolies  also  | Wenham.  In  Tollcs’s  later  form  he  gave 


X 102 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


\,Ociober  r,  1886, 


■greater  rigidity  to  the  stage  by  adding  a flange 
to  the  upper  edge  that  gradually  increased  in 
thickness  towards  the  shoulder  by  which  the 
stage  was  attached  to  the  vertical  disc  ; by 
this  arrangement  the  stage  remained  very 
thin— hardly  more  than  1-8  inch— and  the 
under  surface  was  plane,  so  that  the  manipu- 
lation of  apparatus  beneath  was  as  free  as 
possible.  Swift  and  Son  have  adopted  this 
plan  of  strengthening  the  stage  in  one  of  their 
recent  models. 

In  Tolles’s  later  microscopes  we  find  an  extra 
radial  arm  mounted  on  a second  disc,  behind 


the  large  one,  to  carry  the  mirror ; this  was 
applied  as  a ready  means  of  condensing  light 
on  the  surface  of  the  stage,  or  for  utilising  a 
second  beam  of  light  for  particular  resolutions. 

Tolies  devisedmany  arrangements  for  oblique 
illumination  ; his  best  apparatus  of  this  kind 
was  the  “Traverse  Substage,”  which  con- 
sisted of  a graduated  semi-circle  of  brass, 
having  a hemispherical  lens  applied  slightly 
below  the  centre  of  the  arc,  and  in  a zonal 
groove  near  the  edge  a carrier  is  fitted  to  slide 
and  carry  a small  condenser.  This  contrivance 
is  made  to  rack  in  the  place  of  the  usual  sub- 


Fig. 8r. 


Bulloch’s  “ Congress  ” Microscope  (Second  Form). 


stage,  and  the  hemispherical  lens  is  adjusted 
in  immersion  contact  with  the  base  of  the  slide  ; 
then  the  movement  of  the  condenser  in  the 
■zonal  groove  from  the  axis  to  near  the  horizon 
of  the  hemispherical  lens  gives  the  required 
obliquity  of  illumination,  slight  touches  of  the 
mirror  directing  the  light  through  the  con- 
-denser.  Tolies  also  applied  a system  of  prisms 
to  this  device,  so  as  to  reduce  the  amount  of 
adjustment  required  of  the  mirror;  and  he 
added  other  hemispherical  lenses  of  different 
radii  for  use  with  various  classes  of  work  ; a 


special  arrangement  of  collimated  diaphragms 
was  also  adopted  for  measuring  angles  of 
aperture  by  means  of  a lamp  or  candle  carried 
in  the  zonal  groove.  In  the  most  complete 
form  of  this  apparatus,  he  applied  two  socket- 
carriers  for  condensers,  placed  about  45®  apart, 
and  in  one  example  I have  seen,  the  intention 
was  to  dispense  with  the  ordinary  stage  of  the 
microscope,  and  employ  the  Traverse  Substage 
alone. 

With  careful  manipulation,  it  is  possible,  with 
this  apparatus,  to  register  the  precise  obliquit}^ 


Ocioler  i,  1886.] 


JOURNAL  OF  I HE  SOCIETY  OF  ARTS.  1^03 

of  illumination  requisite  to  obtain  a series  of  ] could  determine  how  nearly  we  have  approached 
fine  resolutions,  and  thus  to  repeat  the  experi-  the  theoretical  limit  of  resolution  for  each 
ments  exactly.  With  such  an  apparatus  one  I extension  of  aperture  in  our  objectives,  undei- 

Fig.  82.  Fig.  83. 


Tolles’s  Microscope  with  Vertical  Disc. 


given  conditions  of  illumination,  and  viewing 
fine  rulings  like  Nobert’s  Test-plates.  By 
making  photographs  with  careful  registrations 


of  the  whole  conditions,  we  should  have  the 
problem  demonstrated  beyond  dispute.  The 
general  application  of  this  form  of  Traverse 
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Substage  as  an  accessory  apparatus  would 
wholly  supersede  Zentmayer’s  swinging  tail- 
piece and  similar  contrivances. 

The  body  - tube  and  fine  adjustment  of 
Tolles’s  best  microscopes  were  of  the 
“Jackson’’  form;  I may,  therefore,  say  a 
few  words  on  the  comparative  merits  of  this 
and  of  the  Powell  and  Lealand  form. 

From  my  point  of  view,  the  choice  of  one  or 
the  other  form,  considered  as  microscopes  of 
the  highest  class,  must  necessarily  turn  on 
the  question  of  the  best  fine  adjustment.  With 
equally  good  fine  adjustments,  the  preference 
will  certainly  be  given  to  the  “ Jackson  ” form, 
on  account  of  the  greater  stability  of  the  body- 
tube,  and  the  less  liability  to  injury.  Every 
other  point  of  excellence  in  the  Powell  and 
Lealand  form  is  perfectly  applicable  to  the 
“ Jackson,”  or  to  well-known  modifications  of 
it.  Assuming  that  Tolies  made  the  “Jack- 
son  ” form  as  well  as  any  other  optician  of  our 
time — and  his  skill  in  workmanship  did  not 
fear  rivalry — then  the  fine  adjustment,  not 
being  at  all  comparable  in  delicacy  and  pre- 
cision with  that  of  Powell  and  Lealand,  I am 
forced  to  the  conclusion  that  it  is  not  the  work- 
manship that  is  at  fault,  but  the  principle. 

One  of  the  best  manipulators  known  with 
the  microscope  in  our  time  was  the  late  Dr. 
J.  J.  Woodward,  of  Washington,  who  was 
frequently  pressed  to  state  his  objection  to  the 
“ Jackson  ” form  of  instrument  His  invariable 
answer  was  that  he  had  never  found  the 
focussing  sensitive  enough  to  enable  him  to 
use  it  for  photo-micrography  with  high  powers. 

Tolies’ s Clinical  Microscope.  — A small 
microscope  (Fig.  83,  p.  1103)  was  devised  by 
Tolies  for  clinical  purposes,  which  seems  to  me 
so  good  in  every  way  that  I must  ask  special 
attention  for  it.  The  objective  is  screwed  on 
a tube  sliding  within  the  one  shown,  and,  for 
roughly  focussing,  the  sliding  motion  suffices  ; 
for  fine  adjustment,  the  sheath  is  made  to  turn 
on  a fine  screw-thread  on  a cylindrical  tube, 
which  serves  also  as  a socket-carrier  for  the 
stage.  The  compound  microscope  is  here 
reduced  to  the  simplest  form  I have  met  with 
to  be  a really  serviceable  instrument  for  the 
purpose  in  view ; and  the  mechanism  is  of 
thoroughly  substantial  character.  The  stage 
fits  in  the  socket-carrier  by  a short  tube,  and,  for 
portability,  is  removed,  and  a metal  cap  sub- 
stituted, to  exclude  dust  from  the  objective ; a 
tube  cap  covers  the  eye-piece.  I commend 
this  model  to  the  notice  of  our  opticians. 

Beck’s  ^international”  Microscope. — In 
this  microscope  (Fig.  84,  p.  1105)  Messrs.  Beck 


have  added  a movement  to  Tolles’s  vertical 
disc,  by  which  the  centre  can  be  raised  or 
depressed  to  correspond  with  the  thickness  of 
the  slide.  The  stage  can  also  be  turned  to 
the  inverted  position  by  rack  - and  - pinion. 
Whether  or  not  these  modifications  are  of  real 
service  I will  leave  others  to  decide. 

The  fine  adjustment  is  modified  from  that 
known  as  Zentmayer’s,  and  is  open  to  the 
same  objection,  inasmuch  as  the  delicately 
fitted  slides  have  to  carry  the  coarse  adjust- 
ment, body-tube,  &c. 

Watson’s  Microscope  (Crossley’s  form). — 
In  this  microscope  (Fig.  85,  p.  1 106)  we  have  an 
innovation  in  the  method  of  obtaining  radial 
or  concentric  illumination,  designed  by  Mr. 
Edward  Crossley,  F.R.A.S.,  and  constructed 
by  Messrs.  Watson. 

The  light  from  the  lamp  is  projected  into 
the  hollow  trunnion-axis  of  the  microscope 
with  the  aid  of  a bull’s-eye  condenser,  and  by 
a right-angled  prism,  A {vide  Diagram,  Fig.  86, 
p.  1106),  placed  in  the  centre  of  this  axis,  is 
reflected  forwards  in  the  direction  of  the  axis 
on  which  the  swinging  tail-piece  turns.  The 
arm  of  the  swinging  tail-piece  is  made  in  the 
form  of  a box,  and  carries  a second  similar 
prism,  B,  in  the  axis  on  which  it  moves,  so  as 
to  intercept  the  rays  of  light  coming  from  the 
first  prism  and  reflect  them  in  the  direction  of 
the  arm  or  box.  At  the  other  end  of  the 
box  is  a third  prism,  c,  which  reflects  the  rays 
of  light  forward  on  to  the  mirror,  D,  whence 
they  are  directed  to  the  object,  E,  on  the  stage. 
The  dotted  line  represents  the  direction  taken 
by  the  rays  after  reflection  from  the  prism 
within  the  trunnion- axis. 

It  will  thus  be  seen  that  no  change  in  position 
of  the  microscope  on  its  inclining  axis  affects 
the  direction  of  the  light  from  the  lamp,  and 
also  that  in  all  positions  of  the  swinging  tail- 
piece, whether  above  or  below  the  stage,  the 
illumination  remains  constant  upon  the  object. 
Thus  (apparently)  the  greatest  facility  is  given 
for  illuminating  the  object  at  any  angle,  and 
seeing  which  is  most  suitable. 

I have  not  tested  this  arrangement  of  prisms 
for  oblique  illumination,  and  therefore  cannot 
speak  of  it  from  personal  experience.  I should 
however,  expect  such  a design  to  require  a 
general  accuracy  of  construction  in  the 
mechanism  and  in  the  adjustment  of  the 
prisms,  quite  beyond  the  average  found  in  our 
best  microscopes. 

The  swinging  tail-piece  is  mounted  on  a disc 
after  the  manner  of  Tolles’s  (Fig.  82,  p.  1103),. 
and,  to  provide  space  for  the  box  arrangement. 
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the  stage  is  carried  on  a bent  arm  so  as  to  be  | Messrs.  Watson  appear  to  have  modified 
free  from  the  tail-piece.  This  plan  greatly  in-  I the  “ Zentmayer  ” fine  adjustment  by  dispens- 
creases  the  complexity  of  the  m inufacture.  | ing  with  the  lever,  and  using  a conical-ended 


screw,  lifting  the  slide  by  the  pressure  of  the 
cone-surface.  Any  such  application  of  the 
travelling  cone— though  it  were  a good  system 
in  itself,  which  I think  is  not  the  case— has  no 


beneficial  influence  on  the  radically  defective 
method  of  employing  the  fine  slides  to  carry 
the  coarse  adjustment,  &:c. 

Ross's  Radial  Microscope  (Wenham’s 
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form).— We  have  here  (Fig.  87,  p.  1108)  anew  vide  a large  range  of  effects  of  oblique  light 
development  in  microscope  construction  due  to  both  in  altitude  and  azimuth. 

Mr.  F.  H.  enham.  The  aim  has  been  to  pro-  1 The  principal  movements  are  as  follows:  — 
Fig.  85. 


(i.)  An  inclination  of  the  limb  together  with 
the  body-tube,  stage,  sub- stage,  and  mirror, 
in  a sector  sliding  within  jaws  attached  to  the 
rotating  base-plate.  The  centre  of  this  in- 


clining motion  is  (approximately)  the  point 
where  the  plane  of  the  object  cuts  the  optic 
axis,  t.e.,  a point  situated  about  the  thickness 
of  an  ordinary  object-slide  above  the  centre 


October  I,  1886  ] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


1 107 


of  the  surface  of  the  stage.  (2.)  A lateral  in- 
clination of  the  limb  to  either  side  upon  an 
axis  attached  to  the  centre  of  the  sector  ; the 
centre  line  of  this  axis  prolonged  forward  also 
intersects  the  optic  axis  in  the  plane  of  the 
object  on  the  stage.  (3.)  A rotation  of  the 
instrument  on  its  circular  base,  the  optic  axis 
being  the  centre  of  motion. 

The  leading  principle  followed  in  the  con- 
struction of  the  stand  is  that  when  it  is  in- 
clined backwards  (as  in  Fig.  88,  p.  1109),  or 
laterally  (as  in  Figs.  89,  go,  and  91,  p.  1109), 
or  rotated  on  the  base-plate,  a pencil  of  light 
from  a fixed  source  will  always  reach  the  object, 
all  the  movements,  whether  separate  or  com- 
bined, radiating  from  the  object  (or  the  pro- 
longations of  its  axes)  as  a centre. 

The  stage  rotates  completely,  and  is  a modi- 
fication of  Tolles’s  (to  which  I referred  in 
my  notes  on  his  microscope  with  vertical 
disc.  Fig.  82),  in  which  the  rectangular 
mctions  are  effected  by  milled  heads  vertical 
to  the  surface  of  the  stage,  and  entirely  within 
the  circumference.  It  is  mounted  on  theZent- 
mayer  system,  and  graduated  near  the  edge, 
and  “finders”  are  engraved  in  convenient 
positions  ; two  centering  screws  are  provided, 
by  which  exact  rotation  on  the  optic  axis  can 
be  secured  ; and  it  can  be  easily  removed,  or 
may  be  replaced  by  a glass  or  metal  friction- 
stage,  &c.  A simple  and  effective  plan  has 
been  adopted  of  applying  the  iris-diaphragm, 
hemispherical  immersion  illuminator,  &c.,  be- 
neath the  stage,  where  they  are  held  by  a 
small  projecting  peg  and  a spring-latchet. 

The  sub-stage  can  be  removed  entirely  from 
the  lower  part  of  the  limb  by  means  of  a cham- 
ferred  sliding  plate.  Rectangular  (centering) 
and  rotating  motions  are  provided. 

The  coarse  adjustment  is  of  the  “ Jackson” 
form,  by  means  of  a spiral  pinion  and  diagonal 
rack-work. 

I will  deal  with  the  fine  adjustment  later. 

In  illustration  of  the  variety  of  motions 
obtained  with  this  microscope.  Fig.  88  shows 
the  sector  inclined  at  about  the  usual  position 
for  working  with  central  illumination.  Fig.  89 
shows  the  lateral  inclination  of  the  limb,  &c., 
the  sector  being  at  its  highest  position.  Fig. 
90  shows  the  Zentmayer  swinging  tail-piece 
clamped  to  the  sector  (as  suggested  by  me), 
the  limb  being  inclined  laterally,  and  the  sub- 
stage removed  ; this  lateral  inclination  of  the 
limb  causes  the  stage  to  revolve  upon  a central 
horizontal  axis,  so  as  to  present  the  object  to 
the  illuminating  pencil  at  all  obliquities  in 
altitude,  while  the  rotation  of  the  stage  would 


give  illumination  in  all  azimuths.  Fig.  97 
shows  the  sector  at  the  lowest  point,  so  that  the 
microscope-body  is  horizontal,  the  tail-piece 
being  clamped  to  the  sector,  the  limb  swung 
laterally  about  458  (to  the  right),  and  the 
sub-stage  removed  ; this  position  of  the  sector 
would  be  that  required  for  measuring  angles  of 
aperture  by  means  of  the  graduations  on  the 
circular  base.  The  axis  of  the  lateral  inclin- 
ing motion  is  also  graduated,  so  that  either 
the  degree  of  inclination  of  the  limb  or  that  of 
the  swinging  tail-piece  can  be  registered.  In 
all  these  positions,  and,  indeed,  in  every  position 
in  which  the  various  movements  enable  it  to 
be  placed,  the  microscope  is  very  steady. 

Since  Figs.  88,  89,  90,  and  91  were  made, 
an  arm  has  been  attached  to  a rotating  plate 
in  the  centre  of  the  lower  base-plate  to  carry 
the  lamp  on  a pillar,  as  in  Fig.  87. 

The  fine  adjustment  shown  in  the  four  small 
figures  consisted  of  a vertical  chamferred  slide, 
carrying  the  nose-piece  only,  and  controlled 
by  milled  heads  on  either  side  of  the  nose- 
piece.  This  arrangement  was  subsequently 
replaced  by  an  entirely  new  design  of  adjust- 
ment by  Mr.  Wenham,  consisting  of  a V-slide, 
acted  upon  by  two  “ snail  ’’-cams,  between  the 
edges  of  which  revolved  a steel  roller,  forming 
the  axis  of,  and  controlled  by,  a large  milled- 
head  passing  longitudinally  through  the  slide 
of  the  coarse  adjustment,  and  projecting 
slightly  on  either  side,  in  a convenient  position 
for  work.  The  V-slide  was  fitted  within  the 
body-tube,  and  carried  at  its  lower  end  the 
nose-piece  ; it  was  pressed  downwards  by  a 
spiral- spring,  against  which  it  was  moved  by 
the  revolution  of  the  cams. 

In  practice,  however,  it  was  found  that  the 
steel  roller  actuating  the  cams  was  liable  to 
slip  when  the  movement  had  not  been  in  use 
for  a few  days,  and  Messrs.  Ross  engaged 
Dr.  Hugo  Schroeder  to  design  a new  system, 
which  is  shown  in  Figs.  92  and  93  (p.  mo). 

The  nose-piece.  A,  is  attached  to  a tube 
which  is  fitted  to  slide  accurately  in  adjust- 
able bearings  in  the  body-tube,  B.  The  nose- 
piece  tube  has  a short  projecting  arm,  C,  by 
means  of  which  it  is  pressed  upwards  by  a 
strong  spiral-spring  mounted  in  a cylindrical 
box,  L,  outside  the  lower  end  of  the  body-tube. 
The  arm,  c,  is  moved  against  the  spring  by 
the  diiferential-screw  mechanism  (with  milled 
head,  d),  which  is  gimballed  on  a bracket,  E, 
attached  to  the  upper  part  of  the  body-tube. 

The  differential-screw  mechanism  consists 
of  a steel  rod,  F (connected  with  d),  which  has 
two  screw  threads  at  the  lower  end,  one  work- 
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ing  in  a thread  cut  in  the  end  of  the  inner  tube 
G,  and  the  other  in  the  block,  H,  which  is 
soldered  within  the  sheath,  j.  When  the  milled 


head  is  turned  to  the  left,  the  block,  and  with 
it  the  sheath,  moves  downwards,  while  the  rod 
itself,  carrying  the  block  and  sheath,  moves 


Fig.  87. 


Ross’s  Radial  Microscope  (Winham’s  Form  ) 


upwards.  As  the  screws  are  cut  respectively 
to  45  and  52  threads  to  the  inch,  the  resultant 
motion  is  equivalent  to  the  difference  between 
the  motion  of  the  two  screws,  that  is,  to  the 


motion  of  a screw  of  nearly  335  threads  to  the 
inch. 

The  end  of  the  sheath  is  tipped  with  a small 
sphere,  K,  of  polished  steel,  while  the  pro- 
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jecting-  arm  of  the  nose-piece  tube,  against 
which  the  end  works,  has  a corresponding 
concave  bed  of  polished  agate. 

This  differential-screw  focussing  mechanism 
was  found  to  work  with  great  delicacy  when 
fitted  with  extreme  care ; but  the  difficulties 


of  manufacture  compelled  Messrs.  Ross  to 
adopt  a simplified  form,  in  which  a direct-^ 
acting  screw  with  a very  fine  thread  is  sub- 
stituted for  the  differential  screw.  Experience 
must  decide  the  question  of  the  durability  of 
this  later  application  of  the  fine  screw  ; the 


Fig.  88. 


Fig.  89. 


Ross’s  Radial  Microscope  (Wenham’s  Form). 


motion  is  now  so  accurate  that  I am  inclined  to 
believe  the  difficult  problem  of  designing  a 
really  efficient  and  convenient  fine  adjustment 
for  the  “Jackson”  form  of  microscope  has 
met  with  a solution— at  least  by  approximation. 
Another  solution  of  this  problem  has  been 


submitted  to  me  recently  by  Messrs.  Swift,  and 
I must  in  fairness  admit  that  they,  too,  have 
grappled  with  the  difficulty  with  considerable 
success ; the  system  is  applied  in  the  next 
microscope  we  shall  examine. 

The  question  of  the  utility  of  the  great  variety 


Fig.  90. 


Ross’s  Radial  Microscope  (Wenham’s  Form). 


of  movements  combined  in  Mr.  Wenham’s 
design  naturally  arises.  I am  not  prepared  to 
say  that  any  one  of  the  movements  is  essentially 
useless  in  practical  microscopy.  I understand 
from  Dr.  Dallinger,  the  President  of  the  Royal 


Microscopical  Society,  that  in  some  of  his  most 
difficult  invekigations  in  tracing  the  evolution 
of  minute  forms  of  life,  no  facilities  hitherto 
devised  for  controlling  the  illumination,  accord- 
ing to  methods  capable  of  being  recorded  ahd 
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repeated,  have  proved  valueless  ; and  I believe 
he  has  tested  this  Radial  Microscope  by- 
practice  more  thoroughly  than  any  other 
microscopist. 

In  the  details  of  construction,  several  modi- 
fications of  Zentmayer’s  plan  of  suspending 
the  swinging  tail-piece  have  been  introduced 
by  Messrs.  Ross,  to  correct  the  tendency  to 
flexure  and  general  unsteadiness  in  the  stage 
and  substage  so  painfully  evident  in  Zentmayer’ s 
own  construction ; and  I must  admit  that  my 
objections  to  the  system  of  suspension  have 
been  correspondingly  modified— but  no  further. 


Fig.  93. 


Swift's  Microscope  {N 3l\C s form). — In  this 
microscope  (Fig.  95,  p.  iiii)  Messrs.  Swift  have 
adopted  a form  of  inclining  limb  devised  by 
Mr.  George  Wale,  of  the  United  States,  by 
which  great  stability  in  all  positions  of  inclina- 
tion is  secured. 

The  limb  is  curved  in  the  lower  part  in  the 
form  of  a sector,  and  on  either  side  a deep 
V-shaped  groove  is  cut,  by  which  it  slides  on 
corresponding  projections  at  the  upper  ends 
of  the  base  support ; the  clamp-screw  at  the 
side  serves  to  regulate  the  tension,  or  to  fix 
the  position.  By  this  arrangement,  the  centre 
of  gravity  suffers  very  little  displacement  by 
the  inclination  of  the  limb,  and  the  steadiness 
is  well  maintained. 

The  curve  of  the  limb  allows  complete  rota- 


tion of  the  mechanical  stage.  The  centering 
and  rotating  substage  is  furnished  with  rack 
movement,  on  v/hich  it  is  applied  by  a dove- 
tailed slide.  The  mirror,  with  gimbal,  two 
arms,  and  rotating  socket  slides  on  the  tail- 
piece, which  is  hinged  to  swing  laterally  on  the 
end  of  the  limb. 

To  this  instrument  Messrs.  Swift  have 
applied  a new  arrangement  of  fine  adjustment 


Fig.  94, 


which  they  have  patented.  The  mechanism 
is  shown  in  Fig.  94,  where  A A is  the  body- 
tube  (the  middle  part  cut  away  to  show  the 
action)  connected  with  a chamferred  slide 
at  either  end  at  the  back,  fitted  to  move 
accurately  and  lightly  on  the  front  of  the 
coarse  adjustment  slide,  B B,  of  the  usual  ‘ ‘ J ack- 
son  ” form,  a spiral-spring  above  and  at  the 
back  pressing  it  downwards.  A long  lever,  D, 
is  attached  to  the  plate,  B B,  to  pivot  at  E ; by 
the  action  of  the  milled-head,  F,  on  the  lower 
end,  G,  of  the  lever,  the  lifting  stud,  C,  con- 
nected with  the  chamferred  slide  behind  the 
bod-tube,  B B,  is  raised  very  slowly  through  a 
focussing  range  of  about  i-io  inch;  the 
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reverse  action  of  the  screw  allows  the  spiral- 
spring above  to  press  the  slide  downwards. 

By  this  very  simple  mechanism,  the  fine 
adjustment  is  applied  on  the  front  of  the 
coarse  adjustment,  and  acts  on  the  whole 
body-tube,  and  not  merely  on  the  nose-piece, 
so  that  the  magnification  is  not  altered  by 
change  in  the  focal  adjustment.  It  is  obvious 
that  the  slowness  of  the  motion  is  here  con- 
trolled by  three  factors : (i)  the  length  of  the 
lever,  D,  (2)  the  distance  of  the  lifting-stud, 
c,  from  the  pivot  or  fulcrum,  E,  and  the 
pitch  of  the  screw-thread  on  F.  I am  informed 
that  Messrs.  Swift  anticipate  being  able  to 
adapt  this  system  of  focussing  to  all  their 
better  class  of  instruments.  My  trials  of  this  fine 


sliding-rod,  the  whole  fitting  in  a box  of 
miniature  dimensions. 

Seibert  and  Krafff  s Fine  Adjustment. — 
For  small  microscopes  the  form  of  fine  adjust- 
ment shown  in  Fig.  97  has  been  much  em- 
ployed in  Germany  for  low-priced  microscopes. 

The  focussing  screw,  j",  acts  upon  the  funnel- 
shaped  head  of  the  pivot,  the  upper  end  of 
which  acts  in  a similar  manner  upon  ff,  the 
solid  bar  attached  to  the  body-tube.  The  ring, 
r,  which  serves  as  a guide-piece,  lies  loose  in 
the  hollow  pillar,  and,  as  a rule,  does  not  touch 
the  pivot ; its  function  is  merely  to  prevent  the 
point  of  the  pivot  from  slipping  out  of  the 

Fig.  97. 


adjustment,  using  a 1-12  inch  homogeneous- 
immersion  objective  of  the  highest  aperture 
hitherto  constructed  (1*5,  N. A.)  have  led 
me  to  a decidedly  favourable  opinion  of  the 
mechanism. 

Swift's  Portable  Microscope.— Oi  the  many 
designs  of  portable  microscopes,  this  little 
instrument  (Fig.  96)  is  the  most  complete 
I have  seen,  and  the  workmanship  (due,  I 
believe,  to  Mr.  Mansel  Swift)  is  excellent.  We 
have  here  a compound  body  with  draw-tube 
fitting  with  inclining  movement  on  a pillar 
with  tripod  base,  four  eye-pieces,  four  objectives 
(including  1-16  inch  “immersion,”)  achro- 
matic condenser  with  diaphragms,  stops,  &c., 
polarizer,  analyzer,  mirror  with  gimbal  and 


Seibert  and  Krafft’s  Fine  Adjustment. 

notch  in  ff.  The  cross-bars,  bb  (two  on  each 
side),  are  attached  by  screws  to  the  hollow 
pillar,  and  the  body-tube  is  held  between  the 
points  of  four  screws  near  the  front  ends  of  the 
bars.  The  focussing  motion  is  communicated 
to  the  solid  bar,  //,  by  the  screw,  J-,  acting 
against  the  pressure  of  the  spiral  spring  shown 
above  by  dotted  line,  the  friction  being  limited 
to  the  eight  screws  of  the  four  cross-bars.  The 
movement  is  similar  to  that  of  an  ordinary 
parallel  ruler  with  connecting  bars,  the  hollow 
pillar  being  the  stationary  side. 

In  later  constructions  the  four  bars  have  been 
advantageously  replaced  by  two  broad  plates. 
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Bausch  and  Lomb' s Fine  Adjustment. — 
This  focussing-  system  (Fig.  98)  is  probably 
the  simplest  that  has  ever  been  applied  to  the 
compound  microscope,  and  seems  to  have 
been  suggested  by  the  last  we  examined. 

The  focussing  screw,  b,  acts  upon  the  angle- 
piece,  e,  which  is  connected  by  rack-work,  f 
and^,  with  the  body-tube,  h;  <?is  an  angle-piece 
suspended  on  the  pillar,  c,  by  the  two  parallel 
springs,  a a.  The  pressure  of  the  screw,  b, 
on  e,  depresses  the  body-tube,  the  springs,  a a, 
allowing  a motion  of  about  i-io  inch.  By  the 
reverse  motion  of  the  screw,  the  springs  come 
back  to  the  normal  level  as  shown. 


Fig.  98. 


A defect  in  this  system  seems  to  have  passed 
hitherto  unnoticed.  If  a high  power  were  in 
focus  with  the  mechanism  nearly  in  the 
position  shown,  a very  slight  pressure  would 
cause  the  springs  to  bend,  and  thus  the  objec- 
tive might  break  the  cover-glass. 

Messrs.  Beck,  Ross,  and  others  appear  to 
have  adopted  this  system  forsmall  microscopes, 
and  Messrs.  Swift  have  reversed  the  move- 
ment (to  avoid  the  danger  I have  noted)  by 
converting  the  horizontal  portion  of  e into  a 
lever  suspended  on  a fulcrum  slightly  to  right 
of  the  upper  a,  by  which  the  motion  is  made 
slower. 

Riddell' s Binocular  Microscope. — Although 
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personally  I do  not  favour  binocular  micro- 
scopes, yet  I think  it  will  be  of  interest  to 
briefly  note  upon  the  chief  modern  develop- 
ments in  that  direction. 

Prof.  J.  L.  Riddell,  of  New  Orleans,  w'as  the 
original  inventor  of  the  binocular  compound 
microscope  with  one  objective.  A copy  of 
his  original  instrument  was  recently  sent  to 
England,  which  is  shown  in  Fig.  99  (p.  1114). 
The  arrangement  of  the  binocular  prisms  is 
shown  in  section  in  Fig.  100  (p.  1115). 

The  pencil  of  rays  emerging  from  the  ob- 
jective, /,  is  divided  in  two,  each  half  passing 
respectively  into  the  right  and  left  prisms  ; the 
path  of  the  rays  is  a,  b,  c,  d,  the  object  is  at  o. 

To  facilitate  the  perfect  coalescence  of  the 
images  in  the  field  of  view  for  every  width  of 
eyes.  Professor  Riddell  provided  (i)  a means 
of  regulating  the  inclination  of  the  prisms  by 
mounting  them  in  hinged  frames,  so  that, 
while  their  lower  terminal  edges  remain 
always  in  parallel  contact,  the  inclination  of 
the  internal  reflecting  surfaces  can  be  varied 
by  the  action  of  a milled  head  in  front  of  the 
prism  box  ; (2)  the  lower  ends  of  the  binocular 
tubes  are  connected  by  travelling  sockets, 
moving  on  one  and  the  same  axis,  on  which 
are  cut  corresponding  right  and  left-handed 
screws,  so  that  the  width  of  the  tubes  may 
correspond  with  that  of  the  prisms;  and  (3) 
the  upper  ends  of  the  tubes  are  connected  by 
racks,  one  acting  above  and  the  other  below 
the  same  pinion,  so  that  right  and  left-handed 
movements  are  communicated  by  turning  the 
pinion. 

Professor  Riddell  found  that,  in  many  cases, 
it  was  advantageous  to  employ  two  small  con- 
cave mirrors  rather  than  one  large  mirror,  so 
as  to  equalise  the  illumination  in  both  fields. 

To  obviate  the  inconvenience  of  using  the 
instrument  always  in  the  vertical  position, 
small  right-angled  prisms  are  so  mounted  in 
brass  caps  as  to  be  slipped  at  pleasure  over 
the  eye  pieces.  The  combination  of  the  bino- 
cular prisms  with  the  eye-piece  prisms  inverts 
the  image  in  both  planes,  so  that  the  move- 
ment upon  the  stage  is  seen  through  the  in- 
strument without  inversion. 

This  system  of  binocular  seems  to  have 
excited  much  curiosity  at  the  date  of  its 
first  publication  in  England  (1854), 

Wenham,  and  Messrs.  Nachet,  of  Paris,  were 
soon  in  the  field  with  a number  of  binocular 
arrangements.  One  of  the  devices  of  the 
latter  firm  was  converted  into  a binocular 
erecting  eye-piece  for  the  microscope  and 
telescope  by  Tolies,  of  Boston,  and  for  mode- 
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rate  magnification  I am  informed  that  it  is  a 
useful  appliance.  Mr.  Wenham’s  original 
contrivance  has  gone  through  many  modifica- 
tions, culminating  in  the  system  shown  in  the 
next  Figure. 


Wenham's  BinoctJlar  Microscope. — The 
most  popular  form  of  binocular  microscope 
was  planned  by  Mr.  Wenham  about  1862  ; 
the  action  is  shown  in  Fig.  loi  (p.  1115). 

The  prism,  P,  is  so  arranged  as  to  take  up 


Fig.  99 


Riddell’s  Binocular  Microscope  (1853-4). 


exactly  half  the  pencil  of  rays  emerging  from  | prism,  these  rays  pass  across  the  optic  axis  in 
the  objective,  o,  and  after  undergoing  two  the  direction  L (the  left  eye),  while  the  other 

total  reflexions  at  the  internal  faces  of  the  half  of  the  pencil  of  rays  passes  in  the  direc- 
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tion  R (the  right  eye), 
appears  to  have  practically  superseded  all 
others.  The  deflection  of  half  the  pencil 
across  the  axis,  so  that  the  right  eye  receives 
the  left  half  and  the  left  eye  the  right  half  of 
the  original  pencil  of  rays,  has  been  said  to  be 
the  cause  of  stereoscopic  (true  projection) 
vision ; whilst  in  other  binocular  systems, 
where  no  crossing  of  the  axes  takes  place 
and  where,  consequently,  the  right  eye  views, 
the  image  formed  by  the  right  half  of  the 
objective,  and  the  left  eye  that  formed  by  the 
left  half)  pseudoscopic  vision  is  said  to  obtain. 


Fig  ioo. 


Riddell’s  Binocular  Prisms. 

Briicke' s The  revival  of  the  Galilean 

microscope  by  Briicke  (about  1852)  has  led  to 
such  useful  combinations  for  dissecting  pur- 
poses, that  I cannot  omit  to  notice  the  instru- 
ment. 

Briicke  proposed  to  use  achromatic  doublets 
in  combination  with  a concave  eye  - lens, 
for  moderate  magnifications,  where  simple 
lenses  or  ordinary'  doublets  or  triplets  had  pre- 
viously been  employed.  Fig.  102  shows  the  form 
issued  by  Nachet,  in  which  the  eye-lens  is 
mounted  in  a draw-tube,  so  that  different 
magnifications  can  be  obtained  ; the  mounting 
is  applicable  10  any  form  of  simple  microscope 
or  lens-carrier.  Zeiss  has  also  worked  out 
excellent  combinations  of  this  form  in  fixed 
settings,  and  supplies  a small  stand  designed 
expressly  for  them.  Our  opticians  appear  to 
have  wholly  neglected  this  most  useful  little 
dissecting  microscope. 

A Japanese  Microscope. — This  microscope 
(Fig.  103,  p.  II 16)  was  manufactured  at  Tokio, 
Japan.  The  design  is  evidently  copied  from  a 
mo'iification  of  Culpeper  and  Scarlet’s  micro- 
scope (Fig.  47).  The  novel  points  seem  to  be 


(i)  the  arrangement  of  a groove  on  the  stage  in 
which  the  object-slide  is  placed,  so  that 
different  parts  can  be  viewed  by  lateral  move- 


Fig.  ioi. 


ment — a modification  of  the  rotating  multiple 
stage  of  Cherubin  d’Orleans,  to  which  I have 
referred  ; (2)  the  whole  construction  is  of  a 
vibratory  or  tremulous  character,  suggestive  of 


Fig  102. 


Brucke’s  Lens  (as  made  by  Nachet). 

a total  misapprehension  of  the  real  purposes 
of  a microscope ; the  body-tube  rocks  in  its 
socket,  and  the  upper  base  turns  and  rocks  on 
the  lower  one,  and  if  the  instrument  is  touched 
and  released,  it  quivers  throughout,  and  slowly 


This  form  of  binocular 
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settles  down  into  stillness — provided  one  does 
not  breathe  upon  it. 

We  have  now  passed  in  rapid  review  some  of 
the  best  types  of  microscopes  designed  since 
the  first  application  of  achromatism.  The 
number  might  be  greatly  increased,  had  we 
time  and  space,  for  in  addition  to  the  more 
important  type-models  T have  described,  every 
optician  I have  mentioned  (and  many  others  I 
have  not  mentioned)  has  brought  out  forms  of 
less  and  less  complete  design,  to  meet  the 


Fig.  103. 


A Japanese  Microscope. 


demands  of  students  and  others  to  whom 
economy  of  outlay  was  almost  the  first  con- 
sideration. The  designs  of  these  less  complete 
instruments  are  of  inferior  interest,  because  we 
know  that  the  principal  criterion  by  which  they 
are  to  be  estimated  is  the  expense.  As  a rule, 
however,  those  opticians  who  have  devised  and 
made  the  best  class  of  microscopes,  have  also 
devised  and  made  the  most  serviceable  forms 
of  lower  class. 

Then,  again,  numerous  designs  have  been 
produced  for  special  purposes.  We  have 
microscopes  for  the  observation  of  chemical 
processes  and  the  fusion  of  metals,  &c.,  where 
the  instrument  has  to  be  protected  from  the 


action  of  acids,  gases,  heat,  <S:c.  Petrological 
microscopes,  where  polarising  and  goniometri- 
cal  appliances  are  chiefly  embodied  (of  these  I 
remark,  in  passing,  that  M.  Nachethas  made 
a specialty,  and  his  instruments  are  probably 
the  most  complete  of  the  kind).  Then  we  have 
microscopes  for  recording  the  growth  of  plants; 
forviewing  objectsat  the  bottom  of  an  aquarium, 
by  means  of  an  aquatic  nose-piece  ; for  ob- 
serving the  circulation  of  the  blood  in  the 
froenum  of  the  tongue,  Ac.  ; for  counting  the 
threads  of  silk,  wool,  linen,  Ac.  ; for  measuring 
lengths  to  an  accuracy  of  1-100,000  inch  or 
higher  ; for  viewing  the  walls  of  the  stomach 
and  other  internal  parts  of  the  body  by  means 
of  an  electric  light ; for  class  demonstrations  ; 
for  field  work  ; for  examining  large  specimens 
of  minerals,  Ac.,  for  which  Marten’s  Ball- 
jointed  microscope  was  specially  designed, 
with  ball-and-socket  movements  to  the  body- 
tube  carriers  ; and  we  have  several  instru- 
ments that  were  designed  expressly  to  compete 
for  the  medals  offered  by  the  Society  of  Arts, 
in  1855,  for  School  Microscopes  and  Students’ 
Microscopes.  The  best  known  models  for 
these  and  many  other  purposes  are  exhibited 
here,  and  with  due  time  at  my  disposal  we 
might  pass  them  all  in  review. 

With  reference  to  accessory  apparatus 
originated  or  improved  in  conjunction  with 
the  achromatic  microscope,  I may  note  that 
the  Huyghenian  and  Ramsden  forms  of  eye- 
pieces, as  applied  to  the  telescope  (or  the 
former  slightly  modified),  have  come  into 
use ; that  Orthoscopic  or  Aplanatic  eye- 
pieces, and  “ Holosteric  ” or  solid  eye-pieces, 
have  been  occasionally  applied  ; partially 
achromatised  (Kellner),  and  in  some  cases 
wholly  achromatised  (Schroeder)  eye-pieces 
have  been  tried,  but  with  by  no  means  the 
amount  of  advance  in  optical  power  that  was 
expected  by  Lalande,  Brewster,  and  others. 
Amplifiers  have  been  tried,  beginning  with 
Selligue ; and  latterly  they  have  been  achro- 
matised by  Tolies  and  Zeiss  specially  for 
photo-micrography. 

The  greatest  improvement  amongst  the  dif- 
ferent kinds  of  apparatus  contrived  for  illu- 
mination has  been  the  achromatic  condenser 
as  made  by  Powell  and  Lealand,  which  has  a 
series  of  stops  and  graduated  diaphragms  for 
regulating  the  light.  Other  opticians  have 
contrived  more  or  less  elaborated  forms  of 
sub-stage  condenser,  in  some  cases  combining 
a number  of  appliances  in  one  piece  of  appa- 
ratus ; my  impression  is  that,  in  many  of  them, 
too  much  is  attempted,  and  hence  essential 
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points  are  somewhat  neglected.  More  recently  > 
Powell  and  Lealand  have  been  working  ou*- 
an  achromatic  condenser  to  correspond  as 
nearly  as  possible  with  the  highest  apertures 
of  our  objectives  ; the  successful  production 
of  this  apparatus  is  waited  for  with  much 
interest  by  Dr.  Dallinger  and  others,  includ- 
ing myself. 

Then  we  have  had  many  devices  for  oblique 
illumination,  such  as  Amici’s  prism,  and  Du- 
jardin’s  prism,  variously  applied  ; the  “Ver- 
tical Illuminator,’’  in  which  the  objective  is 
made  to  act  as  a condenser  to  the  object ; 
Reid’s  “ Kettle  Drum  ; ’’  Woodward’s  Prism  ; 
the  Hemispherical  Lens  ; Wenham’s  Semi- 
disc ; the  “ Diatomoscope  ;’’  double-prisms; 
mirrors  arranged  to  rack  close  to  the  base  of 
the  slide  ; silvered  glass  slips  to  place  beneath 
the  slide  to  be  illuminated  from  above  ; prisms 
cemented  on  the  face  of  the  slide,  so  as  to 
transmit  rays  to  be  totally  reflected  from  the 
internal  surface  of  the  base  of  the  slide ; 
Catoptric  and  Cata-dioptric  Illuminators  of 
almost  impossible  complexityof  action  ; an  Im- 
mersion Stage  Illuminator  ; a multiple  plane- 
faced prism  and  lens  ; a semi-cylinder  Illumin- 
ator, and  a host  of  others,  the  great  majority  of 
which  have  had  their  day,  and  are  now  rapidly 
being  forgotten. 

For  dark-ground  illumination  we  have  had 
Spot  lenses.  Amici’s  Inverted  Cone,  Shadbolt’s 
Annular  and  Sphmro-annular  Condensers, 
Wenham’s  Parabolic  Reflecting  Mirror,  the 
Wenham-Shadbolt  Paraboloid,  Wenham’s  Im- 
mersion Paraboloid,  Wenham’s  Reflex  Illumi- 
nator, and  a few  other  similar  contrivances,  of 
which  the  Spot-lenses  and  the  Wenham-Shad- 
bolt Paraboloid  still  survive.  For  “ opaque’’ 
illumination  we  have  the  Lieberkiihn,  the 
Selligue  Prism,  the  Parabolic  Side  Reflector, 
and  a few  minor  variations  of  little  importance. 

Special  devices  have  been  contrived  to  furnish 
monochromatic  light  of  any  primary  colour. 

Of  diaphragms  we  have  had  circular,  square, 
oblong,  triangular,  indeed  almost  every  imagin- 
able shape,  tried  singly  or  in  series,  sometimes 
combined  by  means  of  superposed  slides  or  by 
rotating  plates.  In  one  or  two  non-achromatic 
Immersion  Illuminators  we  have  had  a small 
circular  diaphragm  made  to  move  from  the 
axis  to  the  margin  of  a combination  of  lenses 
of  high  aperture.  Rotating  calotte  dia- 
phragms have  been  adapted  by  Zeiss 
and  Swift.  We  have  also  iris-diaphragms, 
combined  with  condensers  or  alone,  or  again 
used  at  the  nose-piece  to  reduce  apertures.  I 
don’t  think  they  have  yet  been  applied  to  the 


eye-piece  to  cut  down  the  field,  but  this  will 
come,  as  an  “ important  ’’  modification,  doubt- 
less, of  other  and  better  methods. 

Then  we  have  double,  triple,  quadruple,  and 
sextuple  nose-pieces,  first  sliding,  then  rota- 
ting, some  set  at  an  angle,  then  curved,  then 
mounted  on  a calotte,  and,  for  lightness,  the 
best  have  been  made  of  aluminium.  These 
devices  should  not  be  employed  on  high-class 
microscopes  focussing  by  the  nose-piece,  as 
they  are  very  apt  to  strain  the  sensitive 
mechanism. 

Of  changing  nose-pieces,  we  have,  first, 
Chevalier’s  double  stud  projecting  from  a ring, 
slipping  into  corresponding  slots  in  the  face  of 
the  socket,  and  held  by  a slight  rotation ; then 
the  Geneva  Optical  and  Physical  Company’s 
changing  nose-piece,  where  the  objectives 
have  rings  with  shallow  flanges  slipping  under 
a spring  catch— a method  also  adopted  by  M. 
Nachet,  and  by  M.  Bertrand;  then  we  have 
Mr.  Nelson’s  arrangement,  where  three  short 
segments  of  the  internal  thread  of  the  nose- 
piece  are  cut  away,  and  corresponding  seg- 
ments are  removed  from  the  screw-threads  of 
the  objectives,  so  that  they  may  be  pushed  in 
the  nose-piece,  and  slightly  turned,  which 
plan  has  brought  upon  us  a mass  of  modifica- 
tions, suggestive  that  we  should  pass  the 
remainder  of  our  natural  lives  in  mastering 
their  construction  and  use — many  of  them  more 
troublesome  to  use  than  the  screw-system  they 
are  intended  to  supersede. 

We  have  more  than  twenty  different  arrange- 
ments for  carrying  bull’s-eye  condensers,  as 
many  lamps  of  special  design  for  use  with  the 
microscope,  of  which  Dr.  Dallinger’s,  with  its 
adjustable  screens,  &c.,  is  designed  for  the 
“fine  art  ’’  of  microscopy  ; while  Mr.  Nelson’s 
is  less  complex,  but  still  thoroughly  practical. 

Then  we  have  screw  stage-micrometers,  and 
simple  ruled  stage-micrometers,  and  others  of 
various  designs,  to  measure  blood  corpuscles 
with  or  without  the  aid  of  photography ; screw 
eye-piece  micrometers  of  both  the  Huyghenian 
and  Ramsden  forms,  to  be  carried  preferably 
on  a separate  stand,  and  not  in  the  body-tube, 
where  extreme  accuracy  is  required,  as  sug- 
gested by  Mr.  Nelson — in  some  cases,  to  avoid 
errors  due  to  unequal  magnification  of  the 
centre  and  the  margin  of  the  eye-lens,  a lateral 
motion  has  been  added  to  the  eye-lens,  so  that 
the  measurements  are  always  determined  by 
the  image  seen  in  the  axis  only;  Jackson’s 
eye-piece  micrometer  (a  simple  and  practical 
device) ; Hartmack’s  eye-piece  micrometer, 
with  oblique  scale ; eye-pieces  with  crossed 
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wires,  and  with  parallel  vertical  wires  for 
readily  estimating  comparative  dimensions, 
and  others  with  fine  ruled  squares  of  known 
-dimensions,  which  were  generally  applied  by 
Andrew  Ross  and  Hugh  Powell  to  the  Rams- 
den  eye-piece,  at  the  focus  of  the  combination. 

Wehave  Camerm  Lucidse,  such  as  Wollaston’ s, 
dividing  the  pupil  of  the  eye ; Soemmering’s 
steel  disc,  conveying  the  image  from  the  micro- 
scope to  the  centre  of  the  pupil,  the  outer  zone 
of  the  eye  viewing  the  pencil  and  paper  directly ; 
Beale’s  neutral  tint  reflector ; many  forms 
devised  by  Nachet,  the  best  of  which  has  a 
film  of  gold  on  the  final  reflecting  surface 
through  which  the  microscope  image  is  seen 
tinged  with  green  colour  due  to  the  gold ; 
Zeiss’s  or  Abbe’s,  which  are  similar  in  action 
to  Nachet’s  ; Nobert’s,  Chevalier’s,  Beck’s, 
andthe  bestof  all  that  Ihavetried—Schroeder’s, 
which  is  a modification  of  the  principle  utilised 
in  Wenham’s  high-power  binocular  prism. 

We  have  frog  plates  ; animalcule  cages  or 
^ ‘ live  ’ ’ boxes ; compressoria ; vivisection  troughs 
for  showing  the  circulation  of  the  blood  in  the 
lung  of  the  frog ; hot  stages  and  reservoirs 
with  multitudinous  devices  for  maintaining  an 
even  temperature  ; stages  with  electrical  ap- 
pliances for  viewing  minute  vacuum  tubes,  &c.  ; 
safety  stages  of  several  designs,  the  earliest 
(intended  as  such)  probably  by  Powell,  which 
is  seen  on  a large  microscope  he  made  for 
Btonyhurst  College  in  1842,  and  the  simplest 
form  is  that  recently  devised  by  Prof.  Charles 
Stewart,  Curator  of  the  College  of  Surgeons, 
in  which  the  slide  is  held  by  two  india-rubber 
bands  stretched  across  a light  wood  frame, 
useful  for  class  demonstrations.  And  we  have 
polarisers  and  analysers  of  various  designs  ; 
some  of  the  former  give  a much  larger  field 
than  Nicol’s  prism,  and  permit  the  combina- 
tion with  a condenser,  as  in  Hartnack’s  form  ; 
of  the  latter,  some  rotate  at  the  nose-piece  in 
thebody-tube,  or,  again,  over  the  eye-piece  com- 
bination with  a graduated  goniometrical  disc 
and  pointer,  as  in  Hartnack’s.  Double-image 
prisms  have  been  devised  by  Prazmowski  and 
by  Abbe.  For  carrying  selenites  we  have 
many  systems  of  convenient  rotation ; and 
in  one  instance  we  have  clock-work  applied  to 
keep  the  rotation  of  one  or  more  plates  going, 
to  amuse  the  ladies  when  we  exhibit  sections 
of  the  “ North  Pole,”  &c.,  at  soirees. 

Of  curiosities  among  achromatic  micro- 
scopes, we  have  here  the  first  Engiscope 
made  for  Dr.  Goring,  an  unwneldy  instrument, 
capable  of  knocking  me  down  if  I were  to  release 
the  ball-and-socket  joint  without  due  care.  The 


working  microscope  of  the  late  Prof.  Schwann  (of 
“Cell-theory”  fame)  of  Louvain.  The  original 
microscope  of  Cornelius  Varley,  for  which  the 
Society  of  Arts  awarded  him  a medal.  The 
original  model  of  the  Oberhaeuser  Dissecting 
Microscope,  with  a telescopic  erecting  eye- 
piece applied.  The  original  model  of  Amici's 
Horizontal  Dioptric  Microscope.  The  working 
microscope  by  Amici  that  formerly  belonged 
to  the  distinguished  Italian,  Professor  Alessan- 
drini,  of  Bologna.  Wenham’s  original  Bin- 
ocular Microscope.  A copy  of  Riddell’s 
original  Binocular  Microscope.  Then  we  have 
“ Jumbo,”  the  largest  microscope  known  ; and 
the  “Midget,”  the  smallest  working  model 
known  ; and  a prettily-made  “ drum  ” micro- 
scope, by  Alfred  Nachet  as  a lad ; and 
three  binocular  microscopes,  consisting  of 
achromatic  objectives  sawn  through  to  form 
binoculars— a sort  of  quintessence  of  absurdity 
for  modern  binoculars.  Then  we  have 
some  of  Tally’s  early  objectives  ; some  of 
Chevalier’s;  Amici’s,  including  early  oil- 
immersions,  and  a ruby-fronted  immersion  ; 
Wenham’s,  with  his  first  binocular  prism 
applied  almost  in  contact  with  the  posterior 
combination;  the  famous  1-6  inch  immersion 
of  Tolies,  about  which  part  of  the  aperture 
controversy  turned;  and  a 1-4  inch,  also  by 
Tolies,  with  a tiny  prism  behind  the  front  lens 
for  projecting  light  upon  opaque  objects 
through  the  front  lens. 

You  will  naturally  expect  me  to  say  some- 
thing of  the  progress  that  has  been  made  in 
the  construction  of  objectives. 

The  Selligue  objectives  I have  examined 
were  by  no  means  good,  from  our  present 
stand-point  of  excellence  ; those  of  Chevalier 
were  unquestionably  better ; and  those  of 
Tully  better  still.  The  best  I have  seen  of 
Tully’s  were  small  doublet  fronts  with  larger 
triplets  above.  The  earliest  of  Oberhaeuser’ s 
were  apparently  copied  from  Chevalier’s.  It 
is  said  that  Lister’s  discovery  of  aplanatic  foci 
led  immediately  to  great  improvement  in  ob- 
jectives ; in  proof  of  this,  however,  I have 
only  met  vague  assertive  evidence.  The 
English  optician  who  did  more  than  all  the 
others  together  to  improve  objectives  was  the 
late  Hugh  Powell,  and  he  repeatedly  affirmed 
to  me  that  every  advance  he  himself  had  made, 
since  the  days  of  Tully’s  first  efforts,  had 
been  arrived  at  by  sheer  experiment,  without 
a single  hint  of  any  value  from  any  theorist 
whatsoever.  It  is  also  certain  that  Oberhaeuser, 
Hartnack,  Nachet,  senior,  knew  nothing  of 
Lister’s  investigations,  and  yet,  as  late  as  1863, 
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objectives  made  by  them  were  only  slightly 
inferior  to  Powell’s,  and  were  quite  on  a par 
with  objectives  of  any  other  English  maker. 
Whence  I infer  that  Lister’s  influence  has 
been  much  exaggerated. 

By  sheer  experiment  it  appears  to  me  that 
the  great  bulk  (if  not  the  whole)  of  the  impiove- 
ment  in  England  was  made  down  to  1868,  when 
Powell  undertook  the  experiment  with  the 
immersion  system,  in  consequence  of  my  show- 
ing him  certain  immersion  objectives  by 
Hartnack.  In  Paris,  the  frequent  visits  of 
Amici  from  1824]  onwards  kept  certain  of  the 
opticians  au  courant  of  his  incessant  experi- 
ments, and  I have  been  informed,  on  reliable 
authority,  that  the  first  immersion  lenses  he 
made  (about  1840)  were  designed  to  be  used 
with  certain  oils  which  were  regarded  as 
practically  equal  to  glass  in  refraction,  thus 
really  constructing  homogeneous-immersion 
objectives,  though  without  any  conception  of 
the  possibility  of  apertures  greater  than  would 
correspond  to  the  maximum  air  apertures. 
Exception  was  taken  by  the  amateurs  of  that 
day  to  the  use  of  oil,  on  the  ground  that  their 
slides  were  injured  by  it,  and  hence  Amici 
gave  up  the  oil-immersion  system  and  adopted 
water  as  the  immersion  fluid.  In  1855,  he 
showed  a number  of  water-immersion  ob- 
jectives in  Paris,  and  Nachet,  senior,  and 
Hartnack  worked  out  some  on  the  same 
type.  In  1862,  Prazmowski  joined  Hartnack, 
and  the  production  of  immersion  objectives 
made  great  progress,  thanks  to  Prazmowski’s 
•combination  of  theory  and  practice,  so  that,  at 
the  Exhibition  of  1867,  the  objectives  exhibited 
by  Hartnack  were  notably  in  advance  of 
those  of  his  rivals.  From  1867,  until  quite 
recently,  the  Paris  opticians  made  but  very  slow 
progress  with  their  immersion  objectives.  In 
England,  on  the  contrary,  no  sooner  had  Powell 
and  Lealand  started  with  the  immersion  system, 
than  their  objectives  immediately  became  the 
best  in  the  field.  Wales,  in  America,  and 
Spencer  turned  out  high-class  immersion  ob- 
jectives as  early  as  1869-70,  and  then  Tolies 
engaged  upon  them  with  more  concentration 
of  effort  (for  previously  he  had  only  made  them 
at  intervals),  and  soon  produced  “optical 
curiosities’’  in  which  he  claimed  (1872-3)  to 
have  increased  the  apertures  beyond  the  maxi- 
mum possible  with  dry  objectives.  Meanwhile, 
Zeiss  had  been  working  at  immersion  objec- 
tives, and  in  his  catalogue  of  1874  he  distinctly 
claimed  apertures  of  “ 104®  to  108®  in  a film  of 
water,  whereas  such  an  angle  of  even  about  96^ 
would  correspond  to  an  angle  of  180®  in  air.” 


A great  controversy  took  place  between 
Tolies  and  Wenham  on  the  aperture  question, 
on  which  I will  not  enter  except  so  far  as  to 
state  that,  in  support  of  his  claims,  Tolies  pub- 
lished, or  caused  to  be  published  on  his  behaff, 
certain  computations  relating  to  the  apertures 
of  his  immersion  objectives.  During  this  con- 
troversy, Tollcsproduceda  number  of  objectives 
having  an  extra  front  lens,  which  were  cf 
special  excellence.  Amongst  them  was  a 
certain  1-6  inch  that  he  made  for  Mr.  Frank 
Crisp,  and  the  aperture  of  which  was  the  sub- 
ject of  endless  published  letters,  &c. 

In  1878  Zeiss  produced,  under  the  instruc- 
tions of  Dr.  Abbe,  oil  immersion-objectives, 
which  were  afterwards  termed  “ homo- 
geneous’’ immersion,  and  was  immediately 
followed  in  England  and  America  by  the 
best  opticians.  When  Zeiss’s  oil  immer- 
sions were  first  issued.  Dr.  Abbe  stated  that 
the  idea  of  the  system  had  been  suggested 
to  him  by  Mr.  J.  W.  Stephenson,  the 
Treasurer  of  the  Royal  Microscopical  Society. 
Of  course,  I cannot  for  a moment  dispute  Dr. 
Abbe’s  statement  as  to  the  origin  of  the  idea 
so  far  as  he  was  concerned  ; but  his  testimony 
related  only  to  the  communications  as  between 
Mr.  Stephenson  and  himself,  leaving  wholly 
untouched  the  question  of  Mr.  Stephenson’s 
originality.  In  my  opinion  the  origin  of  the 
homogeneous-immersion  formula  is  largely 
I due  to  Mr.  R.  B.  Tolies,  and  I think  this  can 
be  substantiated  by  the  now  generally  admitted 
criterion— the  priority  of  publication. 

In  Vol.  X.  (1874)0!  the  “Monthly  Micro- 
scopical Journal,’’  pp.  124-5,  Mr.  R.  Keith 
published  the  elements  furnished  by  Mr. 
Tolies,  from  which  he  had  computed  the  aper- 
ture of  a certain  i-io  inch  objective,  about 
which  a part  of  the  aperture  controversy  had 
turned.  Photographs  of  the  computation,  in 
extetiso,  were  forwarded  to  the  editor  of  the 
journal  and  to  me,  for  distribution  among 
those  interested  in  the  subject ; with  reference 
to  the  copies  of  the  computation  sent  to  the 
editor  of  the  journal,  a note  was  appended  to 
Mr.  Keith’s  paper  stating  that  they  were  to  be 
obtained  by  communicating  with  the  editor. 

That  computation  distinctly  traced  the  rays 
of  light  from  the  posterior  focus  to  the  radiant 
at  the  front  of  the  objective,  and  the  immersion 
medium  connecting  the  front  lens  with  the 
radiant  was  assumed  to  be  fluid  balsam,  of  the 
same  refractive  index  as  the  substance  of  the 
front  lens,  and  consequently  was  homogeneous 
with  it.  Clearly  this  was  a published  formula 
for  homogeneous-immersion.  That  the  idea 
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of  the  influence  of  more  highly  refractive 
medium  was  distinctly  in  the  minds  of  Mr. 
Tolies  and  his  friends,  was  proved  incontest- 
ably by  the  statement  of  Dr.  J.  J.  Woodward, 
in  a paper  accompanying  that  of  Mr.  Keith, 
as  follows  : — 

“ Mr.  Keith  further  states  that  he  has  computed 
the  spherical  aberration  of  the  combination,  adjusted 
as  above  [i.e.,  at  the  position  of  the  correction- 
adjustment  for  maximum  aperture],  and  finds  it 
practically  nil.  This  being  the  case,  the  objective 
ought  to  perform  well  when  adjusted  to  the  point  of 
maximum  aperture,  if  balsam  be  used  as  the  immer- 
sion fluid  in  lieu  of  water Accordingly,  in 

company  with  Mr.  Keith,  I tested  the  objective  in 
this  way  on  Grammatophora  subtilissima  by  lamp- 
light,* and  we  both  thought  the  definition  unmis- 
takably better  than  with  water  immersion.”  (“Month. 
Micr.  Journ.,”  loc.  cit.,  p.  127). 

It  should  be  distinctly  held  in  view  that  the 
publication  of  Mr.  Tolles’s  formula  took  place 
in  1874,  and  from  that  formula  any  other  com- 
petent optician  might  have  constructed  similar 
objectives.  I think  the  formula  could  not  be 
more  accurately  designated  than  by  the  title 

homogeneous-immersion  formula,”  though 
that  expression  was  not  employed  till  some 
seven  years  later. 

The  Zeiss  oil-immersion  objectives,  made 
to  a formula  of  Dr.  Abbe,  which  he  stated 
was  the  outcome  of  a suggestion  by  Mr. 
Stephenson,  w^ere  not  issued  till  1878,  and  the 
formula  has  not  yet  been  published. 

If  priority  of  publication  of  the  formula  on 
which  homogeneous-immersion  lenses  could 
be  produced  carries  with  it  the  title  of 
inventor,  then  Mr.  R.  B.  Tolies  stands  alone 
as  the  inventor ; but  he  not  only  published 
the  formula,  he  constructed  objectives  on  it. 
It  would  not  do  to  say  that  Mr.  Stephenson's 
suggestion  was  made  with  a view  to  obtaining 
apertures  greater  than  correspond  to  the  maxi- 
mum for  dry  objectives.  That  might  be  quite 
true  of  Mr.  Stephenson  in  1878;  but  it  was 
quite  as  certainly  true  of  Mr.  Tolies  in 
1874,  at  a date  when  Mr.  Stephenson  denied 
the  possibility  of  any  such  apertures. 

I have  stated  the  claims  of  the  late  R.  B. 
Tolies  as  against  those  of  Mr.  Stephenson 
under  a consciousness  of  grave  responsibility. 
The  future  of  the  microscope  will  probably  be 
so  much  involved  in  the  successful  develop- 
ment of  the  homogeneous-immersion  formulas, 
that  the  merits  of  the  originators  of  the  system 
will  have  more  and  more  substantial  recog- 
nition. Amici  led  the  way,  as  I have  said. 


by  the  application  of  the  immersion  system  to 
modern  achromatic  compound  microscopes. 
He  made  objectives  for  use  with  oil-immer- 
sion and  then  with  water-immersion,  but, 
so  far  as  I know.  Amici  merely  aimed  at 
getting  more  and  more  perfect  correction  of 
the  aberrations,  without  any  definite  con- 
ception of  the  possible  extension  of  apertures 
beyond  those  of  dry  objectives.  The  merit  of 
Tolies  was  that  he  first  published  a formula 
by  which  the  possible  attainment  of  such 
apertures  was  demonstrated  theoretically,  and 
he  supported  his  case  by  the  practical  con- 
struction of  such  objectives.  His  formula 
was  strictly  for  hoitiogetieous-itnmersion,  and 
his  I -10  inch  objective,  by  the  testimony 
of  Dr.  Woodward  and  Mr.  Keith,  con- 
structed on  that  formula,  gave  its  best  results 
when  used  with  homogeneous-immersion.  It 
would  be  strange,  indeed,  if,  when  the  history 
of  the  evolution  of  the  homogeneous-immersion 
system  comes  to  be  written  definitely,  the 
whole  credit  of  its  invention  should  be  given 
to  Mr.  Stephenson,  in  the  face  of  the  fact,  to 
which  I have  already  adverted,  that  at  the 
date  of  the  publication  of  Tolles’s  formula,  Mr. 
Stephenson  denied  the  validity  of  that  formula 
by  denying  the  possibility  of  the  existence  of 
the  aperture  computed,  a denial  which  he 
appears  to  have  persisted  in  until  about  the  date 
of  the  publication,  in  English,  of  Dr.  Abbe’s 
admission  that  such  apertures  were  possible. 
Mr.  Stephenson’s  conversion  from  the  wrong  to 
the  right  side  of  the  controversy  was,  of 
course,  a valuable  factor  in  support  of  the 
position  of  Tolies,  whether  it  coincided  accu- 
rately with  Dr.  Abbe’s  admission  of  the  validity 
of  Tolles’s  argument  or  not. 

In  conclusion,  permit  me  to  say  that  no  ex- 
pressions that  I can  employ  will  adequately 
convey  my  appreciation  of  the  services  ren- 
dered by  Dr.  E.  Abbe,  of  Jena  University, 
by  the  publication  of  his  researches  on  the 
“Theory  of  Microscopical  Vision.”  Dr. 
Abbe  has  revolutionised  the  old  empirical 
views  as  to  the  value  of  high  apertures, 
demonstrating  that  high  amplifications,  unless 
accompanied  by  proportionately  high  aper- 
tures, produce  necessarily  untrue  images  of 
minute  structure.  He  has  also  introduced  a 
practically  perfect  system  of  estimating 
apertures,  known  as  the  “ Numerical  aperture 
notation,”  by  which  not  only  can  an  accurate 
comparison  be  made  of  the  relative  apertures 
of  any  series  of  objectives,  whether  dry  or 
immersion,  but  their  resolving  power  under 
the  various  conditions  of  the  kind  of  light  em- 
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ployed,  their  penetrating  power,  and  their 
illuminating  power  can  now  be  estimated  with 
mathematical  exactness. 

Dr.  Abbe’s  services  in  connection  with  the 
practical  production  of  objectives  on  the  homo- 
geneous-immersion system  by  Mr.  Zeiss  must 
also  be  recognised  emphatically.  It  is  known, 
too,  that  he  has  long  been  engaged  on  a 
problem  of  the  highest  importance  for  the 
progress  of  all  optical  instruments — the  pro- 
duction of  new  kinds  of  glass,  by  which  he 
anticipates  greatly  reducing  the  secondary 
spectra.  Within  a few  days  only  we  have  had 
news  of  a most  promising  character  regarding 
his  success.  I need  hardly  say  that  if  this 
problem  reaches  a practical  solution,  micro- 
scopy will  have  a new  start. 

When  I go  back  in  memory  to  the  condition 
of  the  microscope  in  my  early  days,  and  pass 
in  review  the  progress  I have  witnessed  in  the 
construction  of  the  instrument  both  optically 
and  mechanically,  in  view  of  the  great  strides 
made  in  my  time  and  of  the  possible  improve- 
ment foreshadowed  by  Dr.  Abbe’s  latest 
researches  in  the  combinations  of  new  kinds  of 
glass,  I am  led  most  strongly  to  the  conclusion 
that  microscopy  has  before  it  the  prospect  of  a 
glorious  future.  

For  the  use  of  the  wood-cuts  Figs.  79-83,  86,  92, 
93,  97-100,  102,  and  103,  my  acknowledgements  are 
due  to  the  Royal  Microscopical  Society. 


ELEMENTARY  LECTURES. 
ELECTRICITY. 

By  Professor  George  Forbes. 

Lecture  VI. — Delivered  May  22nd,  1886. 
Practicai.  Applications  of  Electricity. 

At  the  conclusion  of  my  last  lecture  I stated 
that  I proposed  to  make  an  alteration  in  the 
programme.  I had  originally  intended  that 
my  last  lecture  should  have  been  upon  the 
subject  of  electrical  measurement,  showing 
how  a system  of  electrical  units  has  been 
evolved,  each  one  dependent  upon  the  other. 
This  would  have  been  a very  interesting  field, 
and  is  a most  important  matter,  and  I should 
have  been  glad  to  include  it  in  the  course  of 
lectures  ; but  the  course  was  started  with  a 
special  object  in  view,  that  of  passing  in  review 
all  the  fundamental  principles  and  laws  of  elec- 
tricity which  regulate  these  numerous  applica- 
tions which  we  meet  with  every  day,  and  to  enable 
those  who  are  not  practical  electricians  to  be 


able  to  understand  what  they  meet  with  in  the 
course  of  their  daily  life,  in  the  numerous 
applications  of  electricity.  For  this  reason  I 
announced  last  week  that  I intended  to  change 
the  subject  of  this  lecture,  and  to  review  in  a 
sketchy  manner  some  of  the  more  important 
practical  applications  of  those  general  laws, 
principles,  and  discoveries  which  we  have  been 
examining  for  the  last  five  lectures,  and  to 
show  how  these  things  are  applied  in  actual 
practice.  To-day  I shall  deal  with  some  of  the 
more  important  applications. 

Among  these  applications  I think  you  will 
all  agree  with  me  that  the  most  important  at 
the  present  time  is  the  great  facility  which 
we  have  acquired  of  creating  almost  unlimited 
quantities  of  electricity  by  means  of  the  transfor- 
mation from  mechanical  power  into  electricity^ 
This  is  the  result  of  the  dynamo  machine.  After 
that  I propose  to  say  something  about  another 
application,  which  has  had  a great  deal  to  do 
with  the  development  of  civilisation  in  its  pre- 
sent form,  and  that  is  the  invention  of  the 
electric  telegraph.  And,  in  conclusion,  I pro- 
pose to  speak  of  the  still  later  invention,  but 
one  which  has  attained  such  avast  application 
in  the  short  period  of  its  existence,  namely, 
the  telephone. 

In  the  development  of  invention  applied  to 
the  progress  of  civilisation,  there  are  two 
essentially  different  parts  to  be  carried  out. 
First,  there  is  the  grand  field  of  discovery,  and 
in  this  field  of  discovery  in  electrical  science 
no  name  stands  higher  than  that  of  our 
celebrated  countryman,  Faraday,  whose  name 
has  been  so  often  mentioned  in  these  lectures* 
And,  secondly,  there  is  the  work  of  the  practical 
inventor,  who  realises  the  tools  which  have 
been  put  into  his  hand  by  the  philosopher, 
and  who  applies  these  tools  to  evolve  prac- 
tical ideas,  and  turn  out  inventions  which 
assist  the  progress  of  civilisation.  I am 
first  going  to  speak  to  you  about  the  manner 
of  construction  of  the  dynamo  machine,  and 
all  that  I can  hope,  in  this  sketchy  review  of 
the  subject,  is  to  be  able  to  tell  you  enough 
about  it  so  that,  when  you  see  a dynama 
machine  running,  you  may  be  able  to  appreciate 
the  object  and  purpose  of  the  several  parts  of  that 
machine,  and  be  able  to  judge  to  some  extent 
how  far  these  different  parts  seem  to  be  suit- 
able to  fulfil  their  offices. 

In  my  last  lecture,  I showed  you  the  action 
of  this  little  machine  which  is  due  to  Faraday, 
consisting  of  a coil  of  wire  which  is  capable 
of  rotation  round  one  of  its  diameters.  In 
doing  so,  it  cuts  the  earth’s  lines  of  force— that 
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is  to  say,  it  cuts  the  direction  in  which  the 
earth’s  magnetic  force  is  acting,  and  whilst  it  is 
cutting  that  direction  it  is  creating  a current  of 
electricity  in  the  coil  of  wire.  This  is  the  funda- 
mental notion  in  the  construction  of  nearly  all 
dynamo  machines  such  as  we  have  at  present. 
Moreover,  in  this  little  instrument,  it  was 
necessary  to  introduce  what  is  called  a com- 
mutator, to  reverse  the  current  at  each  half 
revolution  of  the  coil,  because,  as  the  coil 
takes  successive  half  turns,  the  direction  of 
the  current  in  the  coil  is  reversed ; and,  there- 
fore, we  must  have  a commutator  to  reverse 
the  current  going  to  the  external  circuit,  in 
order  to  keep  the  current  continuously  in  the 
same  direction  in  the  external  circuit.  By  the 
arrangement  of  this  revolving  coil  and  the 
commutator,  I was  able  to  show  you,  by  means 
of  the  galvanometer,  the  production  of  a con- 
tinuous current.  The  main  principle  of  the 
dynamo  machine  is  contained  in  this  appa- 
ratus. The  modifications  which  we  find  in 
special  machines  are  merely  modifications  to 
increase  the  power  which  we  derive  from  the 
action  which  is  exhibited  by  this  little  instru- 
ment. If  I were  to  introduce  a ball  of  iron 
into  the  centre  of  the  coil  which  is  rotating, 
the  earth’s  magnetism  would  induce  a con- 
siderable amount  of  magnetism  in  that  iron 
while  the  thing  was  rotating;  much  greater 
intensity  of  magnetisation,  therefore,  would 
■exist  in  the  space  which  is  cut  by  the  coil  in 
the  course  of  its  rotation  than  actually  takes 
place  when  there  is  no  iron.  That,  you  will 
find,  is  one  of  the  steps  which  has  been  taken 
in  the  evolution  of  the  dynamo  from  this 
simple  apparatus. 

Then,  again,  the  earth’s  magnetism  is  com- 
paratively feeble,  and  we  are  able,  by  means  of 
-electro-magnets,  to  produce  far  more  powerful 
fields  of  magnetisation  than  that  which  is  pro- 
duced by  the  earth.  The  second  step  in  the 
evolution  of  the;  dynamo  is  to  produce  a more 
powerful  field  than  the  earth’s  magnetism,  in 
fact,  to  produce  as  powerful  a field  as  we  can 
possibly  succeed  in  doing.  That  is  done  by 
causing  the  rotating  part  to  rotate  between 
the  poles  of  a powerful  electro-magnet.  The 
principal  variations  which  we  find  in  the  con- 
■struction  of  dynamos  depend,  to  a large  extent, 
upon  the  proportioning  of  these  electro-mag- 
nets so  as  to  produce  the  most  intense  field 
possible  for  the  revolving  part  to  rotate  through. 
The  revolving  part  is  usually  called  the  arma- 
ture. The  iron  part,  with  these  coils  round  it, 
which  produces  the  field  of  magnetism — that 
part  is  usually  called  the  field  magnets. 


I will  now  show  you  upon  the  screen,  in 
succession,  a few  slides  illustrating  the  pro- 
gress of  the  dynamo  machine. 

[Various  diagrams  were  here  thrown  on  the 
screen  and  explained.] 

I have  on  my  table  to-day  a question,  “ Will 
Professor  Forbes  kindly  explain  the  movement 
of  the  Ferranti  meter:  why  it  goes  the  same 
way  round,  whichever  way  the  current  passes  ?’  ’ 

I am  very  glad  to  answer  any  question  any  of 
my  audience  wish  to  ask  me,  and  I may 
answer  this  question,  not  in  connection  with 
the  Ferranti  meter,  but  in  connection  with 
these  dynamo  machines  when  I am  using 
them  as  motors.  It  I send  a current  round  in 
one  direction,  I make,  we  will  say,  the  upper 
pole  the  north  pole,  and  the  lower  pole  the 
south  pole  ; and  the  current  in  the  armature  is 
going  in  a certain  direction,  and  therefore  the 
armature  goes  round.  Now,  if  I reverse  the 
direction  of  the  current,  what  happens  ? I 
reverse  the  polarity  of  the  machine,  and  have 
the  south  pole  at  the  top  instead  of  the  north 
pole,  and  therefore  the  armature  would  tend 
to  go  round  in  the  opposite  direction.  I have 
also  the  current  going  round  in  the  opposite 
direction  in  the  armature.  Thus,  as  two  nega- 
tives make  an  affirmative,  I have  reversed  the 
polarity  of  the  machine,  and  have  reversed  the 
direction  of  the  current  influenced  by  the  poles, 
and,  therefore,  the  movement  is  exactly  the 
same,  whether  I send  the  current  round  in  one 
direction  or  in  the  other. 

As  to  the  applications  of  these  powerful 
currents  which  we  are  able  to  develop  by 
means  of  the  dynamo,  I need  say  but  very 
little.  We  have  brilliant  evidence  before  us 
just  now,  in  these  glow  lamps  which  are  light- 
ing up  this  room,  of  the  power  they  have  in 
illuminating  by  that  means.  I will  throw  on 
the  screen  an  image  of  the  arc  light  and  of  the 
carbon  points  which  are  used  in  its  production, 
and  which  I have  been  using  in  the  lantern, 
and  I will  just  draw  your  attention  to  one 
point,  and  that  is  the  creation  of  a crater  in 
the  positive  pole.  Particles  of  carbon  are 
continually  flowing  from  the  positive  pole  to 
the  negative  one  ; they  are  leaving  the  positive 
pole,  making  a crater,  and  piling  themselves 
up  on  the  negative  pole,  and  creating  a little 
mound.  At  the  same  time,  however,  both 
poles  wear  away,  owing  to  several  different 
causes,  but  the  positive  pole,  perhaps,  in 
consequence  of  that  action,  wears  away 
more  rapidly  than  the  negative  pole  does. 
That  crater  is  the  most  intense  source  of 
light. 
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I will  now  draw  attention  to  some  other 
appliances  which  are  very  useful  in  the  applica- 
tion of  electricity,  such  as  secondary  batteries 
— or  accumulators,  as  they  have  been  called — 
which  are  a very  perfect  form  of  battery,  as  by 
sending  a current  in  the  opposite  direction  to 
that  in  which  they  naturally  create  one,  we  are 
able  to  recover  the  elements  of  the  substances 
in  the  battery,  and  to  reconstitute  them,  and 
to  renew  the  battery  simply  by  passing  a 
current  of  electricity  through  them ; so  that, 
by  means  of  a dynamo  machine,  we  are  able  to 
renew  our  battery  as  often  as  we  please.  I 
may  also  draw  attention  to  a very  brilliant 
application  of  induced  currents,  shown  by  this 
apparatus,  called  a secondary  generator,  or 
transformer.  There  is  a long  iron  core,  with 
two  coils  of  wire  wound  round  it;  an  alternat- 
ing current  of  electricity  is  sent  through  one 
of  the  coils,  and  the  secondar}’  coil  is  con- 
nected with  the  lamps. 

By  this  means  we  can  convert  a high  tension 
current  into  a low  tension  current,  and  vice 
versa.  The  apparatus  is  one  which  is  likely 
to  have  a most  important  future  in  the  appli- 
cation of  electricity  to  lighting  towns,  espe- 
cially when  we  have  to  carry  the  electric  current 
a long  distance.  There  is  great  economy 
in  the  use  of  high  tension  currents,  but  in 
houses  we  must  have  a low  potential;  w'e 
must  have  currents  of  no  very  great  electro- 
motive force,  and  this  apparatus  will  help  us 
in  the  distribution  of  electricity  very  largely  in 
the  future. 

I must  now  leave  this  subject,  and  come  to 
the  second  application  which  has  affected  the 
progress  of  the  world  so  much  — the  applica- 
tion of  electricity  to  telegraphy.  Through  the 
kindness  of  Mr.  Preece,  I have  on  the  table 
some  specimens  of  the  different  kinds  of  tele- 
graphs which  are  used.  Here  is  one  of  the 
oldest  forms  used  in  England,  the  needle  in- 
strument. You  have  seen  how  a current 
going  through  a coil  of  wire  deflects  a com- 
pass needle.  Advantage  was  taken  of  that 
to  make  this  needle  indicate  the  different 
letters  ; thus,  a motion  of  the  needle  to  the 
left  first  and  then  to  the  right  would  mean  the 
letter  A,  and  by  combining  the  motions  to  left 
and  right,  we  can  make  all  the  different  letters 
of  the  alphabet.  Here  is  a sounder  which 
was  founded  on  the  principle  of  the  electro- 
magnet. There  is  an  electro-magnet  here, 
with  an  iron  keeper  in  the  top  of  it.  When  a 
current  of  electricity  is  passing,  the  keeper 
moves,  and  makes  a noise.  Mr.  Probert  will 
give  us  the  alphabet  upon  it,  in  short  and  long 


sounds.  The  short  ones  represent  the  motion 
to  the  left  of  the  needle  instrument,  and  the 
long  ones  the  motion  to  the  right.  ThuS;^ 
these  wires  may  be  at  any  distance— one  in- 
strument may  be  in  London,  and  the  other  in 
Manchester — andjwe  are  able  to  convert  it  into- 
an  electro-magnet  by  means  of  the  wire,  and 
so  receive  the  sounds.  Here,  again,  is  a Morse 
inker,  in  which  an  electro-magnet  w^orks  on  a 
keeper,  and  attracts  an  inking  roller,  and  so> 
it  makes  marks  on  a strip  of  paper  which  is- 
drawn  out  by  means  of  clockwork,  w'hich  marks 
are  long  and  short,  and  so  by  combination,  as 
before,  we  can  make  all  the  letters.  Thus  the. 
operator  in  London  is  able  to  converse  with 
the  operator  in  Manchester,  by  producing  these- 
marks  in  a permanent  form  on  a strip  of  paper, 

I have  here  a very  beautiful  apparatus  devised 
by  Sir  Charles  Wheatstone,  one  which  is  used 
very  largely  in  this  country,  and  which  is,  I 
believe,  used  almost  only  in  this  country.  It 
is  the  most  rapid  system  of  telegraphy  which  we 
possess.  It  is  so  rapid  that  it  is  impossible  to 
send  messages  by  the  hand  quick  enough,  and 
the  message  has  to  be  prepared  by  punching 
holes  in  a strip  of  paper,— the  holes  are 
punched  at  the  two  edges  of  the  strip  of  paper, 
and  so  dots  and  dashes  are  transmitted.. 
Mr.  Probert  is  now  preparing  the  alphabet, 
and  you  would  think  that  was  quick  enough  for 
any  ordinary  purpose,  but  the  speed  at  which 
a skilful  operator  can  punch  is  nothing  com- 
pared with  the  speed  at  which  the  actual 
apparatus  works.  This  punched  paper  is  then 
driven  at  great  speed  through  clock  work,  and 
another  piece  of  clockwork  drives  another 
piece  of  apparatus  similar  to  the  Morse  inker. 
Whenever  a hole  passes  over  a certain  spot, 
contact  is  made,  an  electric  current  is  sent 
through  to  the  other  instrument,  and  a mark 
made  on  the  strip  of  paper,  long  orshort,  accord- 
ing to  the  way  in  which  it  is  punched.  This- 
apparatus  is  continually  working  just  now  over 
long  distances  between  England  and  Scotland, 
at  the  rate  of  400  words  a minute,  and  it  fre- 
quently works  up  to  450  words  a minute.  The 
great  advantage  of  this  apparatus  is,  that  when 
you  have  a Queen’s  speech,  for  instance 
punched  out  on  one  of  these  strips  of  paper, 
you  can  send  it  through  this  instrument  first  to 
Edinburgh,  and  then  to  Liverpool  or  Man- 
chester, and  every  other  town  in  succession, 
and  the  same  punched  paper  will  send  it 
through  to  each  one  of  them  in  a very  short 
space  of  time  indeed. 

Now,  I come  to  the  telephone.  But  I must 
confine  myself  to  the  Bell  telephone,  in  which 
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the  same  instrument  is  used  to  transmit  speech 
and  also  to  receive  it.  The  Bell  telephone 
consists  essentially  of  a magnet  contained  in 
a long  cylindrical  holder,  with  a soft  iron 
termination,  surrounded  by  a coil  of  wire.  In 
front  of  this  soft  iron  pole  piece  there  is 
placed  a disc  of  thin  iron.  When  I speak 
against  this  disc  of  thin  iron  I cause  it  to 
vibrate  in  accordance  with  the  vibrations  of 
the  sound.  Every  time  it  approaches  the  iron 
it  disarranges  the  magnetic  condition  in  the 
neighbourhood  of  the  coils  of  wire,  and  we 
know  that  when  that  happens,  a current  of 
electricity  is  always  set  up  in  the  coil  of  wire. 
Thus,  every  time  the  disc  vibrates  in  accordance 
with  my  voice,  a current  of  electricity  is  sent 
through  the  coil  of  wire  to  the  distant  station, 
where  the  other  person  is  listening.  Now,  see 
what  happens  at  the  other  station.  The  listener 
uses  an  exactly  similar  apparatus,  and  the  wires 
which  come  to  his  room  are  connected  with 
the  coil  of  wire  in  his  apparatus.  A disc  of 
iron  is  placed  in  front  of  a pole  piece  in  the 
same  way,  and  every  time  that  a current  of 
electricity  passes  it  attracts  this  disc  of  iron. 
Thus,  if  we  have  a thousand  vibrations  in  a 
second  reaching  us,  this  disc  vibrates  a 
thousand  times  in  a second,  and  in  proportion 
to  the  number  of  vibrations  the  speaker  is 
creating  in  the  air  and  against  the  disc  which 
he  is  using,  so  is  the  number  of  vibrations 
which  is  listened  to  by  the  receiver.  Con- 
sequently, the  sounds  heard  by  the  man  who  is 
receiving  the  message  are  identical  with  those 
which  are  being  spoken  by  the  sender.  I 
have  no  time  to  go  more  fully  into  the  descrip- 
tion of  the  apparatus ; I simply  say  that  this 
is  one  of  the  most  marvellous  applications  of 
•electricity  which  has  been  known.  It  could 
hardly  have  been  conceived  possible  that  these 
minute  motions  which  every  substance  does  un- 
dergo when  in  the  neighbourhood  of  a sound — 
that  these  minute  vibrations  would  be  sufficient 
to  create  currents  of  electricity  which  w^ould 
go  away  to  a distance,  and  perform  so  useful 
a purpose.  It  is  a perfect  marvel  in  the  way 
of  the  practical  application  of  electricity  to 
everyday  life. 

I will  try  to  show  you  the  principle  of  this 
by  means  of  an  apparatus  I have  here.  This 
apparatus  will  take  the  part  of  the  transmitter. 
I have  a magnet  and  a coil  of  wire.  Round 
its  extremity  I have  another  lump  of  iron, 
which  I can  cause  to  approach  or  recede  from 
the  face  of  the  coil  of  wire.  At  the  other  end 
of  the  table  I have  an  electro-magnet  with  two 
poles  vertical,  one  above  the  other,  and  in  front 


of  it  I have  a piece  of  iron  suspended  by  a 
thread  from  above.  If  then,  I move  the 
piece  of  iron  at  one  end  backwards  and  for- 
wards, it  will  create  currents  of  electricity  in 
the  coil,  which  will  go  to  the  electro-magnet 
which  has  the  iron  swinging  in  front  of  it.  There 
is  an  image  of  the  iron  thrown  on  the  screen, 
and,  I dare  say,  by  properly  timing  it,  I shall  be 
able  to  make  the  vibrations  visible  ; you  see 
the  extent  of  the  vibrations  increases.  This 
shows  that  the  currents  created  here  are 
synchronous  with  those  created  there,  and  that 
we  are  able,  by  the  motion  of  a piece  of  iron 
placed  in  front  of  a coil  containing  a magnet, 
to  influence  another  electro-magnet,  and  so  to 
influence  a piece  of  iron  which  is  suspended  in 
front  of  it. 

Speaking  of  these  applications  where  sound 

is,  as  it  were,  converted  into  electricity  and  re- 
converted again  into  sound,  it  may  seem 
incredible  to  you  that  the  sound  waves  are  real 
existences,  and  that  these  vibrations  which  are 
produced  on  the  vibrating  disc  are  really 
simply  the  sounds  which  are  being  uttered. 
No  more  convincing  proof  of  the  truth  of  this 
fact  could  be  shown  than  that  which  was  given 
by  Mr.  Edison  in  the  invention  of  the  phono- 
graph. I will  show  you  the  action  of  that 
presently;  but  before  doing  so,  I will  showyou 
the  action  of  a telephone  from  a distance. 
Mr,  Vesey,  who  just  left  the  room,  will  play  a 
violin  downstairs,  which  is  connected  tele- 
phonically  with  this  telephone  I hold  in  my 
hand.  When  I put  a cone  of  paper  in  front  of 

it,  you  will  be  able  to  hear  the  tones  coming 
from  the  violin,  only  in  a somewhat  altered 
form. 

In  conclusion,  I will  illustrate  this  fact  of 
the  reproduction  of  sound  by  Mr.  Edison’s 
phonograph.  In  this  apparatus  we  speak 
to  -vards  a disc,  which  moves  a point  of  metal 
backwards  and  forwards,  in  accordance  with 
the  vibrations  produced  by  the  voice.  That 
point  presses  upon  a piece  of  lead  foil,  which 
is  wrapped  round  a cylinder  which  is  rotated  ; 
the  cylinder  having  a screw  on  the  axle,  so 
that  every  part  of  the  cylinder  comes  in  turn 
under  the  point.  When  I speak  into  the 
apparatus,  the  point  makes  marks  on  the  lead- 
foil  of  a character  corresponding  to  the  sounds 
I am  making,  and  when  I have  finished  speak- 
ing, there  is  an  impression  on  the  lead-foil, 
which  is  a record  of  what  I have  been  saying. 
On  winding  the  apparatus  again  in  the  same 
manner  round  its  axis,  the  lead-foil  will  strike 
against  the  point,  and  wherever  there  is  a 
depression,  the  point  will  be  free  to  move  for- 


October  I,  1886  i 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


1125 


wards  a little  ; wherever  there  is  no  depression, 
the  point  will  be  forced  back  again.  Thus,  in 
accordance  with  the  indentations  which  my 
voice  has  caused  to  be  made  on  the  lead  foil, 
so  will  the  lead  foil,  in  its  turn,  cause  the  point 
to  rise  and  come  forward,  and  to  recede,  and 
it  will  act  in  the  same  way  on  the  disc,  and  thus 
we  shall  have  the  disc  being  caused  by  the  lead 
foil  to  move  backwards  and  forwards  in  an 
exactly  similar  succession  of  movements  as  it 
executed  when  I was  speaking  to  it  in  the  first 
place.  Thus  the  sounds  of  the  voice  which 
were  originally  put  into  it  will  be  reproduced 
by  turning  the  handle,  under  the  influence  of 
the  record  which  was  put  upon  the  lead-foil. 
This  is  not  an  electrical  experiment  in  any 
way  ; but  still  it  serves  to  illustrate  the  appli- 
cations of  electricit}'. 


Miscellaneous. 

■ 

COLONIAL  AND  INDIAN  EXHIBIIION. 

Conferences. 

The  Conferences  under  the  direction  of  the 
Conference  Committee  will  recommence  next  week, 
when  Papers  will  be  read,  on  Wednesday,  October 
6th,  on  “The  Pearl  Fisheries  of  Ceylon,”  by  G. 
Vane,  C.M.G.  ; and  on  Friday,  October  8th,  on 
‘ Canada  as  a Flax-Growing  and  Linen-lNIanu- 
facturing  Region,”  by  E.  B.  Biggar.  Papers  will 
also  be  read,  on  dates  to  be  hereafter  announced,  on 
“Stock  Raising  in  Canada,”  by  Professor  Smith; 
on  “The Climate  of  Canada,”  by  W.  Ilingston ; on 
“The  Canadian  Xorth-West,”  by  Captain  Clarke; 
on  “ The  Cocoa-Xut  Palm  of  Ceylon  : its  Products 
and  other  Uses,”  by  J.  Capper;  on  “Ceylon  Tea,” 
by  J.  L.  Shand  ; on  “ St.  Helena  : its  Past,  Present, 
and  Future,”  by  Col.  Palmer;  on  “British  Xortli 
Borneo  and  its  Resources,”  by  W.  B,  Pryor;  on 
“The  Social  Conditions  of  Cape  Colony,”  by 
Spencer  Todd,  C.M.G.  It  is  also  probable  that  a 
second  Conference  will  be  held  by  the  Rational  Fish 
Culture  Association. 


THE  PROIOSED  COLONIAL  AND  INDIAN 
INSTITUTE. 

A preliminary  meeting  of  bankers  and  merchants 
of  the  City  of  London  was  held  on  Monday,  27  th 
ult.,  at  the  Mansion-house,  on  the  invitation  of  the 
Lord  Mayor,  to  consider  the  letter  of  the  Prince  of 
Wales  inviting  co-operation  in  the  formation  of  an 
Imperial  Institute  of  the  Colonies  and  India  as  the 
memorial  of  her  Majest)’s  jubilee  by  her  subjects. 
The  Lord  Mayor  presided. 


The  Lord  Mayor,  in  opening  the  proceedings, 
thanked  those  present  for  their  attendance  at  some- 
what short  notice,  and  said  they  were  met  to 
consider  the  letter  of  the  Prince  of  Wales  on  the 
subject  of  the  commemoration  in  some  special 
manner  of  the  approaching  jubilee  of  her  Majesty’s 
reign,  and  of  the  formation  of  an  Imperial  Institute 
of  the  Colonies  and  India  as  such  memorial.  Fie 
thought  that  the  citizens  of  London  would  be 
highly  complimented  by  being  placed  in  the 
forefront  of  a movement  which  was  not  con- 
fined to  the  City  or  to  the  kingdom,  but  would 
embrace  the  whole  of  the  English-speaking  com- 
munities wherever  they  might  be  found.  Having  read 
the  Prince’s  letter  and  his  own  reply,  the  Lord  Mayor 
went  on  to  say  that  he  thought  they  might  take  for 
granted  that  there  was  a general  desire  and  a general 
anxiety  that  the  coming  jubilee  of  her  Majesty’s 
reign  should  be  commemorated  in  some  special  and 
adequate  manner.  The  suggestion  which  the  Prince 
of  Wales  had  made  for  the  form  of  that  commemora- 
tion was  that  it  should  be  an  institute  representing 
the  arts,  manufactures,  and  commerce  of  the  Queen’s 
colonial  and  Indian  Empire,  “stimulating  emigration 
to  those  British  territories  where  it  was  required,  ex- 
panding the  trade  between  the  two  different  com- 
munities, and  drawing  closer  the  bonds  which  united 
the  Empire — an  institute  which  would  be  at  once  a 
museum,  an  exhibition,  and  the  proper  locality  for 
the  discussion  of  Indian  and  colonial  subjects.” 
The  more  important  collections  in  the  present 
Exhibition  would  probably  be  placed  at  the  dis- 
posal of  the  institute,  and  the  contributions  towards 
it  would  be  vested  in  a body  of  trustees  whom 
the  Sovereign  would  be  asked  to  nominate,  the 
institute  being  under  the  permanent  presidency  of 
the  Heir  Apparent  to  the  Throne.  It  would  thus  be 
seen  that  the  movement  had  no  political  or  party 
character ; it  would  take  the  form  considered  to  be 
the  most  useful  and  the  most  acceptable  ; it  would 
be  joined  in  by  all  classes  and  creeds,  and  from  it 
great  benefits  to  the  country  might  be  derived. 
There  would  naturally  be  very  many  details  to  be 
hereafter  settled,  which,  he  thought,  would  depend  a 
great  deal  on  the  amount  collected  ; but  he  ventured 
to  believe  that  the  Prince  of  Wales’s  suggestion 
would  be  considered  a singularly  appropriate  one  for 
commemorating  the  Royal  jubilee,  and  would  be 
supported  by  all  classes  of  her  Majesty’s  subject?. 
He  had  called  that  meeting  as  a preliminary  step  to 
launching  the  Mansion-house  fund  before  the  public 

The  Governor  of  the  Bank  of  England  said 
he  had  to  express  the  most  cordial  sympathy  with  all 
that  had  fallen  from  the  Lord  Mayor.  The  desire  to 
show  their  love  and  affection  for  the  Queen  was 
universal  throughout  the  Empire,  and  the  citizens  of 
London  would  be  foremost  in  doing  their  share 
towards  celebrating  the  jubilee  in  the  way  suggested. 
In  order  to  give  practical  effect  to  the  meeting,  he 
moved  that  a small  consultative  committee,  to  be 
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selected  by  the  Lord  Mayor,  be  appointed  to  con- 
sider the  best  steps  to  be  taken  to  raise  the  fund. 

Mr.  Alderman  and  Sheriff  Evans  seconded,  and 
Mr.  J.  S.  Morgan  supported  the  resolution,  which 
was  put  and  carried  by  acclamation. 

The  office  for  the  receipt  of  donations  is  at  the 
hlansion-house,  and  the  account  of  the  fund  is  at 
the  Bank  of  England,  where  amounts  may  also  be 
paid. 

TI  e sub-commitlee  for  the  testimonial  to  the 
Prince  of  Wales  have  had  laid  before  them  the 
following  letter  from  his  Roj  al  Highness  the  Prince 
of  Wales  addressed  to  the  Chairman  : — 

“Abergeldie  Castle,  Sept.  10,  1886. 

“My  dear  Cadogan, — As  I understand  that  you 
are  the  chairman  of  the  committee  which  has  been 
formed  for  the  purpose  of  collecting  funds  for  a 
testimonial  to  be  presented  to  me  as  Executive 
President  of  the  Colonial  and  Indian  Exhibition,  I 
wish  to  write  and  express  to  you  and  the  other  gentle- 
men who  have  so  kindly  m.oved  in  this  niatter  how 
deeply  I appreciate  the  compliment  they  propose  to 
pay  me. 

“ I feel,  however,  that  I cannot  accept  any  personal 
present,  though  I am  most  sensible  of  the  kind  feeling 
which  has  prompted  it ; but  as  you  are  aware  that  it 
is  suggested,  in  commemoration  of  her  Majesty’s 
jubilee  year,  to  establish  an  ‘Imperial  Institution’ 
for  the  colonies  and  India,  in  the  promotion  of 
which  I take  the  deepest  interest,  I should  be  most 
grateful  if  the  subscribers  would  allow  the  funds 
collected  for  my  testimonial  to  be  applied  in  aid  of 
that  object. 

“ Should  they  kindly  do  so,  it  will  be  an  ample 
reward  to  me  for  any  services  I may  have  rendered  to 
make  the  Exhibition  of  1886  a success. 

“Believe  me,  my  dear  Cadogan,  very  sincerely 
yours,  “Albert  Edward  P. 

“The  Earl  Cadogan,  &c.’’ 

The  following  resolution  v/as  proposed  and  unani- 
mously adopted  : — 

“That,  in  view  of  the  letter  addressed  by  his 
Royal  Highness,  the  Executive  President,  to  the 
chairman  of  this  committee,  in  which  his  Royal 
Highness,  while  conveying  his  grateful  appreciation 
of  the  proposed  testimonial  to  himself,  expresses  the 
wish  that  it  may  not  take  such  a form,  but  that  any 
funds  collected  may  be  applied  towards  the  ‘ Imperial 
Institution,’  which  it  is  intended  to  found  to  com- 
memorate the  jubilee  year  of  her  Majesty’s  reign  : 

“Resolved  therefore, — ‘That  the  committee,  be- 
lieving it  to  be  the  wish  of  the  subscribers  to  evince 
their  high  sense  of  his  Royal  Highness’s  great 
services  in  the  manner  most  acceptable  to  himself, 
acquiesce  in  the  suggestion  contained  in  his  letter. 

“ ‘They  desire,  at  the  same  time,  to  record  what 
they  are  assured  will  be  the  unanimous  feeling  of  all 
the  donors,  that  the  step  thus  taken  by  his  Royal 


Highness  will,  if  possible,  add  to  the  appreciation 
entertained  of  his  disinterested  and  public-spirited 
efforts,  not  only  on  behalf  of  an  Exhibition  from 
which  many  millions  of  her  Majesty’s  subjects  have 
already  derived  so  much  advantage,  but  to  further  a 
project  which  will  at  once  be  a graceful  memorial 
of  her  Majesty’s  long  and  happy  reign,  and  conduce 
to  the  permanent  consolidation  of  the  Empire.’ 

“It  was  further  resolved, — ‘That  the  chairman 
report  the  foregoing  proceedings  for  the  approval  of 
the  full  committee  and  the  subscribers.’  ” 


General  Notes. 


Production  of  Chestnuts  in  Italy. — Accord- 
ing to  the  latest  returns,  published  by  the  Minister 
of  Agriculture,  it  appears  that  the  chestnut  tree  is 
cultivated  in  every  province  of  Italy,  excepting  those 
of  Milan,  Cremona,  Mantua,  Rovigo,  Feriara, 
Ancona,  Bari,  Lecce,  Syracuse,  Girgenti,  and 
Trapani,  that  is  to  say  it  is  culvated  in  56  provinces, 
and  that  out  of  the  8,257  communes  in  Italy,  it  is 
cultivated  in  i’3i37.  The  chestnut  is  cultivated  on 
the  most  extensive  scale  in  Liguria,  and  on  the  least 
in  Sardinia.  The  total  production  throughout  the 
kingdom  of  fresh  chestnuts  is  391,393  tons  annually, 
which  would  average  i^  kilog.  per  inhabitant,  in 
Liguria  it  reaches  loij  kilos,  per  head,  and  in  Sicily 
only  3’57.  A considerable  quantity  of  chestnuts  are 
exported  to  France,  Austria,  Egypt,  Switzerland, 
and  South  America,  whilst,  on  the  other  hand,  a 
veiy  insignificant. quantity  are  imported  from  France, 
Austria,  and  Switzerland. 

Newcastle  Exhibition. — Arrangements  are 
being  made  at  Newcastle-upon-Tyne  for  hold- 
ing there  a Mining,  Engineering,  and  Industrial 
Exhibition  (International  and  Colonial)  in  1887, 
“in  order  to  mark  in  the  annals  of  Newcastle- 
upon-Tyne,  the  Jubilee  year  of  the  reign  of  Her 
Gracious  Majesty.”  The  prospectus  states  that 
“the  Industries,  Manufactures,  and  Products  of  the 
neighbourhood  alone  are  sufficient  in  number  and 
interest  to  occupy  a very  important  part  in  the 
exhibits.  Mining,  which  is  its  chief  industry,  will 
be  specially  represented,  and  it  has  been  arranged 
that  a complete  full-sized  working  model  of  a mine 
shall  form  a special  feature  of  the  Exhibition. 
Amongst  other  important  industries  and  manu- 
factures of  the  district  are  shipbuilding,  ordnance, 
marine,  and  other  engine  works,  chemical  manu- 
factures, iron  and  steel  works,  and  many  others.” 
The  Exhibition  will  open  on  the  24th  May,  and 
large  exhibits  must  be  delivered  not  later  than  31st 
March,  smaller  exhibits  being  received  up  to  the 
14th  April.  The  promoters  of  the  Exhibition  are 
anxious  to  make  the  Exhibition  as  representative  as 
possible,  and  to  bring  it  under  the  notice  of  foreign 
exhibitors. 
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THE  TREATMENT  OF  SEWAGE. 

By  Dr.  C.  Meymott  Tidy. 

[The  following  is  the  full  text  of  Dr.  Tidy’s 
paper,  an  abstract  of  which  was  delivered 
before  the  Society  of  Arts,  on  April  14th  last, 
and  published  in  the  Journal,  No.  1743, 
April  16,  1886.] 

Liquid  Excreta. 

Every  adult  male  person  voids  on  an  average 
60  ozs.  (=  three  pints)  of  urine  daily.  The 
60  ozs.  contains  an  average  of  2-53  oz.  of  dry 
solid  matter,  consisting  of — 

Urea 5 12*4  grains. 

Extractives  (pigment,  mucus, 

uric  acid) 169*5  >» 

Salts  (chiefly  chlorides  of 
sodium  and  potassium) ....  425*0  ,, 

iio6*9  ,, 

= 2*53  ozs. 

The  urine,  therefore,  of  a population  of  10,000 
adults  may  be  taken  as  600,000  fluid  ozs.,  or 
3.750  gallons  per  day. 

Urine  rapidly  decomposes,  the  urea  becom- 
ing the  volatile  body  carbonate  of  ammonia, 
andthe  urine  thereby  losing  a valuable  manurial 
constituent.  After  a time,  but  at  a later  stage, 
certain  foul  smelling  gaseous  products  of 
decomposition  are  evolved.  To  collect  and 
preser\*e  urine,  therefore,  presents  practical 
difficulties.  The  ammonia  from  stale  urine 
was  formerly  distilled  and  converted  into  a 
sulphate,  at  Courbeville,  near  Paris. 


Solid  Excreta. 

Every  adult  male  person  voids  about  1,750 
grains  (or  4 ozs.)  of  faeces  daily,  of  which  75 
per  cent,  is  moisture.  The  dry  faecal  matter 
passed  daily  is  therefore  about  i oz.  per  adult 
head  of  the  population.  Of  this  dry  faecal 
matter,  about  88  per  cent,  is  organic  matter 
(of  which  6 parts  are  nitrogen)  and  12  per 
cent,  inorganic,  of  which  4 parts  are  phos- 
phoric acid.  Of  this  dry  faecal  matter  ii  per 
cent,  is  soluble  in  water. 

Taking  a population  of  10,000  adults,  it 
follows  that  the  moist  faecal  matter  passed 
daily  is  equal  to  2,500  lbs.  (=  i ton,  2 cwt., 
8 lbs.)  or  i*ii6  ton,  whilst  the  dry  faecal  matter 
is  equal  to  625  lbs.  (5  cwt.,  2 qrs.,  9 lbs.). 

The  facts,  therefore,  respecting  the  excreta 
of  a population  of  10,000  adults  may  be  thus 
tabulated  : — 

Table  I. — F^cal  Matter  passed  per  ic,ooo  of 
Adult  Population  per  diem. 


lbs. 

Moist  foecal  matter  excreted 2,500 

Dry  ,,  ,,  ,,  (calculating 

75  per  cent,  as  moisture)  625 


Soluble  in  water  zr  68*55  lbs.  . . \ 
Insoluble  in  w’ater  556*45  lbs.  ] 


Table  II. — Urine  and  Faeces  passed  per  Day 
BY  10,000  Adults. 


Fa;ces  ... 
LTrine  ... 

Total 

solids. 

Water. 

Solids 

dry. 

Solids 

soluble. 

Solids 
j insoluble. 

Moist 

lbs. 

2500 

Gallons. 

187-5 

3750'o 

lbs. 

625*0 

i58:*2i 

lbs. 

68-55 

1581*21 

lbs. 

556-45 

3937-5 

2206*21 

1649*76 

556-45 

The  Table  on  p.  1128  has  been  adapted  from 
Letheby.  The  quantities  given  are  somewhat 
below  the  normal.  The  facts  were  collected 
from  a number  of  sources,  the  ratio  of  children 
to  adults  being  that  adopted  by  Roderer  and 
Eichhorn. 

My  own  experiments  would  lead  me  to  give 
one  pint  as  an  average  quantity  of  urine 
passed  by  children  daily  up  to  the  age  of  ten 
years,  the  quantity  gradually  increasing  up  to 
three  pints  in  the  adult.  The  solid  constitu- 
ents of  the  urine  which,  at  the  age  of  ten,  are 
on  an  average  o*8  oz.  daily,  increase,  accord- 
ing to  my  observation,  up  to  2*5  ozs.  in  the 
adult.  The  quantity  passed  by  girls  and 
women  is  rather  less  than  that  passed  by  boys 
and  men. 

The  faeces  passed  by  girls  and  women  are 
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CONSTITUENTS. 

Weight  in  ounces  avoirdupois  of  chief 
constituents  of  urine  and  faeces  passed 
by  children  and  adults  in  24  hours. 

Weight  in  lbs.  of  urine  and  faeces  con- 
tributed by  a mixed  population  of 
10,000  persons  (1,644  boys,  3,020  men, 
1,662  girls,  3,674  women)  in  24  hours. 

Males. 

Females. 

Average 
at  all 
ages. 

Males. 

Females. 

Total 
at  all 
ages. 

Boys. 

Men. 

Girls. 

Women. 

Boys. 

Men. 

Girls. 

Women. 

Urine. 

oz. 

oz. 

oz. 

oz. 

oz. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Fresh  urine 

I9'875 

48-490 

16-881 

42-157 

31-851 

2073-2 

9152-5 

1753-6 

9680-3 

22659-6 

Dry  constituents  

o'gdg 

2-197 

0-750 

1-588 

1-376 

99-6 

414-7 

77-9 

364-6 

956-8 

(<3.)  Organic  matte7'. 

0-677 

I 720 

0-574 

1-216 

1-072 

69-5 

324-6 

59-6 

279-2 

732-0 

Containing  nitrogen  

o‘i66 

0-481 

0-161 

0-326 

0-284 

17-1 

90-8 

16-7 

74"9 

199-5 

[h.)  Mineral  matter. 

0-292 

0-477 

0-176 

0.372 

0-332 

30-0 

90-0 

18-5 

85-3 

223-0 

Containing  phosphoric  acid 

0-035 

0-069 

0-024 

0-049 

0-044 

3-6 

13-0 

2-5 

io'6 

29-7 

„ potash  

0*040 

0-078 

0-027 

0-055 

0-050 

4-1 

14-7 

2-8 

12-7 

34-3 

FajCES. 

Fresh  fasces 

3-421 

5-240 

1-061 

1-414 

2 784 

351-5 

989-9 

110-2 

324-7 

1775-5 

Dry  constituents  

0-879 

1-112 

0-282 

0-376 

0-662 

1 

90-3 

209-9 

29-3 

86-3 

415-8 

(a.)  O^-gaitic  matter 

0-762 

0-939 

0-244 

0-325 

0-567 

78-3 

177-2 

25-3 

74-6 

355'4 

Containing  nitrogen  

0-049 

0-062 

0-016 

0-022 

0-037 

5-0 

11-7 

1-6 

5"o 

23-2 

(3.)  Mineral  matter. 

0-117 

0-173 

0-038 

0-051 

0-095 

12-0 

32-6 

3-9 

11  7 

6o-2 

Containing  phosphoric  acid 

0 039 

0-062 

0-013 

0-018 

0-033 

4-0 

1 

11-7 

I '3 

4"i 

21-1 

,,  potash  

0-014 

0-023 

0-004 

0-006 

0-012 

1-4 

4'3 

0-4 

i"4 

7-5 

considerably  less  than  that  passed  by  boys  and 
men.  The  calculations  in  the  Table  state  the 
amount  as  less  than  one-third.  My  own  ob- 
servations, however,  scarcely  support  these 
numbers.  It  would,  I think,  be  more  accurate 
to  regard  the  faecal  matters  passed  by  female 
children  and  adults  as  about  one-half  that 
passed  by  male  children  and  adults. 

Value  of  Night  Soil  (Human  Excreta). 

Urine,  in  its  natural  condition,  has  a theo- 
retical value  of  between  15s.  and  i6s.  per  ton. 
The  dry  solid  matters  of  the  urine  have  a theo- 
retical value  of  about  ;,^i8  i6s.  per  ton. 

The  quantity  of  ammonia  per  year  voided  by 
the  average  individual  in  the  urine  has  been 
stated  as  from  lolbs.  to  ii’32lbs.,  having  a 
value  on  the  lower  quantity  of  6s.  8d.,  and  on 
the  higher  of  7s.  3d. 

Faecal  matter,  in  its  moist  and  natural  con- 
dition, has  a theoretical  value  of  7s.  6d. 
per  ton.  The  dry  solid  matters  of  feces  have 
a theoretical  value  of  17s.  7d.  per  ton. 

The  quantity  of  ammonia  voided  per  year  in 
the  feces,  by  an  average  individual,  is  esti- 
mated at  I '64  lbs.,  having  a value  of  about 
IS.  3d. 

The  estimates  given  above  are  based  on  the 
agricultural  values  of  the  nitrogen  calcu- 
lated as  ammonia,  together  with  the  phos- 
phoric; acid  and  potassium  salts,  these  being 
materials  of  sparing  occurrence  in  land,  but 


entering  largely  into  the  composition  of  every 
variety  of  agricultural  produce.  Lime,  mag- 
nesia, and  iron,  equally  essential  to  plant 
development,  occur  largely  in  most  soils.  The 
details  are  stated  in  the  Table  on  p.  1129  : — 

Respecting  the  value  of  the  nitrogen,  how 
ever,  of  sewage,  Voelcker  regards  it  as  at 
least  of  10  per  cent,  less  value  than  the  nitrogen 
of  ammoniacal  salts  ready  formed. 

Authorities  difter  between  6s.  6d.  and  £\ 
in  estimating  the  annual  value  of  the  excreta 
of  one  adult.  Thudichum  gives  it  at 
Hofmann  and  Witt  at  ns.  9|d.  ; Voelcker  at 
9s.  ; Lawes  and  Way  at  8s.  5|d.  ; Anderson, 
of  Glasgow,  at  8s. 

In  the  Table  "we  have  estimated  the  mixed 
excreta  of  the  population  as  worth  15s.  8d. 
per  ton  in  their  natural  condition,  and  the 
solid  matter  of  such  mixed  excreta  as  worth 
;^i4  i6s.  4d.  per  ton. 

In  this  Table,  moreover,  no  corrections  are 
made  in  stating  the  value  of  the  solid  consti- 
tuents, either  for  the  loss  of  ammonia  that  would 
occur  during  evaporation,  or  for  the  soluble 
phosphoric  acid  of  the  fresh  excreta  becoming 
insoluble  by  its  combination  with  lime,  after  dry- 
ing. No  doubt  the  loss  from  these  causes 
is  considerable,  and  tend  to  show  that,  when 
used  as  a manurial  agent,  sewage  should  be 
applied  to  the  land  in  its  fresh  state. 

These  estimations  of  value  are  theoretical 
only.  Cesspool  matter  in  Paris  fetches  from 
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Composition  and  Esti:^iated  Value  of  the  Solids  of  Urine  and  Faeces,  and  of  the  Mixed 

Excreta  of  a Populatiox. 


Constituents  per  ton. 

Ammonia  (— 
7d.  per  lb.) 

Phosphoric  acid. 

Potash*  ( = 3d. 
per  lb. 

1 Estimated  value 
per  ton. 

.Soluble  (— 4d. 
per  lb 

Insoluble  (=2d. 
per  lb. 

A.  Natural  State. 

lbs. 

lbs. 

lbs. 

' lbs. 

^ S.  d. 

a.  Urine 

23-94 

2 94 

— 

3-39 

0 15  10 

h.  Faeces 

35-45 

— 

26*62 

9*46 

I 7 6 

c.  Mixed  excreta  of  population 

23-13 

2*70 

I ’93 

3-83 

0 15  8 

B.  Solid  Matters  of. 

1 

i 

a.  Urine 

567*14 

69*53  1 

— 

80*32 

18  14  I 

h.  Faeces 

151-77 

— j 

113*67 

40*40 

5 17  7 

c.  Mixed  excreta  of  population  

441-31 

48-47 

34-43 

68*21 

14  16  4 

d.  Sewage  of  mixed  population 

172*10 

22*89 

10*19 

48*20 

632 

Rotten  farm-yard  dung  

i6*o 

3-92  i 

5'77 

10*00 

0 14  I 

Fresh  farm-yard  dung 

15*0 

3-0  ; 

3-92 

12*50 

0 13  6 

Peruvian  guano 

381*8 

67*0 

201*00 

13-50 

14  I 4 

1,000  tons  of  average  London  sewage . 

219*37 

27*61 

24*20 

50-65 

0 0 i| 

* 2d.  per  lb.  would  perhaps  be  nearly  the  value  of  potash,  and  id.  the  value  of  phosphate  of  lime. 


I franc  to  i franc  25  cents  per  cube  metre 
(about  I ton),  whilst  in  Holland  and  Belgium 
the  average  is  one  shilling  per  head  per 
annum  for  the  excreta.  It  would  scarcely  be 
an  exaggeration  to  place  the  real  value  of  the 

I lb.  of  human  excrement .... 

>> 

Excreta  of  one  adult  (solid 

and  liquid)  

Yearly  excreta  (solid  andliquid) 

of  one  adult 

>> 


Middens. 

Sewage  absorhetits. — The  cesspool  and  the 
midden  were  the  first  attempts  at  collecting 
excreta,  not  so  much,  however,  for  the  purpose 
of  profit  as  with  the  idea  of  preventing 
nuisance.  The  cesspool  had  many  and  great 
disadvantages,  not  the  least  of  which  were  the 
noxious  inhalations  evolved,  the  necessity  for 
occasional  emptying,  and  the  pollution  of 
the  drinking  water  of  the  wells  in  the  neigh- 
bourhood. The  ash-pit  midden  had,  and  has, 
its  advantages  and  its  difficulties.  Of  the 
difficulties,  the  education  of  the  people  to  use 
them  properly  was  chief,  a difficulty,  how- 
ever, that  applies  almost  as  much  t®  water- 


excreta  at  about  one-sixth  their  calculated 
value. 

Certain  comparisons,  in  respect  of  fertilising 
power  (and,  therefore,  of  agricultural  value), 
are  worth  noting — 


closets  as  to  middens.  A second  difficulty 
in  the  use  of  the  middens  consisted  in  securing 
proper  scavengering  arrangements  by  the  local 
authority,  a difficulty,  it  may  be  again  noted, 
not  one  iota  less  great  in  securing  the  efficient 
treatment  of  sewage.  Provided  the  midden 
be  regularly  attended  to  and  properly  con- 
structed, e.g.,  erected  away  from  the  house — 
the  pit  small — roofed  in  so  as  effectually  to  stop 
out  rain  or  other  water— floored  with  sloping 
flags  to  render  the  removal  of  the  contents  easy 
— impervious  to  surface  water  and  not  drained, 
dryness  of  contents  being  effected  by  the 
use  of  ashes  well  distributed  over  the  soil  — 
there  are  more  objectionable  ways  of  dealing 


— 13  lbs.  of  horse  dung. 

zz  6 lbs.  of  cow  dung  (Macaire  and  Marcet). 

zz  Droppings  from  one  sheep  (Mechi) . 

=r  75  lbs.  of  Peruvian  Guano  (Voelcker).  (This  will  yield  3-2  bushels  of  grain), 
zr  Yield  of  sufficient  nitrogen  (16*41  lbs.)  to  furnish  the  nitrogen  of  800 lbs. 
of  wheat,  rye,  or  oats  ; or  900  lbs.  of  barley,  value  y^5.  (Boussingault.) 
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with  refuse  than  by  the  midden  system.  Under 
conditions  of  individual  and  general  super- 
vision, the  compost,  if  sufficiently  often  re- 
moved, need  not  be  a nuisance.  But  if  the 
midden  be  neglected  by  the  public  authority 
and  by  the  householder,  no  doubt  it  may 
become  a prolific  source  of  disease,  as  Man- 
chester and  Liverpool  can  testify. 

The  advantages  of  the  pail  system  are  not 
to  be  overlooked.  Thus  the  pails  are  always 
placed  outside  the  house;  whilst  a certain 
regular  process  of  inspection  is  rendered 
necessary,  ensuring  the  detection  of  a nuisance 
before  it  becomes  a source  of  danger.  In 


time  of  epidemics,  again,  disinfectants  may 
be  extensively  used  in  the  pails  as  they  are 
being  distributed. 

Another  great  advantage  of  the  midden 
system  is  to  be  found  in  the  diversion  of  ex- 
cremental  matters  from  rivers  and  water- 
courses. Much  sewage  at  Manchester  is  thus 
kept  out  of  the  River  Medlock.  Strange  to 
say,  however,  the  Rivers  Pollution  Commis- 
sioners (Dr.  Frankland)  state  that  the  sewage 
from  water-closet  towns  is  no  worse  than  that 
from  midden  towns.  The  following  is  an 
abstract  of  the  results  recorded  by  Dr.  Frank- 
land : — 


Average  Results. 

IMatters  in  Solution.  ]\Iatters  in  Suspension. 


Total  Solids. 

Chlorine. 

Total  Nitrogen. 

^ Total. 

Organic. 

Midden  town  sewage  (37  samples  | 

from  15  towns)  j 

Water-closet  town  sewage  (50 
samples  from  17  towns) j 

Cn 

A 

00 

8-o8 

7*46 

452 

27-38 

14-91 

14-36 

50-54 

541 

31-29 

On  this,  one  question  suggests  itself— how  is 
it  that  the  suspended  matter  in  the  sewage  of 
midden  towns  is  almost  identical  with  that  from 
water-closet  towns,  seeing  that  Dr.  Frankland 
states  that  an  average  of  25,561  tons  of  solid 
matter  per  annum  is  annually  kept  out  of  the 
sewers  at  the  several  midden  towns  mentioned. 
(See  Report  on  Pail  System  at  Nottingham  by 
Dr.  Seaton,  Society  of  Arts  Conference,  1875, 
P-  155O 

The  pail  system  may  consist  either  in  the 
use  of  a little  disinfectant  or  of  some  absorbent 
material. 

Adopting  Mr.  Gilbert  R.  Redgrave’s  classi- 
fication of  the  pan,  pail,  and  midden  systems  of 
disposing  of  sewage  (Society  of  Arts  Con- 
ference, i877,p.  33),weshall  discuss  the  subject 
under  the  following  three  heads:— I.  Pails 
without  absorbents.  II.  Pails  with  absorbents. 
III.  Pails  used  for  the  joint  collection  of  ashes 
and  excreta. 

I.— Pails  without  Absorbents. 

Of  these  the  Rochdale  system  (see  Society 
of  Arts  Conference,  1877,  pp.  9 and  33,  Mr. 
Alderman  Taylor  and  others)  may  be  regarded 
as  principal.  In  support  of  the  non-use  of  any 
absorbent,  it  is  urged  that  to  keep  out  “the 
profligate  associate”  is  a main  object;  con- 
centration, not  increase  of  bulk,  being  the  point 
to  be  aimed  at.  The  excreta  and  dry  house 
refuse  should  be  collected  at  intervals  in 
separate  tubs  of  special  construction,  the 
excreta  tub  being  fitted  with  an  air-tight  lid. 


so  that  transport  may  be  effected  without 
causing  a nuisance.  The  cost  per  pail  per 
annum  is  about  5s.  8d.  The  ashes  are  care- 
fully screened  and  sorted. 

From  the  experience  of  many  towns  (Roch- 
dale, Salford,  &c.)  it  would  appear  that  two 
men  and  one  horse  (say  at  a working  cost  of  £2^ 
per  week)  can  remove  600  tubs  or  pails  per 
week,  each  pail  containing  an  average  of  84 lbs. 
of  excremental  matter.  This  equals  22  J tons  per 
week  at  a working  cost  of  2s.  gd.  per  ton.  At 
Rochdale  10,112  pails  were  in  use  in  1882,  the 
weight  of  excreta  collected  being  8,518  tons 
and  of  refuse  ashes  18,396  tons,  from  15,289 
houses  and  237  mills  and  workshops,  with  an 
estimated  population  of  65,500.  In  1881,  552 
tons  of  manure  was  manufactured.  It  is 
calculated  that  each  tub  is  used  by  9*2  persons 
living  in  2 -2  houses,  the  yield  being  2*07  cwts. 
of  excreta  per  head  per  annum.  At  Halifax  it 
was  calculated  that  each  tub  is  used  by  iO’9 
persons  living  in  2*6  houses,  the  yield  being 
3-26  cwt.  of  excreta  per  head  per  annum.  At 
Birmingham  the  returns  give  from  9 ’6  to 
1 1 ‘5  lbs.  per  week  per  head. 

II.— Pails  with  Absorbents. 

In  many  places,  the  use  of  boxes,  pails,  or 
tubs,  charged  with  various  absorbent  materials 
(ashes,  &c.),  has  been  adopted.  Numerous 
substances  (see  paper  in  Society  of  Arts  Con- 
ference, 1877,  p.  49)  have  been  suggested  as 
absorbents.  Of  these  Liebig  recommended 
coarsely  powdered  bog  turf,  and  Stanford 
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charred  seaweed.  Stanford  claims  that  sea- 
weed is  three  times,  weight  for  weight,  as 
effective  as  dry  earth  (i  cwt.  being  sufficient 
for  one  month  for  a closet  daily  used  by  six 
persons).  He  claims,  moreover,  that  it  is 
easily  reburnt,  and  that  the  ammonia  and  fixed 
salts  have  been  recovered,  the  charcoal  re- 
mains as  effective  as  before.  Various  forms  of 
refuse,  too,  have  been  suggested  as  absorbents, 
of  which  may  be  noted,  refuse  wool  or  shoddy, 
dry  horse  dung,  spent  dye  stuffs,  &c.  At 
certain  towns  spent  dye  wood  (such  as  fustic), 
in  the  manner  suggested  by  Goux,  viz., 
ramming  into  a tub  by  a central  core,  so  as  to 
give  a uniform  lining  to  the  tub  has  been 
employed.  Thus  splashing  is  prevented.  This 
method  necessitates  the  frequent  removal  of 
the  excreta  (otherwise  the  absorbent  lining 
would  break  down  and  a semi-liquid  mass 
result),  and  it  is  also  necessary  that  the  recep- 
tacle should  be  tightly  secured  before  removal 
to  prevent  escape  of  offensive  effluvia  during 
transit. 

[For  a full  description  of  the  Goux  system, 
as  carried  out  at  Halifax,  see  remarks  by  Mr. 
Councillor  Pollard,  Society  of  Arts  Conference, 
1877,  p.  2].  The  tubs  are  packed  with  screened 
ashes,  soot  (cost  50s.  per  ton)  or  peat  charcoal 
{£3  ton),  shoddy  or  mill  refuse  (cost 

2s.  6d.  to  7s.  per  ton),  street  sweepings,  to 
which  sometimes  disinfectants  are  added.  The 
closets  are  cleared  every  eight  days,  except 
when  there  is  fever  in  a house,  when  it  is  re- 
moved every  two  days.  The  packing  of  each 
tub  will  absorb  from  six  to  eight  quarts  of 
liquid.  It  is  said  to  work  satisfactorily.  The 
cost  is  about  i8s.  6d.  per  annum  per  closet, 
whilst  the  material  fetches  from  3s.  to  7s.  6d. 
per  ton.  Dr.  Syson  (Peterborough)  and  Mr. 
Haviland  (Northampton)  speak  in  favour  of 
the  system,  the  latter  contending  that  where 
it  has  been  adopted,  the  death-rate  showed 
improvement.  Any  good  absorbent  that  can  be 
obtained  at  a clieap  rate  on  the  spot  may  be 
used,  tan.  The  material  after  emptying 
has  little  smell. 

HI.— Pails  used  for  the  Joini'  Collec- 
tion OF  Ashes  and  Excreta. 

Of  this  method  the  system  adopted  as 
Nottingham  is  a case  in  point.  Here  the  tub 
takes  the  place  of  the  midden  pit.  It  is  to 
be  noted,  that  the  ashes  are  of  less  quantity  in 
summer  time  when  the  chance  of  nuisance  is 
greatest. 

With  respect  to  the  mechanical  appliances 
suggested  for  sifting  the  ashes,  so  as  to  apply  | 


only  the  smaller  breeze  to  the  excreta,  practice 
proves  them  somewhat  unsuccessful. 

The  compost  is  removed  every  two  or  three 
months  and  conveyed  to  the  manure  wharf, 
where  it  is  emptied  into  barges  and  sold  at  a 
price  that  covers  two-thirds  of  the  cost  of 
scavenging. 

At  Birmingham,  where  galvanised  pails  are 
used  to  the  extent  of  some  40,000  (representing 
a population  of  250,000),  the  contents  are  col- 
lected weekly.  These  are  emptied  into  a vat  at 
the  place  of  deposit,  and  some  sulphuric  acid 
added  to  fix  the  ammonia.  The  contents  are 
passed  into  a drying  machine,  consisting  of  a 
steam-jacketed  cylinder  within  which  are  re- 
volving arms,  the  necessary  heat  being  obtained 
by  burning  the  cinders  and  garbage  collected 
in  the  town.  The  clinkers  are  utilised  for 
various  purposes. 

The  process  adopted  at  Manchester,  devised 
by  Mr.  Leigh  and  carried  out  by  Mr.  Whiley, 
was  described  in  detail  by  Mr.  Alliott,  of 
Nottingham,  at  the  Society  of  Arts  Conference, 
1877  (p.  7,also37.)  The  objects  are  (i)  the  disin- 
fection of  the  pail  contents  by  the  use  of  char- 
coal, produced  by  charring  street  sweepings  ; 
and  (2)  the  reduction  in  bulk  of  the  matters  so 
collected.  For  the  purpose  of  reducing  bulk, 
the  liquid  in  the  pails  is  drained  off,  and 
concentrated  by  a low  heat  to  the  consistency 
of  treacle  (about  one-tenth  the  original  bulk). 
The  heat  necessary  for  effecting  evaporation  is 
obtained  by  passing  the  products  of  the  com- 
bustion of  house  refuse  over  the  surface  of  the 
liquid.  (Fryer’s  concreter.)  A certain  amount 
of  sulphurous  acid  is  thus  generated,  which 
serves  to  prevent  the  material  from  becoming 
alkaline,  whilst  the  temperature  it  is  said  is 
sufficiently  kept  under  to  prevent  loss  of  am- 
monia. The  liquid  thus  obtained  contains  9 to 
10  per  cent,  of  ammonia.  (Angus  Smith).  A 
second  variety  of  manure  is  made  from  the 
faecal  part  of  the  pail  stuff,  which  is  also 
evaporated  down  to  a certain  extent.  A third 
variety  is  prepared  from  the  carbonised  refuse 
saturated  with  some  of  the  concentrated  urine, 
mixed  with  faecal  matter  ; and  a fourth  variety 
of  manure  from  the  fish  and  slaughter-house 
refuse  mixed  with  ashes,  urine,  and  faeces. 

I do  not  propose  discussing  the  pneumatic 
system  of  collecting  excreta.  In  certain 
places  on  the  Continent  (Paris,  Milan,  &c.), 
the  sewage  is  collected  in  water-tight  cess- 
pools. These  are  emptied  by  atmospheric 
pressure,  the  contents  being  forced  into  move- 
able  exhausted  iron  tanks,  through  flexible 
tubes  lowered  into  the  cesspool  for  the  purpose 
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By  this  means  the  escape  of  noxious  effluvia 
is  supposed  to  be  prevented. 

The  cost  of  removing  the  excreta  at  Paris 
is  about  per  house  per  annum.  The 
material  is  converted  at  Villette  into  Aoudrette, 
great  nuisance  resulting  (Society  of  Arts  Con- 
ference, 1877,  p.  14).  The  arrangements  of 
Liernur  (which  have  been  adopted  in  Amster- 
dam, and  to  a certain  extent  in  Prague),  are, 
in  many  respects,  similar.  Liernur  suggests 
cesspool  tanks  being  placed  in  the  middle  of 
a street,  each  tank  communicating  with  from 
fifteen  or  twenty  houses. 

The  systems  of  Berber,  partly  in  use  in  Paris 
since  1881,  and  of  Shone,  a method  of  pumping 
sewage  by  small  pneumatic  pumping-engines, 
the  power  being  generated  at  a central  station, 
need  only  be  mentioned. 

As  general  rules  we  consider : — 

1.  That  the  removal  of  the  pails  should  be 
under  the  control  of  the  local  authority. 

2.  That  on  an  average  they  should  be 
renewed  once  a week,  a clean,  well  washed, 
pail  being  substituted  for  the  full  one. 

3.  That  air-tight  covers  should  be  fitted  to 
the  pails  before  removal,  and  that  they  should 
be  conveyed  in  air-tight  vans  to  the  depot. 

The  utilisation  of  the  excreta  collected  in 
pails  is  a matter  of  great  difficulty.*  At  best 
a low  class  of  manure  results,  unless  some 
form  of  concentration  be  adopted. 

Voelcker  states  that  having  examined  every 
form  of  night-soil  manure,  he  never  found  one 
having  a theoretical  value  greater  than;^i  per 
ton,  unless  the  manure  had  been  specially 
fortified  with  guano,  or  superphosphate,  or 
sulphate  of  ammonia,  &c.  The  better  varieties 
he  valued  at  from  15s.  to  17s.  6d.  per  ton, 
whilst  those  less  carefully  prepared  were  not 
worth  more  than  from  7s.  6d.  to  12s.  6d. 

The  Earth-closet. 

The  disinfecting  power  of  earth  has  been 
known  from  remote  antiquity.  In  China,  the 
formation  of  a manure  by  mixing  earth  with 
the  excreta  is  of  ancient  date. 

In  this  country,  Rosser,  in  1837,  proposed 
the  admixture  of  urine  and  faecal  matter  with 
earth,  lime,  &c.  The  suggestion  took  no 
practical  shape  until  1858,  when  the  Rev., 
Henry  Moule,  the  vicar  of  Fordington,  in- 
vestigated the  disinfecting  and  deodorising 
power  of  earth  on  privy  soil.  As  the  result,  he 
invented  his  earth-closet.  At  his  own  vicarage, 
where  the  cesspool  proved  to  be  dangerously 

* For  an  account  of  Milburn’s  drying  machinery,  see 
Society  of  Arts  Conference,  1877,  p.  52. 


near  the  well,  he  abolished  the  cesspool,  and 
placed  buckets  beneath  the  pans.  Their  con- 
tents were,  in  the  first  instance,  mixed  with  dry 
sifted  earth,  earth  afterwards  being  placed  in 
the  bucket  itself,  and  the  compost  left  to 
consolidate  in  a shed.  After  five  or  six  weeks 
he  found  that  the  material  had  entirely  lost  its 
offensive  odour,  and  was  sufficiently  dry  to  be 
used  again.  Thus  eventually  he  not  only 
disinfected  his  sewage,  but  produced  a manure 
containing  one-third  its  weight  of  dry  excre- 
ment. The  next  point  was  the  mere  mechanical 
construction  of  a closet,  worked  by  a handle, 
with  contrivances  to  secure  the  application  of 
a proper  proportion  of  dry  earth.  The  earth 
may,  however,  be  thrown  into  the  closet  in  one 
application  daily,  a method  adopted  in  the 
latrines  at  Lancaster,  which  are  under  the 
control  of  the  local  authority. 

As  regards  the  earth  best  adapted  for  the 
purpose,  a well  dried  clayey  earth,  that  is,  a 
heavy  soil  loaded  with  clay,  holds  thefirst  place ; 
peaty  earth  comes  next,  although  for  efficiency 
a long  way  behind  a clayey  earth.  The  peaty 
earth  used  at  the  Wimbledon  Camp  in  1867 
was  not  satisfactory,  as  it  produced  a wet  and 
sour  compost.  Sand  and  clay  are  found  to 
have  very  little  deodorising  power,  and  are 
therefore  ill-suited  for  the  earth-closet.  The 
clay  soil  must  be  well  dried  artifically  (for  in 
a damp  condition  its  absorbent  power  is 
inferior),  and  after  drying,  powdered  and 
sifted. 

About  41^  lbs.  of  dry  earth  per  head  per  day 
[i.e.,  i|-lbs.  for  each  visit,  three  visits  being 
allowed  for  each  person)  is  required  to  obtain 
a consolidated  and  unoffensive  compost.  This 
quantity  was  ultimately  used  at  the  Dorset 
County  Gaol,  the  3 lbs.  per  head  of  earth,  used 
in  the  first  instance,  being  found  insufficient. 
A village  of  1,000  persons  would  need,  there- 
fore, about  2 tons  of  dry  earth  per  day.  The 
dry  earth  system  was  used  at  the  Dorset 
County  School,  at  the  villages  of  Halton  and 
Aston  Clinton  near  Windover,  in  Lancaster, 
and  at  the  Wimbledon  Camp.  In  this  latter 
case  Dr.  Buchanan  closely  investigated  the 
working  of  the  process. 

After  the  removal  of  the  earth  it  may  be 
dried  and  returned  to  the  closet  until  its 
manurial  value  justifies  its  sale. 

As  regards  composition  and  value  of  the 
product,  much  will  depend  on  the  demand,  and 
on  the  method  adopted  in  working  [i.e.,  how 
many  times  the  material  had  been  used).  At 
Lancaster  the  compost  fetched  7s.  6d.  to  los. 
per  cubic  yard.  At  Dorset  County  Gaol  it 
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reached  per  ton,  and  at  the  Dorset  County 
School  £2  to  £^  per  ton.  Perhaps  los,  per 
head  of  the  population  annually  might  be  taken 
as  an  approximate  value. 

The  dr}'  earth  system  has  certain  definite 
advantages  over  the  water-closet.  The  first 
cost  is  less.  It  reduces  the  quantity  of  water 
required  by  each  household.  The  closet  is  less 
liable  to  go  wrong,  to  suffer  injury  from  frost,  or 
to  be  damaged  by  improper  substances  being 
thrown  into  it.  No  doubt  an  intelligent  person 
can  manage  it,  but  if  it  be  used  in  villages  it 
should  be  managed  by  the  local  authority, 
easy  access  to  the  closets  by  the  scavengers 
being  in  such  case  indispensable.  Of  course 
a dr}'  earth  system  does  not  supersede  the 
necessity  for  some  independent  means  of 
removing  slops,  rain,  and  subsoil  water. 

A still  further  advantage  claimed  for  the 
earth-closet  is  the  manorial  value  of  the 
compost,  and  the  ease  with  which  it  may  be 
stored  until  required. 

No  doubt  the  earth-closet  has  its  objec- 
tions. Of  these  a certain  filthiness  (real  or 
imaginary),  and  the  difficulties  of  supplying  the 
necessary  quantity  of  dry  earth  and  of  remov- 
ing the  compost,  are  those  chiefly  urged.  No 
doubt  the  collection  of  material  that  may  be 
more  or  less  foul  as  the  closet  has  or  has 
not  been  attended  to  by  the  scavengers,  and 
the  after  distribution  of  the  compost,  compare, 
at  first  thought,  unfavourably  with  the  clean- 
liness of  water,  and  the  ease  with  which  it 
serv’es  to  convey  the  filth  from  the  closet  to  the 
field.  But  this  assumes  (ist)  no  misadventure 
of  the  water-carried  sewage  between  closet  and 
field ; (2nd)  a farm  and  a crop  ready  at  all 
times  and  seasons — wet  or  dry,  summer  or 
winter — to  receive  and  to  appropriate  it ; and 
(3rd)  no  escape  of  noxious  effluvia  and  miasms, 
no  spread  of  disease,  and  no  pollution  of  water 
courses.  How  far  such  assumptions  are 
realised,  I shall  consider  presently. 

Earth-closets  have  been  largely  used,  and 
their  use  is  rapidly  extending,  in  India,  where 
the  drying  of  the  earth  is  a comparatively  easy 
process.  The  authorities  in  India,  in  1867, 
reported  to  the  Secretary  of  State  that 
Moule’s  system,  which  was  then  generally 
employed  in  the  barracks,  gaols,  hospitals, 
and  public  institutions  of  the  three  presiden- 
cies, had  been  found  to  be  a great  public 
benefit.  I can,  myself,  bear  testimony  to  the 
excellent  results  of  the  dry  earth  system  where 
the  closets  are  properly  attended  to — proper 
earth  used  — and  the  materials  properly 
dried. 


Sewage. 

We  now  turn  to  water- carried  sewage — its 
composition,  value,  and  treatment. 

By  the  phrase  “the  sewage  of  a town  ” is 
implied  : — 

(i.)  The  excreta  (solid  and  liquid)  of  the 
population. 

(2.)  The  refuse  from  kitchens,  laundries,  &c. 

(3.)  The  drainings  from  stables,  slaughter- 
houses, &c. 

(4.)  The  liquid  impurities  resulting  from 
various  trade  operations  (breweries,  dyehouses, 
fellmongeries,  &c.). 

(5.)  The  washings  of  public  thorough- 
fares, &c. 

(6.)  Domestic  and  subsoil  water. 

To  speak  broadly,  we  may  define  sewage 
as  “the  refuse  of  communities — their  habita- 
tions, streets,  and  factories.” 

It  is  manifest,  therefore,  that  it  is  not 
possible  to  define  broadly  what  constitutes 
“ average  sewage.”  The  quantity  and  quality 
of  the  sewage  of  a town  will  be  influenced  by 
the  following  amongst  other  conditions  : — 

(i.)  The  number  and  nature  of  the  manu- 
factures and  trade  operations  peculiar  to  the 
place,  and  which  are  drained  into  the  sewers. 

(2.)  The  existence  of  an  excessive  number  of 
stables  (such  as  result  from  the  presence  of 
barracks). 

(3.)  The  volume  of  water  supplied  to  the 
inhabitants. 

(4  ) The  proportion  of  rain  or  surface  water 
admitted  into  the  sewers. 

(5.)  The  quantity  of  subsoil  water  that  leaks 
into  the  sewers. 

(6.)  The  density  and  general  habits  of  the 
people. 

(7.)  The  season  of  the  year. 

(8.)  The  time  of  day. 

Sewage  may  be  subdivided  into — 

1.  Domestic  sewage. 

2.  Manufacturing  refuse. 

3.  Rain  and  storm  water. 

We  shall  find,  when  we  come  to  discuss  the 
treatment  of  sewage  the  first  great  difficulty  is 
the  large  quantity  to  be  dealt  with.  It  has 
been  suggested  to  meet  this  difficulty  of  quan- 
tity by  adopting  a duplicate  set  of  sewers, 
the  one  for  sewage  proper  (domestic  and 
manufacturing),  and  the  other  for  storm  and 
rain  water,  or  at  any  rate  for  the  larger 
part  of  the  rain  water.  For  irrigation  pur- 
poses, no  doubt,  it  is  desirable  to  have  the 
domestic  sewage  as  little  diluted  as  possible, 
but  for  chemical  treatment  dilution  within 
certain  limits  is  not  an  evil.  A separate 
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system  must  be  more  expensive,  besides  which 
it  robs  the  sewers  of  one  means  of  natural  and 
eifective  flushing-,  such  as  occurs  after  heavy 
rains.  It  also  excludes  from  the  sewage  to  be 
treated  many  materials  {e.g.,  road  washings), 
that  certainly  need  treatment  as  much  as,  if 
not  more  than,  any  sewage  proper.  To  limit 
the  water  for  removal  of  filth  to  its  smallest 
quantity  is  a sound  principle,  but  there  is  a 
danger  in  over  reduction.  The  most  earnest 
advocates  of  the  separate  system  scarcely 
see  their  way  to  exclude  from  the  public 
sewers  the  rain  falling  on  private  property, 
as  this  would  for  the  most  part  necessitate 
two  sets  of  house  drains.  It  may  be  admitted 
that  both  the  separate  and  combined  systems 
have  their  merits  and  defects,  and  that  certain 
local  conditions  may  determine  the  choice  of 
the  system. 

The  arguments  used  in  favour  of  a separate 
system  are : — 

(i.)  Greater  uniformity  in  the  quantity  of 
sewage  conveyed. 

(2.)  The  prevention  of  deposits,  the  dimen- 
sions of  the  pipes  being  capable  of  more 
accurate  adjustment,  permitting  them  to  be 
daily  filled  to  their  maximum  at  the  hour  of 
maximum  flow. 

(3.)  If  the  sewage  has  to  be  pumped,  ex- 
pense will  be  saved  by  the  limitation  of 
quantity. 

(4.)  Prevention  of  floodings  from  the  capa- 
city [of  the  sewers  being  overtaxed,  or  from 
obstruction  taking  place  in  the  surface 
channels  during  times  of  heavy  rain,  or  on 
the  occurrence  of  a rapid  thaw  after  a long 
period  of  snow.  Danger  arising  from  the 
gases  in  the  sewers  being  forced  by  the  rush 
of  water  thus  filling  the  sewer,  being  driven 
through  the  nearest  outlet,  and  possibly 
through  house  connections,  will  be  avoided. 

(5.)  Prevention  of  precipitation,  and  so  of 
deposit  in  the  sewers,  from  earthy  matter 
(such  as  building  lime)  being  carried  in  at 
storm  time,  together  with  road  detritus, 
leaves,  &c.,  and  which,  under  ordinary  con- 
ditions, might  not  be  removed  until  the  next 
heavy  rain. 

(6.)  If  obstruction  occurs,  a comparatively 
small  volume  of  water  will  be  sufficient  to 
flush  the  sewers  effectively  on  account  of  the 
relative  smallness  of  pipe. 

(7.)  That  with  small  pipes,  good  ventilation 
of  the  sewers  may  be  more  easily  eifected. 

(8.)  That  the  nuisance  arising  from  organic 
matters  being  carried  into  the  pipes  at  the  time 
of  storm,  and  putrefying  on  the  upper  portions 


of  the  sewer  pipe,  where,  under  normal  condi- 
tions of  flow,  it  forms  a slimy  coating  and 
develops  swarms  of  organisms,  will  be  pre- 
vented, the  sewers  being  filled  daily  to  their 
maximum  working  capacity. 

(9.)  That  the  quantity  of  sewage  to  be  dealt 
with  would  be  greatly  decreased. 

On  the  other  side  it  is  urged  that,  however 
sound  it  may  appear  in  theor}^  to  urge  “the 
rainfall  to  the  river,  the  sewage  to  the  soil,”' 
there  are  manifest  objections  to  the  separate 
system : — 

1.  That  it  is  practically  impossible  thus  to 
separate  rain-water  and  sewage,  things  that 
ought  not  to  be  in  the  rain-water  pipes  being 
certain  to  get  there. 

2.  That  the  road  washings  and  filth  making 
the  first  wash  of  a heavy  storm  is  most  often 
far  more  filthy  than  the  very  worst  sewage, 
and,  therefore,  specially  requires  treatment. 

3.  That  storm  water  is  the  natural  flush 
water  for  the  sewers. 

It  may  be  said  that  the  third  objection 
may  be  met  by  automatic  flush  tanks ; the 
second,  by  effective  scavenging ; the  first, 
by  educating  the  people.  We  have  not  yet 
attained  the  ideal  of  sanitary  work.  A separate 
system  would,  I fear,  mean  the  intermittent 
pollution  of  our  water-courses.  There  are  legal 
difficulties,  too,  in  carrying  it  out,  which  I will 
not  discuss. 

I do  not  deal  with  the  question  of  cost, 
except  to  say  that  the  mere  size  of  pipe  is  not 
the  only,  nor  is  it  the  main  question  to  be 
considered  in  laying  pipes,  the  excavation, 
paving,  &c.,  being  practically  the  same, 
whether  pipes  be  large  or  small. 

Composition  of  Sem^age. 

Sewage,  we  have  said,  is  a complex  fluid  ; — 
no  absolute  average  analysis  can  therefore  be 
stated.  It  will,  however,  be  a good  starting 
point  to  regard  the  average  sewage  of  London 
as  a standard,  and  to  speak  of  sewage  of  greater 
polluting  power  as  a strong  sewage,  and  of 
less  polluting  power,  as  a weak  sewage. 

A large  number  of  samples  of  London  sewage 
were  examined  by  Dr.  Frankland  and  myself 
between  1883  and  1884.  The  following  are 
certain  average  details  worthy  of  record.  The 
results  are  stated  in  grains  per  gallon  of  70,000 
grains : — 


^Maximum. 

Minimum. 

Average, 

Matters  in  solution  . . 

4977 

28-42 

45*213 

Matters  in  suspension 

163-9 

21-4 

48-65 

Ammonia 

6-527 

2*515 

3-012 

Chlorine 

8-33 

5*67 

7-21 
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Maximum.  Minimum.  Average. 

Organic  carbon 3 ‘^47  2*ii8  3’®^9 

Organic  nitrogen  ... . 2-676  0-964  i‘738 

Average  ratio  ofNtoC  — i : i'77* 

These  results,  however,  take  no  note  of  true 
storm  sewage. 

Whilst  an  assistant  of  Dr.  Letheby,  I made, 
jointly  with  him,  a very  large  series  of  analyses 
of  sewage  from  ten  of  the  large  City  sewers, 
the  rate  of  flow  being,  on  an  average,  3,500 
gallons  per  minute.  The  following  are  average 
details : — 


Day 

Night 

Storm 

Sewage. 

[Sewage. 

Sewage. 

Soluble  Matters  

55’74 

i 65-09 

70-26 

(a.)  Organic  

15-08 

7-42 

14-75 

Containing  nitrogen  

5 44 

5-19 

7-26 

■(b.)  Mineral  ; 

40"66 

57-67 

55  71 

Containing  phosphoric  acid 

0-85 

0-69 

1-03 

,,  potash  - 

I"2I 

1-15 

i'6i 

Suspended  Matters  

3815 

1 13-99 

31-88 

1611 

7-48 

17-55 

Containing  nitrogen  

0-78 

0-29 

0-67 

fb.)  Mineral  

22-04 

1 6-51 

14-33 

Containing  phosphoric  acid 

0-89 

o‘6[ 

0-98 

,,  potash 

1 0-08 

j 0-04 

o-i6 

It  may  be  of  importance  to  record  that  at  the 
the  time  the  samples  were  collected  for  analysis, 
37-5  gallons  (6  cubic  feet)  was  contributed  per 
head  of  the  population.  Of  this,  80  per  cent, 
was  represented  by  the  water  supply.  Ihe 
following  Table  exhibits,  therefore,  the  weight 
in  pounds  of  the  chief  constituents  of  375,000 
gallons  of  sewage  (mid-day  sewage  being 
taken  for  comparison)  furnished  daily  by 
10,000  people,  and  its  subdivision  into  excretal 
and  non-excretal  refuse  : — 


■Constituents  of  375,000  gallons. 

From 

excreta. 

From  refuse 
other  than 
excreta. 

Total. 

Soluble  Matters  

lbs. 

957 

lbs. 

2029 

lbs. 

2986 

ia  J Organic 

733 

75 

808 

Containing  nitrogen  

200 

9db 

291 

(b.)  Mineral  

224 

1954 

2178 

Containing  phosphoric  acid 

30 

16 

46 

,,  potash 

34 

31 

65 

Suspended  Matters  

316 

1628 

2044 

(a.)  Organic 

356 

507 

863 

Containing  nitrogen  

23 

19 

42 

fb.)  Mineral  

60 

II2I 

1181 

Containing  phosphoric  acid 

21 

27 

48 

,,  potash 

8 

— j 

8 
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Putting  these  results  in  a few  words,  we 
may  say  every  10,000  persons  in  London 
contribute,  on  an  average,  375,000  gallons 
of  sewage  daily,  and  that  this  includes 
about  1,671  lbs.  of  organic  matter,  con- 
taining 333  lbs.  of  nitrogen,  and  335  lbs.  of 
mineral  matter,  containing  94  lbs.  of  phos- 
phoric acid  and  69  lbs.  of  potash. 

Of  course,  the  total  quantity  in  any  given 
town  will  depend  on  a variety  of  causes.  It  is 
certain  to  be  as  much  as  the  water  supply,  but 
it  may  be  a great  deal  more.  In  London,  as 
we  have  said,  it  may  be  taken  that  80  per 
cent,  of  the  sewage  is  represented  by  the 
water  supply. 

Hofmann  and  Witt  (1857)  examined  the 
sewage  from  the  Savoy-street  sewer,  an  average 
sample  being  obtained  by  the  admixture  of 
samples  taken  hourly  during  the  twenty-four 
hours.  The  results  were  as  follows,  stated  in 
grains  per  gallon  : — 


{a.)  Organic  3^‘7^ 

Containing  nitrogen  6-76 

(J?.)  Mineral—  (?) 

Containing  phosphoric  acid 1-85 

,,  potash I ’03 


A large  number  of  sludge  deposits  (to 
which  no  precipitant  was  added)  have  been 
examined  for  the  purpose  of  determining  the 
ratio  of  organic  nitrogen  to  organic  carbon. 
The  results  are  marked  by  a great  want  of 
uniformity,  ranging  from  a ratio  of  i to  3 '4, 
to  a ratio  of  i to  9M. 

Major  Scott,  after  a review  of  a large  number 
of  analyses,  says,  “we  may  assume  that  with 
each  [one]  part  of  the  three  fertilisers,  nitrogen, 
phosphoric  acid,  and  potash,  there  will  be 
associated  in  the  sewage  sludge  of  London 
20  parts,  25  parts,  and  56  parts  respectively,  of 
organic  matter.” 

Nitrogen  to  organic  matter  i : 20 

Phosphoric  acid  to  organic  matter  . . i : 25 
Potash  to  organic  matter  1:56 

It  will  be  impossible  for  us  to  discuss  the 
pollution  from  sources  other  than  excreta 
which,  together,  make  up  the  complex 
fluid  we  designate  sewage.  With  respect, 
however,  to  stable  drainage,  I would  note  that 
an  average  horse  excretes  thirteen  times  as 
much  faecal  matter  by  weight,  and  about  fifteen 
times  as  much  urine,  as  an  adult  man.  It  may 
be  noted  further,  that  both  horses  and  cows 
produce  by  respiration  about  thirteen  or  four- 
teen times  as  much  carbonic  acid  as  an  adult 
man,  and  as  a consequence  vitiate  the  air  in 
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the  same  ratio.  (Taking  1,200  cubic  inches  as 
the  quantity  of  COg  produced  per  hour  by  a 
man,  14,750  inches  is  produced  by  a cow  or 
horse.) 

There  is,  however,  a not  unimportant  con- 
sideration which  occurs  in  considering  the 
character  of  a town  sewage,  viz.,  the  feeding 
of  horses.  The  difficulty  of  dealing  with  the 
stable  refuse  where  the  horses  have  been  fed 
upon  maize,  is  far  greater  than  where  the 
animals  have  been  fed  on  ordinary  corn.  In  my 
own  experience  as  a health  officer  I have  had 
abundant  evidence  of  the  peculiarly  offensive 
character  of  the  manure  in  such  cases. 

In  all  inquiries  respecting  the  sewage  of  a 
town,  the  nature  and  amount  of  the  liquid 
refuse  from  manufacturing  works  (if  admitted 
into  the  sewers)  needs  most  careful  considera- 
tion. Of  these  I may  specially  mention  brewery 
refuse,  the  waste  being  of  a singularly  offensive 
nature.  To  add  to  the  difficulty,  a consider- 
able quantity  of  yeast  is  discharged  with  the 
waste  liquor,  whilst  the  high  temperature  of 
the  refuse  intensifies  the  trouble  of  treatment. 
The  refuse  from  certain  dye  works,  &c.,  are 
also  difficult  to  deal  with. 

As  regards  street  washings,  the  following 
details  may  be  worth  noting: — Granite  roads 
were  found  at  the  time  of  a heavy  shower  to 
discharge  water  into  the  gullies  containing 
800  grains  of  solid  matter  per  gallon,  of  which 
219  grains  were  in  solution  and  520  in  suspen- 
sion. The  precise  composition  of  the  washings, 
will,  however,  depend  on  many  conditions, 
such  as  extent  of  traffic,  previous  period  of 
drought,  &c.  The  water  from  wood  paving, 
taken  about  the  same  time  as  the  above,  was 
found  to  contain  50  grains  of  solid  matter  per 
gallon,  of  which  40  was  in  solution  and  10  in 
suspension.  Some  20  samples  of  road  washings 
taken  from  all  kinds  of  roads  under  circum- 
stances as  nearly  as  possible  similar  to  the 
conditions  named  above,  were  mixed  together. 
The  water  contained  280  grains  of  solid  matter 
per  gallon,  of  which  120  were  in  solution  and 
160  in  suspension. 

It  would  be  outside  my  province  to  discuss 
the  engineering  details  of  a sewage  scheme. 
Yet  let  me  note  that  sanitary  medicine  must 
take  cognisance  of  sewage  in  its  progress 
through  a town.  There  must  be  sufficient 
velocity,  as  well  as  an  economy  of  scouring 
power,  in  order  to  prevent  the  solid  matters 
from  collecting.  The  ventilation  of  the  sewers 
is  again  a question  of  importance  upon  which 
authorities  differ,  and  no  wonder,  seeing  how 
formidable  are  the  difficulties. 


Discharge  of  Crude  Sewage  into 
Rivers. 

Nothing  is  more  certain  than  that  the  dis- 
charge of  crude  sewage  into  a river  is  unadvis- 
able.  It  is,  in  fact,  a method  of  shifting  a 
nuisance  from  the  nuisance-producer  to  his 
immediate  neighbour.  The  evils  arising  from 
such  discharge  depend  mainly  upon  the  sus- 
pended matter  in  the  sewage.  This,  first  of  all, 
floats  about  near  the  outfall,  certain  portions 
of  the  organic  matter  combining  with  aluminous 
compounds  from  alluvial  mud  raised  by  tides 
and  steamers.  In  time,  deposition  takes  place. 
In  the  course  of  flow  the  various  ingredients 
are  found  to  deposit  more  or  less  in  the  order 
of  their  specific  gravity.  The  first  deposits 
are  mainly  mineral,  with  small  quantities  of 
organic  matter  carried  down  at  the  same  time. 
The  later  deposits  are  mostly  finely  divided 
organic  matter,  along  with  a small  quantity  of 
mineral  matter.  Thus  there  occurs,  as  the 
result  of  flow,  a natural  sorting  of  the  matters 
in  suspension. 

The  organic  impurities  of  the  sewage  in  this 
manner  collect  in  the  bed  of  the  river  and 
ultimately  putrefy.  The  gases  developed  and 
bottled  up  in  time  render  the  solids  sufficiently 
buoyant  to  rise  to  the  surface  where  the  gases 
of  putrefaction  (sulphur  and  phosphorus  com- 
pounds for  the  most  part)  are  given  off,  the 
solid  matter  again  sinking  to  undergo  fresh 
putrefactive  changes. 

Thus  the  nuisance  from  the  discharge  of 
sewage  into  the  river  may  be  far  more  offensive 
at  a short  distance  from  the  outfall,  than  at 
the  outfall  itself.  Further,  at  a point  of  slack 
water,  the  nuisance  arising  from  these  solids 
in  suspension  may  be  greatly  aggravated. 

As  regards  the  matters  in  solution,  provided 
the  sewage  be  sufficiently  diluted  and  allowed 
a certain  flow,  complete  purification  will  be 
effected  by  oxidation.  This  fact  is  now-a- 
days  admitted  by  nearly  all  chemists,  and  need 
not  detain  us  further.  The  self-purification  of 
running  water  is,  however,  not  to  be  regarded 
as  an  argument  in  support  of  allowing  crude 
sewage  to  be  discharged  into  a river. 

Before  dealing  in  detail  with  the  value  and 
the  treatment  of  sewage,  a few  historical  details 
may  be  permitted. 

A Royal  Commission  was  appointed  in  1857 
(known  as  “ The  Sewage  of  Towns  Commis- 
sion ”)  to  inquire  into  the  best  mode  of  dis- 
tributing the  sewage  of  towns,  and  applying 
it  to  beneficial  and  profitable  uses.  Their 
deliberations  lasted  for  eight  years,  a pre- 
liminary report  being  made  in  1858,  a second 
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in  1861,  and  a final  report  in  1865.  Their 
conclusions  were  in  favour  of  irrigation,  their 
belief  being  that  irrigation  processes  might  be 
made  more  or  less  profitable.  They  say  : — 

“ I.  The  right  way  to  dispose  of  town  sewage  is 
to  apply  it  continuously  to  land,  and  it  is  only  by 
such  application  that  the  pollution  of  rivers  can  be 
avoided.” 

“2.  The  financial  results  of  a continuous  applica- 
tion of  sewage  to  land  differ  under  different  local 
circumstances  ; first,  because  in  some  places  irriga- 
tion can  be  effected  by  gravity,  while  in  other  places 
more  or  less  pumping  must  be  employed  ; secondly, 
because  hea\y  soils  (which  in  given  localities  may 
alone  be  available  for  the  purpose)  are  less  fit  than 
light  soils  for  continuous  irrigation  by  sewage.” 

“ 3.  Where  local  circumstances  are  favourable, 
and  undue  expenditure  is  avoided,  towns  may  derive 
profit,  more  or  less  considerable,  from  applying  their 
sewage  in  agriculture.  Under  opposite  circum- 
stances, there  may  not  be  a balance  of  profit ; but 
even  in  such  cases  a rate  in  aid,  required  to  cover 
any  loss,  needs  not  be  of  large  amount.” 

In  1862  [z.e.,  during  the  life  of  the  previous 
Commission)  a select  committee  of  the  House 
of  Commons  was  appointed  (called  Select 
Committee  on  the  Sewage  of  Towns)  to  inquire 
into  “the  best  means  of  utilising  the  sewage 
of  the  cities  and  towns  of  England,  with  a view 
to  the  reduction  of  local  taxation,  and  the 
benefit  of  agriculture.”  They  reported  in 
April  and  July  of  1862. 

In  May,  1865,  the  first  Rivers’  Pollution 
Commission  was  appointed  “ to  inquire  into 
the  best  means  of  preventing  the  pollution  of 
rivers.”  They  made  three  reports,  the  first  in 
1866,  and  the  second  and  third  in  1867. 
In  February,  1868,  their  commission  was 
revoked,  a second  Rivers  Pollution  Com- 
mission being  appointed  in  April  of  that  year. 
The  subjects  embraced  in  the  reports  of  the 
two  Rivers’  Pollution  Commissions  may  be 
best  stated  in  the  language  of  their  com- 
missions. They  were  appointed  “ for  the 
purpose  of  inquiring  how  far  the  present  use 
of  rivers  or  running  waters  in  England  for  the 
purpose  of  carrying  off  the  sewage  of  towns 
and  populous  places,  and  the  refuse  arising 
from  industrial  processes  and  manufactures, 
can  be  prevented  without  risk  to  the  public 
health,  or  serious  injury  to  such  processes  and 
manufactures,  and  how  far  such  sewage  and 
refuse  can  be  utilised  and  got  rid  of  otherwise 
than  by  discharge  into  rivers  or  running 
waters,  or  rendered  harmless  before  reaching 
them  ; and  also  for  the  purpose  of  inquiring 
into  the  effect  on  the  drainage  of  lands  and 


inhabited  places,  of  obstructions  to  the  natural 
flow  of  rivers  or  streams,  caused  by  mills, 
weirs,  locks,  or  other  navigation  works,  and 
into  the  best  means  of  remedying  any  evils 
hence  arising.”  This  Commission  made  six 
reports,  the  first  in  1870,  and  the  sixth  in  1874. 

In  1875,  a committee  of  the  Local  Govern- 
ment Board  was  appointed  to  make  special 
inquiry  into  the  practical  efficiency  of  the  chief 
systems  of  sewage  disposals  then  in  operation,, 
and  for  which  loans  had  been  sanctioned  by 
the  Board,  It  reported  in  1876  (Sewage  Dis- 
posal, Report  of  a Committee,  1876):  — 

“ 4.  That  most  rivers  and  streams  are  polluted  by 
a discharge  into  them  of  crude  sewage,  which  prac- 
tice is  highly  objectionable.” 

“ 5.  That,  as  far  as  we  have  been  able  to  ascer- 
tain, none  of  the  existing  modes  of  treating  town 
sewage  by  deposition  and  by  chemicals  in  tanks 
appear  to  effect  much  change  beyond  the  separation 
of  the  solids,  and  the  clarification  of  the  liquid.  That 
the  treatment  of  sewage  in  this  manner,  however, 
effects  a considerable  improvement,  and,  when 
carried  to  its  greatest  perfection,  may  in  some  cases 
be  accepted.” 

“ 6.  That,  so  far  as  our  examinations  extend,  none 
of  the  manufactured  manures  made  by  manipulating 
town’s  refuse,  with  or  without  chemicals,  pay  the 
contingent  costs  of  such  modes  of  treatment ; neither 
has  any  mode  of  dealing  separately  with  excreta,  so 
as  to  defray  the  cost  of  collection  and  preparation  by 
a sale  of  the  manure,  been  brought  under  our 
notice.” 

“7.  That  town  sewage  can  best  and  most  cheaply 
be  disposed  of  and  purified  by  the  process  of  land 
irrigation  for  agricultural  purposes,  where  local  con- 
ditions are  favourable  to  its  application,  but  that  the 
chemical  value  of  sewage  is  greatly  reduced  to  the 
farmer  by  the  fact  that  it  must  be  disposed  of  day  by 
day  throughout  the  entire  year,  and  that  its  volume 
is  generally  greatest  when  it  is  of  the  least  service  to 
the  land.” 

“8.  That  land  irrigation  is  not  practicable  in  all 
cases;  and,  therefore,  other  modes  of  dealing  with 
sewage  must  be  allowed.” 

This  being  the  sewage  with  which  we  have 
to  deal,  our  object  is  twofold  : — 

(i.)  To  make  use  of  any  valuable  con- 
stituents that  it  may  contain  ; and 

(2.)  To  purify  it. 

Sanitary  requirements  however  demand  that 
no  nuisance  should  result  in  the  course  of  the 
operation  of  treatment. 

The  Value  of  Sewage. 

The  basis  on  which  the  theoretical  calcula- 
tion of  the  value  of  sewage  may  be  determined^ 
is,  authorities  suggest,  simplicity  itself. 
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It  may  be  conceded  that  the  animal  excreta 
are,  practically,  the  only  constituents  of 
manurial  value. 

Having  determined  the  value  of  the  excreta 
of  a mixed  population,  it  is  only  necessary  to 
know  (i)  the  population  of  any  given  town, 
and  (2)  the  quantity  of  sewage  produced  during 
the  twenty-four  hours,  to  estimate  the  manurial 
value  of  the  sewage.  It  may  appear  strange, 
however,  the  question  being  one,  we  are  told,  of 
such  simplicity,  that  authorities  before  the 
Select  Committee  of  the  House  of  Commons 
(1862)  should  have  stated  it  so  variously  as 
from.  ^d.  to  qd.  per  ton.  Certain  details  upon 
which  these  money  estimates  were  founded 
may  be  noticed.  • 

The  Rivers  Pollution  Commissioners,  who 
fix  its  value  at  about  2d.  per  ton,  say,  “The 
money  value  of  these  constituents  (combined 
nitrogen,  phosphoric  acid  and  salts  of  potash), 
dissolved  in  lOO  tons  of  average  sewage,  is 
about  15s.,  whilst  that  of  the  suspended 
matters  is  about  2s.  That  is  to  say  that  lOO 
tons  of  average  sewage  are  worth  17s.,  or 
about  2d.  per  ton.” 

Hofmann  and  Witt  arrived  at  a similar  con- 
clusion. Six-sevenths,  they  say,  of  the  valuable 
matters  in  sewage  are  in  solution.  Reckon 
that  700  tons  of  sewage  contains  one  ton  of 
solid  matter,  having  a total  money  value  of 
^6  os.  3d.  5s.  for  dissolved  matters,  and 

15s.  3d.  for  suspended  matters),  it  follows  that 
the  one  ton  of  sewage  is  worth  about  2d. 

Lawes  and  Gilbert  arrive  at  a similar  con- 
clusion. Reckoning  the  dry  weather  sewage 
of  London  as  24  gallons  daily  per  head 
(=  40  tons  per  head  per  annum),  and  the 
ammonia  as  10  lbs.  per  head  per  annum,  the 
money  value  would  be  2d.  per  ton,  whilst  if 
the  ammonia  be  taken  at  I2|^lbs.  per  head  per 
annum,  it  would  be  2^d.  per  ton. 

Take  it,  says  another  authority  (Mr.  Bailey 
Denton),  that  the  fertilising  elements  of  one 
person  (worth,  let  us  say,  8s.  4d.  per  year)  are 
diluted  with  61  tons  of  water  (an  average 
quantity  contributed  by  each  individual  to  the 
outflow  from  towns),  the  value  of  sewage  is 
8s.  qd.  divided  by  61,  or  i|d.  per  ton. 

Such  are  some  of  the  estimates. 

But  there  were  those  wTo  desired  to  be  still 
more  precise  in  their  calculations.  Authorities 
who  desired  to  be  cautious  valued  the  London 
sewage,  when  the  population  w'as  3,000,000,  at 
;i^i,ooo,ooo  sterling,  that  is  at  the  low  estimate 
(ridiculous  to  many  people)  of  6s.  8d.  as  the 
annual  value  of  each  person’s  excreta.  The 
two  chairmen  of  Parliamentary  committees 


(Mr.  Brady  and  Lord  Robert  Montagu),  after 
a long  inquiry,  came  to  the  conclusion  that 
London  sewage  is  equal  in  manurial  value  to 
212,842  tons  of  Peruvian  guano,  wuth  a market 
price  of  ^2,890,000.  Hofmann  and  Frankland 
considered  that  1,250  tons  of  London  sewage 
contained  the  fertilising  matters  of  one  ton  of 
Peruvian  guano,  whilst  a very  great  authority 
indeed,  one  before  whom  the  chemical  world 
justly  bows  in  admiration,  would  listen  to 
nothing  less  as  the  annual  value  of  the 
metropolitan  sewage  than  ^4,081,430.* 

Such  being  the  teaching  of  science  as  to  the 
value  of  sewage,  nothing  was  more  natural  than 
to  urge  upon  authorities  its  application  to  land. 
And  here  let  me  say  at  once,  that  I distinguish 
between  utilisation  of  the  sewage  and  its  puri- 
fication. I consider  them  together,  but  they 
are  totally  different  questions. 

Science  had  its  story  to  tell.  The  land  acts, 
first,  as  a mechanical  filter,  and,  secondly,  as  a 
chemical  laboratory.  As  a filter,  the  larger  in- 
soluble particles  are  arrested  on  its  surface, 
whilst  the  smaller  are  entrapped  a few  inches 
down.  The  water  is  absorbed,  i.e.  each  earth 
particle  becomes  covered  with  a liquid  coating. 
Now  follows  the  work  of  the  chemical  labora- 
tory. The  enormous  surface  of  liquid  thus 
formed  is  favourable  to  coercing  the  combina- 


tion of  oxygen  with  the  organic  impurities  of  this 
subdivided  sewage  water,  carbonic  acid  and 
v/ater  together  with  nitric  acid,  oxidation  being 
assisted  possibly  by  the  presence  of  certain 
micro-organisms  resulting.  The  organic 
matters  on  the  surface  soon  undergo  slow 
burning.  The  nitric  acid  is  your  plant  feeder. 

The  process  of  slow  burning  is  the  w'ork  of 
oxygen,  whilst  that  of  nitrification,  as  the 
researches  of  Pasteur  and  Warrington  have 
shown,  is  due  to  the  combined  work  of  oxygen 
and  of  certain  lower  forms  of  life.  Hence,  to 
purify,  you  need  not  only  a flow  of  sewage  but 
a flow  of  air,  that  is,  constant  movement 
regulated  in  its  order.  As  regards  the  lower 
organisms,  they  may  be  already  in  the  soil  or 
be  provided  by  the  sewage.  The  purifying 
power  of  a soil,  however,  is  peculiar  to  itself. 
You  cannot  completely  control  aeration, 
although  drainage  and  loosening  of  soil  will 
promote  it,  and  an  excess  of  irrigation  stop  it. 
In  fact,  the  soil  as  a purifying  agent,  is  to  say 
the  least  capricious. 

Purification,  the  action  of  the  soil,  is  greatly 
assisted  by  the  action  of  vegetation.  In  winter 


* See  Voelcker’s  report  on  the  “ Commercial  Value  of 
Sewage  and  Soil  Manures,”  published  in  the  report  of  Messrs . 
Rawlinson  and  Read  to  the  Local  Government  Board. 
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time,  when  there  is  no  vegetation,  the  soil  only 
must  do  the  work. 

Enthusiasts  full  of  faith  were  found  to 
embark  in  private  sewage  farms,  whilst  local 
authorities,  anxious  to  save  the  rates,  offered 
the  sewage  to  farmers  in  their  neighbourhood 
for  a corresponding  return. 

It  was  not  long,  however,  before  a certain 
unpleasant  awakening  occurred,  owing  to 
the  farmers  declining  even  to  accept  the 
sewage. 

Reasons  for  this  were  sought.  Was  it  due, 
as  was  suggested,  to  the  ignorance  of  farmers, 
and  their  blind  attachment  to  old  fashioned 
ways  ? This  contention  was  scarcely  feasible, 
seeing  how  keenly  they  appreciate  newly  in- 
vented manures  (6’.^'.,  superphosphate,  alkaline 
nitrates,  &:c.),  new  implements,  new  methods 
of  subsoil  drainage,  (Src. 

Men  began  to  suspect  one  of  two  things, 
either  that  there  was  {a)  some  obstacle  to  the 
agricultural  use  of  sewage  ; or  [b]  that  its 
theoretical  value  was  very  far  from  being  its 
practical  worth. 

But  other  facts  than  those  adduced  by  the 
mere  w’orking  farmer,  presented  themselves  in 
the  failure  of  the  farming  attempts  of  enthusi- 
astic irrigationists.  Despite  the  statement  of 
Mr.  Edwin  Chadwick,  who,  in  1844,  propounded 
his  views  with  the  authority  of  the  Board  of 
Health,  that  liquid  manure  was  at  all  times 
preferable  to  solid  manure,  and  suitable  for  all 
crops  and  all  soils,  we  have  to  record  one 
long  series  of  miserable  failures  in  the  attempt 
to  find  experimental  proof  of  theoretical  esti- 
mates. The  failure  of  Mr.  Smith’s  farm  (Dean- 
stone),  of  Mr.  Xeilson’s  farm,  of  Mr.  Teller’s 
farm,  of  Mr.  Kennedy’s  farm  (Myremill),  of 
Mr.  Huxtable’s  farm,  of  Mr.  Chamberlain’s 
farm,  of  Mr.  Littledale’s  farm,  and  of  Mr. 
Mechi’s  farm  (all  of  which  cases  have  at 
various  times  been  held  up  as  wonderful  illus- 
trations of  the  money  success  of  irrigation) 
supply  the  unanswerable  answer  to  Mr.  Edwin 
Chadwick  and  his  school. 

The  Rugby  farm  was  pronounced  “ unre- 
munerative  ” by  its  first  manager  (see  Mr. 
Campbell’s  letter.  Times,  Nov.  18,  1864),  whilst 
it  was  abandoned  by  Mr.  Congreve,  and  by  Mr. 
Walker  who  succeeded  Mr.  Campbell.  The 
story  of  one  and  all  sewage  farms  is  a history 
of  commercial  failure. 

The  irrigationists,  however,  still  pointed 
those  who  doubted  the  commercial  success  of 
sewage  farming  to  the  Craigentinny  meadows 
in  Edinburgh.  We  were  told  (correctly  no 
doubt)  that  in  good  seasons  £20  to  £■^0  worth 


of  green  produce  had  been  realised  per  acre 
(say  £2^  average).  But  it  is  no  secret, 

(i.)  that  in  these  meadows  the  quantity  of 
sewage  used  has  been  from  10,000  to  13,000 
tons  per  acre,  in  other  words,  taking  the  pro- 
duce as  worth  £2^,  the  sewage  employed  had 
a value,  irrespective  of  rent  and  farming  ex- 
penses, of  less  than  ^d.  a ton. 

(2.)  That  the  sewage  was  not  used  con- 
tinuously, and  when  not  wanted  on  the  land, 
was  diverted  into  the  sea. 

Nothing  is  more  certain  than  that  the 
theoretical  value  calculation  of  sewage,  based 
on  the  supposition  that  the  manurial  elements 
of  a sewage,  extracted  and  dried,  are  their 
value  in  solution,  must  be  regarded  as  an  ex- 
travagant dream  of  enthusiasm.  Such  calcu- 
lations have  entirely  overlooked  the  effects  of 
dilution,  and  the  presence  of  a mass  of  worth- 
less material.  Nay  more,  the  “ profligate  asso- 
ciates ” as  they  have  been  called  in  sewage, 
are  not  merely  worthless,  but  worse  than  worth- 
less. Sewage  in  this  respect  is  not  singular. 
Thus  whilst  rotten  farmyard  manure  may  have 
an  estimated  value  of  15s.,  its  practical  value 
rarely  exceeds  one-half  its  theoretical.  No 
doubt  the  enthusiasts  of  a few  years  ago  have 
learnt  a lesson  at  some  cost.  Mr.  Bailey 
Denton,  admitting  the  fallacy  of  old  calcula- 
tions, still  clings  with  praiseworthy  consistency 
to  some  of  his  old  ideas  of  value.  “ Even,”  says 
he,  ” with  such  a greatly  diminished  value  {i.e., 
ifd.  to  ]d.  a ton),  the  country  has  a valuable 
property  which  it  is  our  duty  to  preserve.” 

We  are  constantly  reminded,  moreover,  of 
the  success  of  irrigation  in  India,  Egypt 
Persia,  &:c.  The  simple  application  of  water 
to  the  soil  in  dry  and  warm  climates  increases 
fertility.  Moreover,  we  must  admit  that  sewage 
has  a higher  manurial  value  than  mere  water. 
But  the  cases  are  not  comparable;  a climate 
having  the  temperature  of  our  own  with 
frequent  rain  (rain  falling  150  days,  on  an 
average,  out  of  365),  is  not  to  be  compared 
with  one  of  tropical  heat  and  of  long  continued 
drought.  The  sandy  soil  of  Gennevilliers  or  of 
the  Dantzic  farm  are  no  cases  in  point.  Admit- 
ting as  a fact  a certain  manurial  value  in 
sewage,  the  English  farmer,  it  is  certain, 
would  sooner  sacriflce  the  manurial  value 
than  be  compelled  always  to  have  the  water. 
For  two  difficulties  stare  him  in  the  face  (and  a 
sanitary  authority  demands  these  conditions), 
first,  to  be  compelled  to  take  the  sewage  at  all 
times  (day  and  night,  Sundays  and  week  days) 
all  the  year  round  (summer  and  winter)  whether 
his  soil  wants  it  or  not,  or  whether  he  has  any 
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crops  or  not  that  can  profitably  use  it,  at  all 
stages  of  their  growth,  seed  time  and  harvest, 
and,  secondly,  so  to  utilise  it  as  to  produce  an 
effluent  which  at  all  times,  all  the  year  round, 
shall  neither  produce  a nuisance  nor  pollute 
a public  watercourse.  In  times  of  frost — during 
the  heavy  rains  of  spring  and  autumn— the 
farmer  finds  he  has  no  alternative  (his  land 
being  practically  impenetrable)  but  to  let  the 
sewage  pass  away  unpurified  into  the  nearest 
stream.  He  finds,  too,  that  the  use  of  sewage 
again  is  prejudicial  during  the  maturity  and 
ripening  of  the  crops.  These  difficulties  were 
grasped  by  the  Parliamentary  Committee  of 
1862,  who  reported,  that  it  was  desirable  that 
those  using  sewage  should  have  a full  control 
over  it,  so  that  they  might  apply  it  when  and 
in  what  quantities  they  may  require.” 

Local  authorities  have,  indeed,  learnt  the 
truth  of  these  statements,  since  when  they 
adopt  an  irrigation  scheme  they  know  that  it 
is  necessary  for  them  to  acquire  land,  and  not 
trust  to  the  farmers  in  the  neighbourhood. 

I am  aware  that  the  difficulty  of  frost  is  sup- 
posed to  be  met  by  the  increased  temperature 
of  the  sewage.  If  time,  however,  be  allowed 
for  the  ground  to  be  aerated,  and  the  weather 
be  so  cold  as  to  freeze  it,  some  of  the  sewage 
at  least  must  flow  over  frozen  ground.  This  is 
the  dilemma.  Adopt  means  to  aerate  your 
ground,  and  it  will  become  frozen.  Neglect  to 
aerate  your  ground,  and  it  is  useless,  or  prac- 
tically so.  The  difficulty  of  storm  water  is 
said  to  be  met  by  a certain  portion  of  land 
being  kept  for  storm  sewage,  and  possibly 
planted  with  osiers.  But  this  does  not  meet 
the  case.  Your  osier  beds  can  become  water- 
logged as  well  as  your  farm.  It  is  no  doubt  an 
advantage  to  have  a reserve,  but  it  only  meets  a 
part,  and  a very  small  part,  of  the  real  difficulty. 

In  considering  the  question  of  working  cost, 
quite  apart  from  the  expense  of  preparing  the 
and,  it  is  stated  on  good  authority  (Local 
Government  Board  Report,  p.  33),  that 
sewaged  land  requires  more  horses  and 
double  the  amount  of  manual  labour  than 
ordinary  arable  land.  This  means  greater 
capital.  “To  properly  stock  (I  am  quoting 
from  the  report)  and  work  a sewage  farm 
upon  which  the  main  produce  is  consumed, 
quite  five  times  the  usual  amount  of  money 
will  be  needed.” 

There  is  another  point  to  be  recorded,  the 
enormous  care  needed  in  the  management  of 
a sewage  farm.  Dr.  Carpenter  understands 
this  when  he  laments  “ how  mischievous 
people  often  break  down  the  carriers  and 


other  works,  and  let  the  sewage  run  where  it 
ought  not  to  go— in  that  way,  getting  into  the 
effluent  water.” 

We  have  admitted  a certain  manurial  value 
in  sewage.  Before  we  proceed  to  consider 
the  question  of  producing  a good  effluent,, 
some  other  points  bearing  on  its  fertilising 
powers  come  before  us,  viz.  : — ■ 

(i.)  The  methods  of  applying  sewage  to  land. 

(2.)  The  soil  best  suited  for  irrigation. 

(3.)  The  crops  most  suitable  for  a sewage 
farm. 

(4.)  The  value  of  the  crops  so  grown. 

I. — The  Methods  of  Applying  the 
Sewage  to  Land. 

Various  methods  have  been  suggested, 
such  as  simple  broad  irrigation,  as  practised 
at  Milan,  converting  the  field  into  a water 
meadow;  and  subterranean  irrigation,  pipes 
being  laid  sufficiently  deep  to  be  beyond 
reach  of  the  plough.  This  may  be  called 
upward  irrigation.  Both  of  these  plans 
have  been  tried  and  abandoned.  Irrigation 
by  hose  and  jet  is  no  doubt  that  method 
of  applying  sewage  which  yields  the  best 
results.  (Smith  of  Deanstone,  Chadwick, 
Mechi,  Telfer,  Kennedy.)  Professor  Way 
says,  “ If  you  ask  me  how  to  make,  regard- 
less of  cost,  the  manurial  ingredients  of  the 
sewage  into  the  greatest  amount  of  produce 
of  any  kind,  I would  put  it  on  with  pipes  and 
hose  in  small  quantities  almost  as  I would  in 
garden  cultivation,  as  if  I were  watering  it 
with  watering  pots,  but  it  would  never  pay 
you  to  do  it,”  And,  apart  from  this,  you  would 
never  be  able  to  get  on  the  land  the  quantity  that 
would  meet  the  sanitary  difficulty.  This  fail- 
ing, sewage  has  to  be  brought  to  the  highest 
points  of  the  land  to  be  irrigated,  conveyed 
by  carriers  of  a more  or  less  permanent 
character  into  some  form  of  sewer  channels. 
The  open  carriers,  or  surface  channels,  may  be 
mere  trenches,  or,  if  it  be  desirable  that  they 
should  be  placed  above  the  ground,  constructed 
of  concrete  or  of  sheet  iron,  the  sewage  flowing 
in  large  or  small  volume,  as  required,  upon  the 
surface  of  the  ground.  Sometimes  moveable 
troughs  are  used  (Carlisle),  but  usually  the 
sewage  is  run  through  open  carriers,  and  merely 
the  land  more  or  less  flooded  by  the  carriers 
being  dammed  up  at  certain  parts.  Simple 
contrivances  only  are  required  to  turn  on  or 
turn  off  the  sewage  as  needed.  The  land 
must  of  course  be  so  levelled  and  drained  that 
the  sewage  may  flow  over  different  portions 
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of  ground,  and  not  into  hollows  where  it  would 
become  stagnant,  or  pass  away  without 
undergoing  the  needful  purification. 

II.  The  Soil  best  suited  for  Irrigation 
AND  Filtration. 

We  may  distinguish  three  cases  : — 

1.  Very  porous  soils. — A pure  sandy  soil 
has  had  its  advocates,  on  the  ground  that  it 
becomes  richer  every  year  that  sewage  is 
applied  to  it,  irrigation  thus  serving  to  con- 
vert poor  into  productive  land  (Way).  Bag- 
shot-heath  has  found  favour  as  sewage  land 
with  some,  on  the  ground  of  its  porous,  sandy, 
and  sterile  character  (Lawes  ; Paxton).  In 
such  soils,  however,  the  effluent  is  generally 
very  impure.  A coarse,  gravelly  soil  may  be 
“free,”  but  it  most  certainly,  as  a rule,  dis- 
charges the  sewage  imperfectly  purified,  on 
account  of  its  non-retentive  nature. 

2.  Heavy  clay  soils,  or  rather  soils  contain- 
ing a notable  proportion  of  clay,  were  approved 
by  Liebig,  on  the  ground  that  clay  was 
the  most  effective  soil  for  absorbing  the 
valuable  constituents  of  sewage,  viz.,  the 
ammonia,  phosphoric  acid  and  potash.  Liebig 
considered  the  success  of  the  Craigentinny 
meadows  to  be  dependent  on  the  clay  in  the 
soil.  It  was  his  opinion  that  if  the  Maplin  sands 
were  to  be  used  as  irrigation  land,  2,000,000 
tons  of  clay  would  be  needed  to  give  them 
fertility  to  the  depth  of  one  inch. 

A soil  containing  such  a proportion  of  clay 
as  to  retard  over-much  the  passage  of  the 
sewage  through  it,  acts  injuriously  ; in  other 
words,  it  is  over  retentive— the  fact  being  that, 
to  get  the  best  effect  of  filtration,  the  filtration 
must  not  be  too  slow.  The  effluent  is  in  such 
cases  usually  turbid  and  discoloured. 

A clay  soil  {e.g.,  London  clay,  the  stiff  clay 
beds  of  the  new  red  sandstone,  and  the  boulder 
clay  overlying  the  Oxford  clay)  are  impervious 
to  water.  Such  ground  may  be  utilised  by 
burning  and  mixing,  although  the  cost  of  such 
treatment  is  considerable. 

With  clay,  therefore,  we  may  have  either 
very  slow  filtration,  the  effluent  being  coloured 
and  turbid,  or  practically  no  filtration  at  all. 
Further,  such  soils  are  specially  liable  to  crack 
and  fissure,  both  by  frost  and  extreme  heat ; 
in  either  case  the  sewage  would  run  through 
the  soil  in  an  absolutely  unpurified  condition. 

3.  Soils  intermediate  between  sand  and  clay. 
Perhaps  a sandy  loam,  or  a loam  with  a small 
proportion  of  clay,  is  that  soil  best  fitted  to 
yield  a good  effluent  where  irrigation  or 
filtration  through  land  is  practised.  Bailey 
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Denton  points  out  that  the  capacity  of  soils  to 
absorb  water  (eg.,  a coarse  gravelly  soil)  is 
no  criterion  of  its  cleansing  capability.  On  the 
contrary,  he  says,  a loamy  soil  having  suffi- 
cient sand  to  render  it  free  and  “ to  fill  it 
with  close  interstitial  spaces  for  aeration,  will’ 
discharge  a superior  quality  of  purified  water 
by  the  under  drains.”  The  best  results  I have 
myself  seen  are  in  the  case  of  soils  containing 
about  86  to  90  per  cent,  of  sand  with  a little 'clay. 

The  value  of  a plant-bearing  soil  as  an 
absorbent,  and  possibly  as  an  elaborator  of 
plant  food,  is  worth  considering.  Way  sup- 
posed the  absorbent  action  of  a soil  to  be 
dependent  on  the  chemical  action  of  certain 
silicates  of  lime  and  alumina,  which  fixed  the 
alkalinebases  and  allowed  the  acid  constituents 
(phosphoric  acid  excepted)  to  pass  in  combina- 
tion with  lime.  Liebig  states  that  an  acre  of 
common  clay  soil,  4 inches  deep,  in  the  neigh- 
bourhood of  Munich,  would  absorb  2,076  lbs. 
of  ammonia,  1,910  lbs.  of  potash,  888  lbs.  of 
phosphoric  acid,  and  that,  like  the  stomach 
which  fitted  food  for  the  wants  of  the  animal, 
such  a soil  fitted  sewage  for  the  wants  of  the 
plant.  Clay,  in  his  experiments,  was  the  best 
soil  for  irrigation,  sand  the  worst,  turf  and 
peat  being  intermediate.  Voelcker  found  that 
clay  absorbed  potash  salts  and  ammonia  freely 
from  its  solution,  but  never  completely,  the 
ammonia  absorbed  being,  in  great  part  but 
not  entirely,  capable  of  removal  by  washing.  . 
Sand  absorbed  ammonia  and  potash  salts  im- 
perfectly. Chalky  and  marly  soils  absorbed 
and  rendered  insoluble  the  soluble  phosphoric 
acid  more  powerfully  than  either  clay  or  sand. 

Voelcker’s  experiments  on  the  action  of 
various  soils  on  ammonia  (Journal  of  the 
Royal  AgricuUitral  Society,  xxviii.  p.  544) 
show — 

A.  — As  regards  free  ammonia  : — 

1.  That  all  soils  absorb  ammonia  from  their 
solution,  but  that  no  soil  absorbs  it  completely. 

2.  That  the  stronger  the  ammonia  solution, 
the  larger  the  absolute  quantity  of  ammonia 
absorbed,  whilst  the  weaker  the  ammonia 
solution,  the  larger  the  relative  quantity  of 
ammonia  absorbed. 

3.  That  if,  after  the  saturation  ofa  soil  with  a 
weak  solution  of  ammonia,  a strong  solution  be 
applied,  the  soil  will  absorb  more  ammonia 
from  the  strong  solution. 

B.  — As  regards  salts  of  ammonia  : — 

1.  That  the  soil  absorbs  the  ammonia,  the 
acid  of  the  salt  combining  with  the  bases  (lime, 
magnesia,  &c.)  present  in  the  soil. 

2.  That  absorption  is  greater  with  strong 
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solutions  of  ammonia  salts  than  with  weak 
solutions. 

The  ammonia  absorbed  by  the  soil  may  be 
partly  removed  by  washing  with  water,  but  the 
quantity  capable  of  being  thus  removed  is 
always  relatively  less  than  that  retained  by  the 
soil— in  other  words  the  absorptive  power  of 
the  soil  to  absorb  ammonia  is  relatively  less 
than  the  solvent  power  of  water  to  redissolve  it. 

These  remarkable  results  are  chiefly 
dependent  on  the  alumina  and  hydrated  oxide 
of  iron  in  the  soil,  and  in  lesser  degree  on  the 
presence  of  lime  and  other  bases. 

I wish  to  remark  on  the  immense  advantage 
in  an  irrigation  farm  of  ferruginous  earth.  I 
have  seen  a case  where  a very  good  effluent 
was  obtained  by  the  accidental  circumstances 
of  a small  area  (small,  that  is,  in  comparison  to 
the  entire  farm)  containing  a large  quantity  of 
on  iron  deposit. 

The  composition  of  irrigated  as  compared 
with  non-irrigated  soils  has  been  on  many 
occasions  contentious  matter  in  our  courts, 
and  the  subject  of  numerous  investigations. 
The  top  few  inches  of  an  irrigated  farm  presents 
no  doubt  a very  marked  difference  from  the 
underlying  soil,  such  difference  being  de- 
pendent partly  on  the  nature  of  the  soil, 
partly  on  the  method  of  irrigation,  but  more 
particularly  upon  how  far  the  suspended  matters 
have  been  removed  before  the  application  of  the 
sewage  to  land,  and  the  extent  to  which  inter- 
mittcncy  of  action  has  been  practised.  If, 
however,  the  top  inch  of  the  land  be  carefully 
scraped  off,  the  difference  of  the  composition 
of  sewaged  and  non-sewaged  ground  will 
probably  be  found  to  be  small.  As  regards 
nitrates,  phosphates,  and  chlorides,  the 
difference  is,  as  a rule,  absolutely  7iil. 
Perhaps  there  may  be  a slightly  increased 
amount  of  oxidisable  organic  matter,  but  even 
this  is  by  no  means  invariable,  whilst  at  a 
depth  of  eighteen  inches,  it  is  a very  rare  thing 
to  find  any  marked  alteration  of  composition. 
It  is  certain,  therefore,  that  given  land  of  ever 
so  suitable  a character  as  a sewage  purifier,  its 
powers  are  not  those,  agriculturally,  of  a 
storage  battery. 

Any  excess  of  sewage  over  that  which  the 
plant  can  utilise  at  the  time  is,  so  far  as  com- 
mercial profit  is  concerned,  wasted,  passing 
off  into  the  subsoil  drainage  partially  or 
wholly  purified.  As  a fact,  the  land  does  not 
store  in  any  quantity  the  manurial  elements 
for  the  use  of  future  crops.  The  fertility  of  a 
given  area  is  not  lo  times  greater  by  the 
application  of  the  sewage  of  i,ooo  persons,  than 


it  would  be  by  the  application  of  the  sewage  of 
100.  In  fact  it  is  no  better  and  no  worse. 
The  difference  is  to  be  sought  in  the  effluent, 
not  in  the  land.  The  Craigentinny  meadows 
are  still  sandy  and  poor,  despite  of  all  the 
sewage  put  upon  them.  The  land,  notwith- 
standing all  that  has  been  done  for  it,  still 
contains  less  than  fifteen  parts  of  organic 
matter  in  a thousand. 

But  how  far  is  absorption  dependent  on  the 
strength  of  the  manurial  fluid  applied  ? 
Voelcker’s  investigations  on  this  point  have 
been  referred  to  in  detail.  His  experiments 
show  that  when  manurial  elements  in  a 
weak  solution  like  sewage  is  applied  to  the 
soil,  it  merely  oxidises  the  nitrogen  and  strains 
the  fluid,  the  resulting  nitrates  flowing  away, 
unless  vegetation  is  growing  at  the  time,  when 
the  elements  of  the  sewage  may  be  appro- 
priated. But  more  than  this,  his  experiments 
show  that  a weak  sewage  may  actually  remove 
from  a soil  upon  which  there  is  no  vegetation 
the  manurial  ingredients  already  present  in  it. 

That  the  total  soluble  nitrogen  of  sewage  may 
be  found  in  the  effluent  as  nitrates  when  the 
sewage  is  applied  to  land  where  there  is  no 
vegetation  or  where  vegetation  is  inactive,  I 
have  many  times  verified  by  analysis.  (See 
Table,  third  report  of  Commissioners  appointed 
to  inquire  into  the  best  mode  of  distributing 
the  sewage  of  towns,  1865,  p.  46,  showing  as 
the  result  of  slsty-two  analyses,  that  the 
drainage  effluent  water  contained  on  an  aver- 
age the  sanfe  amount  of  organic  and  inorganic 
constituents  as  the  sewage.) 

III.  — Crops  most  Suitable  for  Irriga- 
tion. 

Nearly  all  agree  that  the  most  profitable 
application  of  sewage  is  to  pasture  land, 
osiers,  and  Italian  rye  grass.  Way  says  that 
its  application  to  grassland  is  the  only  profitable 
way  of  dealing  with  it  — in  other  words,  by  feed- 
ing it  into  milk  or  flesh,  and  so  getting  a 
manageable  manure. 

Bailey  Denton*  holds  a different  view  con- 
sidering that  “ the  less  the  sewage  farmer  has 
to  do  with  stock  the  better.”  He  is  of  opinion 
that  the  cultivation  of  grass  is  unprofitable. 

And  here  I may  refer  to  the  greediness 
with  which  cattle  feed  on  sewage  irrigated 
pasture.  Mechi  states  that  cattle  will  follow 
the  hose  and  feed  on  the  grass  wet  with  sewage. 
Many  who  gave  evidence  before  the  Parlia- 
mentary Committee  on  the  sewage  of  towns 

* See  Lecture  to  Maidstone  Farmers’  Club  on  “Sewage 
Irrigation  as  a Means  of  Disposal  of  Town  Sewage.” 
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testified  to  the  same  effect,  the  Committee 
reporting  that  “ the  evidence  proves  that 
cattle  of  all  sorts  appear  to  prefer  sevvaged 
grass  to  all  others,  and  will  eat  it  within  a few 
hours  of  its  being  dressed  with  sewage.” 
And  I beg  your  attention  to  this  fact  in  passing, 
for  I shall  refer  to  it  again  when  I speak  of 
the  dangers  incident  to  eating  the  meat  of 
animals  fed  on  sewage  produce. 

I would  note,  too,  that  there  is  evidence  to 
show  that  a damp  and  sodden  condition  of 
ground,  such  as  is  common  in  a sewage  farm, 
is  peculiarly  favourable  for  the  production  of  the 
” liver  fluke”  of  sheep  {^Diatoma  hepaticuni), 
a disease  occasioning  great  fatality.  This 
danger  of  irrigation  is  not  undeserving  of 
attention. 

— Some  have  advocated  irrigation  for 
root  crops  in  dry  weather  (Campbell,  of  Rugby) . 
The  mangold-wurtzel  does  well  in  a sewage 
farm. 

Miller,  of  Edinburgh,  is  against  the  use  of 
sewage  for  roots,  since  he  found  it  made  furrows 
and  channels  in  arable  land,  and  washed  the 
roots  of  plants  bare. 

Bailey  Denton  advocates  the  growing  of 
roots  (mangolds,  beet,  turnips,  carrots,  pars- 
nips, potatoes,  and  onions)  as  better  crops  for 
sewage  land  than  the  cultivation  of  grass. 

Cereals. — Some  consider  sewage  suitable 
for  wheat.  Mechi  advocated  its  use,  although 
not  directly  to  the  land  so  used  (otherwise  the 
wheat  grows  too  lu.xuriantly  and  fills  too  easily) 
but  to  a preceding  grass,  root,  or  clover  crop. 

The  majority  of  authorities  disapprove  of 
its  application  to  arable  laiid,  or  of  its  use 
for  cereals,  roots,  &c.  Voelcker  says,  “It 
is  quite  unfit  for  cereals  after  the  grassy 
state,  because  of  its  forming  straw  instead 
of  grain,  and  checking  the  ripening  process.” 
Lawes,  Way,  Congreve  (of  Rugby),  have  ex- 
pressed themselves  to  much  the  same  effect. 
(See  also  evidence  before  Select  Committee  of 
the  Sewage  of  Towns,  1862.) 

Its  application  to  corn  crops  was  tried  at 
Watford,  Rugby,  and  Alnwick,  but  abandoned. 

Bailey  Denton  advocates  the  production  of 
straw  upon  a sewage  farm  as  advantageous  for 
deeding  stock,  although  the  quantity  of  grain 
is  small. 

Voelcker  condemns  its  use  for  market  pro- 
duce, ” as  it  clogs  the  soil  and  kills  the 
plant.” 

Bailey  Denton  specially  advocates  the 
cultivation  of  cabbages  on  sewage  farms.  I 
remember  being  told  that  they  had  tried  grow- 
ing rhubarb  at  Aldershot,  but  that  they  aban- 


doned it  because  nobody  would  eat  it  a 
second  time,  owing  to  its  rank  sewage  flavour. 

At  the  Brussels  International  Congress 
(1876)  a collection  of  vegetables  were  shown, 
said  to  have  been  grown  in  fields  irrigated  by 
the  sewage  of  Paris.  There  was  a curious 
silence  as  to  the  cost  of  production. 

Liebig,  arguing  on  the  quantities  of  ammonia 
and  phosphoric  acid  in  sewage,  in  comparison 
to  the  quantity  of  potash,  considers  sewage 
less  adapted  for  grass  crops  than  for  pasture 
land.  Say  4 tons  of  good  hay  (=  12  tons  of 
grass)  is  grown  on  an  acre  of  land  per  annum. 
This  4 tons  abstracts  from  the  land  : — 


Nitrogen 141-6 lbs.  (ir  ammonia  1 72 lbs.) 

Phosphoric  add  72  ,, 

Potash  124  ,, 


To  get  124  lbs.  of  potash  you  must  have  2,400 
tons  of  sewage.  This  contains  ; — 

Nitrogen 451-07  lbs.  (zrammonia  547-73  lbs.) 

Phosphoric  acid  iog-6  ,, 

Potash  124  ,, 

Now,  in  accordance  with  the  law  that  “ the 
effect  of  all  the  constituents  of  a manure  is 
but  the  effect  of  that  one  of  them  which,  in 
comparison  with  the  wants  of  the  plant,  is 
present  in  the  smallest  quantity,”  it  follows 
that  37573  lbs  of  ammonia,  and  37-6  lbs.  of 
phosphoric  acid,  are  not  merely  wasted,  but 
act  injuriously  by  clogging  the  soil  and  killing 
the  plants.  On  this  ground  he  advocates 
adding  to  the  sewage  potash  and  phosphoric 
acid  in  proportion  to  the  requirements  of  the 
crop,  thus  lessening  the  sewage  required,  and 
increasing  general  fertility.  Thus  Liebig 
argues  that  sewage  should  always  be  used 
in  conjunction  with  richer  manures,  guano 
being  rich  in  phosphates  and  ammonia,  but 
poor  in  potash  ; farmyard  manure  being  rich 
in  potash,  but  poor  in  phosphates  and  am- 
monia ; sewage  occupying  an  intermediate 
position.  The  following  Table  will  serve  to 
illustrate  his  views  : — 


Potash 

Phosphoric 

acid. 

Ammonia 

lbs. 

lbs. 

lbs. 

193  tons  of  sewage  yield  

8-8  . 

- 441 

2,023  lbs.  of  farmyard  manure 

10 

9-0  . 

..  i4’0 

1,6/2  lbs.  of  Peruvian  guano  . 

10 

,,  200-5  • 

..  142-3 

Voelcker  scarcely  endorses  these  views,  for 
he  says  if  the  soil  itself  contains  the  elements 
of  fertility,  sewage  has  no  more  value  than  so 
much  water  ; but  if  it  be  poor  and  barren,  then 
the  application  of  sewage  will  produce  crops 
of  grass  when  nothing  else  of  any  agricultural 
value  will  grow  upon  it. 
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IV.— Value  of  Crops  grown  on  Sewage - 

IRRIGATED  FARMS. 

It  must  be  admitted  that  the  size  and  weight 
of  roots  and  succulent  vegetables  grown  on  a 
sewage  farm  are  often  considerable.  Thus 
enormous  cabbages,  turnips,  celery,  &c.,  are 
often  shown  as  sewage-grown.  But  sewage 
produce  is  best  described  as  dropsical,  ?>., 
the  per-centage  of  moisture  in  sewage-grown 
produce  is  far  higher  than  in  the  case  of 
ordinary  market  produce.  (This  fact  was 
proved  by  Lawes  in  his  experiments  at  Rugby 
Farm.)  This  being  the  case,  sewage  produce 
is  difficult  to  dry,  and  prone  to  decompose.  It 
must  be  consumed  fresh,  and  on  the  spot,  for 
it  will  not  stand  being  carried  any  distance  to 
market.  Dr.  Voelcker  is  definite  on  this  point. 
Irrigated  land,  it  is  certain,  does  not  yield 
so  nutritious  a product  as  natural  pastures.  If 
you  want  good  produce,  you  must  be  content 
with  small  quantity. 

Passing  to  the  solid  matter  itself,  a larger 
proportion  of  nitrogen  was  found  in  the 
sewaged  than  in  the  unsewaged  produce,  and 
the  larger  the  quantity  of  sewage  applied,  the 
larger  became  the  nitrogenous  constituents  of 
the  vegetation. 


Per-centage  Compos. tion  of  Dry  Sqbstances. 


Plot  I. 

No  sewage  plot. 

Plot  II. 

3,000  tons  sewage 
per  acre. 

Plot  III.  ! 

6,000  tons  sewage  ' 
per  acre. 

Plot  IV. 

9,000  tons  sewage 
per  acre. 

Nitrogenous  substances 

ii'i6 

W58 

18-37 

19-66 

Fatty  matter  (ether  extract)  

3'4i 

4'i3 

3 '95 

4-04 

Woody  fibre 

29’o8 

28'2I 

28  32 

28-13 

Other  non-nitrogenous  matters  ... 

4673 

39*09 

38  08 

36-91 

Mineral  matter  (ash)  

9'62 

10-99 

11-28 

11-26 

But  here  arises  the  important  question,  “Are 
nitrogenous  constituents  the  true  measure  of 
the  nutritive  quality  of  a produce  ?”  To  this 
Voelcker  replies,  “No.”  On  the  contrary, 
nutritive  properties  depend  on  proper  matura- 
tion, whilst  an  excessive  quantity  of  nitrogeous 
produce  indicates  unripeness,  z.e.,  a deficiency 
of  sugar. 

The  Birmingham  Sewage  Inquiry  Committee 
(1871)  refer  to  the  difficulty  of  disposing  of 
the  rye  grass  of  the  140  acres  of  the  Corpora- 
tion Sewage  Farm  at  Saltley,  as  an  argument 
against  the  possibility  of  disposing  of  the 
produce  of  4,800  acres  it  was  at  that  time 
proposed  to  acquire.  The  difficulty  of  finding 


a market  for  the  produce  is  the  difficulty  after 
you  have  encountered  the  preliminary  diffi- 
culties of  getting  the  produce.  Ricks  of  rye 
grass  and  coarse  hay  are  often  to  be  found  on 
the  sewage  farm,  untempting  to  the  buyer,  but 
serving  to  swell  the  balance  sheet  of  the  farm 
by  being  entered  as  so  much  to  the  good. 

Fattening  j)ottoer  of  sewage  grass. — This 
question  was  made  the  subject  of  experimental 
investigation  on  ten  Hereford  oxen,  two  being 
supplied  with  unsewaged  grass,  and  eight 
with  sewaged  grass  from  land  irrigated  with 
3,000,  6,000,  and  9,000  tons  of  sewage  per  acre 
per  annum.  The  reporters  state  the  grass 
(sewaged  or  unsewaged)  was  not  well  adapted 
for  the  fattening  of  oxen  without  the  addition 
of  other  food,  such  as  oil  cake.  The  two  fed 
upon  unsewaged  grass  increased  zjlbs.  per 
1,000  lbs.  live  weight  per  week,  and  the  eight 
fed  on  sewaged  grass  (of  which  a greater 
quantity  was  consumed  per  head  per  day  than 
in  the  former  case)  increasing  at  the  rate  of 
2f  lbs.  Such  oxen,  however,  should  yield,  if 
fed  on  good  fattening  food,  9 lbs.  to  10  lbs. 
increase  per  1,000  lbs.  live  weight  per  week, 

ExAerimentswith  milch  Experiment- 

ing on  twelve  cows,  ten  being  fed  on  sewaged 
grass  and  two  on  unsewaged  grass,  the  experi- 
ments clearly  indicated  that  considerably  less 
fresh  unsewaged  grass  was  required  to  pro- 
duce one  gallon  of  milk  than  fresh  sewaged 
grass,  and  that  a given  weight  of  the  animal 
was  more  productive  when  fed  on  unsewaged 
than  on  sewaged  grass — but  that  a given 
weight  of  dry  substance  supplied  in  sewage 
grass  was  more  productive  than  an  equal 
weight  supplied  in  unsewaged  grass.  The 
experiments  with  the  ryegrass,  as  regards  milk 
production,  are  inconclusive. 

The  chemical  analysis  of  the  milk  from  cows 
fed  on  sewaged  and  unsewaged  grass  does  not 
indicate  any  material  difference. 

But  a case  before  the  courts  suggests  that 
the  milk  of  cows  fed  on  sewaged  grass  is  more 
apt  to  become  sour  than  from  cows  fed  on 
unsewaged  grass.  The  cases  are  few  indeed, 
if  there  be  any,  where  the  keeping  milch 
cows  on  a farm  has  really  proved  profitable. 


I have  thus  far  limited  myself  almost  entirely 
to  a consideration  of  the  manorial  value  of 
sewage.  We  must  now  consider,  in  connection 
with  manurial  value,  the  second  condition  of 
effective  sewage  treatment,  viz.,  the  production 
of  a good  effluent. 

There  now  arises  the  important  question,  how 
much  sewage  can  properly  {gud  agricultural 
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success)  and  safely  [qua  sanitary  success)  be 
applied  to  a given  area  of  land. 

There  are  two  wa}^s  of  applying  sewage  to 
land — 

1.  Surface  irrigation,  or  the  distribution  of 
sewage  over  as  many  acres  as  it  will  wet, 
having  in  view  a maximum  plant  growth. 

2.  Intermittent  downward  filtration. 

I. — Surface  Irrigation. 

And  here  one  fact  is  certain,  the  agricultural 
and  the  sanitar}'-  aspects  of  the  question  are  not 
in  accord.  To  realise  an  agricultural  success 
the  farmer  says,  apply  at  proper  times  and 
seasons  a large  quantity  of  sewage  (and  within 
reason  the  larger  the  better)  to  your  land.  To 
realise  a sanitary  success,  the  sanitarian  says, 
apply  continously  as  small  a quantity  as  possi- 
ble. If  sewage  be  put  upon  a soil  in  larger 
volume  than  1,500  tons  per  acre  per  annum, 
even  when  there  is  actively  growing  rye  grass 
upon  it,  the  subsoil  water  is  certain  to  pass 
away  foul  (Way).  It  was  found  at  the 
Anerley  School  farm  that  the  same  crop  of 
grass  was  obtained  when  1,500  tons  of  sewage 
per  acre  was  applied  by  hose  and  jet,  as  when 

8.000  to  9,000  tons  were  supplied  by  open 
carriers,  but  that  in  the  latter  case  the  effluent 
water  was  almost  as  foul  as  the  sewage 
(Westwood).  At  Rugby,  it  was  recorded  that 
svith  3,000  tons  of  sewage  per  acre,  a yield 
of  22  tons  of  grass  was  obtained,  whilst  with 

6.000  tons  of  sewage  a yield  of  28  tons  of  grass, 
and  with  9,000  tons  of  sewage  a yield  of  32 
tons  of  grass  only  was  obtained  (Lawes).  The 
conclusion  is  irresistible.  There  is  a limit  to 
the  quantity  of  manurial  elements  that  the  soil 
and  plants  are  capable  of  appropriating. 
Kxceed  this  limit,  and  any  quantity  in  excess 
must  pass  away  in  a more  or  less  unoxidised 
form. 

As  regards  the  quantity  of  sewage  that  is 
safe  and  proper  to  apply  to  land,  I find 
authorities  differ  between  100  tons  and  40,000 
tons  per  acre  per  annum;  a difference,  in  other 
words,  between  2 and  800  persons  per  acre. 
Thus  an  authority  “ of  great  weight”  expresses 
an  opinion  that  300  tons  of  sewage  per  acre 
per  annum  would  accomplish  as  much  as  the 

10.000  tons  he  had  applied.  Another  authority 
considered  the  Rugby  farm  inferior  to  the 
Edinburgh  meadows,  because  in  the  former 
from  3 to  9,000  tons  of  sewage  per  acre  only 
was  applied,  whereas  in  the  latter  10  to  12,000, 
and  even  30  to  40,000  tons  have  been  used. 
Mr.  George  Shepperd  and  Mr.  Mechi  consi- 
dered 100  tons  of  sewage  per  acre  per  annum 


sufficient  (or  the  manure  of  two  persons).  The 
latter  lived  to  find  his  estimate  erroneous,  in- 
creasing his  quantities  at  first  to  500,  and 
finally  to  2,000  tons  per  acre  for  green  crops. 
Miles,  of  Bristol,  reported  that  two  persons 
per  acre  gave  good  results,  whilst  Mr.  Thomas 
Ellis  considered  (and  in  this  Mr.  Brady,  the 
chairman  of  the  Select  Committee  on  Sewage, 
agreed)  600  tons  of  sewage  (or  the  produce  of 
a dozen  people)  advisable. 

Mr.  W.  Hope  and  Mr.  Westwood,  of  the 
school  farm  at  Anerley,  considered  an  acre 
of  land  was  required  for  every  twenty  or  thirty 
people  ( 1,000  to  1 ,500  tons  of  sewage  per  annum), 
for,  said  Mr.  Westwood,  “ if  more  than  this  be 
used,  it  runs  away  into  the  drains  and  fouls  the 
stream.”  This  he  found  to  be  the  case  when 

8,000  or  9,000  tons  per  acre  was  applied  to 
land  cultivated  with  rye  grass.  Liebig  con- 
sidered 2,430  tons  of  sewage  sufficient  for 
meadow  land  to  yield  12  tons  of  grass  (4  tons 
of  hay)  per  acre.  He  adds,  a soil  saturated 
with  manure  not  only  fails  to  increase  the 
crop,  but,  in  the  case  of  roots,  is  positively 
hurtful.  The  Earl  of  Essex  (Chairman  of  the 
Commission  to  inquire  into  the  best  method 
of  utilising  sewage),  after  many  trials  at  Wat- 
ford, decided  that  5,000  to  6,000  tons  a year 
was  desirable  to  each  acre  for  Italian  rye 
grass,  but  that  600  tons  to  each  acre  was 
sufficient  in  the  case  of  meadow  land.  Voelcker 
fixes  2,000  to  4,000  tons  per  acre  for  better 
kinds  of  land,  and  8,000  to  10,000  tons  for 
sandy  soils,  stating  “that  he  has  nowhere 
seen  such  small  quantities  as  360  or  400  tons 
per  acre  produce  any  remunerative  effect.” 

I Way  likewise  fixes  100  persons  to  the  acre, 
provided  the  land  be  grass  land,  estimating 
that  30,000  acres  of  land  would  be  required  if 
the  sewage  of  3,000,000  people  had  to  be  dealt 
with. 

Sir  R.  Rawlinson  states  the  case  thus  : — 
“The  means  which  have  been  found  in  prac- 
tice to  answer  are  as  under  stated,  namely, 
for  flood  irrigation  about  one  statute  acre  to 
100  of  population  of  a fully  water-closetcd  town, 
but  there  cannot  be  any  hard  and  fast  rule.” 
(Suggestions,  1878.) 

In  nineteen  irrigated  towns,  according  to 
Professor  Robinson  (Sewage  Disposal,  p.  79), 
there  is  an  average  of  137  persons  to  each 
acre  (=  to  5,128  gallons  per  acre  per  day,  or 
38  gallons  of  sewage  per  head  of  the  popula- 
tion per  day).  Mr.  McKie,  of  Carlisle,  records 
the  average  of  53  towns  as  98  persons  to  each 
acre  (=  to  3,826  gallons  of  sewage  per  acre 
per  day). 
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Lawes  and  Rawlinson  also  agree  that  an 
acre  of  land  is  required  for  every  100  people 
(or  5,000  tons  of  sewage  per  year),  a view 
agreed  to  in  the  main  by  Bailey  Denton,  who 
fixes  TOO  to  150  people  according  to  the  poro- 
sity of  the  soil,  lighter  soil  taking  the  sewage 
more  freely  than  heavy.  In  Bailey  Denton’s 
opinion,  however,  extra  land  is  needed  for 
giving  rest,  and  for  permitting  alternate  crop- 
ping. 

The  difficulties,  it  will  be  seen,  are  tremen- 
dous. For  commercial  profit  the  sewage 
must  not  be  less  than  5,000  tons  per  acre— 
for  sanitary  efficiency  [z.e.,  to  prevent  nui- 
sance), the  quantity  must  not  exceed  1,500 — 
z.e,  a minimum  of  100  is  necessary  to  pay — 
whilst  30  is  the  maximum  to  escape  prosecu- 
tion. 

II. — Intermittent  Downward  Filtra- 

'^JTON. 

The  difficulty  of  securing  efficient  land  for 
surface  or  broad  irrigation  pressed  hard  on 
the  irrigationists.  Dr.  Frankland  and  others 
saw  that  the  larger  the  population  of  a town, 
not  only  the  less  land  there  was  within  a 
reasonable  distance,  but  the  more  costly  such 
land  became.  Irrigation  was  doomed  unless 
the  land  difficulty  could  be  overcome,  and  some 
method  adopted  whereby  a large  volume  of 
sewage  could  be  concentrated  on  a small  area. 

Dr.  Frankland’ s laboratory  experiments  of 
1870,  with  known  quantities  of  different  soils, 
gave  birth  to  the  process  known  as  “Inter- 
mittent Downward  Filtration.”  For  this  pur- 
pose it  was  stated  to  be  necessary— (i)  to 
have  a suitably  constituted  soil  which  will 
act  as  a filter:  that  is,  a soil  not  too  open, 
so  that  anything  may  pass  through,  but  not 
too  close,  so  that  nothing  may  pass  through. 
(2.)  To  have  the  land  deeply  drained,  say  at  a 
depth  of  6 feet,  so  as  to  allow  a consider- 
able distance  for  percolation.  This  constituted 
filtration  as  opposed  to  irrigation.  The  land 
becomes  an  oxidising  instrument,  to  burn  the 
impurities,  and  so  transform  them  into  harmless 
gases,  rather  than  a mere  separating  machine. 
To  obtain  the  best  effects  of  oxidation,  and  to 
keep  the  land  in  the  most  effective  condition, 
the  sewage  must  be  applied  intermittently, 
i.e.,  with  regulated  intervals  of  rest,  to  give 
time  for  air  to  go  into  the  ground  as  the  water 
runs  out,  thus  fitting  it  for  a fresh  dose  of 
sewage.  Intermittent  filtration.  Dr.  Frankland 
would  say,  is  a copy  of  nature  in  the  lung 
action  of  respiration,  alternately  receiving  and 
expelling  air.  This  intermittent  work  avoids, 


he  would  contend,  the  clogging  of  the  soil,, 
and  secures  its  efficient  and  frequent  aeration. 
By  such  means  Dr.  Frankland  stated  that  the 
sewage  of  3,300  people  could  be  treated  on 
one  acre  of  land. 

Let  me  endeavour  to  give  an  illustration  of 
the  method  of  working  the  intermittent  down- 
ward filtration  system. 

Suppose  a population  of  9,900,  with  three 
acres  of  suitable  land  suitably  drained  Each 
acre,  for  purposes  of  work,  is  subdivided  into- 
four  parts,  the  sewage  of  3,300  being  placed, 
successively  for  a period  of  six  hours  on 
each  quarter  acre.  Thus  each  quarter  acre 
receives  the  sewage  of  3,300  people  for  six 
hours,  eighteen  hours  rest  being  allowed 
before  it  receives  another  dose.  Some  have 
suggested,  in  further  development  of  the  idea 
of  intermittency,  that  one  of  the  three  acres 
might  be  used  per  year  for  the  9,900,  so  that 
each  acre  would  have  two  years  during  which 
it  might  the  more  perfectly  recover  itself,  whilst 
each  quarter  acre  of  the  one  acre  in  use  for 
the  year  would  have  eighteen  hours  rest  out  of 
the  twenty-four.  It  is  no  misnomer  to  call 
this  “intensified  irrigation.” 

But  Dr.  Frankland’ s arguments  were  based 
on  laboratory  experiments.  The  varying  effects 
of  the  varying  qualities  of  sewage  on  the  one 
hand,  and  the  enormous  differences  in  land, 
as  regards  its  capability  of  absorption  and 
filtration  on  the  other,  seem  to  have  been 
very  imperfectly  considered.  Nor  were  the- 
difficulties  arising  from  subsoil  water  taken 
into  calculation,  nor  the  density  of  the  soil 
in  the  laboratory  experiments,  as  compared 
with  its  density  in  the  natural  state.  I am 
fully  aware  that  Dr.  Frankland  would  say  that 
the  estimate  of  3, 300  to  an  acre  supposes  proper 
land — properly  drained — properly  levelled. 

It  is  right,  too,  we  should  note  that  Dr.. 
Frankland  has  from  the  first  insisted  that 
intermittent  downward  filtration  involved  the 
sacrifice  of  the  manorial  value  of  the  sewage,, 
the  area  of  ground  being  too  small,  and  the 
quantity  of  sewage  too  large,  to  make  it  pay.. 
This  view,  however,  Mr.  Bailey  Denton  in  no 
way  endorses  ; on  the  contrary,  he  considers 
that  the  system  of  the  intermittent  application 
of  sewage  to  land  in  no  way  interferes  with, 
but  actually  assists,  farming  operations. 

Both  Dr.  Frankland  and  Mr.  Bailey  Denton 
agree  in  considering  the  removal  of  the  sus- 
pended matter  in  the  sewage  before  its  ap- 
plication to  the  land  to  be  unnecessary.  Mr. 
Bailey  Denton,  however,  advocates  the  use  of 
furrows  (rather  than  flooding  the  land),  partly 
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as  a means  of  preventing  the  clinging  of  solid 
sewage  matter  to  the  stalks  and  leaves  of 
plants,  and  partly  with  the  object  of  bringing 
the  sewage  into  contact  with  the  roots,  which 
are  the  active  abstracting  agents  of  manurial 
worth.  Indeed,  Bailey  Denton  goes  so  far  as 
to  say  that  the  presence  of  the  suspended  sludge 
in  the  sewage  is  an  advantage  rather  than  a bar 
to  its  application  to  land.  By  making  some 
furrows  of  greater  depth  than  others,  he  renders 
these  the  receptacles  of  the  solid  matters.  The 
sludge,  he  says,  “consists  of  vegetable  and 
animal  substances  which  are  perishable,  mixed 
with  earthy  and  mineral  substances  which  are 
not  perishable.”  It  is  only  necessary  to  re- 
member this  “to  realise  the  fact  that  they 
cannot  possibly  clog  the  land  when  dry.  The 
most  minute  particles  consist  of  fine  road 
sand  which  floats  on  in  the  liquid  after  the 
heavier  detritus  has  deposited  itself.  When 
these  perishable  and  imperishable  substances 
find  their  way  into  the  soil,  they  must  each, 
from  their  nature,  obviously  add  to  its  porosity, 
inasmuch  as  the  perishable  substances  leave 
open  spaces  as  they  decay,  whilst  the  im- 
perishable substances  from  their  gritty  nature 
necessarily  help  to  increase  its  filtering  capa- 
bilities. So  long  as  the  sludge  is  wet  it  im- 
pedes absorption  to  a certain  extent,  but  when 
once  dried  and  the  land  broken  up  by  the 
plough,  it  not  only  ceases  to  uphold  the 
liquid,  but  naturally  and  permanently  helps 
■to  let  it  into  and  through  the  soil.”  In  other 
words,  by  digging  the  sludge  into  the  soil,  Mr. 
Denton  contends  that  the  soil  is  rendered  more 
percolative  than  before.  There  may  be  some- 
thing in  this  view.  But  how  often  have  we 
seen,  in  practical  working,  sewage  being  applied 
to  land,  clogged  by  large  masses  of  black 
albuminous  matters,  the  result  of  previous  irri- 
gations, closely  adhering  to  the  soil,  impeding 
absorption,  and  lessening  the  surface  through 
which  the  water  can  pass  into  the  ground. 
Mr.  Denton  says,  “the  sludge  must  then  be 
allowed  to  dry,  and  when  in  a fit  condition 
dug  in.”  But  in  the  act  of  drying  comes  the 
nuisance.  In  hot  weather  it  means  putre- 
faction (Mr.  Denton  calls  it  decomposition  of 
perishable  substances),  and  with  putrefaction 
comes  a stink,  besides  which  it  is  in  the  act 
of  evaporation  that  dangers  occur  from  detri- 
mental matters  being  carried  bodily  into  the 
air.  In  filter  beds,  we  know  full  well  that  the 
surface  of  the  filter  bed  is  that  part  most 
affected,  and  further  that,  for  efficiency,  the 
surface  of  the  filter  bed  needs  frequent  removal 
and  cleansing,  whilst  irrigated  land  shows 


neither  to  the  eye  nor  to  chemical  analysis  much 
indication  of  any  excess  of  organic  impurity  a 
few  inches  from  the  surface. 

Let  us  take  two  cases  by  way  of  illustrating 
the  practical  working  of  intermittent  down- 
ward filtration : — 

The  Merthyr  Tydfil  farm,  with  its  50  feet  of 
gravel  soil,  maybe  taken  as  pattern  ground  for 
the  system.  Nothing,  moreover,  was  spared 
to  make  it  a success  under  the  able  advice  of 
Mr.  Bailey  Denton.  The  mean  depth  gave  two 
cubic  yards  of  drained  soil  for  every  square  yard 
of  surface.  The  cost  of  preparation  was  very 
great.  But  how  about  number  to  the  acre?  Is 
not  the  actual  number  of  persons  per  acre  more 
nearly  1,000  (I  think  I am  much  overstating 
it)  than  3,300  ? Is  not  the  sewage  of  Merthyr 
very  dilute  by  reason  of  its  admixture  with 
subsoil  water  ? 

At  Kendal  again,  Mr.  Denton,  in  1873, 
advised  the  purchase  of  i6  acres  of  suitably 
constituted  soil,  upon  which  to  treat  the  sewage 
of  13,500  persons,  with  a mean  dry  weather  dis- 
charge of  975,000  gallons.  The  Council,  with 
the  Report  of  the  Rivers  Pollution  Commis- 
sioners before  them,  deemed  Mr.  Denton’s 
suggestion  of  16  acres  extravagant.  If,  said 
they,  one  acre  will  do  for  3,300,  why  advise 
16  acres  for  our  13,500,  of  which  very  few 
(probably  not  one-third)  contribute  sewage. 
The  Council,  however,  decided  to  be  liberal,  and 
advised  the  purchase  of  5^-  acres  of  land.  The 
cost  of  the  Kendal  sewage  farm  was  ^16,371  (I 
quote  from  an  official  document) ; and  the  cost 
of  laying  out  the  filter  beds  ^1,400,  i.e.,  about 
per  acre.  But  can  the  Kendal  effluent 
be  deemed  a success?  Some  ii  acres  have 
been  added  since  1880.  The  Council  have 
let  the  land,  and  I fear  the  process  adopted 
can  scarcely,  at  the  present  time,  be  regarded 
as  intermittent. 

I admit  to  the  full  the  power  of  soil  to 
purify  sewage  by  oxidation.  I admit,  moreover, 
the  advantage  of  intermittency  of  action,  i.c., 
of  intervals  of  rest  alternating  with  intervals  o 
work.  The  entire  success  of  the  process,  how- 
ever, depends  on  perfect  aeration  during  rest,  to 
fit  the  soil  for  its  next  period  of  work.  My  ex- 
periments lead  me  to  doubt  the  efficiency  of  a 
rest  of  18  hours  only,  even  when  the  sewage 
has  had  the  solids  in  suspension  removed.  But 
of  this  I am  certain,  that  when  the  suspended 
solids  have  been  allowed  to  remain  in  the 
sewage,  the  glutinous  constituents  of  the 
sewage,  together  with  the  papier  machc 
material  in  solution,  clogs  the  ground  with 
an  impervious  covering,  whereby  the  entrance 
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of  air  is  very  much  retarded.  Further,  the 
sewage,  when  applied  after  the  period  of 
rest,  cannot  flow  through  the  ground  on  the 
surface  readily,  on  account  of  the  glutinous 
layer  and  jpa^ier  mache  film.  Thus,  as  a 
result,  the  period  of  rest  fails  to  become,  qua 
the  soil,  a period  of  aeration.  This  condi- 
tion will  be  aggravated  should  the  effluent 
water,  from  any  circumstance,  not  flow  freely 
away.  Thus  the  very  condition  of  success 
may  be,  and  as  I know  often  is,  thwarted 
during  the  period  of  rest,  as  the  result  of 
the  preceding  period  of  work. 

And  here  I will  quote  from  an  excellent  paper 
by  Dr.  John  M.  H.  Monro,  read  before  the 
Society  of  Chemical  Industry,  and  printed  in 
their  journal  (Jan.  29,  1885).  He  says  : — 

‘‘There  are  several  causes  for  this  disappointing 
want  of  success  [referring  to  broad  irrigation],  but 
the  chief  among  them  is  the  inability  of  arable  soil 
to  deal  with  a continuous  supply  of  sewage  without 
great  deterioration  in  its  purifying  and  aerating 
properties,  so  that  at  last  it  becomes  ‘ sewage- sick,’ 
and  inefficient  as  a purifying  agent.  This  is  not  com- 
pletely remedied  by  intermittent  filtration  or  irrigation, 
for  the  land  which  has  been  often  covered  with 
crude  sewage  never  recovers,  even  by  rest,  its  original 
efficacy.  The  commonly  accepted,  and  I believe  the 
true  explanation  of  this  is,  that  the  slimy  suspended 
matter  of  the  sewage  gradually  chokes  the  pores  of 
the  soil,  forming  a deposit  impervious  to  air,  and  thus 
preventing  the  aeration  essential  to  nitrification,  and, 
on  the  other  hand,  encouraging  putrefactive  fermen- 
tation.” 

Difficulties  of  a practical  nature  crowd  upon 
us  in  considering  this  method  of  treatment. 
Three,  at  any  rate,  may  be  noted  : — 

1.  The  cost  of  preparing  the  land  for  the 
work. 

2.  The  difficulty  of  securing  proper  land,  or 
of  ensuring  its  effective  working  at  all  times, 
in  all  weathers,  with  all  kinds  of  sewage,  and 
under  all  circumstances. 

3.  The  fact  that  much  of  the  solid  filth  of 
the  sewage  will,  unless  previously  removed, 
accumulate  on  the  surface,  where  it  under- 
goes decomposition  and  becomes,  especially 
in  hot  weather,  a formidable  nuisance. 

Intermittent  downward  filtration  had  its 
birthplace  in  the  laboratory.  Whether  the 
earth  used  were  cube  feet  or  yards,  or  six  foot 
tubes,  many  details  besides  this  mere  state- 
ment of  the  work  accomplished  are  necessary. 
Was  the  earth  used  surface  earth  ? How  was 
the  sewage  collected  ? Was  the  earth  exposed 
to  the  modifying  influence  of  wind,  light,  and 
and  rain  ? How  long  was  the  earth  used — a 


week,  a month,  a year,  or  longer?  It  is  to  be 
feared  that  a new  birth  in  sewage  treatment 
needs  a less  cramped  cradle  than  a London 
laboratory.  You  cannot  learn  how  to  direct 
an  army  in  the  field  by  practising  with  toy 
soldiers.  No  laboratory  experiment  pure  and 
simple  can  teach  sewage  treatment. 


We  now  turn  to  the  hygienic  aspect  of 
sewage  irrigation.  I shall  speak  of  three 
classes  of  effects  rendering  sewage  irrigation 
dangerous  to  the  public  health  : — 

1.  Offensive  and  injurious  emanations. 

2.  Pollution  of  subsoil  water. 

3.  Distribution  of  undefsecated  sewage  con- 
taining the  ova  of  entozoa. 

I.—  Offensive  and  Injurious  Emanations, 

Of  such  emanations,  the  evidence  is  ample. 
(Flower  on  Sewage  Disposal,  p.  13,  re  Aider- 
shot  farm.)  The  River  Pollution  Commis- 
sioners (ist  report,  p.  87)  admit  that  odours 
do  arise  with  land  irrigated  with  sewage, 
day  after  day,  for  years.  The  Craigentinny 
meadows,  near  Edinburgh,  can  only  be  de- 
scribed as  filthy,  emitting  a stink  hardly 
endurable.  The  surgeon  to  the  barrack 
adjoining  the  meadows,  described  the  stench 
(1868)  as  “sickening.”  Of  the  Croydon 
Sewage  Farm,  at  Beddington,  Dr.  Creasy, 
Surgeon  to  the  Orphan  Asylum  at  Beddington,. 
stated  that  “ typhoid  fever  had  been  in  every 
cottage  on  the  estate” — every  disease,  in 
fact,  assuming  a particular  type,  accompanied 
by  what  is  called  “a  sewage  tongue.”  In 
fact  the  stink  of  sewage-irrigated  ground,  and 
the  malarious  effects  of  the  sewer  gases 
evolved,  are  matters  of  frequent  complaint  and 
litigation.  Dr.  Clouston  traced  an  outbreak 
of  dysentery  in  the  Cumberland  and  Westmore- 
land Asylum  (where  there  were  200  patients) 
to  the  effluvia  from  a sewage  farm  {Medical 
Times  and  Gazette,  June,  1865).  The 
dysentery  appeared  soon  after  the  sewage  was 
used— 31  being  attacked,  of  which  20  cases 
proved  fatal.  The  farm  was  300  yards  from  the 
female  ward,  where  the  greater  number  of  cases 
occurred.  The  sewage  farm  was  removed,  and 
the  dysentery  disappeared.  The  following 
year  some  land  near  the  asylum  was  again 
irrigated,  when  another  outbreak  of  the  disease 
occurred.  The  facts  show  incontrovertibly 
that  sewage  emanations  may  be  the  cause  of 
dysentery,  diarrhoea,  and  typhoid  fever. 

The  investigations  of  Letheby  into  the 
cause  of  an  outbreak  of  typhoid  at  Shaftesbury 
andthe  adjacent  village  of  Enmore-green(i862), 
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where  one-eighth  of  the  population  were 
attacked  in  one  year  (viz.,  448  cases  in  a 
population  of  3,500),  clearly  point  to  the  morbific 
effects  produced  by  sewage  emanations.  We 
have  the  same  authority  pointing  to  a similar 
case  at  Copley  village  (which  lies  at  the  junction 
of  the  Hebble  Brook  and  the  River  Calder), 
having  a population  of  1,000,  where  an  out- 
break of  typhoid  occurred  from  the  irrigation 
of  a plot  of  meadow  land  with  the  sewage  of 
Halifax.  Dr.  Edlin  traced,  he  considers,  an  out- 
break of  scarlet  fever  (23  cases)  at  Haileybury 
College,  near  Hertford,  to  offensive  emanations 
from  a field  saturated  with  sewage,  the  cases 
occurring  in  the  dormitories  nearest  to  the 
garden  receiving  the  urine  and  slops  of  the 
establishment.  (Flower  on  Sewage  Disposal, 
p.  10).  Such  cases  are  numerous.  I suppose 
few  sanitary  facts  are  so  well  established  as 
that  certain  epidemic  diseases  may  be  pro- 
pagated by  the  excremental  pollution  of  air 
and  water.  To  keep  sewer  gas  out  of  our 
houses,  was  one  of  the  many  great  lessons 
taught  us  by  Alurchison.  The  referees,  ap- 
pointed in  1856,  to  consider  the  main  drainage 
of  the  metropolis,  had  sound  reasons  for  ex- 
pressing fear  of  irrigation  on  a large  scale,  lest 
it  should  occasion  danger  to  the  health  of  the 
inhabitants  by  the  pollution  of  the  air  of  the 
district — a view,  it  may  be  noted,  entertained 
by  Liebig,  and  expressed  by  him  in  his  well 
known  letter  to  the  Lord  Mayor  (1865).  There 
is,  too,  a remarkable  statement  by  Copland, 
that  the  effects  of  sewer  gases  are  never  so 
bad  as  when  emitted  from  sewage  spread  out 
upon  the  land.  This  statement  is  worthy  of 
consideration.  Solid  matter  is  given  off  during 
evaporation.  As  the  turpentine  in  lead  paint 
is  evaporating,  solid  lead  carbonate  is  carried 
into  the  air,  and  produces  lead  poisoning 
amongst  the  inmates  of  the  freshly  painted 
house.  This  cannot  result  from  any  volatility 
of  the  lead,  but  merely  from  the  mechanical  dis- 
lodgement  of  lead  particles  during  the  evapora- 
tion of  the  volatile  constituents  of  the  paint. 
For  when  the  smell  has  gone,  the  danger  has 
passed.  The  sanitarian  recognises  the  im- 
portance of  defecating  the  excreta  of  the 
typhoid  patient  as  soon  as  evacuated,  and  of 
removing  it  from  the  sick  room  without  delay. 
And  why  ? To  prevent  the  mater ies  morbi 
being  carried  into  the  air  during  the  evapora- 
tion of  the  liquid  portion.  It  must,  therefore, 
be  an  unscientific  method  to  spread  the  sewage 
of  a mixed  population  over  the  land,  thereby 
increasing  the  area  of  evaporation.  Mr. 
Hawksley’s  words  may  be  quoted  here.  They 


are  the  record  of  one  whose  unique  experience  is 
only  rivalled  by  his  acutepowersofobservation:— 
“Water irrigation  carried  on  in  warm  weather 
is  exceedingly  unhealthy.  I can  speak  posi- 
tively to  it  from  repeated  observation  in  dif- 
ferent places,  that  the  odour,  particularly  at 
night  and  particularly  upon  still  damp  even- 
ings in  autumn,  is  very  sickly  indeed,  and  that 
in  all  these  cases  a great  deal  of  disease  pre- 
vails. The  sewage  forms  a deposit  on  the 
surface  of  the  ground,  that  deposit  forms  a 
cake  of  organic  matter,  and  organic  matter 
when  it  is  in  a damp  state,  as  it  usually  is, 
gives  off  in  warm  weather  a most  odious 
stench.”  (Committee  of  House  of  Commons, 
1870.) 

I am  aware  that  in  many  cases  the  sewage 
before  application  to  the  land  is  submitted  to 
a rough  process  of  filtration  ; but  even  in  these 
cases  it  is  no  uncommon  thing  to  see  masses 
of  partially  dried  faecal  matter,  the  remains  of 
previous  irrigation,  lying  about  the  farm, 
giving  off  a filthy  stench,  and  ready  to  be 
washed  into  the  nearest  stream  by  the  first 
heavy  shower  of  rain.  Such  a condition  seems 
peculiar  to  no  soil.  Aldershot,  with  its  porous 
soil  (although,  strange  to  say,  described  by  the 
Rivers  Pollution  Commissioners  as  “well 
managed”),  Banbury,  with  its  sandy  clay,  and 
Warwick,  with  its  stiff  clay,  one  and  all  testify 
to  the  truth  of  what  I say. 

There  is  yet  another  point  to  be  considered. 
That  a district  saturated  with  moisture,  and 
more  particularly  if  along  with  the  moisture 
there  is  an  excess  of  organic  matter  (I  am 
excluding  specific  morbid  emanations)  is 
unhealthy  and  malarious,  the  fens  of  Lincoln- 
shire and  the  rice  fields  of  China,  not  to 
speak  of  other  places,  supply  abundant 
evidence.  Buchanan,  in  a masterly  research, 
has  shown  that  phthisis  is  more  prevalent 
where  there  is  a wet  atmosphere  than 
where  there  is  a dry  one,  whilst  Pettenkofer, 
of  Munich,  regards  fever  and  cholera  as 
dependent  on  fluctuations  in  the  level  of 
ground  water  charged  with  sewage.  The 
case  is  serious.  Saturate — be  continually 

saturating— a large  area  with  sewage  water,, 
and  as  a consequence  be  continually  raising 
the  subsoil  water,  an  increased  humidity  of 
atmosphere  must  result,  and  conditions  favour- 
able to  malaria,  fever,  and  phthisis. 

Dr.  Sturge,  in  1879,  in  a paper  before  the 
Institution  of  Surveyors,  gave  some  important 
details  respecting  .the  sewage  of  Paris  (see 
also  Society  of  Arts  Conference,  1879,  P-  ^5i)- 
70  per  cent,  of  the  Parisian  houses  have 
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•cesspools,  but  even  of  the  remaining  30  per 
cent.,  the  solid  excrement  is  not  allowed  to 
•enter  the  sewers.  Some  analyses  of  Paris 
sewage  were  given  (respecting  which,  how^- 
€ver,  I speak  with  caution)  showing  56  grains 
of  organic,  and  123  grains  of  inorganic  matter 
per  gallon. 

Of  the  total  60,000,000  gallons  daily  of 
Paris  sewage,  10,000,000  are  treated  on  914 
•acres  of  land  at  Gennevilliers.  This  land  has 
about  five  inches  of  alluvial  soil  resting  on  ten 
feet  of  sand  and  gravel.  I omit  all  reference 
to  the  agricultural  success  or  non- success 
of  the  Gennevilliers  farm,  but  it  must  be  noted 
that  authorities  consider  that  the  value  of 
building  land  in  the  neighbourhood  has  de- 
creased, and  the  health  of  the  inhabitants 
suffered  from  a rise  in  the  level  of  the  subsoil 
•water.  (Report  of  M.  Lefevre,  President  of  the 
-Societe  des  Geometres  of  Prance.)  I quote 
.Dr.  Sturge’s  words  (p.  153): — “Great  com- 
plaints have  been  made  that  since  the  intro- 
duction of  the  irrigation,  ague  has  become  far 
more  common  than  it  was  before,  and  more 
deaths  occur  from  diarrhoea  and  dysentery.” 

One  thing  is  abundantly  evident,  even  to  any 
untrained  observer,  viz.,  that  it  is  impossible 
to  insure  a pure  effluent  by  an  irrigation  pro- 
cess. The  land  which  is  covered  with  an  active 
-crop  of  vigorous  vegetation,  is  a totally  different 
purifyingarea  from  the  same  land  upon  which  no 
'rye  grass  or  other  vegetation  is  growing.  The 
land  under  the  influence  of  summer  warmth 
and  active  evaporation  is  entirely  different  from 
what  it  is  at  times  of  frost  or  snow.  The  land 
flooded  with  heavy  rains  is  different  land  from 
what  it  is  in  dry  weather.  Inequality  of  puri- 
fleation,  uncertainty  of  action — at  one  time 
g-ood,  at  another  doubtful,  at  another  abso- 
lutely useless— is  the  record  I have  to  give  from 
personal  observation,  and  that  on  no  limited 
•scale,  of  irrigation  as  a method  of  purifying 
sewage.  The  sewage  comes  every  day  to  be 
•treated,  and  no  earthly  power  can  say  whether 
your  farm  is  or  will  be  in  a condition  to  deal 
with  it.  And  more  than  this — the  very  condition 
that  increases  the  quantity  of  the  sewage  to  be 
-dealt  with  (such  as  heavy  rain),  is  the  very 
•condition  that  renders  your  land  temporarily 
' disabled.  And  yet  further  still,  the  very  con- 
dition that  increases  the  bulk  of  your  sewage, 
or  at  any  rate  its  polluting  character — the 
.population — is  that  condition  which  renders 
•costly  the  land  in  the  neighbourhood,  and  pro- 
-bably  makes  it  altogether  impossible  to  procure 
•at  any  price.  I give  on  p.  1 15 1 certain  analyses 
^odP .sewage  effluents  from  different  farms. 


II.  -Pollution"  of  Subsoil  Water,  and 

OF  Running  Streams. 

The  select  committee  on  the  sewage  of 
towns,  although  champions  of  irrigation, 
admit  that  if  the  power  of  the  soil  be  over- 
taxed (that  is  if  too  much  sewage  be  applied) 
there  must  of  necessity  be  injury  to  wells  and 
running  streams. 

III.  — Distribution  of  Undefecated 
Seavage  containing  the  Ova  of  En- 
tozoa. 

The  fact  has  always  been  recognised  that 
entozoic  diseases  have  an  external  origin— /.e., 
that  the  ova  or  parasites  come  from  without, 
and  are  not  generated  within,  the  human  body. 
Millions  of  ova  are  voided  with  every  seg- 
ment discharged  by  the  person  afflicted  with 
tapeworm,  each  ovum  being  capable  of  pro- 
ducing a measle  in  the  flesh  of  an  animal,  and 
each  measle  a tapeworn  in  the  body  of  the 
man. 

Here  then  are  two  serious  consequences  of 
irrigation  worth  considering  : — 

I have  seen  watercresses  and  celery  grown 
on  sewage  ground,  having  a quantity  of  dried 
sewage  matter  deposited  on  the  stems.  I 
have,  with  more  than  a cook’s  patience,  tried 
to  w'ash  this  matter  off,  but  the  tenacity  with 
which  it  sticks  upon  the  surface  of  the  vege- 
table when  once  dry  is  perfectly  astounding. 
Be  it  remembered  that  watercresses  and  celery 
are  eaten  uncooked.  I have  seen  cabbages 
and  turnips,  not  merely  grown  on  sewage 
ground,  but  carefully  prepared  arrangements 
made  for  a weekly  flooding  with  sewage,  the 
market  produce  being  placed  in  a kind  of 
reservoir  permitting  sufficient  raw  sewage  to 
flow  into  it,  so  that  it  may  completely  cover  the 
vegetation. 

The  grass  covered  with  sewage,  eaten,  as  it 
is  with  rapacity  by  the  cattle,  infect  their 
bodies  with  the  larv^al  parasite.  Thus  the 
meat  is  measly,  and  measly  meat,  except  for 
efficient  cooking,  means  tapeworm  to  the 
human  subject.  Perhaps  a similar  story  might 
be  told  of  trichina,  with  its  ten  times  greater 
danger.  No  doubt,  as  an  accident,  the  danger 
is  constant,  but  sewage  irrigation  would  prac- 
tically render  it  an  affair  of  certainty.  In 
other  words,  sewage  always  contains  excre- 
mental  ova.  The  farm,  therefore,  that  receives 
sewage  must  be  more  liable  to  produce  measly 
meat  than  the  farm  that  does  not  receive  it. 

“May  we  not,  indeed,”  says  Dr.  Cobbold, 
“ but  too  reasonably  conjecture  that  the  whole- 
sale distribution  of  tapeworm  eggs,  by  the 
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Analysis  of  Samples  from  Sewage  Fakms. 


Constituents  per  Gallon...-^ 

I 


Aldershot  Farm. 

Raw  sewage  

Effluent 

Blackwater  stream  before  receiving 

effluent 

Effluent  after  straining  

Banbury  Farm. 

Raw  sewage  

Effluent  

AVarwick  Farm. 

Raw  sewage  

Effluent 

Rugby  Farm. 

^ Raw  sewage  

' ) Effluent 

^ Raw  sewage  

^ 7 Effluent 


AVorthixg  Farm. 

Raw  sewage  

Effluent 

Carlisle  Farm. 

Raw  sewage  

Effluent 


Croydon  Farm. 

4 Raw  sewage 

(.)  

' ' < Effluent 


Matters  in  Solution. 

Matters  in  Suspension. 

Total 

Solids. 

Ammonia 

Oxygen 

requiredto 

oxidisethe 

organic 

matter. 

Nitrogen 

as 

Nitrates. 

Chloride 

of 

Sodium. 

j Total 
Solids. 

Organic 
and 
loss  on 
incinera- 
tion. 

Alineral. 

Grains. 

Grains. 

Grains. 

Grains. 

Grains. 

Grains. 

Grains. 

Grains. 

53 '93 

7'54 

4-38 

0 

14-92 

43  77 

29  75 

14-02 

54‘i2 

5 74 

3'73 

0 

19-45 

10-17 

4-91 

5-26 

18  93 

0-18 

0-35 

0 26 

4-12 

2-68 

0-69 

1-99 

53'73 

7 54 

4‘40 

0 

15-36 

35-01 

26-24 

8-77 

48-87 

3-8r 

1-42 

0 

8-94 

3-27 

1-86 

39-73 

0-48 

083 

0-63 

8 46 

0-38 

! 

0-13 

0-.25 

47-21 

2'20 

O' 86 

0 

ri-05 

24-67 

11-87 

12-89 

52-63 

0-52 

0-48 

o-io 

q'zz 

026 

0-13 

0-13 

36-67 

4’43 

0-92 

0 

8-41 

1-28 

0-64 

064 

37-87 

1-28 

0-42 

0-21 

7-44 

0-32 

0-13 

0-19 

43-40 

3-84 

0-95 

O'ZZ 

— 

9’52 

4-48 

5-34 

36-11 

0-48 

0-30 

0-23 

— 

— 

— 

- 

3033 

0-23 

0-32 

0-33 

— 

4-38 

0-87 

3-5C 

40-67 

0-08 

0-12 

0-34 

— 

— 

— 

30-17 

I 92 

0-78 

0-03 

— ; 

3-62 

2-17 

1-45 

17-67 

O’ 19 . 

0-27 

0-10 

— 

— 

— 

— 

27-67 

2'00 

0-43 

0 

— 

io'i6 

4-12 

6 04 

27-17 

O' 1 2 

024 

0-35 

— 

0 

0 

0 

41-00 

2"00 

0 91 

0-55 

— 

ii-oi 

603 

4-98 

58-19 

0-32 

0 82 

o' 60 

— 

1-98 

0 18 

0-80 

Utilisation  of  sewage  on  a stupendous  scale, 
will  tend  to  spread  abroad  a class  of  diseases 
5ome  of  which  are  severely  formidable  ? So 
convinced  am  I of  the  truth  embodied  in  an 
affirmative  reply  to  this  latter  query,  so  certain 
am  I that  parasites  are  propagated  in  this 
particular  way,  so  surely  do  I see  unpleasant 
results  if  no  steps  are  taken  to  counteract 
the  evil,  that  I feel  myself  bound  to  speak  out 
boldly,  and  to  produce  no  uncertain  sound  in 
the  matter,  which  most  closely  concerns 
humanity.  The  whole  question  is,  in  truth,  of 
vast  hygienic  importance.'’ 

Let  us  review  our  facts.  We  have  dilute 
sewage  to  deal  with.  We  desire  to  be 
sanitarians,  viz.,  to  purify  our  sewage  so  that 
it  shall  not  pollute  our  watercourses,  nor  cause 
nuisance.  We  desire  to  be  economists,  viz., 
to  get  out  of  the  sewage  all  that  is  valuable  in 
it.  In  a word,  we  desire  to  achieve,  by  one 
and  the  same  operation,  a sanitary  success 


and  a commercial  profit.  In  sewage  treat- 
ment, as  in  other  things,  you  cannot  combine 
the  impossible.  Achieve  your  commercial 
success,  and  you  must  abandon  sanitary  con- 
siderations. You  must,  as  at  Edinburgh,  flood 
your  land  with  your  thousands  of  tons  of 
sewage  per  acre,  until  your  farm  is  a stinking 
morass,  and  your  effluent  water  so  impure 
that  you  must  take  it  directly  into  the  sea 
I lest  you  foul  your  watercourses.  Achieve  your 
sanitary  success,  sprinkle  your  30©  tons  per 
acre  per  annum  on  your  land  with  hose  and 
jet,  and  away  goes  your  agricultural  profit. 
Try  a compromise  between  the  extremes  of 
the  300  and  10,000,  and  you  get  the  difficulties 
of  both  with  the  advantages  of  neither.  I 
admit  possible  exceptions ; a small  population  ; 
cheap  land  removed  from  human  habitation  ; 
a porous  soil  admitting  free  percolation  ; 
happy  gradients  not  requiring  steam-power; 
proximity  to  the  sea,  so  that  extreme  purity  of 
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effluent  need  not  be  demanded  ; proximity  to  a 
town,  so  that  a ready  sale  for  the  sewage  grass 
for  dairy  purposes  can  be  secured.  But  the 
difficulties  are  enormous,  I must  have  enough 
land — and  the  greater  the  population  with 
whose  sewage  I have  to  deal,  the  greater  the 
quantity  of  land  required,  and  the  larger  pro- 
bably its  price.  I must  have  proper  land — 
sufficiently  porous,  but  not  too  porous, 
properly  levelled  and  drained.  If  the  level  of 
my  land  be  above  the  sewer  outfall,  I require 
costly  motive  power.  The  larger  the  quantity 
of  sewage  (as  in  wet  weather)  with  which  I 
have  to  deal,  the  less  able  is  the  already 
over-loaded  ground  to  cope  with  it.  Frost 
or  snow,  the  work  has  still  to  be  done. 
At  all  times  the  effluent  must  be  sufficiently 
pure,  lest  litigants  be  aroused.  At  all  times 
the  operations  must  be  conducted  without 
offensive  smells  from  an  over-sodden  state  of 
soil,  and  without  polluting  the  air  by  rendering 
it  abnormally  damp  or  polluted  by  sewage 
effluvia,  the  prolific  source  of  typhoid.  The 
subsoil  water  must  be  so  diverted,  that  neigh- 


bouring wells  shall  not  be  polluted.  Grant  all 
these  difficulties  overcome,  and  there  remains 
as  the  produce  of  my  farm  a grass  only  fit  for 
dairy  purposes,  and  even  then  likely  to  be  a 
source  of  entozoic  infection  to  man  and 
animals. 

Deodorisation  of  Seavage. 

To  get  rid  of  the  offensive  smell  of  sewage 
has  been  a fruitful  subject  for  investigation. 
Since  the  time  of  Davy,  who  investigated  the 
deodorising  power  of  different  chemicals  on 
night  soil,  numerous  experimenters  have 
worked  at  it. 

The  following  are  the  results  of  Letheby’s 
experiments,  showing  the  quantities  of  different 
disinfectants  required  to  deodorise  ordinary 
London  sewage.  The  substances  were  added 
until  subsequent  decomposition  was  entirely 
prevented,  or  more  sewage  smell  removed. 
Dr.  Letheby  notes  that  no  doubt  a less  amount 
would  suffice,  provided  the  precipitate  pro- 
duced by  the  several  chemicals  was  removed 
as  fast  as  formed  : — 


Grains 
required  per 
gallon. 

Results 
as  to  de- 
odorisation. 

Composition. 

Quicklime 

12 

Incomplete. 

Chloride  of  lime 

8 

Complete. 

McDougall’s  powder  

40 

Incomplete. 

Peat  charcoal  ... 

150 

do. 

Condy’s  liquid  

150 

Complete. 

4>357  grs. 

per  gallon  of  Permanganate  of  potash  ...sp. 

gr.  1055 

Dale’s  

'II'? 

Incomplete. 

64,827  ,, 

,,  ,,  Perchloride  of  iron 

,,  1470 

T.edoyeu’s  ,,  

0 -^0 
1000 

do. 

8,120  ,, 

,,  ,,  Nitrate  of  lead 

,,  1160 

Ellerman’s  ,,  

470 

do. 

43.434 

,,  ,,  Muriate  and  pyrolignate  of 

iron 

,,  1443 

Burnett’s  ,,  

100 

do. 

6o,Oji  ,, 

,,  ,,  Chloride  of  zinc  

1594 

The  cost  may  be  thus  stated  ; — 


Price 

at. 

Cost  for 
deodorising 
100,000 
gallons. 

Quicklime 

£ s.  d. 

0100  per  ton. 

£ s.  d. 
009 

Chloride  of  lime 

15  0 0 

0 15  4 

McDougall’s  po-wder  

12  00  ,, 

3 I 3 

Peat  charcoal 

350  » 

323 

Condy’s  liquid  

010  per  gal. 

10  14  4 

Dale’s  ,,  

006  ,, 

II  3 7 

Ledoyen’s  ,,  

004  „ 

23  16  4 

Ellerman’s  ,,  

0 

0 

0 

25  3 6 

Burnett’s  ,,  

0 

0 

28  12  0 

Straining,  Filtration,  and  Subsidence. 

Many  attempts  have  been  made  not  only  to 
strain  and  filter  sewage,  but  also  to  allow  the 


deposition  of  the  larger  pieces  of  the  suspended 
matters  in  tanks,  with  or  without  straining.  As 
a fact,  it  is  impossible  to  strain  sewage 
efficiently,  or  to  effect  deposition  without  pre- 
vious treatment.  If  the  straining  material  be 
of  fine  texture,  such  as  of  wire,  it  soon  clogs, 
whilst  if  it  be  of  coarse  texture,  it  is  of  no  use. 
If  fine  gauze,  or  an  iron  grate  be  used,  the 
albuminous  matters  soon  choke  it,  and  prevent 
further  action.  In  Baldwin  Latham’s  self- 
cleansing extractor  (an  ingenious  contrivance 
in  use  at  Dantzic,  Croydon,  Coventry, 
&c.),  and  consisting  of  a vertical  strainer 
rotating  about  a horizontal  axis,  the  solid 
matter  being  raised  from  a central  receptacle 
by  an  Archimedean  screAV,  the  most  that  can 
be  said  is  that  the  grosser  matters  are  removed. 
But  even  here,  a considerable  play  of  water 
upon  the  gauze  is  required  to  ensure  its  action. 
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It  was  formerly  a common  practice  to  strain 
the  sewage  through  wooden  planks  perfor- 
ated with  f-inch  apertures,  before  applying  it 
to  land  (as  at  Newcastle-under-Lyme,  Southam 
in  Warwickshire,  Aldershot),  a proceeding 
that  reduced  the  suspended  matters  some  9 or 
10  per  cent. 

Of  the  attempts  at  filtration,  the  following 
cases  may  be  noted  : — 

(i.)  Gravel  was  used  at  Abergavenny, 
Alton,  Ashby  de  la  Zouch,  Atherton,  Chelten- 
ham, Coventry,  Ludlow,  Oswestry,  Saifron 
Walden,  Southam,  Tewkesbury,  Walton- 
on-the-Hill. 

(2.)  Burnt  gravel  was  tried  at  East  Barnet. 

(3.)  Cocoa  matting  and  gravel  strainers 
were  tried  at  Wellingborough. 

(4.)  A filter  of  gorse,  with  broken  stones, 
was  tried  at  Ulverstone. 

(5.)  Charcoal,  or  coke,  or  ashes,  were  used 
at  Bacup,  Bishop  Auckland,  Canterbury, 
Chelmsford,  Chesterfield,  Croydon,  Uxbridge, 
and  Bilston. 

(6.)  Straw  strainers,  with  ash  filter  beds, 
were  tried  at  Bilston  and  at  Canterbury. 
Straw  filters  alone  were  used  at  Buxton. 

(7.)  Charcoal  and  gypsum  were  tried  at 
Bury  St.  Edmunds. 

(8.)  Charcoal  and  gravel  filters  were  tried 
at  Ealing,  Fareham,  Harborne,  Newcastle- 
under-Lyme. 

(9.)  A filter  bed  consisting  of  straw,  dry 
earth,  ashes,  sand,  heath,  and  burnt  clay  was 
tried  at  Hurstpierpoint. 

(10.)  Peat  was  tried  at  Bradford.  (1873). 

(ii.)  Sand  was  tried  at  Ely,  Rugby,  and 
Birmingham. 

(12.)  An  iron  slag  filter  was  used  at  Merthyr 
Tydvil. 

A combined  system  of  subsidence  and  filtra- 
tion has  been  attempted  on  many  occasions. 
This  method  was  formerly  adopted  at  Bir. 
mingham,  where  the  sewage  was  conveyed 
through  a series  of  tanks,  the  passage  occupy- 
ing about  two  hours.  Two  sets  of  tanks  were 
employed,  each  set  being  worked  continuously 
for  about  a fortnight,  when  the  sludge  was 
removed  and  consolidated  by  evaporation  and 
soakage  in  properly  prepared  pits.  The  effluent 
water  was  found  to  be  offensive,  and  the  works 
a nuisance.  Coventry  formerly  adopted  a 
similar  process,  a coarse  gravel  filter  running 
the  whole  length  of  one  tank  being  employed, 
through  which  it  passed  into  a second,  and 
again  into  a third  tank  of  small  gravel.  The 
purification  proved  very  inefficient. 

At  St.  Thomas,  adjoining  Exeter,  a similar 


method  of  defecation  by  subsiding  tanks,  iron 
strainers,  and  gravel  filters  (forming  the  tank 
boundaries)  was  adopted,  although  in  this  case 
a little  lime  and  about  075  gallon  of  carbolic 
acid  to  200,000  gallons  of  sewage,  were  added- 
The  carbolic  acid  proved  valuable. 

At  Uxbridge  again,  a combined  system  of 
subsidence,  straining  through  a grating,  and 
filtration  through  charcoal,  is  adopted,  before 
the  sewage  is  discharged  into  the  Colne.  It  is, 
however,  quite  certain  that  mere  subsidence 
and  filtration,  as  methods  of  sewage  treatment, 
are  failures. 

We  may  here  mention  the  suggestion  of 
Strang,  of  Glasgow,  of  treating  the  sewage 
discharged  from  a water-closet,  by  upward 
filtration  through  a box  containing  the  refuse 
ashes  of  the  house.  By  this  means  the  solid 
matter  is  retained  in  the  lower  part  of  the 
vessel,  and  the  liquid  matter  passes  through 
the  ashes.  Dr.  Anderson,  of  Glasgow,  reports 
well  of  the  apparatus.  Mr.  Austin,  late  of 
the  Local  Government  Board  Office,  was  of 
opinion  that  sewage  might  be  dealt  with  by 
placing  a series  of  portable  filters  in  the- 
sewers.  (Society  of  Arts  Conference,  1877,  p. 
14.)  By  this  means  much  of  the  kitchen  stuff 
could  be  kept  out  of  the  sewers,  which,  it  is 
true,  is  often  as  objectionable  as,  if  not  more 
objectionable  than,  the  sewage  itself. 

Whatever  filtering  material  you  use,  be  it 
sand,  gravel  or  charcoal,  two  diificulties  are  in- 
evitable : — (i)  That  the  filter  soon  becomes 
choked,  when  it  fails  to  act,  or  acts  inefficiently, 
(2)  that  the  matters  deposited  on  the  surface  of 
the  filter,  cause  an  insufferable  nuisance.  It 
may  be  said,  as  regards  the  first  objection,  you 
have  only  to  recharge  your  filters  and  to 
utilise  the  old  material  for  manure.  The 
answer  is,  the  cost  of  material  and  of  labour, 
and  the  difficulty  of  securing  a sale  for  your 
refuse.  To  meet  the  second  objection  it  is 
said,  “Cultivate  the  surface  of  your  filter 
beds,  whereby  vegetation  can  be  made  to  use 
up  the  obnoxious  matters.”  In  practice,  how- 
ever, this  is  not  successful,  whilst  it  is  im- 
possible to  secure  a crop  all  the  year  round. 

I know  of  no  place  where  filtration  alone 
has  proved  a success  hygienically.  Of  course 
intermittent  downward  filtration  is  practically 
land  filtration.  The  objections  urged  to  general 
filtration,  apply  equally  to  land  filtration. 

Some  interesting  details  respecting  the 
filtration  of  the  foul  water  of  the  River  Plate 
is  given  by  Mr.  George  Higgin  (“  Proc.  Inst. 
Civil  Engineers,”  vol.  Ivii.).  They  show  the 
extreme  difficulty  of  filtering  this  impure  water. 
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■a  difficulty  which  is  nothing  compared  to  that 
'•of  filtering  sewage. 

Discharge  of  Sewage  into  the  Sea. 

Seeing  sewage  is  worth  so  little,  it  is  no 
wonder  that  local  authorities  have  been  desir- 
•-OUS,  where  possible,  to  get  rid  of  it  by  permitting 
its  discharge  into  the  sea  (see  Hawksley’s  Social 
Science  Address  1876,  p.  28).  This  has  been 
-done  at  Weston-Super-Mare,  St.  Leonards, 
Torquay,  Eastbourne,  Llandudno,  Dover, 
■Carnarvon,  Brighton,  Margate,  and  Ramsgate. 
There  is  much  to  be  said  in  favour  of  this 
method.  No  doubt  it  appears  wasteful,  but 
nature  is  certain  to  utilise  in  due  course  in  her 
'Own  way  what  we  fail  to  utilise  in  ours.  But 
it  must  be  noted  that  a nuisance  is  possible  if 
^the  sewage  be  discharged  into  the  sea  too  near 
land,  from  the  foul  matters  in  suspension  being 
brought  back  again  by  the  tide  to  putrefy  on 
qhe  shore  during  low  water.  This  was  said 
to  have  occurred  at  Dover  (“  Proc.  Inst. 
Civil  Engineers,”  vol.  xliii.  p.  221)  and 
at  Carnarvon.  A stink  may  result,  more- 
over, from  the  reduction  of  the  sulphates 
of  sea  water  to  sulphides  by  the  organic 
■matter  in  the  sewage,  and  the  evolution 
of  sulphuretted  hydrogen  by  the  action  of 
-carbonic  acid  on  the  sulphides  so  formed. 
Possibly  to  some  such  cause  the  smells  and 
^unsanitary  condition  of  the  Bay  of  Naples, 
The  Port  of  Marseilles,  the  Bay  of  Cadiz,  the 
West  Coast  of  Africa,  and  other  places  owe 
their  origin.  This  difficulty  is  worth  consider- 
ing, moreover,  more  particularly  in  those  cases 
where  a town  extends  down  to  the  water’s 
edge.  No  doubt  further  sewage  matters, 
ilocculent  materials,  corks,  &c.,  have  a special 
■tendency  to  float  on  sea  water,  continuous  de- 
composition resulting.  Difficulties  have  arisen 
•at  Margate,  Ramsgate,  and  Brighton,  from 
these  several  causes. 

Evils  resulting  from  the  discharge  of  sewage 
into  tidal  rivers,  containing  sea  water  have 
occurred  at  Glasgow  and  towns  adjacent,  where 
the  sewage  was  taken  into  the  Clyde,  and  were 
investigated  by  Sir  John  Hawkshaw  in  1874, 
who  recommended  its  discharge  into  the 
Firth  of  Clyde  at  Earland  Head.  The  discharge 
of  sewage  into  the  Thames  was  also  a sub- 
ject of  inquiry  by  a Royal  Commission,  and 
was  discussed  by  Professor  Stanley  Jevons  in 
a letter  to  the  Twtes  of  December  2,  1878.  I 
need  only  point  out  that  the  discharge  of 
sewage  into  a tidal  river  involves  cost  for 
dredging  (see  Rivers  Pollution  Commission 
and  report,  1868,  p.  xiii). 


Regarding  sewage  (which  I do)  as  a thing 
to  be  got  rid  of,  and  for  which  we  must 
be  prepared  to  pay  to  be  rid  of  it, 
there  are  manifest  advantages  in  taking 
it  out  to  sea  or  estuary.  It  should, 
however,  in  such  cases,  be  discharged  in 
deep  water,  at  a considerable  distance  from 
land  below  the  line  of  low  water,  and  where 
there  is  a well  ascertained  current  to  carry  it 
permanently  seaward.  Careful  tidal  observa- 
tions are  needed  before  deciding  on  the  point 
of  discharge.  A spot  where  there  is  an  oscillat- 
ing action  resulting  in  a return  of  sewage 
matter  either  in  the  neighbourhood  of  the  dis- 
charge, or  at  distant  places  to  which  the  tide 
carries  it,  must  be  avoided  — in  other  words, 
we  must  not  allow  a turn  of  the  tide  to  carry 
one  person’s  refuse  to  somebody  else.  It  is 
difficult  to  imagine  a nuisance  resulting  under 
carefully  considered  conditions,  more  par- 
ticularly if  the  discharge  pipe  be  some  dis- 
tance from  the  town,  and  the  town  itself 
well  above  the  sea  level.  Still,  even  in  all 
cases,  it  is  worth  considering  whether  or 
not  some  process  of  clarification  may  not  be 
advisable. 

It  is  worthy  of  note,  that  chloride  of  mag- 
nesium is  itself  a precipitating  agent  for  sew- 
age. Again,  sea  water,  owing  to  the  common 
salt  present  in  it,  has  a tendency  to  reduce  the 
ease  with  which  organic  matter  is  oxidised. 
Thus  the  oxidation  of  the  organic  impurity  of 
the  sewage  is  less  rapid  when  it  is  discharged 
into  salt  water,  than  it  is  when  discharged 
into  fresh. 

In  the  “mud  inquiry,”  the  Conservators  of  the 
Tham  es  contended  that  certain  sewage  banks  in 
the  river  were  caused  by  the  sewage  outfalls  at 
Barking  and  Crossness.  In  time,  these  sewage 
deposits  putrefy,  rise  to  the  surface,  give  off 
offensive  gases,  ultimately  sinking  to  undergo 
fresh  putrefactive  changes.  It  is  certain 
that  in  a tidal  salt  river,  foul  banks  of  sewage 
mud  may  form,  which  in  ordinary  rivers  would 
not  be  produced.  Of  course,  I admit  that 
a strong  tidal  current  might  carry  these 
masses  away,  but  in  the  absence  of  such 
current,  they  subside  and  mingle  with  the 
sand  and  mud  of  the  beach. 

The  Bill  of  1875,  promoted  by  the  West 
Kent  Main  Sewerage  Board,  was  for  the  pur- 
pose of  conveying  the  sewage  of  Bromley, 
Beckenham,  Hayes,  Orpington,  Chislehurst, 
The  Crays,  Bexley,  Crayford,  East  Wick- 
ham, Erith,  and  Dartford,  to  Long  Reach  on 
the  River  Thames,  eight  miles  below  the  out- 
fall of  the  metropolitan  sewage. 


October  8,  1886.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS, 


Precipitation  Processes. 

By  “chemical  precipitation,”  or  “the 
chemical  treatment  of  sewage,”  is  implied  the 
addition  of  certain  chemicals  to  the  sewage, 
whereby  the  deposition  of  the  solid  suspended 
matters  and  some  of  the  dissolved  matter  from 
the  formation  of  insoluble  compounds,  together 
with  the  deodorisation  of  the  offensive  con- 
stituents precipitated  or  dissolved,  is  effected. 

The  general  features  of  a chemical  process 
for  sewage  may  be  thus  described  : — 

To  the  sewage  (from  which  the  grosser  sus- 
pended matters  may  or  may  not  be  removed) 
chemicals  are  added,  either  suspended  in 
water,  or,  if  soluble,  dissolved  in  water.  After 
this  treatment,  the  sewage  is  allowed  to  flow 
into  subsidence  tanks,  where  either  it  is  allowed 
perfect  rest  for  a few  hours  or  is  passed  through 
a series  of  tanks  continuously,  in  order  in 
either  case  to  allow  the  deposition  of  the 
sludge — that  is,  of  the  matters  in  suspension. 
The  clear  effluent  is  then  allowed  to  flow  either 
directly  into  a watercourse,  or  over  land  pre- 
viously to  its  discharge.  The  black  fluid  or 
sludge  in  the  tank  (of  which  90  per  cent,  is 
water)  is  then  all  that  remains  to  be  dealt  with. 

The  precipitants  to  be  employed  have  been 
subject  matters  of  numerous  patents.  Of  these 
we  shall  note  the  most  important. 

I. — Processes  involving  the  use  of  Lime 
AS  THE  Chief  Precipitating  Agent. 

Lime. — The  use  of  lime  for  disinfecting 
excreta  was  the  subject  of  a patent  in  1802 
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(Estienne.)  In  1844,  lime  was  used  to  purify 
the  Manchester  sewage  before  discharge  into 
the  River  Medlock.  This  was  done  at  the- 
suggestion  of  Dr.  Clark,  of  Aberdeen,  who  at 
that  time  was  at  work  at  his  process  for 
softening  water  by  the  use  of  lime,  and  as  the 
result  of  which,  he  was  led  to  suggest  its  use 
for  sewage  precipitation.  It  was  abandoned 
for  a time  at  Manchester  on  the  ground  of  cost 
(a  ton  of  lime  being  required  daily),  but  was 
re-adopted  in  1854,  at  the  suggestion  of  Crace 
Calvert,  who  advised,  after  the  addition  of 
two  or  three  grains  of  lime  per  gallon,  com- 
plete rest  of  the  liquid  so  treated  in  subsi- 
dence tanks,  his  report  stating  that  the  pre- 
cipitate subsides  rapidly,  the  supernatent  water 
being  clear,  colourless,  and  inoffensive. 

In  1846,  Mr.  William  Higgs  took  out  his- 
patent  for  the  treatment  of  sewage  in  subsiding 
tanks  or  reservoirs  by  means  of  chemical 
agents.  For  the  purpose  of  precipitating  the 
solid  animal  and  vegetable  matters  contained 
therein,  hydrate  of  lime  (commonly  termed 
slack  lime)  was  preferred.  In  1851,  Mr. 
Thomas  Wicksteed  patented  a process  for 
manufacturing  manure  from  sewage,  &c.,  by 
admixture  with  lime,  collecting  the  deposit 
and  submitting  it  to  certain  centrifugal  drying 
machinery,  thus  obtaining,  to  use  his  own 
words,  “ the  manure  as  fertilising  material  in  a 
state  commodious  for  transport.” 

Action  of  Lime. — When  lime  is  added  to- 
raw  sewage,  a carbonate  of  lime  is  first  formed- 
This  acts  as  a weighting  material,  whereby, 
if  the  opportunity  be  afforded,  the  light  floccu- 


Proportions  of  Org.vnic  and  ^Mineral  Matters  precipitated  from  a Gallon  of  London 

Sewage  with  12  grains  of  Lime. 


Sewage  from 

Original 

.Sewage. 

Precipitated  with  12 
grains  of  lime. 

Soluble 

organic 

matter 

removed. 

Do. 

do. 

still  in 
solution'. 

Dissolved. 

Suspended. 

Organic. 

IMineral. 

Organic. 

IMineral. 

Organic. 

IMineral. 

1 

1 

grains. 

grains. 

grains. 

grains. 

grains. 

grains. 

grains. 

grains. 

The  Fleet  Sewer  

I i-6o 

30-00 

14-40 

12-60 

17*34 

29-71 

2*94 

8-66 

London-bridge  do ' 

20-96 

37*09 

7-04 

15-40 

12-46 

27-69 

5*42  1 

15*54- 

Dowgate-dock  do 

27-31 

38*36 

16-64 

13-26 

23*94 

26-52 

7*30  ! 

20-01 

Irongate  do 

11-20 

65-01 

15-80 

16-32 

18-81 

29-07 

3-01  ; 

8-18 

Paul’s-wharf  do 

21-79 

51*35 

17-21 

32  21 

23-18 

44*69 

5*97  1 

15-82- 

Whitefriars-dock  do 

3-53 

23-02 

9*59 

4*89 

10-45 

16-97 

0-86 

2-67- 

Custom-house  West  do 

9-22 

64-30 

36-28 

42-21 

39*02 

50*01 

2*74 

6-48 

Custom-house  East  do 

20-19 

37*82 

12-13 

14-82 

17*55 

24*97 

5*24 

14*95. 

Hambro’-wharf  do 

14-24 

32*79 

4-26 

12*75 

7*99 

25*03 

3*73 

10-51 

Wool-quay  do 

10-76 

23*84 

35*04 

46-41 

do 

59*32 

2-81 

7*95 

15-08 

40-66 

17-06 

21-09 

20-86 

33*39 

Average  of  all 

'' > 

Y 

^ ^ 

4-20 

11-08 

55*74 

38*15 

54*25 
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lent  suspended  matters  will  be  carried  down 
along  with  the  precipitated  carbonate.  In 
addition  to  this,  however,  a certain  proportion 
of  dissolved  organic  matter  is  also  precipitated, 
the  lime  forming  with  the  organic  matter 

Matters  in  Solution. 

Total  solids.  Mineral. 


Raw  sewage  32*00  23*46 

Effluent  25*76  ..  22*26 


The  action  of  lime  on  London  sewage 
was  the  subject  of  a prolonged  investigation 
by  Dr.  Letheby  during  the  time  I acted  as 
his  assistant.  The  results  obtained  by  the 
addition  of  twelve  grains  of  lime  per  gallon 
of  sewage  are  given  in  the  Table  on  page 
1155- 

In  Calvert’s  experiments  on  Manchester 
sewage  the  lime  effected  the  entire  removal  of 
the  suspended  matter  (mineral  and  organic), 
and  more  than  50  per  cent,  of  the  dissolved 
organic  matter.  In  Letheby’ s and  my  own 


a compound  of  uncertain  chemical  com- 
position. 

Grace  Calvert,  operating  on  the  Manchester 
sewage,  gives  the  following  as  the  average 
results  of  five  days’  treatment  by  lime  : — 


Matters  in  Suspension. 


Org-anic. 

Total  solids. 

Mineral. 

Organic. 

8*54 

..  6*65 

00 

p 

3-57 

3-50 

. . 0 

..  0 . 

0 

experiments,  the  removal  of  all  the  suspended 
matter  was  effected,  and  about  one-fourth  of 
the  dissolved  organic  matter. 

The  action  of  lime  was  further  investigated 
and  reported  on  by  Hofmann  and  Witt,  as  one 
of  the  most  promising  of  the  many  processes 
for  obtaining  a deposit  from  sewage,  which, 
when  dry,  might  be  employed  as  manure. 
Operating  on  London  sewage  with  20  grains  of 
lime  per  gallon  (800  grains  of  lime  to  40 
gallons  of  sewage),  the  following  results  were 
obtained  : — 


Matters  in  Solution. 

t * 

Total  Solids.  Organic. 

Raw  sewage ... . 107*6  ..  52*36 

Effluent 96*02  ..  40*34 

In  other  words,  20  grains  of  lime  removed  all 
the  suspended  matter,  and  more  than  one- 
fourth  the  dissolved  organic  matter. 

After  the  addition  of  the  lime,  a flocculent 
precipitate  is  formed.  This  settles  at  the  rate 
of  about  one-fourth  part  the  bulk  of  the  liquid 
in  one  hour.  The  clear  supernatant  liquor  is 
colourless,  clean,  and  comparatively  odourless. 
Hygienically,  the  process  is  successful— com- 
mercially, it  is  not  successful,  because  the 
precipitate  is  mainly  carbonate  of  lime  and  non- 
nitrogenous  organic  matter. 

These  laboratory  experiments  are  confirmed 
by  practical  working.  Thus  Higgs’s  process 


Matters  in  Suspension. 

Total  Solids.  Organic.  Mineral. 

52*49  ..  36*4  ..  16*09 

traces  . . traces  . . traces 

was  used  at  Tottenham  in  1857,  results 
being  so  satisfactory  that  the  Local  Board  of 
Health  gave  a testimonial  certifying  to  its 
efficiency  (sewage  treated  175,000  gallons  daily, 
or  sewage  of  10,000  persons — 12  grains  of 
lime  added  per  gallon  (i  ton  per  week) — dry 
precipitate  obtained  w^as  four  to  five  times  the 
weight  of  the  lime  used).  That  the  success  was 
no  mere  accident  isprovedby  the  high  eulogium 
passed  on  the  process  by  Normandy  and 
Miller  in  the  action  brought  by  Higgs  against 
the  Hitchin  Local  Board  for  an  infringe- 
ment of  his  patent. 

Why,  then,  was  not  this  hygienic  success 


Mineral. 

55-24 

55-68 


Tottenham. 

Matters  in  Solution.  Matters  in  Suspension. 

Total  Solids.  Organic.  Mineral.  Ammonia.  Total  Solids.  Organic.  Mineral. 

Raw  sewage..  54*50  ..  9*49  ..  45*01  ..  2*60  39*99  ..  14*53  ••  25*46 

Effluent 48*99  ..  8*01  ..  45*98  ..  2*84  ..  1*69  ..  0*37  ..  1*32 


continued  ? The  reason  is  obvious  — the 
manure  was  found  to  be  of  so  little  value 
that  the  commercial  result  proved  a failure, 
Mr.  Higgs  transferred  his  expensive  works  for 
a merely  nominal  sum  to  the  local  authority. 


who  (in  spite  of  their  testimonial  showing  the 
capabilities  of  the  process)  so  neglected  them, 
that  shortly  after  the  transference,  an  injunc- 
tion was  obtained  by  the  trustees  of  the  River 
Lea,  to  prevent  foul  undefecated  sewage  being 
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discharged  from  the  works.  Carelessness  and 
parsimony  are  certain  to  ruin  the  best  of  pro- 
cesses. 

Wicksteed’s  process  was  adopted  at 
Leicester  in  1855,  the  works  which  cost 
;^30,ooo  to  ;^40,ooo  being  managed  in  the  first 
instance  with  marked  success.  [Sewage 


treated  (1858),  2,000,000  gallons  daily,  or  the 
sewage  of  65,000  person,  3 to  16  grains  of  lime 
were  added  per  gallon.  Sludge  (dry)  was  3 to 
4 times  the  weight  of  the  lime  used]. 

Very  high  was  the  commendation  passed 
j on  this  process  by  Aitkin  and  Taylor, 
i after  a minute  investigation  in  1851.  But  the 


Constituents  

per  gallon.  Total  solids. 

Raw  sewage.  70-00 

Effluent  ....  66-99 


Leicester. 

Matters  in  solution. 

^ A ^ ^ -N 

Organic.  Mineral.  Ammonia. 

13-49  ..  56-51  ..  2-52 

10-65  ••  56-34  ..  2-61 


Matters  in  suspension. 

A 

Total  solids.  Organic.  Mineral. 

19-15  5-50  ..  13-65 

1-40  ..  0-49  ..  0-91 


Corporation  shirked  the  lime,  and  neglected 
the  works.  No  wonder  that  the  River  Soar, 
into  which  the  effluent  is  discharged,  became 
foul,  a result  which  is  certain  to  be  attri- 
buted by  partisans  to  failure  of  the  lime 
process  rather  than  to  its  true  cause,  viz.,  the 
miserable  carelessness  and  false  economy  of 
those  to  whom  the  management  was  entrusted. 

The  value  of  the  sludge  precipitated  by  lime 
has  been  variously  estimated  as  from  15s.  6d. 


to  29s.  6d.  per  ton. 

Voelcker, 

who  fixed 

15s.  5d.,  gives  the 

following  as 

its  com- 

position  ; — 

^Moisture  

. 10-52 

Value  per 
ton. 

Organic  matter  . . . 

. 12-40  ... 

. . . I 

Phosphate  of  lime  . 

2-27  ... 

...  7 

IMineral  matter  . . . 

• 54-75 

Nitrogen  

100-00 
. 0-60 

Ammonia 

. 0-72 

56 

No  doubt,  as  an  agricultural  article,  this 
manure  is  worth  very  little  indeed  compared 
to  the  extravagant  views  entertained  of  its 
fertilising  power  by  the  earlier  patentees. 
Local  authorities  have  to  learn  that  to  treat 
sewage  means  outlay,  and  that  cost  is  no  ex- 
cuse for  neglect. 

I conclude  by  laying  down  certain  essentials 
for  the  successful  treatment  of  sewage  with 
lime  : — 

1.  The  lime  used  should  be  in  a perfectly 
caustic  state,  and  before  admixture  with  the 
sewage  should  be  thoroughly  slaked  and 
mixed  with  sufficient  water  to  render  it  the 
consistency  of  a thick  cream. 

2.  That  the  quantity  added  should  not  be 
less  (han  ten  grains  per  gallon,  to  a sewage 
that  does  not  exceed  thirty  gallons  per  head  of 
the  population. 


3.  That  very  complete  agitation  of  the  lime 
with  the  sewage  is  advisable  in  order  to  secure 
perfect  admixture  of  the  lime  and  flocculation 
of  the  precipitate,  thus  rendering  the  after 
subsidence  more  rapid.  This  admixture  is 
effected  preferably  by  means  of  a paddle- 
wheel  mixer,  the  axis  of  which  is  at  the  water 
line  of  the  well  in  which  the  mixing  process  is 
effected. 

4.  That  after  precipitation  the  defecated 
sewage  should  flow  over  an  apron  into  a 
tank,  which  should  be  at  least  4 ft.  deep,  and 
capable  of  holding  at  least  one  hour’s  sewage, 
and  from  this  into  a second  tank  over  a weir 
placed  half-an-inch  below  the  surface  and 
at  the  opposite  end  to  the  apron  over  which 
the  sewage  enters,  this  second  tank  being 
capable  of  holding  at  least  four  hours’ 
sewage. 

5.  Or,  if  this  continuous  process  be  not 
adopted,  the  defecated  sewage  should  then  be 
allowed  to  remain  at  rest  in  a tank  for  at  least 
one  hour. 

6.  That  the  sludge  should  be  removed  in 
summer  time  once  in  48  hours,  and  after 
removal  be  pre=;sed,  or  otherwise  consolidated 
and  dried  with  all  reasonable  speed. 

The  frequent  removal  of  the  sludge  is  a matter 
of  importance.  If  this  be  not  done,  it  putrefies, 
rises  in  large  flakes,  and  promotes  the  decom- 
position of  the  supernatent  water.  It  is  not 
difficult  by  the  operation  of  a dirty  tank  to  undo 
all  the  good  done  by  chemical  treatment.  It 
will  be  manifest  that  a double  set  of  tanks  is 
necessary  for  successful  working. 

Places  where  Lime  has  been  or  is  being 

USED. 

Hertford. — Population  about  7,000.  Lime 
was  employed  from  1858  to  1875,  at  a cost  of 
^410  per  year. 
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Alton  {Hamjshire).  — Population  4,192. 
(Chloride  of  iron  also  used  on  hot  days.) 

Balsall  Heath  (Worcestershire). — Popu- 
lation 14,000.  Filtration  through  gravel. 
Effluent  discharged  into  Birmingham  and 
Warwick  Canal. 

Blackburn  {Lancashire').  — Population 

83.000.  Lime  used  as  an  auxiliary  to  irrigation. 

Birkdale. — Population  8,705.  Cost  1,000 

per  annum  (r=  5d.  rate).  Sewage  treated 
650,000  gallons  daily.  Lime  used  per  year, 
208  tons. 

Birtningham.  — Adopted  in  1872  on  the 
recommendation  of  Mr.  Hawksley.  Lime  is 
added  to  the  sewage  at  a distance  of  one-third 
of  a mile  from  tanks  (13  tons  to  12,000,000 
gallons).  The  treated  sewage  flows  into 
tanks,  and  the  effluent  passes  into  the  River 
Tame.  About  400  tons  per  day  of  precipitate 
obtained,  which  is  partially  dried  and  buried. 
General  Scott  attempted  to  make  Birmingham 
sludge  into  a cement,  but  not  with  marked 
success. 

Bromley  (Kent).  — Population  12,000. 
Filtration  through  gravel  after  lime  treament. 

Bitrton  - u)>on  - Trent. — Population  20,378, 
Sewage  very  foul  (about  6,000,000  gallons 
daily)  on  account  of  the  brewery  refuse,  and 
often  of  a high  temperature.  Lime  used  up 
to  1883  at  the  rate  of  one  ton  per  million 
gallons.  Cost  of  treatment,  £2gOQ  to 
per  annum.  Irrigation  on  460  acres  now 
adopted. 

Bradford  (Yorkshire).  — Population 

173.000.  Eight  to  eight- and-a-half  million 
gallons  daily,  containing  much  manufacturing 
refuse.  The  sewage  is  screened,  300  tons  of 
deposit  per  year  being  thus  obtained.  It  is 
then  precipitated  with  lime  (i  ton  to  a 
gallon),  and  passed  into  tanks,  where  it  is 
allowed  a rest  of  from  30  to  45  minutes. 
Effluent  discharged  into  Bradford  Beck, 
a tributary  of  the  River  Aire.  Cost  8d. 
per  head  of  population.  For  a short  time  the 
sewage  was  filtered  through  peat  charcoal,  by 
the  Peat  Engineering  and  Sewage  Filtration 
Company. 

Chester.  — Population  35,232.  1,500,000 

gallons  per  diem.  Some  of  the  sewage  treated 
with  lime,  but  the  most  part  by  irrigation. 
Effluent  discharged  into  River  Dee. 

Ealing. — Population  9,959. 

Harbor  ne  (Staffordshire). — Population 
5,105.  Lime  in  conjunction  with  filtration 
through  gravel,  coke,  and  charcoal. 


Leicester. — Sewage  dealt  with  partially  and 
inefficaciousl3^ 

Litton. — Sewage  contains  chemicals  used 
in  bleaching  and  dyeing  stravv^  plait. 

Lime  treatment  has  also  been  used  at 
Banbury,  Coventry,  Cheltenham,  Halifax, 
Hitchin,  Leamington,  Leytonstone,  Leeds, 
Newcastle-under-Lyme,  Ormesby,  Over 
Darwen,  Oxton,  Southborough,  Tottenham, 
West  Ham,  and  Worksop. 

Lime  undoubtedly  has  its  objections,  fore- 
most of  which  are  : — ■ 

1.  If  the  lime  be  added  in  sufficient  quantity 
to  produce  good  results  (which  it  can  be)  the 
amount  of  sludge  produced  is  very  large  and 
very  valueless,  consisting  principally  of  non- 
nitrogenous  organic  matter  and  carbonate  of 
lime. 

2.  The  effluent  is  strongly  alkaline,  and, 
therefore,  more  or  less  liable  to  putrefy. 

3.  Free  lime  is  injurious  to  fish  life.  Hence 
a lime  effluent  is  liable  to  destroy  the  fish  in 
a river,  unless  it  be,  previously  to  discharge, 
treated  with  an  acid. 

Lime  and  Chloride  of  Lime. 

At  Hertford,  in  1866,  about  8^  bushels  of 
lime  and  150  lbs.  of  chloride  of  lime  were  used 
daily  in  the  treatment  of  1,640,000  gallons  of 
sewage  per  day  (=lime  2 grains,  chloride  of 
lime  0^64  grains  per  gallon).  At  this  time  the 
population  was  7,000,  showing  the  great 
quantity  of  subsoil  water  that  must  have  mixed 
with  the  sewage  in  its  transit  to  the  works 
(=  234  gallons  per  head).  The  lime  (as  cream 
of  lime)  added,  was  apportioned  to  the  rate  of 
flow  by  little  buckets  attached  to  a water- 
wheel. The  treated  sewage  was  now  dis- 
charged into  a depositingtank.  The  tanks  are  in 
duplicate,  each  tank  being  worked  three  days, 
where  it  remained  about  forty  minutes,  a period 
too  short  for  complete  subsidence.  The  tank 
was  divided  under  the  water  line  by  a cross 
wall,  the  sediment  being  thus  kept  back,  the 
supernatant  water  being  then  filtered  through 
6 or  7 inches  of  coarse  gravel  and  3 inches  o-f 
fine  sand.  The  filter  required  cleansing  daily. 
From  the  filter  beds  it  passed  into  an  effluent 
channel  about  a mile  long,  to  be  discharged 
into  the  River  Lea  at  Ware  Mill.  About 
12  cwt.  of  sludge  was  removed  daily.  After 
flowing  along  the  outfall  channel  for  a quarter 
of  a mile,  it  became  clear,  fish  and  vegetation 
being  found  in  the  water  in  abundance. 

In  1866,  the  following  analyses  were  ob- 
tained : — 
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Date. 

Matters  in  solution. 

Matters  in  suspension. 

Total 

solids. 

Organic. 

Mineral. 

Total 

solids. 

Organic. 

Mineral. 

Raw  sewage,  Aug.  26 

26-95 

1-70 

22-25 

2-45 

1-05 

i-o 

Effluent,  ,,  

26-00 

I -00 

25  00 

0-85 

0-35 

0-5 

Raw  sewage,  Aug.  31 

1 29-30 

1-95 

27-35 

6-30 

3-25 

3-1 

Effluent,  ,,  ,,  

27-25 

1-20 

26-05 

1-30 

0-60 

0-7 

Raw  sewage,  Dec.  13 

30-33 

5-35 

24-98 

5-39 

0-71 

4-68 

Effluent,  ,,  

27-00 

2-51 

24-49 

0-74 

0-24 

0-50 

In  1867,  3*43  grains  of  lime  and  033  ] gallon,  and  the  analysis  (November)  was  as- 
grains  of  chloride  of  lime  were  used  per  1 follows  ; — 


^Matters  in  Solution. 


Total  Solids.  Organic.  Ammonia. 
Raw  sewage  ....  25-0  ..  2-50  ..  0-34 

Effluent  28-33  ..  1-25  ..  0-45 

The  chloride  of  lime,  although  only  one- 
third  of  a grain  per  gallon,  not  only  disinfected 
the  sewage,  but  prevented  the  growth  of  the 
sewage  fungus. 

My  experience  enables  me  to  speak  favour- 
ably of  the  employment  of  chloride  of  lime 
with  lime,  especially  in  hot  weather.  About 
56  lbs.  per  1,000,000  gallons  will  be  found,  as 
a rule,  fully  sufficient  for  a sewage  represented 
by  thirty  gallons  per  head  of  the  population. 

Lime  and  Sulphate  of  Soda. 

Fulda' s Process. — This  process  was  tried  on 
a small  scale  at  Pratt’s  cloth  mills  (Yeadon, 
near  Leeds),  and  at  Barnsley  Union  Work- 
house  in  1873.  The  process  was  abandoned, 
the  effluent  not  proving  satisfactory. 

Salt.s  of  ^Iagxesium  with  Tar  and  Lime. 

Fritz  11111(1  s Process. — The  process  of  Fritz 
Hille  (patented  1870)  was  to  be  used  as 
follows  A mixture  of  lime  (100  lbs.),  gas  tar 
(3 lbs.),  chemical  salts,  viz.,  chloride  of  magne- 
sium (17  lbs.),  were  made  into  a paste  with 
180  lbs.  of  water.  Hille,  however,  does  not 
bind  himself  to  these  exact  quantities,  var}^- 
ing  them  according  to  the  composition, 
strength,  and  quality  of  the  sewage  to  be 
treated.  From  the  decomposition  of  the 
magnesium  chloride  by  the  lime,  a bulky 
precipitate  is  formed,  which  carries  down  the 
suspended  matter. 

The  exact  quantity  of  paste  to  be  added  must 
also  be  a matter  of  experiment.  It  will  vary 
from  lb.  to  i lb.  per  100  gallons,  or  from 


Matters  in  Suspension. 

Oxygen  to 

Oxidise.  Total.  Organic.  Mineral. 

..  -296  ..  1-42  ..  0-72  ,.  070 

•281  .,  0-43  ..  017  ..  0-26 

10.000  lbs.  (3  4 tons,  9 cwt.,  i qr.,  4 lbs.)  to 
2,500  lbs.  (rr  I ton,  2 cwt.,  i qr.,  8 lbs.)  per 
million  gallons.  This  quantity,  however,  sup- 
poses subsequent  filtration. 

Hille  suggests  that  the  sludge  may  be  ad- 
vantageously used  again  as  a precipitant  for 
fresh  sewage,  employing  for  this  purpose  a 
mixture  of  from  two  to  five  parts  of  sludge 
with  one  part  of  the  paste.  Further,  he  con- 
siders that  depositing  tanks  are  not  essen- 
tial, but  that  the  sewage  after  treatment  may 
with  advantage  be  applied  directly  to  the 
land. 

If  tanks  be  employed,  they  should  not  be 
used  for  more  than  three  days  at  a time.  (See 
paper  by  Hille,  Society  of  Arts  Conference, 
1879,  P-  U9-  See  also  Hille’s  pamphlet  on 
“ Sewage  Disinfecting,  with  Analyses  by 
Letheby,”  pp.  13  to  15). 

The  following  are  places  where  Hille’s  pro- 
cess is  or  has  been  employed: — 

Edmonton. — Still  in  use.  Population  15,000.. 
Daily  sewage  800,000  (domestic  and  dilute). 
The  materials  are  added  in  the  proportion  of 
3 tons  7 cwt.,  at  a cost  of  ^6  per  1,000,000 
gallons  (=  IS.  2d.  per  head  per  annum).  The 
sludge  formed  is  stated  to  be  three  tons  daily^ 
There  are  1 14  acres  of  land  used  for  subsequent 
irrigation  with  the  effluent. 

Tottenham. — (Population  23,000;  sewage 

1.200.000  gallons  daily.)  The  cost  of  main- 
taining the  works  in  1875  was  ^1,979. 

Windsor,  Aldershot,  Leicester,  Gratitham., 
and  Taunton  have  also  used  the  Hille  process.. 

At  Wimbledon,  Surrey,  (population  12,500), 
the  process  was  employed  from  1870  to  1876. 
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Salts  of  Alumina. 

Numberless  patents  have  been  taken  out  for 
treating  sewage  by  means  of  compounds  of 
alumina. 

If  sulphate  of  alumina  only  be  used,  the 
ammonia  of  the  sewage  would  in  time  effect 
its  decomposition,  resulting  in  the  precipitation 
of  alumina.  The  action  of  alumina  thus  set  free 
is  to  combine  with  the  soluble  organic  matter, 
with  which  it  forms  an  insoluble  compound. 
Thus  it  is  used  as  a mordant  or  fixing  agent 
for  colours  when  applied  to  fabrics,  and  to  pre- 
cipitate colouring  matters  from  their  solutions, 
forming  insoluble  compounds  called  “lakes.” 


Ammonia  and  phosphoric  acid  are  also  fixed 
by  aluminous  compounds. 

Stothert  patented  a mixture  of  sulphate 

of  alumina  (or  sulphate  of  zinc),  caustic  lime 
and  charcoal  (obtained  from  sewage  or  night 
soil)  as  a .precipitant  for  sewage.  The 
quantities  suggested  were  73-5  grains  re- 
spectively of  sulphate  of  alumina  and  char- 
coal, 3-5  grains  of  sulphate  of  zinc,  and  22 
grains  of  slacked  lime  per  gallon.  The  lime 
was  to  be  added  first,  and  then  the  mixture 
ofcharcoal  with  sulphate  of  alumina.  Hofmann 
and  Witt  report  (1857)  following  results 
produced  with  5 ozs.  of  lime  and  10  ozs.  of 
the  alumina  mixture  to  40  gallons  of  London 
sewage : — 


Matters  in  Solution. 

Matters  in  Suspension. 

Total  Solids. 

Organic. 

Mineral. 

Total  Solids.  Organic. 

Mineral. 

Raw  sewage . . . 

. 107-6 

52-36 

. . 

55-24 

52-49  ..  36-4 

16-09 

Effluent 

70 

37-56 

50-17 

. . none.  . . — 

— 

They  record  that  the  addition  of  the  alumina 
caused  a marked  increase  of  suspended 
matter,  as  well  as  a largely  increased  fioccula- 
tion  and  rapidity  of  subsidence. 

Stothert  claims  that  a ton  of  the  materials, 
costing  30S.,  will  make  two  tons  of  manure 
worth  £2  2s.  per  ton,  containing,  when  dried, 
1*44  per  cent,  of  ammonia,  8'6  per  cent,  of 
phosphate  of  lime,  and  34  per  cent,  of  organic 
matter. 

I do  not  know  of  this  process  having  been 
employed  on  a large  scale. 


deodorising  liquid  (patent,  1865),  was 
a solution  of  alum  cake  (crude  sulphate  of 
alumina)  containing  12  per  cent,  of  alumina. 
In  the  case  of  London  sewage,  25  grs.  by  weight 
of  the  solution  sufficed  to  defecate  a gallon 
efficiently,  a veryflocculent  precipitate  forming, 
which  required  about  30  minutes  to  subside. 

This  process  was  tried  at  Tottenham  in  1858 
for  about  one  week,  one  ton  of  solution  (value 
£^  los.)  being  used  to  treat  4,900,000  gallons 
(700,000  daily).  The  following  results  were 
obtained  : — 


Matters  in  Solution. 


Matters  in  Suspension. 


Total  Phosphoric  Total 


Solids.  Ammonia.  Organic. 

Raw  sewage..  91TO  ..  976  ..  42-30 

Ldluent 63-39  ..  4-23  ..  9-70  . 

The  precipitation  was  very  successful. 
Voelcker  reported  that  “ the  effluent  might  be 
poured  into  any  watercourse  without  causing  a 
nuisance.”  He  valued  the  dry  deposit  at  from 
25s.  to  30S.  per  ton. 

A curious  history  is  here  presented  of  a local 
authority,  guardians  of  the  public  health,  and 
moreover,  under  an  injunction  not  to  pollute  the 
Lea,  trying  a process  for  one  week,  which  they 
admitted  gave  “ fair  results,”  and  which  others 
know  to  have  been  more  than  fair,  and  then 
abandoning  it,  whether  from  carelessness  or 
parsimony  I do  not  know. 

Manning  (1853)  suggested  as  a sewage 
precipitant,  a mixture  of  animal  charcoal. 


acid. 

Solids. 

Organic. 

IMineral. 

3-77 

..  367-7 

225-6 

. . 142*1 

trace. 

3-01 

0-77 

2-24 

alum. 

carbonate  of 

soda,  and  g}^psum. 

some 

caustic  lime  in 

addition 

being  also 

advised.  The  use  of  alum,  on  account  of  its 
expense,  was  afterwards  dispensed  with 
(patent,  1854),  ^7  employment  of  a waste 
obtained  in  the  course  of  the  alum  manufacture 
from  the  rough  liquors  (called  soft  sludge,  con- 
sisting of  sulphates  of  iron  and  alumina),  and, 
afterwards  (patent,  1855)  by  the  use  of  various 
aluminous  minerals  and  earths  (alum  slate, 
die.),  treated  much  in  the  same  way  as  that 
adopted  in  the  preparation  of  alum. 

The  sewage  was  to  be  treated  as  follows  : — 
The  aluminous  preparation  was  to  be  added  to 
the  sewage,  and  the  whole  agitated,  the  un- 
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slacked  lime  with  animal  charcoal  being 
introduced  during  the  mixing.  The  treated 
sewage  was  then  to  be  allowed  to  subside  in 
proper  tanks. 

This  process  was  favourably  spoken  of  by 
Penny,  of  Glasgow,  who  gives  the  two  follow- 
ing analyses  of  the  sludge  : — 


Per  cent. 

Ammonia  2*22 

Phosphate  of  lime  2-05 
Organic  matter  ..  43*72 


Per  cent. 

0-884 

13-57 

31-74 


The  former  he  regards  as  of  the  estimated  value 
of;^i  i6s.  5^d.,  and  the  latter  of  15s.  per  ton. 


Compounds  of  Iron  and  Alumina 
(SuLPHATED  Clay). 

Bird's  Process. — Six  cwt.  of  powdered  clay 
is  treated  with  120  lbs.  of  sulphuric  acid,  and 
the  mixture  allowed  to  stand  for  a week. 

The  following  are  places  where  the  process 
has  been  used  : — 

Stroud  (Gloucestershire). — This  solution 
of  sulphate  of  alumina  and  iron  is  used  in 
quantity  equal  to  28  to  37  grs.  of  mixed  sul- 
phates per  gallon,  at  Stroud  (population  8,000) 
in  Gloucestershire,  to  defecate  200,000  gallons 
of  sewage.  The  treated  sewage  is  allowed  to 
run  into  settling  tanks  passing  from  one  to 
another  through  straw  filters,  and  finally 
filtered  through  coke  filters.  The  sludge  is 
dried,  and  made  into  a manure  by  admixture 
with  sulphate  of  ammonia  and  phosphate  of 
lime. 

The  Stroud  sewage  was  examined  and  re- 
ported on  by  the  Rivers  Pollution  Commis- 


sioners in  1868,  when  a solution  containing 
6 cwt.  of  pulverised  clay  acted  on  by  120  lbs. 
of  sulphuric  acid  was  added  to  200,000  gallons 
of  sewage.  They  record  the  effluent  as  in- 
odorous, but  not  of  a high  degree  of  purity. 
(See  ist  Report,  1868,  p.  58.) 

Cheltenham. — Bird’s  process  was  adopted 
at  Cheltenham  in  1868.  It  was  said  not  to  be 
a success. 

NorihajiiAton.  — In  1872,  Northampton 
sewage,  which  was  then  1,000,000  gallons  a 
day,  was  'defecated  with  crude  sulphate  of 
alumina  and  iron,  made  by  the  action  of 
sulphuric  acid  on  a ferruginous  clay.  Three 
cwt.  of  chamber  sulphuric  acid  were  added  to 
2 tons  of  clay  in  a wooden  trough,  and  allowed 
to  remain  in  contact  for  a week.  The  solution 
was  generally  found  to  contain  about  15  cwt. 
of  a sulphated  ferruginous  compound.  There 
were  six  of  these  troughs  in  use — the  entire 
soluble  contents  ofone  trough  being  used  daily. 
The  flocculation  was  imperfect  from  the  want 
of  an  efficient  stirring  apparatus.  Moreover, 
the  acid  of  the  chemicals  caused  effervescence 
with  the  carbonates  present,  a scum  being 
formed  from  the  rise  of  the  suspended  matters. 
This,  however,  was  kept  back  in  the  first 
tank  by  cross-bars.  The  sewage  then  flowed 
into  a second  tank,  and  finally  over  a weir 
into  a channel  a mile  in  length,  when  it  was 
discharged  into  the  river.  The  river  itself  was 
clean,  the  aquatic  vegetation  healthy,  and  fish 
abundant. 

The  samples  given  below  are  averages  of 
many  samples  taken  over  24  hours.  Ttie 
effluents  generally  were  clear  and  inoffensive. 


Matters  in  Solution. 

IMatters  in  Suspension. 

Raw  sewage 

Effluent,  ist  tank  . . 
Effluent,  2nd  tank. . 

Total 

Solids. 

73-60 

70-16 

70-65 

Oxygen  required 
to  oxidise. 

..  2-265  .. 

..  1-980 

1-243 

Ammonia. 

4-98 

4-19 

3-247 

Total 

Solids. 

..  13-83 

- 4-97 

1-74 

Organic.  Mineral. 

8-48  ..  5-37 

..  2-91  ..  2-06 

..  I-II  ..  0-63 

About  400  tons  of  sludge  were  removed  per 
week.  This  was  mixed  with  sifted  ashes  (48 
tons)  and  burnt  refuse  (20  tons),  and  found  a 
market  at  3s.  per  ton. 

In  1875,  the  proprietors  of  Bird’s  process 
brought  an  action  against  the  proprietors  of 
the  Coventry  process  for  infringement,  in  which 
they  were  unsuccessful. 


A process  {Cob ley' s patent)  similar  to  the 
one  just  described  (the  precipitants  being  said 
to  consist  of  iron,  alumina  and  carbon)  is  in 
use  at  Crewkerne,  the  precipitant  being  placed 


in  a box  with  perforated  sides,  the  sewage 
being  allowed  to  flow  through  the  box  by  which 
contact  with  the  precipitant  was  secured, 
i There  is  no  stirrer,  but  sufficient  mixing  is 
said  to  be  effected  by  the  means  described. 
The  patentee  states  that  the  precipitant  can 
be  supplied  (exclusive  of  a small  royalty)  at 
£2  per  ton.  A good  effluent,  which  does  not 
undergo  putrefactive  change  by  keeping,  is 
stated  to  be  produced. 

At  Hertford  (population  9,000)  the  sewage 
is  treated  with  a solution  of  sulphate  of  iron 
(i  part),  lime  (2  parts),  and  sulphate  of 
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alumina  (2J  parts).  It  flows  into  subsidence 
tanks  (7  in  all,  5 being  used  continuously),  and 
finally  through  a coke  filter. 

Lime  and  Salts  of  Alumina  (Coventry 
Process). 

Andersoiz,  of  Coventry,  suggested  the  use  of 
lime  and  an  aluminous  compound,  prepared 
by  adding  i part  of  common  sulphuric  acid, 
mixed  with  its  own  bulk  of  water,  to  2 parts  of 
clay  (shale  having  also  been  used).  The 


Both  Odling  and  Voelcker  reported  highly  of 
this  effluent,  as  thoroughly  deprived  of  noxious 
qualities. 

The  sludge  is  valued  by  Voelcker  at  30s.  a 
ton.  He  gives  the  following  analyses  ; — ■ 


Moisture  

12-01 

. . . . 1^-70 

Organic  matter 

31-86 

Phosphate  of  lime  . . 

, . . 2-60  . . 

....  2-55 

Mineral  salt 

661  .. 

....  10-^^ 

Silica,  &c 

....  39-56 

100-00 

100-00 

Ammonia 

' — I '^Q 

. . . . 1-22 

At  Coventry  the 

use  of  this 

process  was 

commenced  in  1874.  It  has  been  ably  super- 
vised for  many  years  by  Mr.  Melliss,  C.E. 
There  are,  at  the  present  time,  four  pre- 
cipitating tanks  worked  on  the  continuous 
principle.  The  effluent  flows  through  filter  beds 
occupying  9 acres,  used  intermittently,  and  is 
ultimately  discharged  into  the  River  Sher- 
bourne. 

The  sewage  of  Coventry  is  about  2,000,000 
gallons  daily,  very  foul,  and  much  coloured 
with  dye  refuse,  &c.  It  needs  far  more 
chemicals  than  average  sewage.  The  sludge 
produced  is  about  25  tons  per  day  (90  per 
cent,  moisture).  About  2 tons  of  crude  sul- 
phate of  alumina  (but  of  which  2-5ths,  being 
insoluble  in  water,  is  not  put  into  the  sewage), 
and  10  cwt.  of  lime  are  used  daily.  The  cost 
for  chemicals  is  said  to  be  £1  14s.  per 

1,000,000  gallons,  and  the  entire  cost  (in- 
cluding rent,  capital  on  works,  management, 
&c.)  about  £/\  14s.  per  1,000,000  (=  i*8^  per 
head). 

Formerly,  one  portion  of  the  sludge  was  got 
rid  of  in  a semi-dry  condition  at  7s.  per  ton, 
whilst  another  portion,  dried  and  reduced  to 


mixture  is  to  be  set  aside  in  a warm  place 
•until  it  appears  white  on  the  surface. 

One  pound  of  this  mixture  is  to  be  well 
agitated  with  100  gallons  of  sewage,  and  a 
^ lb.  of  lime  (as  cream  of  lime)  afterwards 
added.  He  advises  that  the  defecated 
sewage  be  allowed  absolute  rest  for  twenty- 
four  hours,  the  clear  effluent  being  then  drawn 
off,  and  the  sludge  removed. 

Odling  gives  the  following  results  by  this 
process  : — 

Matters  in  Suspension. 

Total  Solids.  Organic.  Mineral. 

89-74  ..  5l66  ..  38-08 

I-61  ..  0-91  ..  0-70 

a portable  condition,  fetched  £2  per  ton. 
Some  of  the  sludge  was  also  “ fortified  ” by 
added  chemicals,  and  fetched  from  £^  to  £(> 
per  ton. 

A similar  process  was  also  in  use  at  Nuneaton 
from  1872  to  1876,  when  the  arrangements 
between  the  Local  Board  and  the  General 
Sewage  and  Manure  Company  fell  through, 
from  some  misunderstanding  respecting  the 
average  daily  flow.  Nuneaton  sewage  is  offen- 
sive owing  to  the  presence  of  manufacturing 
refuse.  From  400,000  to  500,000  gallons  were 
treated  daily.  The  effluent  was  filtered  through 
2 acres  of  land.  The  yield  of  manure  was  about 
I ton  daily.  The  cost  was  as  nearly  as  possible 
the  same  as  at  Coventry. 

The  ABC  Process. — The  Native  Guano 
Company. 

The  patent  of  the  Messrs.  Sillars  and 
Wigner  (1868)  claim  the  use  of  alum,  bloody 
and  clay  (hence  termed  the  ABC  process),, 
with  other  agents,  viz.,  compounds  of  manga- 
nese and  magnesium,  chloride  of  sodium,, 
animal  and  vegetable  charcoal,  with  the 
object — 

(i.)  Of  deodorising  and  purifying  sewage  by 
means  of  these  chemical  substances,  and  so 
obtaining  a sediment  which  may  be  used  as 
manure. 

(2.)  The  deodorising  and  purifying  sewage 
by  means  of  the  mud  already  precipitated  from 
sewage  as  above  described. 

(3.)  The  addition  of  an  acid  to  the  mud  in 
order  to  retain  ammonia,  and  so  fit  it  for  use 
as  a manure. 

The  precise  composition  of  the  precipitating 
material  has  been  changed  from  time  to  time. 


Matters  in  Solution. 

^ A ^ 

Total  Solids.  Org-anic  matter.  Ammonia. 

Raw  sewage  ....  42-77  ..  8-33  ..  0-77 

Effluent 56-28  ..  6-30  ..  0-84 
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AVhen  first  used  at  Leicester,  in  1868,  the  pre- 
cipitating mixture  consisted  of — 


Parts. 

Alum  600 

Blood  I 

Clay  1,900 

iMagnesia 5 

iSIanganate  of  potash 10 

Burnt  clay  25 

Chloride  of  sodium 10 

Animal  charcoal 15 

Vegetable  charcoal 20 

^lagnesian  limestone 2 


These  were  mixed  with  water,  and  added  to 
the  sewage,  until  no  further  precipitate  resulted. 
About  4 lbs.  of  the  mixture  were  required  to 
■ever)'  1,000  gallons  of  sewage  (=  28  grs.  per 
gallon).  The  treated  sewage  then  flowed  into 
subsidence  tanks,  where  the  sediment  was 
allowed  to  deposit.  This  sediment  was  used 
live  or  six  times  over  as  a precipitant,  until  its 
power  in  this  respect  was  exhausted.  After 
the  sludge  had  been  dried,  a small  quantity  of 
acid  (preferably  sulphuric  acid)  was  added  to 
fix  the  ammonia,  in  which  state  it  was  claimed 
to  be  a valuable  manure. 

In  1869,  the  process  was  worked  at  Leaming- 
ton, the  composition  of  the  precipitating  mix- 
ture being — 

Parts. 


Alum  259 

Clay 896 

Charcoal 56 

Clay  blood  40 

Carbonates  of  soda  and  potash. . 6 

Previous  precipitate  14 


Perchloride  of  iron  solution  ....  i pint 

This  mixture  was  added  in  the  proportion  of 
about  51  grs.  per  gallon,  at  a cost  of  ^15  i8s. 
per  million  gallons  of  sewage. 

The  mixture  used  at  Leamington  in  1870  was 
as  follows : — 

Parts. 


Ammonia  alum  336 

Clay  672 

Animal  charcoal  15 

Vegetable  charcoal 20 

Sulphate  of  magnesium 20 

Clay  blood  4 


Of  this  composition  56  grains  per  gallon  was 
found  to  be  necessar)\ 

In  1873,  the  process  was  used  for  a short 
time  at  Crossness  for  the  treatment  of  500,000 
gallons  daily  of  the  sewage  at  the  Southern 
Metropolitan  Outfall.  The  mixture  used  had 
the  following  composition  : — 


Parts. 


Sulphate  of  alumina 5 

Charcoal  29 

Clay  26 


Mixed  with  a little  blood. 

This  was  added  in  the  proportion  of  224  grains 
per  gallon,  and  yielded  12-33  tons  of  manure 
per  million  gallons  of  sewage  (5-25  tons  from 
sewage,  and  7-08  tons  from  the  added 
chemicals),  the  ingredients  costing  ^24  9s.  8d. 

Tottenham,  Hastings,  Bolton  (1872),  South- 
ampton, and  Leeds  afterwards  adopted  the 
process,  but  in  all  it  was  abandoned  on  the 
ground  of  cost.  At  Southampton  a contract  to 
deal  with  the  sewage  was  cancelled  after 
;^io,ooo  had  been  spent  on  works,  owing  to 
some  erroneous  expectations  respecting  profits. 

At  Bolton,  1872-1873,  the  chemicals  used 


were  as  follows  : — 

Parts. 

Sulphate  of  alumina 71 

Clay 132 

Carbon  (waste  from  prussiate  of 
potash  factory')  81 


Blood,  small  quantity. 

This  mixture  was  added  at  the  rate  of  about 
90  grains  per  gallon.  The  quantity  of  sewage 
treated  was  2,500,000  gallons  daily.  The  pro- 
cess was  abandoned  on  the  ground  of  expense. 

At  Leeds  in  1870  (sewage  9,000,000  gallons 
daily,  of  which  the  ABC  Company  were  to 
deal  with  2,000,000)  the  precipitating  mixture 


employed  was  : — 

Parts. 

Alum  5*964 

Carbon  (refuse  from  prussiate  of 

potash  factory)  4,480 

Clay 7,460 

Blood  mixture 56 

Lime 186 


About  120  grains  per  gallon  of  this  mixture 
was  employed.  The  cost  for  chemicals  per 
million  gallons  was  5s.  The  company 
abandoned  the  works  on  June  ist,  1873.  In 
June,  1875,  however,  they  again  treated  the 
Leeds  sewage  for  one  week  with  the  following 
precipitating  mixture  : — 


Parts. 

Lime  I5,990 

Animal  carbon 13, 556 

Alum 8,076 

Clay  16,848 

Carbolic  acid 28 


About  forty  grains  of  this  mixture  was  used 
per  gallon  of  sewage,  at  a cost  of  £2  8s.  lod. 
per  1,000,000  gallons. 

Another  trial  was  made  for  one  week  in 
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January,  1876,  when  the  cost  of  chemicals  was 
found  to  be  5s.  gd.  per  million  gallons. 

The  process,  as  carried  out  at  Leamington 
(population  20,000,  sewage  600,000  gallons 
daily  in  dry  weather),  was  successful.  The 
ABC  mixture  was  stirred  into  the  sewage  in 
a circular  tank,  from  which  it  passed  into  two 
settling  tanks,  each  set  being  used  for  one  week, 
there  being  three  sets  of  tanks  for  alternate  work- 
ing. The  effluent  then  flowed  into  a channel  850 
feet  in  length,  10  feet  wide,  4 feet  deep,  the  last 
third  of  which  was  converted  into  a filter  of 
sand  and  animal  charcoal,  having  a superficial 
area  of  3,000  square  feet.  The  sludge  was 
converted  into  paste  by  centrifugal  machines. 


revolving  1,500  times  per  minute,  and  after- 
wards further  dried  by  exposure  to  air.  It  was 
then  sprinkled  with  dilute  sulphuric  acid  (i  of 
acid  to  6 water),  the  acid  being  used  in  the 
proportion  of  one  per  cent,  of  the  manure.  It 
was  afterwards  heaped  for  a fortnight,  during 
which  time  it  heated  considerably,  forming  a 
rotten  compost,  which  was  further  dried  and 
sold  for  manure. 

About  28  grains  per  gallon  of  the  ABC 
mixture  was  employed,  whilst  the  dried  preci- 
pitate, containing  20  per  cent,  of  moisture,, 
weighed  about  80  grains.  Analyses  of  the 
effluent  at  Leamington,  as  reported  on  by  Dr^ 
Letheby,  are  as  follows  : — 


Dissolved  matters  per  gallon. 


Suspended  ditto. 


Date,  &c. 

Total. 

Chloride 

Organic 

Ammonia. 

Oxygen 

Total. 

Organic. 

Sodium. 

matter. 

Free  from 
Mat 

i Organic 
ter. 

required. 

/^Raw  sewage. . 

grains. 

66-13 

grains. 

11-04 

grains. 

14-43 

grains. 

2-543 

grains. 

0-220 

grains. 

1-830 

grains. 

113-60 

grains, 

39-92 

Dec.  II,  1869 

■(  Effluent  water. 

67-27 

9-68 

11-27 

1-892 

0-109 

0-951 

7-64 

2-86 

Ditto  filtered . . 

60-97 

7-21 

7-50 

0-954 

0-093 

0-488 

3-08 

I- 12 

Jan.  29,  1870 

i Raw  sewage . . 

67-81 

14-64 

11-09 

3-769 

0-200 

1-804 

43 -44 

14-72 

\ Effluent  water. 

51-33 

6-01 

7-61 

0-315 

0-060 

0-406 

1-04 

0-30- 

April  20  .... 

( Raw  sewage . . 

94-10 

18-76 

19-25 

3-200 

0-352 

2-400 

50-14 

29-06 

1 Effluent  water. 

72-27 

12-52 

13-70 

3-840 

0-200 

i-6oo 

2-26 

1-12 

1 — > 

Effluent  water. 

72-33 

9-20 

6-15 

2-520 

O-II4 

0-252 

0-60 

0-12 

Sept.  20 

( Raw  sewage. . 

86-67 

16-52 

17-30 

4-125 

O-7II 

3'5i2 

34*64 

22-12 

\ Effluent  water. 

74-93 

11-57 

13-10 

3-467 

0-150 

1-023 

1*54 

0-52 

Sept.  21  .... 

( Raw  sew'age . . 

81-10 

15-58 

15-70 

5-120 

0-440 

3’i59 

29-50 

18-14 

1 Effluent  water. 

69-30 

8-03 

870 

0-690 

0-060 

0-320 

0-16 

O-IO 

Sept.  30 

1 Raw  sewage . . 

95-67 

18-17 

19-50 

10-160 

0-320 

2-708 

7-84 

5-64 

( Effluent  water. 

69-67 

8-26 

7-40 

0-971 

0008 

0-204 

0-00 

0-00 

Average  .... 

1 Raw  sewage . . 

81-91 

15-79 

i6-2I 

4-819 

0-374 

2-569 

46-53 

21-40 

1 Effluent  water. 

67-26 

8-97 

9-17 

1-822 

0-098 

0-613 

1-24 

0-76 

It  will  be  noted  in  these  analyses  that  the 
chloride  of  sodium  in  the  effluent  is  less  than 
that  of  the  original  sewage.  This  may  be 
partly  explained  by  its  dilution  with  subsoil 
water,  and  also  by  the  fact  shown  by  Voelcker 
and  Way  that  marly  soils  possess  the  power  of 
removing  alkaline  chlorides  from  their  solu- 
tions. (See  “Journal  of  Royal  Agricultural 
Society,”  Vol.  xi.  and  xviii.). 

At  Hastings  the  works  were  situate  on  the 
seashore.  The  ABC  material  was  agitated 
by  a machine  mixer  with  the  sewage,  and 
after  flowing  through  subsiding  tanks,  was 
discharged  into  the  sea. 

The  ABC  process  depends  in  great  measure 
on  the  alumina  as  a precipitating  agent.  It 


is  doubtful  whether  the  blood  is  of  any  ser- 
vice, as  it  can  scarcely  be  urged  that  in  the 
quantity  in  wfiich  it  is  added,  the  fibrin 
can  be  of  much  value  as  an  agent  for  en- 
tangling suspended  matter.  The  clay  is 
mainly  a weighting  agent,  to  assist  the  rapid 
subsidence  of  the  suspended  impurities. 

Of  course  the  quality  of  the  manure  must  de- 
pend on  the  quality  of  the  sewage.  Hence,  as 
we  should  expect,  its  composition  is  not  abso- 
lutely constant.  Against  the  valuations  of 
authorities  we  have  the  indisputable  fact  that 
it  is  being  sold  continuously  for  about  ^3  los. 
per  ton. 

In  the  following  report,  numerous  details  re- 
lating to  this  process  are  discussed  at  length ; — 
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Report  of  Dr.  C.  Meymott  Tidy,  M.B., 
^'C.,  AND  Professor  James  Deavar,  F.R.S., 
5:c.,  ON  the  ABC  Sewage  Process. 

To  the\Directors  of  the  Tative  Guano  Co77ipany. 

Gentlemen, — The  experiments  recently  carried 
out  by  us  at  Aylesbury  for  the  purpose  of  determin- 
ing the  conditions  and  efficiency  of  the  ABC 
process  in  the  treatment  of  sewage  being  now 
complete,  we  transmit  to  you  an  abstract  of  the 
inquir)’. 

For  this  purpose  you  directed  that  the  works  were 
to  be  at  our  disposal,  the  process  being  continuously 
and  uniformly  worked  under  ISIr.  Page’s  manage- 
ment. 

The  following  results  therefore  really  represent 
the  every  day  working  and  the  practical  efficiency  of 
the  process. 

For  here  we  must  remark  that  isolated  observations 
on  the  composition  of  a sewage  and  of  an  effluent 
have  no  real  value  in  testing  the  efficiency  of  a 
sewage  process. 

Considering  the  fact  that  the  strength  and  composi- 
tion of  the  sewage  changes  so  rapidly  and  frequently 
[as  will  be  seen  from  the  accompanying  Tables,  pp. 

1 166-7-8],  it  is  manifest  that  conclusions  deduced  from 
a few  observations  are  worthless  and  often  misleading. 
Further,  samples  of  effluent  and  of  raw  sewage 
collected  at  the  same  time  have,  as  a rule,  no  definite 
relationship  to  each  other,  the  passage  of  the  sewage 
through  the  tanks  occupying  some  hours. 

For  these  and  other  reasons  it  appeared  to  us  that 
to  arrive  at  a satisfactory  conclusion  on  the  ABC, 
or  upon  any  other  process,  systematic  and  continuous 
experimental  observations  were  needed  ; and  further, 
that  in  order  to  obtain  a fair  average  of  the  daily 
sewage  delivered  at  the  Aylesbury  Works,  each 
series  of  experiments  must  be  continued  for  twenty- 
four  consecutive  hours  at  least,  so  as  to  embrace  the 
varying  conditions  of  the  sewage.  Samples  of  the 
raw  sewage  and  of  the  effluent  were  therefore  col- 
lected by  us  every  half-hour,  equal  portions  of  four 
consecutive  half-hour  samples  being  mixed  together 
for  chemical  examination.  The  results  obtained  are 
tabulated,  and  represent  the  mean  condition  of  the 
sewage  and  effluent  during  each  consecutive  two 
hours. 

It  was  our  special  aim  to  select  such  dates  for  the 
collection  of  these  twenty- four  hour  samples  as  would 
be  likely  to  result  in  very  different  conditions  of  the 
average  sewage.  In  this  we  were  especially  guided 
by  the  rainfall,  and  other  local  conditions.  We  were 
fortunate  in  getting  three  series,  differing  consider- 
ably in  the  total  quantity  as  well  as  in  the  strength 
of  the  raw  sewage  to  be  dealt  with. 

The  next  question  we  considered  was  the  amount 
of  sludge  deposited  from  a givea  quantity  of  sewage, 
and  of  this  sludge  the  proportions  severally  of  the 
ABC  precipitating  materials  and  of  sewage  matter. 
A special  arrangement  was  needed  for  this  purpose, 
it  being  found  impossible  to  determine  these  details 
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with  even  an  approach  to  accuracy  in  the  large  .sub- 
siding reset voirs.  Four  iron  tanks,  each  holding 

about  200  gallons,  were  therefore  divided,  by  chalk 
lines  on  the  inside,  into  six  equal  divisions,  one  of 
these  divisions  being  filled  every  hour,  by  means  of  a 
small  force-pump  placed  in  the  narrow  channel  down 
which  the  treated  sewage  runs  before  entering  No.  i 
tank,  with  the  sewage  that  had  been  already  treated. 
The  deposit  in  each  of  these  four  tanks,  therefore, 
represented  the  mean  amount  of  sludge  produced 
during  six  consecutive  hours.  The  sewage  deposit 
in  these  tanks  was  allowed  to  settle,  and  the  clear 
effluent  syphoned  off.  The  deposited  sludge  was- 
then  dried  at  212®  F.,  and  weighed.  The  quantity 
of  carbon  clay  and  alum  used  during  the  twenty-four 
hours  was  determined,  and  substracted  from  the  total 
(calculated)  sludge. 

Before  considering  the  three  series  of  experiments 
conducted  by  us,  it  may  be  advisable  to  give  a brief 
description  of  the  usual  method  of  working  the 
ABC  process,  and  which  in  our  experiments  was 
carried  out  without  innovation  of  any  kind. 

The  sewage  is  delivered  at  the  works,  through  an 
oval  pipe  about  2 feet  in  the  longest  diameter,  into  a 
small  oblong  space  about  4 feet  wide  by  6 feet  long, 
paved  with  bricks.  Across  this  space,  and  about  one 
yard  from  the  sewer  mouth,  a wooden  V-shaped 
trough  is  placed,  into  which  the  B C mixture  is  run 
— even  distribution  into  the  sewage  being  effected  by 
means  of  numerous  notches  cut  on  the  sides  of  the 
trough.  By  this  means  the  sewage  is  completely  and 
immediately  deodorised,  no  escape  of  offensive 
odours  from  the  sewage  into  the  surrounding  air 
taking  place.  The  entire  works  are,  in  our  experi- 
ence, free  from  any  objectionable  smell  whatsoever. 

After  being  mixed  with  the  B C mixture,  the 
sewage  passes  through  an  iron  grid  for  the  purpose 
of  catching  paper,  straw,  and  similar  floating 
materials.  It  then  passes  along  a brick-paved  channel 
for  about  12  feet,  the  channel  afterwards  narrowing 
to  2 feet  in  width.  Here  the  alum  solution  flows  in 
from  a wooden  trough  in  the  same  manner  as  we 
have  described  in  the  case  of  the  B C mixture.  The 
alum,  it  will  be  noted,  is  added  some  short  time 
after  the  B C mixture.  The  addition  of  the  pre- 
cipitating ingredients  separately,  we  are  informed,  is 
found  to  afford  better  results  than  when  they  are  run 
in  together. 

The  treated  sewage  flows  along  the  2 foot  channel 
for  about  40  yards,  in  order  to  facilitate  mixture 
before  it  is  allowed  to  run  into  the  first  subsiding 
tank.  There  are  three  subsiding  tanks,  each  holding 
42,000  gallons,  through  which  the  treated  sewage 
successively  flows  before  finally  passing  through  a 
fourth  and  last  tank,  which  is  about  double  the  size 
of  the  other  three.  On  leaving  the  tanks  the 
effluent,  now  practically  free  from  suspended  matter 
(as  will  be  seen  from  the  Tables)  is  devoid  of  smell, 
passes  for  several  hundred  yards  along  an  open  brick 
channel,  before  finally  discharging  itself  into  the 
brook. 
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Observations  taken  at  i2  noon  January  29th,  1885  :— Barometer,  29*2  ; maximum  temperature,  68°  F. ; minimum  temperature,  42' 


No.  2 Series.  Skwage  Works,  Aylesbury. 

Table  showing  Results  of  Analyses  of  Samples  of  Sewage  and  E fluent  taken  at  intervals  of  halfan-hour  from  8.30  a.m.  March  ind^  to  8 a.m.  March  yd^  1885.  For  the 

purposes  of  Analysis^  equal  portions  of  four  consecutive  half  hour  samples  were  mixed  together. 
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Observations  taken  at  12  noon  on  March  2nd,  1885  : — Barometer,  29'8 ; maximum  temperature,  48®  F. ; minimum  temperature  24®  F. ; rainfall,  nil. 
This  effluent  contained  decidedly  the  largest  amount  of  suspended  matter.  It  was  the  only  effluent  in  which  the  suspended  matter  was  determined. 


No.  3 Series.  Sewage  Works,  Aylesbury. 

Table  shoivmg  Results  of  Analyses  of  Samples  of  Sewage  and  Effluent  taken  at  intervals  of  half -an-hour  from  8.30  a.m.  March  i6th  to  8 ann.  Ma/ch  ijth,  1885.  Eor  the 

purposes  of  Analysis,  eqtial  portions  of  four  consectitive  half-hour  samples  were  mixed  together. 
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Observations  taken  at  noon  on  March  i6th,  1885  • — Uaroiuetcr,  30  2 ! niaxinruni  tcinperaturc,  61^^  F. ; niiniinuni  temperature,  22"5®  F.  ; rainfall,  ;///, 
* This  efflpent  contained  decidedly  the  most  suspended  matter.  It  was  the  only  effluent  in  which  the  suspended  matter  was  determined. 
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The  materials  used  for  the  precipitation  of  the 
sewage  matters  are  clay,  carbon,  blood  and  alum, 
and  they  are  manipulated  as  follows : — Weighed 
quantities  of  the  clay  and  carbon  are  ground  together 
in  a mill  with  a certain  small  proportion  of  blood  and 
some  water.  When  thoroughly  incorporated,  the 
mixture  is  run  into  a reservoir  placed  beneath  the 
mill,  where  a considerable  proportion  of  the  heavier 
clay  particles  subside,  whilst  the  lighter  particles  of 
clay  and  carbon  are  added  to  the  sewage  as  above 
described.  The  sulphate  of  alumina  is  dissolved  in 
a separate  tank,  and  is  run  directly  from  this  into 
the  sewage.  The  solution  of  alum  used  was  found 
to  contain  on  an  average  from  i to  2 per  cent,  of 
sulphate. 

Before  generalising  on  the  three  series  of  experi- 
ments, it  is  necessary  that  we  should  consider  each 
series  separately,  because  although  the  same  general 
system  of  research  was  adopted,  yet  modifications 
were  introduced  into  each,  with  a view  of  bringing 
out  more  clearly  the  probable  influence  of  certain 
conditions. 

Xo.  I Series. 

[From  8 a.m.  on  January  2C)th,  to  8 a.m.  on 

January  ^Oth.) 

In  the  first  series,  especial  attention  was  paid  to 
the  matters  in  suspension  and  in  solution,  both  in  the 
sewage  and  effluent,  and  the  relation  between  the 
organic  and  inorganic  portions  respectively.  The 
nitrogen,  chlorine,  and  organic  matter  were  also 
determined. 

We  considered  that  the  estimation  of  the  quantity 
of  organic  matter  present  (especially  the  organic 
matter  in  the  effluent)  was  of  the  first  importance, 
and  this  we  determined  by  the  amount  of  oxygen 
required  to  oxidise  it.  By  this  method  all  the  easily 
oxidisable  substances  are  taken  into  account,  includ- 
ing, at  any  rate,  the  organic  matter  especially  liable 
to  decomposition,  and  therefore  those  constituents 
particularly  active  in  affecting  the  purity  of  a river  by 
absorption  of  the  dissolved  o.xygen  of  the  stream. 

The  determination  of  the  chlorine  (present  in  the 
sewage  in  the  form  of  chloride  of  sodium ) was  im- 
portant, as  indicating  the  strength  of  the  sewage 
operated  upon.  At  the  same  time  we  consider  too 
much  importance  should  not  be  attached  to  this 
ingredient,  seeing  that  in  an  inconstant  liquid  like 
the  sewage  of  a town,  a large  proportion  of  common 
salt  may  be  derived  from  sources  other  than  human 
excreta.  The  fact  that  the  effluent  generally  con- 
tained slightly  more  chlorine  than  the  raw  sewage, 
is  to  be  explained  by  the  appreciable  quantity  of 
chloride  introduced  along  with  the  materials  used  as 
precipitants. 

The  principal  characteristics  of  Xo.  i series  are 
the  large  flow,  the  dilute  condition  of  the  sewage, 
and  the  excessive  quantity  of  precipitating  mixture 
used  in  its  treatment.  The  flow  measured  nearly 
500,000  gallons,  instead  of  300,000,  which  we  are 
informed  is  about  the  normal  quantity.  This  dilution 


in  great  part  accounted  for  the  diminished  strength 
of  the  sewage  operated  upon  during  the  week.  The 
average  amount  of  oxygen  required  to  oxidise  the 
organic  matter  was  in  the  sewage  1*795  per  gal- 
lon, and  in  the  effluent  0*522  grs. ; in  other  words, 
74  8 per  cent,  of  the  oxidisable  organic  matter  had  been 
removed  by  treatment,  a result,  in  our  opinion, 
satisfactory.  Again  the  total  suspended  matter  in 
the  sewage  averaged  18 *8  grs.  per  gallon,  whilst 
that  in  the  effluent  was  i *92  grs.  per  gallon,  in  other 
words  the  removal  of  89*3  per  cent,  of  the  suspended 
matter  had  been  effected.  The  ratio  of  the  inorganic 
to  the  organic  in  this  suspended  matter  was  in  the 
sewage  as  to  i to  i*i8,  and  in  the  effluent  as  i to  6, 
showing  that  the  small  amount  of  suspended  matter 
left  in  the  effluent  was  principally  organic.  The 
matters  in  solution  show  a mean  of  46  3 grs.  per 
gallon  in  the  raw  sewage,  and  of  57*5  grs.  per  gallon 
in  the  effluent.  This  excess  of  soluble  matter  in  the 
effluent  depends  on  the  large  quantity  of  soluble 
salts  introduced  in  the  ABC  mixture. 

The  mean  quantity  of  nitrogen  in  the  form  of 
ammoniacal  salts  and  of  chlorine  in  the  sewage  and 
effluent  are  practically  identical,  and  do  not  call  for 
comment. 

The  total  quantity  of  sludge  produced  can  only  be 
given  approximately.  An  excessive  quantity  of  pre- 
cipitating material  was  in  our  opinion  employed, 
and  the  subsequent  series  prove  that  the  use  of  this 
large  amount  does  not  in  any  way  improve  the 
efficiency  of  the  process.  The  curves  plotted  for 
this  series  illustrate  graphically  the  variations,  both 
in  sewage  and  effluent,  from  hour  to  hour,  and  are 
useful  as  a ready  method  of  noting  the  particular 
phases  of  the  sewage  and  of  the  effluent  at  any  hour 
of  the  day  or  night. 

The  irregularity  of  the  lines  representing  the  con- 
stituents of  the  sewage,  and  the  comparative  straight- 
ness of  those  representing  the  effluent,  will  at  once 
be  apparent ; the  high  crest  wave,  indicating  the 
maximum  in  the  amount  of  all  the  sewage  con- 
stituents between  12  noon  and  6 p.m.,  being 
especially  noticeable. 

Xo.  2 Series. 

[Fro77i  8.30  a.77i.  071  March  I7id,  to  8.30  a.77i.  07t 
March  'yrd.) 

The  second  series  was  devoted  more  especially  to 
a consideration  of  the  character  of  the  organic 
matter  as  it  exists  in  the  sewage  and  in  the  effluent 
respectively.  We  considered  it  important,  more- 
over, from  a sanitary  point  of  view,  to  determine  the 
relative  amounts  of  volatile  and  fixed  organic  matter. 

For  this  purpose  each  sample  of  sewage  was 
filtered,  and  the  total  organic  matter  determined, 
both  in  the  unfiltered  and  filtered  portion. 

A certain  quantity,  theiefore,  of  each  sample  of 
the  filtered  sewage  was  subjected  to  distillation,  and 
the  organic  matter  determined  both  in  the  distillate 
and  in  the  residue  left  in  the  retort.  The  effluent 
was  treated  similarly,  except  that  being  practically 
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free  from  suspended  matter  it  did  not  require  any 
previous  filtration. 

In  this  series  the  oxygen  required  to  oxidise  the 
organic  matter  in  the  unfiltered  sewage  averaged 
4-076  grs.  per  gallon,  whilst  that  required  by  the 
effluent  w^as  0-677  g^s.  per  gallon.  Thus  83-3  per 
^ent.  of  the  oxidisable  organic  matter  had  been  re- 
moved by  treatment — a result,  in  our  opinion,  satis- 
factory. 

The  filtered  sewage  required  an  average  of  1-75  grs, 
of  oxygen  to  oxidise  the  organic  matter  per  gallon  ; 
61-4  per  cent,  therefore  of  the  oxidisable  organic 
matter  in  solution  had  been  removed. 

The  ratio  of  the  volatile  to  the  stable  organic 
matter  was,  in  the  sewage  as  i to  6-9,  and  in  the 
effluent  as  i to  5-7  ; that  is  to  say,  only  one- seventh 
of  the  soluble  organic  matter  in  the  sewage,  and 
about  one- sixth  of  that  in  the  effluent,  was  volatile 
along  with  the  vapour  of  water. 

The  chlorine  and  ammoniacal  nitrogen  were  again 
estimated,  and,  as  before,  were  almost  identical  in 
amount,  both  in  sewage  and  effluent. 

The  mean  amount  of  suspended  matter  in  the 
sewage  was  59*97  grs.  per  gallon.  Owing  to  the 
extremely  small  quantity  in  the  effluent,  it  was 
thought  unnecessary  to  determine  it  in  every  sample 
in  this  series.  The  one  selected  for  estimation,  as 
containing  the  largest  amount,  gave  [-89  grs.  per 
gallon.  Reckoned  on  this  high  estimate  it  shows 
that  96-8  per  cent,  of  suspended  impurities  had  been 
removed  by  treatment.  This  series  also  showed  a 
-great  improvement  in  the  deposition  of  the  sludge. 
The  quantity  of  precipitating  material  used  was  only 
slightly  more  than  one-third  of  the  total  weight  of 
sludge  produced,  the  absence  of  any  appreciable 
amount  of  suspended  matter  in  the  effluent  proving 
that  efficiency  was  not  impaired  by  the  small  quantity 
of  material  employed. 

The  chief  characteristics,  therefore,  of  No.  2 series 
are  the  very  large  flow,  the  greatly  increased  strength 
of  the  sewage,  and  the  improved  working  of  the 
.process,  both  as  regards  the  sludge  deposited  and  the 
per-centage  of  organic  matter  removed. 

This  improvement  can  at  once  be  seen  by  an 
examination  of  the  curves  for  this  series. 

No.  3 Series. 

{From  8.30  a.m.  on  March  16th,  to  8,30  a.m.  on 
March  ijth.) 

This  series  of  observation  was  taken,  not  only  with 
the  object  of  corroborating  the  other  two,  but  prin- 
cipally on  account  of  the  very  dry  weather  which 
had  prevailed  for  the  previous  fortnight,  and  the 
unusual  strength  of  the  sewage  at  the  time.  AVe 
deemed  it  advisable  to  ascertain  how  the  process 
would  work  under  extreme  conditions  of  a small  flow 
and  abnormally  rank  sewage. 

The  samples  were  examined  in  the  same  manner 
as  the  No.  2 series,  the  organic  matter  being  divided 
into  the  volatile  with  water  vapour,  and  the  fixed 
(that  is,  not  volatile  with  the  vapour  of  water).  _ 


AVe  consider  that  this  method  gives  a certain 
insight  into  the  nature  of  the  organic  matter  present. 

On  considering  our  results  in  detail,  it  is  apparent 
that  a still  further  improvement  has  been  effected  in 
the  working  of  the  process. 

Commencing  with  the  organic  matter,  the  average 
oxygen  required  by  the  raw  sewage  reached  6-8  grs. 
per  gallon,  whilst  in  the  effluent  it  was  0-93  gr.  per 
gallon,  showing  a removal  of  86-3  per  cent,  of  the 
oxidisable  organic  matter. 

The  relation  between  the  volatile  and  the  stable 
organic  matter  in  the  filtered  sewage  and  in  the 
effluent  was  almost  identical  with  that  of  the  last 
series,  being  as  i to  6-0  and  i to  6-4  respectively. 

On  turning  to  the  matters  in  suspension,  a striking 
result  was  obtained.  The  quantity  in  the  sewage 
reached  the  abnormally  large  amount  of  243-6  grs. 
per  gallon,  while  the  effluent  was  so  uniformly  devoid 
of  turbidity  that  the  sample  taken  for  the  estimation 
of  the  suspended  matter,  as  containing  a larger 
amount  than  any  other,  only  gave  0-98  grs.  per 
gallon. 

In  this  series  the  sludge  did  not  show  quite  so 
good  a relationship  to  the  precipitating  materials, 
the  total  quantity  deposited  in  the  24  hours  being 
about  half  that  of  the  number  2 series.  This  is  ex- 
plained by  the  flow  of  sewage  being  very  much  less. 

The  chlorine  and  ammoniacal  nitrogen  were  again 
about  the  same  in  the  sewage  and  effluent,  a remark- 
able uniformity  in  this  respect  being  apparent. 

The  characteristics  of  this  series  are  somewhat 
different  from  those  of  the  other  two,  viz.,  a much 
smaller  flow  (in  fact,  what  is  considered  a normal  flow) , 
and  an  exceptionally  strong  and  rank  sewage.  It 
will  be  seen  by  studying  the  curves  relating  to  this 
series,  that  this  exceptional  state  of  things  has  not 
only  not  interfered  with  the  proper  working  of  the 
process,  but  that  the  results  obtained  are  positively 
better  than  in  the  other  two  series. 

Summary. 

Reviewing  and  generalising  upon  the  results 
thus  detailed,  the  following  facts  seem  to  us  estab- 
lished : — 

In  the  first  place,  there  is  no  doubt  that  the  ABC 
process  is  capable  of  producing  a uniform  effluent, 
notwithstanding  the  very  varied  nature  and  concen- 
tration of  the  raw  material  to  be  dealt  with. 

The  quality  of  the  effluent,  however,  more  espe- 
cially as  relates  to  the  quantity  and  kind  of  dissolved 
organic  matter,  unquestionably  depends  upon  the 
strength  of  the  original  sewage.  This  will  be  seen  by 
comparing  the  following  numbers  for  the  three 
series  : — 

123 

Average  amount  of  oxygen  ab- 
sorbed by  organic  matter  in 

the  sewage  1-79  4*07  6-8 

,,  „ ,,  effluent  0-52  0*67  0-93 

Per-centage  of  oxidisable  organic 

matter  removed  74'8o  83-30  86-30 
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This,  in  our  judgment,  is  a satisfactory  result, 
because  although  the  effluent  is  certainly  not  so  good 
as  in  the  case  of  a strong  as  with  a weak  sewage, 
nevertheless  the  efficiency  of  the  process  is  proved  to 
be  actually  greater  with  regard  to  the  total  quantity 
of  organic  matter  removed,  a result  we  hardly  anti- 
cipated. Too  much  importance  must  not  be  attached 
to  the  numerous  isolated  cases  in  which  as  little  as 
0-2  or  0-3  grs.  per  gallon  of  oxygen  was  required  to 
oxidise  the  organic  matter  in  the  effluent,  it  being 
found  that  the  sewage  operated  upon  was  in  these 
cases  excessively  dilute. 

There  seems  no  reason  to  doubt  that  a minimum 
quantity  of  organic  matter  in  the  effluent  might  be 
permanently  maintained,  if  the  weak  nightly  sewage 
could  be  stored  in  reservoirs  and  afterwards  mixed 
and  treated  along  with  the  stronger  day  sewage,  or 
if  the  effluent  was  collected  in  large  reservoirs  and 
allowed  time  to  mix  and  become  of  a more  uniform 
character  before  discharge. 

AVith  regard  to  the  removal  of  the  suspended 
matter  the  process  is  satisfactory,  and  there  is  no 
doubt  that  an  effluent  can  easily  be  obtained  with  due 
care  (and  this  irrespective  of  the  original  sewage) 
practically  clear,  that  is  containing  less  than  i gr.  of 
suspended  matter  per  gallon.  In  fact  the  precipita- 
tion appears  to  be  more  complete  as  the  quantity  of 
suspended  matter  in  the  raw  sewage  increases. 

The  chlorine,  though  it  increases  regularly  with  the 
strength  of  the  sewage,  shows  a slight  increase  in 
the  effluent,  owing  to  the  quantity  introduced  by  the 
precipitating  materials. 

The  nitrogen,  in  the  form  of  ammoniacal  salts,  also 
seems  to  be  unaffected  by  the  process,  being  in  all 
three  series  practically  the  same  in  amount,  both  in 
the  effluent  and  in  the  sewage. 

With  respect  to  the  removal  of  any  soluble  in- 
organic salts  by  the  process,  it  is  difficult  to  speak 
with  precision,  owing  to  the  quantity  introduced  by 
the  precipitating  materials,  whilst  the  phosphoric 
acid,  which  principally  exists  in  the  urine,  is  no  doubt 
precipitated  as  phosphate  of  alumina.  The  soluble 
organic  matter  precipitated  from  solution  is  also 
considerable,  amounting  in  Xo.  2 series  to  61-4 
per  cent.,  and  in  Xo.  3 series  to  57  per  cent,  of  the 
whole. 

The  organic  matter  in  the  effluent  is  evidently 
mainly  composed  of  the  salts  of  fatty  acids  and  such 
like  bodies.  The  fact  that  on  evaporating  down  a 
large  quantity  of  the  effluent,  and  throwing  it  on  a 
dialyser  or  diffusible  membrane,  at  least  two-thirds  of 
the  organic  matter  diffused,  showed  that  it  could  not 
be  of  an  albuminous  or  complicated  colloidal  nature 
and  was,  therefore,  of  a nature  less  liable  than  these 
bodies  to  putrefactive  and  other  changes.  This  con- 
clusion is  further  borne  out  by  a consideration  of  the 
volatile  alkaline  and  acid  portions  of  the  organic 
matter.  Dividing  the  readily  oxidisable  organic 
matter  into  six  parts,  the  relation  between  them  was 
as  follows: — i part  volatile  and  alkaline;  2 parts 
volatile  and  acid ; 3 parts  non-volatile. 


Examination  of  the  Sludge. 

The  second  part  of  the  ABC  process  consists  ir^ 
the  drying  of  the  sludge,  and  its  conversion  into  a 
saleable  manure,  known  under  the  name  of  native 
guano. 

The  following  is  a brief  account  of  the  different 
stages  of  the  working : — The  semi-liquid  .sludge  in. 
the  tanks,  containing  about  90  per  cent,  of  water,  is 
pumped  into  a large  reservoir  situate  on  the  roof  of  a 
tower  some  40  feet  high,  and  immediately  above  the 
filter  presses.  Here  it  is  allowed  to  settle.  The. 
comparatively  clear  water  lying  on  the  surface,  as, 
well  as  the  expressed  fluid  of  the  sludge,  are  both, 
returned  to  the  sewer  just  above  the  sewer  mouth, 
to  be  again  treated  along  with  the  raw  sewage,  and 
with  which  it  mixes. 

The  sludge  is  now  run  into  the  two  large  filter 
presses,  and  as  the  water  is  squeezed  out  fresh- 
quantities  of  sludge  are  turned  into  the  presses  by  a 
special  feeding  arrangement  until  they  are  full.  The. 
sludge,  as  it  comes  from  the  filter  presses,  is  in  the- 
form  of  stiff  cakes,  containing  from  55  to  60  per 
cent,  of  water.  This  matewal,  after  admixture  with 
some  sulphate  of  magnesia,  is  then  passed  through  a 
specially  constructed  drying  cylinder,  which  delivers 
it  in  a more  or  less  granular  condition.  This  opera- 
tion extracts  about  25  per  cent,  more  of  the  water, 
the  granular  manure  containing  now  from  30  to  35. 
per  cent. 

The  water  evaporated  from  the  semi-fluid  sludge- 
is  condensed  in  a coke  tower,  through  which  a stream 
of  water  falls  continuously,  effectually  preventing, 
the  dissemination  of  any  offensive  smell  into  the 
surrounding  air. 

Erom  the  drying  shed  at  the  works  the  manure  is 
removed  to  a large  depot  in  the  town,  where  by 
grinding  it  is  reduced  to  a coarse  powder.  Here  it  is 
stacked  in  a shed  and  placed  in  bags  for  the  market. 
Although  no  further  artificial  drying  is  resorted  to,, 
it  gradually  loses  more  and  more  of  its  moisture  by 
air  drying,  and  is  usually  sold  with  from  14  to  18  per 
cent,  of  moisture  in  it. 

The  native  guano  is  in  fact  nothing  but  the  partially^ 
dried  precipitated  sludge,  mixed  with  some  sulphate 
of  magnesia  and  ground.  The  one  curious  part  of 
the  process  is,  the  large  amount  of  beat  developed  in 
the  interior  of  the  heaps  of  the  cylinder  dried  manure, 
both  before  and  after  grinding.  This  continues  for 
many  months  in  the  stacked  manure  without  any 
apparent  diminution.  The  temperature  varies  slightly 
according  to  the  depth  of  the  heap  at  which  it  is. 
registered,  but  finally  reaches  a maximum  of  about 
1 13®  F.,  at  which  it  remains  stationary  for  months. 

There  is  no  appearance  of  steam  or  other  sign  of 
heating  on  the  surface  of  the  heap,  but  when  turned 
over  about  a foot  deep,  dense  clouds  of  steam  having 
a distinct  smell  of  ammonia  and  showing  an  alkaline 
reaction  to  litmus  paper,  are  evolved. 

It  was  thought,  therefore,  that  a very  appreciable 
loss  of  ammonia  must  result  from  this  action,  and  lor 
the  purpose  of  testing  this,  samples  of  the  gases. 
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evolved  from  the  centre  of  the  heap  were  collected 
and  examined.  The  result  show  however  that  these 
contained  only  ’Oi  per  cent,  of  ammonia  and  5 per 
of  carbonic  acid,  suggesting  that  the  heating  action 
was  due  to  oxidation  and  not  to  any  fermentative 
process  involving  a loss  of  ammonia.  What  is  very 
remarkable,  however,  is  that  the  absorption  of  oxygen 
does  not  seem  to  involve  a production  of  nitrates, 
which  is  the  usual  accompaniment  of  combined 
fermentative  action  and  oxidation,  and  indicates  in 
this  case  that  the  oxidation  is  probably  mainly  con- 
fined to  the  non-nitrogenous  constituents  of  the 
sludge. 


In  order  to  decide  the  possible  loss  of  ammonia  in 
the  preparation  and  subsequent  heating,  samples  of 
the  pressed  sludge  and  of  the  manure  both  before  and 
after  grinding  were  submitted  to  the  continuous 
action  of  a current  of  dry  air  at  212®  F.  for  some 
hours.  By  this  means  we  were  enabled  to  determine 
the  amount  of  ammonia  ihat  could  really  be  driven 
off  under  exceptional  circumstances.  The  ammonia 
was  estimated,  both  in  the  dried  portion  and  in  that 
portion  driven  off  by  heat,  the  total  quantity  in  the 
dry  manure  being  also  determined. 

The  results  obtained  are  stated  in  the  following 
Table  : — 


No. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 


Description  of  sample. 


Sludge  direct  from  press,  13/2/85  

» ,,  V 26/2/85  

,,  immediately  after  passing  through  cylinder  . . . . 
Dried  sludge,  after  lying  about  three  weeks  at  works  . . 
,,  ,,  ,,  at  depot  about  three  weeks  . . 

Manure,  immediately  after  grinding  

Ground  manure  from  front  of  heap,  i yd.  deep  

,,  ,,  ,,  top  of  heap  (ground  about  two  ^ 

weeks)  ) 

Ground  manure  from  side  of  heap,  i yd.  deep  (about ) 

one  month)  j 

Ground  manure  from  centre  of  heap,  i yd.  deep  (ground  ) 

five  months)  j 

Ground  manure  from  back  of  heap,  i yd.  deep  (ground ) 
seven  to  eight  months)  j 


Ammonia,  per  cent. 

Per-centage 


of 

moisture.  | 

Loss  at 
212°  F. 

In  dry 
sludge. 

Total  in 
manure. 

6i-8  ' 

•072 

3-23 

3702 

57*4  ' 

0 

00 

0 

3-39 

3770 

•CO3 

3-10 

3-103 

30-3 

•170 

3.80 

3-970 

337 

0 

00 

3-41 

3-890 

317 

•200 

3-87 

0 

*0 

29'6 

•350 

379 

3-940 

35-4 

■303 

375 

3 853 

34-3 

•320 

372 

3-840 

28-0 

•270 

3-94 

4-210 

17-2 

! 

•120 

1 3-61 

3-730 

The  above  Table  shows  that  a small  proportion 
only  of  the  ammonia  is  evolved  even  at  the  tempera- 
ture of  boiling  water,  a fact  that  was  further  con- 
firmed by  passing  several  cwts.  of  the  sludge  a 
second  time  through  the  drying  cylinder.  In  this 
way  we  obtained  a manure  containing  only  20  per 
cent,  of  moisture  without  its  manurial  value  being 
sensibly  affected  so  far  as  the  loss  of  available 
ammonia  was  concerned.  It  will  also  be  seen  that 
the  average  total  amount  of  ammonia  is  practically 
the  same  from  every  part  of  the  stacked  heap,  not 
being  effected  by  the  continuous  action  of  heat  after 
several  months. 

The  per-centage  of  combined  nitrogen  in  the 
manure  is  consequently  remarkably  constant,  and 
amounts  to  an  average  of  3-8  per  cent,  reckoned  as 
ammonia  in  the  perfectly  dry  manure,  or  if  with 
20  per  cent,  of  water,  to  3 per  cent,  of  available 
ammonia. 

As  the  phosphoric  acid  is  also  an  important 
ingredient  from  a manurial  point  of  view,  it  was 
estimated  in  four  samples  of  the  manure  taken  from 
different  parts  of  the  heap,  an  average  of  5’0  per 


cent,  reckoned  as  tricalcic  phosphate  of  lime  being 
found.  As  to  the  manurial  value  of  the  native 
guano,  we  are  strongly  of  opinion  that  this  must  be 
judged  rather  by  the  practical  results  of  the  agricul- 
turist than  by  presumed  theoretical  values  based  on 
analytical  data,  and  on  the  price  of  ingredients  not 
necessarily  in  the  same  physical  or  chemical  con- 
dition. Recent  research  tends  to  show  that  very 
small  changes  brought  about  in  soils  may  have  very 
important  indirect  effects. 

We  desire  to  express  our  obligations  to  Gerrard 
Ansdell,  Esq.,  F.C.S.,  for  the  ability  and  attention 
he  has  devoted  to  this  inquiry. 

We  remain, 

Your  obedient  Servants, 

C.  Meymott  Tidy. 
James  Dewar. 

April  29th,  1885.  

Phosphoric  Acid,  Magnesia  and  Lime. 

HeralatF s Process — Blythe' s Process. — 
The  object  of  this  mixture  as  a sewage  pre- 
cipitant is  to  fix  the  ammonia  (as  an  insoluble 
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ammonio-phosphate  of  magnesia)  which  in 
the  emplo3^ment  of  lime,  or  iron  and  alumina 
salts,  remains  in  solution  in  the  effluent,  and 
consequently  is  lost.  The  lime,  however  (in 
common  with  iron  and  alumina  salts)  precipi- 
tates the  phosphoric  acid  in  the  sewage.  The 
use  of  sulphate  or  chloride  of  magnesium  as 
a precipitant,  in  order  to  form  the  insoluble 
ammonio-phosphate  of  magnesia,  was  first 
suggested  b}'  Sir  James  Murray.  Herapath, 
in  1853,  patented  a process  for  the  use  of 
magnesia  or  one  of  its  compounds,  in  order 
to  precipitate  the  ammonia  and  phosphoric 
acid  “ at  or  about  the  same  time  as  the 
deodorisation  of  the  same  sewage  is  effected 
by  the  addition  of  some  chemical  agent  which 
will  not  decompose  ammonia  or  its  salts.*’ 

With  this  object  he  emplo}^ed  a mixture  of 
I part  of  sulphate  of  iron,  and  4 parts  of  burnt 
magnesian  limestone.  The  process  was  tried 
at  the  Sewage  Works  of  St.  Thomas,  near 
Exeter,  but  proving  unremunerative,  was 
abandoned. 

Hur?'ay  and  Herapath' s process  did  not 
meet  with  the  approval  of  Hofmann  and  WTtt, 
on  the  ground  that  i part  of  the  ammonio- 
phosphate  of  magnesia  is  soluble  in  45,000 
parts  of  water  containing  free  ammonia  and 
in  15,000  parts  of  pure  water,  whilst  in  a water 
containing  a salt  of  am.monia,  it  was  soluble 
to  the  e.xtent  of  i in  7,000  parts. 

In  1858,  Blythe  {Consulting  Chemist  of  the 
Board  of  Health)  patented  the  use  of  a solu- 
tion of  phosphate  of  magnesia  in  combination 
with  lime  or  other  precipitating  agent. 

The  following  is  his  description  of  the 
process : — 

“ Superphosphate  of  magnesia  is  first  to  be  pre- 
pared by  the  mutual  decomposition  of  superphosphate 
of  lime  and  a salt  of  magnesia,  the  superphosphate 
of  lime  being  obtained  from  bones,  bone-ash, 
apatite,  phosphorite,  coprolite,  phosphate  of  alumina, 
phosphate  of  iron,  phosphate  of  copper,  or  any  other 
substance  containing  phosphoric  acid,  by  the  aid  of 
sulphuric  or  muriatic  acid,  or  other  acid,  the  propor- 
tions being,  in  the  case  of  phosphate  of  lime,  one  ton 
of  phosphate  to  half  a ton  of  sulphuric  acid  of 
commerce,  previously  mixed  with  three  times  its 
weight  of  water,  or  three-quarters  of  a ton  of 

ilatter  in  Solution. 

Total  Phosphoric 

Solids,  Acid.  Ammonia. 


Metropolitan. 

Raw  Sewage..  68*33  ••  "64  ..  6*33 

Effluent 90-02  . . -6o  , , 6-24 

Corv  entry. 

Raw  Sewage..  46-61  ..  -53  i-i6 

Effluent 68-07  ••  '05  ..  i-oO 


hydrochloric  acid  of  commerce  diluted  with  twice 
its  weight  of  water.  These  are  allowed  to  stand 
together  for  two  or  three  days,  being  frequently 
stirred,  and  then  they  are  mixed  with  a ton  of 
sulphate  of  magnesia,  dissolved  in  a small  quantity 
of  water,  say  a little  more  than  its  own  weight. 
Powdered  charcoal  is  then  added  in  sufficient 
quantity  (about  one  ton)  to  bring  the  mixture  into  a 
solid  and  convenient  form  for  transport.  When  used 
for  the  purification  of  sewage,  it  is  to  be  dissolved  in 
water,  and  added  to  the  sewage  in  the  proportion  of 
five  parts  of  the  phosphate  to  every  100  parts  of  solid 
matter  in  a gallon  of  the  sewage.  The  whole  is  then 
to  be  well  mixed  and  thoroughly  incorporated  by 
means  of  an  agitator.  If  the  sewage  does  net 
contain  enough  free  ammonia  or  other  alkali  to 
neutralise  and  precipitate  all  the  superphosphate  of 
magnesia,  lime  is  to  be  added,  in  the  form  of  milk  of 
lime,  until  the  sewage  is  faintly  alkaline  to  test  paper. 
By  this  means  the  ammonia-phosphate  of  magnesia 
is  thrown  down  as  a flocculent  precipitate,  which 
carries  with  it,  after  the  manner  of  a clarifier,  any 
insoluble  impurities  suspended  in  the  liquid.  In  like 
manner,  instead  of  lime,  he  claims  the  use  of  any 
other  alkali  or  alkaline  earth,  as  potash,  soda, 
magnesia  or  magnesian  limestone,  or  alumina.  He 
thus  produces  a valuable  manure,  containing,  as  he 
supposed,  the  ammonia,  as  well  as  the  nitrogenous 
organic  matter  of  the  sewage,  and  the  phosphoric 
acid  employed  ; ‘ while  the  supernatant  liquor  being 
freed  from  ammonia  and  nitrogenous  matter,  liable 
to  undergo  putrefaction,  becomes  deodorised,  and 
may  be  either  applied  to  the  irrigation  of  land,  or 
run  off  into  the  ordinary  channels  of  drainage  with- 
out fear  of  creating  any  nuisance  or  offence.’  ” 

Way,  in  1861,  in  the  second  report  of  the 
Commission  to  inquire  into  the  best  mode  of 
distributing  the  sewage  of  towns,  condemned 
the  process  as  the  most  costly  of  all  the  plans 
that  have  been  proposed,  but  on  grounds  that 
scarcely  commend  themselves  to  our  judgment. 

I am  ready  to  admit  that  the  process  may  fail 
in  removing  the  ammonia  to  the  extent  indi- 
cated by  the  patentee,  but  how  it  can  possibly 
fail  in  removing  the  phosphoric  acid  (I  am 
arguing  now  on  chemical  grounds),  as  Way’s 
analyses  show,  is  beyond  comprehension.  The 
only  explanation  can  be  that  Mr.  Way  did  not 
use  sufficient  lime. 

Many  experiments  were  made  with  Blythe’s 
mixture,  of  which  the  following  are  illustrations. 

IMatters  in  Suspension. 


Oxygen 

Required. 

Total 

Solids. 

Organic. 

jMineral. 

2-54  •. 

47-42  .. 

27-51 

19-91 

1-41 

0 

0 

. . 0 

•78  .. 

2I-II 

8-87 

..  12-24 

•43 

0 

0 

..  0 
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Superphosphate  of  magnesia  was  added,  in 
the  proportion  of  i0'3  grains  of  phosphoric 
acid  per  gallon,  and  then  an  excess  of  lime 
until  the  sewage  was  faintly  alkaline. 


The  dried  precipitates 

had  the 

following 

per-centage  composition  : 

Organic  matter  

28-06 

. I2-i6 

Phosphate  of  lime  

27-11 

32-65 

Earthy  matters  

35-30 

45-60 

Sand,  &c 

9-53 

9-59 

100-00 

100-00 

Nitrogen  equal  to  ammonia . . 

i-6i 

0-99 

The  process  purified  the  sewage  successfully. 
One  ton  3 cwt.  of  the  superphosphate  com- 
pound and  4 cwt.  of  lime  was  found  on  an 
average  to  be  required  for  1,000,000  gallons. 
This  produces  3 tons  i cwt.  of  a manure  valued 
Ts  14s.  per  ton,  the  chemicals  and  labour 
to  produce  which  cost  15s.,  leaving  a net 
profit  of  Ji  19s. 

Blythe’s  later  experiments  showed  that  the 
magnesian  compound  might  be  omitted,  and 
that  the  precipitated  phosphate  of  lime  was  as 
valuable  for  plants  as  the  original  super- 
phosphate. 

Arrangements  had  been  made  to  try  the 
process  at  Southampton  and  Leicester,  but 
fell  through  owing  to  the  death  of  the  patentee. 

Phosphoric  Acid,  Lime,  and  Alumina.— 
Phosphate  Sewage  Process. 

The  patent  of  Mr.  David  Forbes,  F.R.S.,  and 
of  Dr.  Astley  Paston  Price  was  taken  out  in 
1870.  It  consisted  in  the  use  of  an  acid  solution 
(sulphuric  acid  being  generally  employed)  of 
natural  phosphate  of  alumina,  with  or  without 
lime  or  carbonate  of  lime.  The  object  was  to 
employ  a precipitant  of  manorial  value,  in 
order  to  obtain  a compost  of  high  fertilising 
power. 

The  phosphate  of  alumina  was  obtained  from 
the  West  Indies,  where  it  occurs  in  such 
enormous  quantities  that  on  one  island  alone 
the  deposit  is  estimated  at  9,000,000  tons.  It 
contains  about  38  per  cent,  of  phosphoric  acid 
and  25  per  cent,  of  alumina,  with  about  2*5 
per  cent,  of  peroxide  of  iron.  It  was  formerly 
supposed  to  be  phosphate  of  lime,  but  analysis 
shows  that  the  material  does  not  contain  more 
than  2 per  cent,  of  lime. 

The  following  is  the  description  of  the  pro- 
cess given  by  the  patentees  : — 

“In  carrying  out  the  invention  they  say,  we 


firstly  submit  to  the  action  of  sulphuric  or  muriatic 
acid  the  natural  phosphates  of  alumina  ; which 
phosphates  of  alumina  are  capable  of  being  decom- 
posed and  rendered  soluble  by  the  employment  of 
sulphuric  or  muriatic  acid.  Having  converted  the 
phosphates  into  a soluble  condition,  or  having 
obtained  a solution  of  the  phosphates  of  alumina, 
they  may  either  be  employed  in  their  concentrated 
form,  or  a solution  of  the  same  may  be  diluted,  and 
they  are  then  in  a fit  and  proper  condition  to  be 
employed  for  the  treatment  of  sewage.  Whilst  the 
sewage  is  contained  in  a cistern  or  reservoir,  or  whilst 
it  is  in  the  act  of  flowing  thereinto,  the  requisite 
proportion  of  the  soluble  phosphates  of  alumina  is 
to  be  added  thereto,  and  after  thorough  admixture 
with  the  sewage  by  the  use  of  agitators,  or  other 
well-known  means,  the  sewage  so  treated  may  be 
allowed  to  remain  tranquil  in  the  reservoir  in  order 
that  subsidence  of  the  resulting  precipitate  may  be 
effected,  or  after  having  added  to  the  sewage  the 
requisite  amount  of  the  soluble  phosphate  of  alumina, 
lime  (by  preference  in  the  form  of  milk  of  lime)  is  to 
be  added  in  such  quantity  as  that  the  phosphates  in 
solution  shall  be  precipitated.  This  result  will  be 
known  by  the  sewa,e  acquiring  a neutral  or  alkaline 
reaction,  or  the  lime  may  be  firstly  added,  and  the 
solution  of  the  phosphates  of  alumina  added  sub- 
sequently, but  we  prefer  the  former  process,  or  the 
soluble  phosphates  of  alumina  may  be  firstly  decom- 
posed by  means  of  lime  or  carbonate  of  lime,  and 
the  resulting  precipitate  may  be  employed  for  the 
purpose  of  effecting  the  separation  of  certain  con- 
stituents of  sewage. 

“ In  conjunction  with  any  of  the  before-mentioned 
methods  of  carrying  out  our  invention,  deodorising 
agents,  such,  for  example,  as  animal  or  vegetable 
charcoal,  may  be  employed,  but  good  results  will  be 
obtained  by  the  employment  of  the  phosphates  of 
alumina  alone,  or  in  conjunction  with  lime  as  before 
mentioned.  The  sewage,  after  treatment  by  either 
of  the  before-mentioned  processes,  is  allowed  to 
settle,  and  the  clear  or  supernatant  water  may  be  run 
off,  and  the  deposit  or  precipitate  collected  and 
removed,  and  employed  for  agricultural  purposes 
either  in  the  moist  condition,  or  after  having  been 
submitted  to  a drying  or  desiccating  process.  Or 
the  precipitated  phosphates  may  be  again  submitted 
to  the  action  of  sulphuric  acid,  and  the  solution  be 
again  employed  for  the  treatment  of  sewage  in  a 
manner  similar  to  that  before  described.  The  pro- 
portions in  which  the  soluble  phosphates  of  alumina 
may  be  employed  will  vary  wdth  the  sewage  to  be 
operated  upon,  and  the  quality  of  the  manure  desired 
to  be  obtained.  We  have  obtained  good  results  by 
the  employment  of  about  two  parts  by  weight  of  the 
soluble  phosphates  of  alumina  to  every  one  thousand 
parts  by  weight  of  sewage  treated,  but  we  do  not 
limit  ourselves  to  such  proportions.” 

Our  experiments  with  London  and  Coventry 
sewage,  in  which  we  added  33  grains  per  gallon 
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of  the  phosphatic  material  i0'38  grains  of  j of  commercial  sulphuric  acid,  gave  results 

phosphoric  acid'  dissolved  in  its  own  weight  | as  follows  : — 


^Matters 

in  Solution. 

Matters 

in  Suspension. 

London. 

Total 

solids. 

Phosphoric 

acid. 

Ammonia. 

Oxyg’en 

required. 

Total 

solids. 

Organic. 

Mineral. 

Phosphoric. 

acid. 

Raw  sewage., . 

...  68-33 

..  064 

..  6-33 

..  2-54  .. 

47-42 

..  27-51 

..  19-33 

..  0-68 

Effluent 

...  10007 

..  0-68 

..  5-70 

..  1-44  •• 

0 

0 

0 

. . 0 

Coveiitry. 

Raw  sewage.. , 

. ..  46-6f 

..  0-53 

..  I-16 

. . 0-78  .. 

2I-I  r 

00 

do 

..  11-96 

. . 0-28 

Effluent 

...  82-59 

. . 0-60 

..  1-04 

..  0-47  .. 

0 

. . 0 

0 

. . 0 

The  dried  precipitate  gave  as  follows  : — 

London  Coventry 
sewage.  sewage. 


Organic  matter  24-80  ..  10-40 

Phosphate  of  lime 16-82  ..  22- ii 

Carbonate  of  lime  and  magnesia  49'39  ..  5^14 

Silica,  <i'c 8-99  ..  9-34 


100-00  100-00  I 

Xitrogen  equal  to  ammonia  ....  1-41  0-91  | 


The  effluent  was  clear  and  without  smell, 
much  soluble  organic  matter  being  removed.  I 
The  process,  however,  is  peculiar  in  this 
respect,  that  if  no  lime  be  added  after  the 
precipitating  material,  much  soluble  phosphate 
will  remain  in  solution.  The  effluent  may  then 
be  used  for  irrigation,  no  nuisance  being  likely  | 
to  re.sult  from  the  use  of  the  clarified  water,  I 
themanurial  value  of  which  will  be  considerable.  ! 
In  other  words,  we  strengthen  (the  patentees  j 
would  say)  the  manurial  value  of  the  sewage,  j 
and  purify  it  by  the  same  operation. 

If  lime  be  used,  the  deposit  may  be  made  to 
contain  any  proportion  of  phosphate  of  lime 
(indeed  it  may  be  rendered  almost  pure  bone 
earth),  necessary  to  pay  its  cost  of  carriage  to 
a distance.  Thus  to  effect  a good  sanitary 
result  a small  quantity  only  of  precipitating 
matter  is  required,  whilst  a commercial  success 
may  be  effected  by  the  use  of  a large  quantity 
of  the  precipitant.  Thus,  if  two  tons  of  the 
phosphate  be  added  to  every  1,000,000  gallons 
of  London  sewage,  it  would  yield  four  or  five 
tons  of  manure,  containing  15  to  18  per  cent.  ; 
of  phosphoric  acid,  whilst  if  three  tons  be  j 
added  per  million,  a manure  would  be  obtained 
worth,  according  to  Voelcker,  L’j  7s.  per  ton, 
and  having  a composition  as  follows  : — 

Per  cent. 

Moisture 3-98 

Organic  matters  . 20-11 

Phosphoric  acid. . 28-52  — 62-26  tribasic  phospheric 

of  lime. 


Per  cent. 

Lime  13 ‘09 

Alumina,  &c  . . . . 29-95 
Sand,  &c 4-35 

100- 

Nitrogen  0-57  — to  ammonia  0-69. 

The  only  place  where  the  process  was 
worked  to  which  we  reed  refer  is  Hertford , 
where  the  process  was  in  operation  for 
two  years  (1876-1877).  The  results  were 
good,  but  no  details  are  given  as  to  cost.  The 
company  paid^^ioo  per  year  rent  for  the  works, 
and  received  ^300  per  year  as  a subsidy  from 
the  corporation,  i.e.,  at  the  rate  of  7d.  per  head 
of  the  population. 


1 872). —The  patentee 
employs  superphosphate  with  a little  milk  of 
lime,  the  object  being  to  recover  the  phos- 
phoric acid  in  the  sludge. 

It  was  used  at  the  following  places  : — 
Romfoi  d Sewage  Farm. — Tried  by  Colonel 
Hope,  and  mentioned  by  him  with  approval,  in 
1872,  at  the  Social  Science  Congress. 

Jaiton  [Bcdfordshi're). — Used  in  1874.  Not 
successful, 

F7iJietd{i'^jJ).—V\i2iS  considered  successful, 
but  abandoned  on  the  ground  of  cost. 

lotteiiham  (1874).— 18  cwt.  of  chemicals 
was  added  per  1,000,000  gallons,  at  a cost  of 
2s.  The  sludge  was  dried,  its  value  being 
estimated  at  £\  3s.  6d.  per  ton,  the  cost  of 
production  being  £},  8s.  qd.  The  purity  of  the 
effluent  was  questioned,  owing  to  the  quantity 
of  phosphoric  acid  in  solution.  The  process 
was  soon  abandoned,  owing  to  the  liquidation 
of  the  company. 


Dugald  Cam£beir s Process  (1872). — The 
patentee  employs  superphosphate  and  soma 
lime.  It  was  tried  at  Tottenham  in  1872  for  si.K 
days  on  3,r;oo,ooo  gallons,  at  a cost  for  chemi- 
cals of;^i6  6s.  5d.  per  million  gallons,  yield- 
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ing  6*3  tons  of  manure  per  million,  valued  at 
;^5  per  ton. 

It  was  also  tried  experimentally  (1873  to 
1875)  on  the  metropolitan  sewage,  when  the 
chemicals  required  to  produce  a good  effluent 
were  found  to  cost  at  the  rate  of  £22  6s.  per 
million  gallons.  The  dry  manure  was  valued 
at  from  £j  15s.  to  £/{.  15s.  per  ton. 

Salts  of  Iron. 

Broimi  (Feb.  1847)  patented  the  use  of  the 
sulphates  and  chlorides  of  iron  as  sewage 
disinfectants,  and  Ellermatt  (Oct.  1847) 
the  use  of  the  chlorides  and  pyroly- 
nates  (acetates)  of  iron.  Ellerman’s  fluid 
(price  IS.  6d.  a quart  retail,  gd.  wholesale), 
contained  from  24  to  43  per  cent,  of  the  iron 
salts  named,  and  had  a specific  gravity  of 
from  1336  to  1443.  There  was  some  division 
of  opinion  respecting  its  value,  Letheby  re- 
porting that  100  grains  of  Burnett’s  fluid 
(sp.  gr.  1594)  had  an  equal  deodorising 
power  to  470  grains  of  Ellerman’s  fluid  (sp.  gr. 
1443),  a view  supported  by  Mr.  Haywood  and 
others. 

Dale’s  Jhtid  (sp.  gr.  1450,  price  6d.  per 
gallon),  was  a strong  solution  of  perchloride  of 
iron,  and  was  proposed  by  Hofmann,  Erank- 
land,  and  Miller,  for  deodorising  the  Thames 
during  the  hot  summers  of  1857  i860,  on 

the  ground  that  it  compared  favourably,  as 
regards  cost,  with  lime  or  chloride  of  lime. 
Thus  they  said  1,000,000  gallons  of  London 
sewage  required  for  deodorisation  the  following 
quantities  of  the  several  ingredients  named:  — 

Cost. 

£ s.  d. 

86  gallons  of  Dale’s  fluid  ....  i 13  o 
400  lbs.  of  chloride  of  lime ... . 2 2 loj 

I32|-  bushels  of  lime 3 6 6 

They  remark  that  the  sewage  treated  with 
lime  became  offensive  after  three  days — with 
chloride  of  lime  after  four  days — whilst  that 
treated  with  perchloride  of  iron  did  not  become 
offensive  even  after  nine  days.  The  use,  how- 
ever, of  the  iron  was  objected  to  by  Odling  and 
Letheby,  both  urging  that  a black  mud 
would  form  in  the  river,  which,  after  a time, 
would  undergo  putrefactive  changes,  and  be 
more  unsightly  than  even  the  sewage.  Letheby 
also  urged  the  quantity  of  arsenic  in  the 
perchloride  as  an  unanswerable  objection  to 
its  employment  as  a precipitant  where  the 
sludge  is  not  removed  before  the  treated 
sewage  is  allowed  to  escape  into  the  river. 

Dale’s  liquid  (130  gallons  to  1,000,000)  was 


used  at  Croydon  in  1852  and  i860.  The  re- 
sults were  not  satisfactory,  because  the 
suspended  matter  was  imperfectly  removed, 
the  iron  sulphide  giving  the  effluent  a black 
and  polluted  appearance. 

Dover’s  Jatent  (1851)  claims  the  use  of 
acids  with  iron  filings  or  oxide  of  iron  and 
protosuiphate  of  iron,  the  defoecated  sewage 
being  afterwards  filtered  through  charcoal, 
peat,  &c. 

Mudie’ s disinfectant,  a preparation  of  dry 
copperas,  is  valuable  for  the  deodorisation  of 
drains,  &c.,  owing  to  its  property  of  absorb- 
ing ammonia  and  sulphuretted  hydrogen.  It 
is  hardly  suited  for  the  defecation  of  sewage, 
although  it  acts  well  as  a general  disinfectant, 
for  which  purpose  it  is  largely  used  in  the 
French  slaughterhouses. 

Lime,  Sulphate  of  Iron,  and  Coal 
Dust.— Holden’s  Process. 

This  mixture,  as  a sewage  precipitant,  was 
patented  by  Jules  Houzeau  and  Devedeix 
(1866),  and  w'as  used  at  Bradford  by  Mr. 
Holden  (hence  known  as  Holden’ s process'). 
The  sulphate  of  iron  was  to  be  added  first, 
and  afterwards  milk  of  lime  mixed  with  coal 
dust.  The  use  of  clay  is  also  mentioned  in 
Holden’s  patent.  The  treated  sewage  then 
flows  into  subsiding  tanks.  A clear  and  in- 
odorous effluent  can  be  obtained,  about  one- 
half  of  the  dissolved  organic  matter  being 
precipitated.  The  manure  is  of  little  value. 

Bradford. — The  process  was  tried  in  1868 
on  130,000  gallons  daily.  It  was  reported 
against  by  the  Rivers  Pollution  Com.missioners, 
as  giving  a clear  effluent,  but  of  a quality  worse 
than  the  original  sewage,  founding  their  opinion 
on  the  quantity  of  organic  nitrogen  present. 
They  supposed  that  the  putrescible  organic 
matters  in  suspension  passed  into  solution  by 
this  treatment.  Further,  they  considered  the 
hardness  of  the  efiluent  an  objection  to  its 
being  allowed  to  pass  into  water-courses. 

Marsden  and  Collms’  Process  consists  in 
the  use  of  lime,  carbon  waste  from  the  prus- 
siate  manufacture,  house  ashes,  soda,  and 
perchloride  of  iron. 

This  process  was  used  in  1874  at  Bolton, 
in  dealing  with  one-sixth  of  the  sewage  (popu- 
lation, 93,000).  The  cost  of  chemicals  was 
given  at  £\  ys.  3d.  per  million  gallons  of 
sewage,  the  total  cost  being  £y  14s.  5^d.  per 
million. 
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Ha nso7i' s Process employslime,  black 
ash  (tank  waste,  or  refuse  from  alkali  works, 
containing-  sulphides  of  calcium  and  sodium), 
and  red  hmmatite  treated  with  sulphuric  acid. 

Thisprocess  was  tried  at  Leeds,  the  chemicals 
used  being-  in  the  proportion  of — 

Tons.  Cwts. 


Lime  20  o 

Black  ash 4 o 

Red  haematite  and  oil  of  vitriol  , , i 6 


Two  tons,  16  cwt.  and  i qr.  were  added  to 
ever}'  1,000,000  gallons,  at  a cost  of  £2  5s.  8d. 
per  million.  The  effluent  was  said  to  be  good. 
Its  use  was  discontinued  in  April,  1876. 

A modification  of  this  process  is  now  in 
use  at  Leyton.  The  process  was  adopted  in 
1882  by  the  Golcar  Local  Board. 

Goodair s Process  (1875)  employs  lime, 
animal  charcoal,  ashes,  and  iron  liquor  (solu- 
tion of  sulphate  of  iron).  It  was  claimed  that 
the  cost  would  be  7s.  6d.  per  million  gallons 
(Leeds  Clarifying  and  Utilisation  of  Sewage 
Company). 

Leeds. — The  process  was  tried  at  Leeds. 
Tried  for  three  months  in  1875.  The  chemicals 
were  mi.xed  in  the  following  proportions  : — 

Tons.  Cwts. 

Lime 21  15 

Carbon  13  15 

Ashes 10  14 

Iron  liquor — 4 

Five  tons  3 cwt.  of  this  mixture  was  added 
per  1,000,000  gallons,  at  a cost  for  chemicals 
of  £2  4s.  per  million  gallons. 

N ewcastle-iuider- Lyme  18,000  ; 

700,000  gallons  daily).  This  process  was 
adopted  between  1877  1881.  In  1881,  30 

acres  of  land  was  secured,  10  only  being  em- 
ployed for  irrigation.  There  are  four  pre- 
cipitation tanks,  125  ft.  X 25  ft.  and  4 ft.  deep  ; 
cost  ^1,100  per  annum. 

Lime  and  an  Iron  Salt. 

At  Ealing  the  lime  (20  cwt.  per  week  to 
3,000,000  gallons)  is  added  to  the  sewage  in  the 
course  of  its  transit  to  the  subsidence  tanks. 
These  tanks,  each  measuring  64  ft.  X 10  ft.  X 
10  ft.  deep,  are  divided  into  five  compartments 
by  cross  planks,  where  the  lime  precipitate 
subsides.  In  the  last  sub-division  of  the  tanks, 
the  defecated  sewage  is  treated  with  an  iron 
solution  (crude  sulphate  15  cwt.  to  3,000,000 
weekly).  The  sewage  then  flows  upwards 
through  two  filter  beds  (No.  i,  gravel,  30  ft.  X 
10 ft.  X 2ft.  thick;  No.  2,  sand,  60ft.  X 10 ft. 


X 2 ft.  thick),  the  effluent  being  clear  and  in- 
offensive when  discharged. 

At  Northampton,  in  1862,  lime  (as  milk  of 
lime)  and  chloride  of  iron  (in  solution)  were 
used  as  sewage  precipitants.  The  constituents 
were  mixed  together,  and  so  decomposed,  before 
they  were  added  to  the  sewage  [60  lbs.  of  solid 
chloride  of  iron,  12  bushels  of  lime  to  400,000 
gallons  of  sewage  daily].  There  was  no 
mechanical  contrivance  to  mix  the  sewage 
with  the  chemicals.  The  sewage  after  treat- 
ment passed  into  two  subsiding  tanks  (40  ft.  X 
30  ft.  and  60  ft.  X 30  ft.,  each  5 ft.  deep),  from 
the  second  of  which  it  flowed  over  a weir  into 
an  outfall  channel  a mile  in  length,  being 
ultimately  discharged  into  the  River  Nene. 
The  tanks  were  worked  for  a fortnight,  when 
the  sludge  was  conveyed  into  pits,  and  mixed 
with  the  town  refuse,  the  manure  realising 
IS.  qd.  per  load. 

Letheby  recommended  adding  the  iron  salt 
to  the  sewage  first  and  the  lime  afterwards, 
and  that  some  mechanical  contrivance  for 
stirring  the  treated  sewage  both  after  the  addi- 
tion of  the  iron  and  the  lime  should  be  adopted. 
He  considered  4-5  grains  of  chloride  of  iron 
and  15  grains  of  lime  per  gallon  was  needed. 
These  details  were  adopted,  and  the  results 
obtained  were  excellent. 

Some  difficulty  having  occurred  in  procuring 
the  chloride  of  iron,  a solution  was  prepared 
on  the  works  of  9-400  grains  per  gallon . A 
fit  of  economy  then  led  the  authorities  to 
r educe  the  quantity  to  o*oo6  grain  of  chloride 
of  iron  and  5-88  grains  of  lime  per  gallon, 
quantities  manifestly  insufficient,  under  which 
treatment  it  was  seen  and  reported  on  by  the 
Rivers  Pollution  Commissioners. 

For  a short  period  combinations  of  lime 
and  salts  of  iron  were  used  both  at  Clifton 
and  Cheltenham. 


Having  now  dealt  with  the  various  precipi- 
tants suggested,  to  throw  down  the  suspended 
matter  and  coagulate  a part  of  the  dissolved 
slimy  organic  matter  of  sewage,  let  me  note  that 
these  precipitants,  for  practical  purposes,  are 
lime,  chloride  of  magnesium,  sulphate  and 
phosphate  of  alumina,  and  salts  of  iron,  alone 
or  in  conjunction  with  each  other.  In  addition 
to  these,  clay  and  other  weighting  bodies, 
together  with  charcoal  and  other  absorbent 
substances,  have  been  added  under  various 
patents. 

In  selecting  a chemical  precipitant,  five 
main  points  present  themselves  to  us  : — 
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1.  That,  consistently  with  purity  of  effluent, 
the  chemicals  used  should  be  cheap. 

2.  That  the  precipitant  should  act  as  a 
'deodoriser,  and  disinfectant  as  well  as  a pre- 
cipitant. 

3.  That  the  precipitated  matters  should 
subside  rapidly. 

4.  That  the  maximum  purity  should  be 
.obtained  with  the  minimum  of  deposit,  in 
other  words,  with  the  smallest  quantity  possi- 
ble of  chemicals. 

5.  That  the  sludge  should  part  with  its 
water  readily. 


I now  approach  the  really  practical  question, 
•asked  all  over  the  country,  from  every  sanitary 
authority,  often  in  tones  of  painful  despair, 
vviz.,  How  shall  we  deal  with  oitr  sewage  ? 

And  here  let  me  say,  there  is  no  one  answer 
that  can  be  given  to  this  question.  The 
adviser,  to  advise  fairly,  must  be  prepared  to 
sink  his  hobby,  be  it  the  hobby  of  precipitation 
or  the  hobby  of  irrigation,  remembering  that 
whilst  conditions  favourable  to  his  hobby  may 
■exist  at  one  place,  conditions  absolutely  un- 
favourable may  exist  at  another.  Further,  it 
-is  of  no  use  telling  how  some  pet  plan,  say,  of 
irrigation  or  of  precipitation,  has  succeeded 
at  some  one  place  or  another,  persuading 
focal  authorities  to  undertake  a pilgrimage  of 
inspection  (although  they  are  usually  ready 
enough  to  do),  and  arguing  that  because  such 
and  such  plan  has  succeeded  at  A,  therefore 
it  will  succeed  at  B.  There  is  no  universal 
remedy  for  the  sewage  difficulty,  and  no  one 
plan  of  treatment  to  be  laid  down. 

When  people  say,  “ The  whole  thing  is  easy 
•enough,  only  do  this  or  do  that,”  be  certain 
they  have  not  grasped  the  difficulties  of  the 
.subject,  and,  I fear,  know  little  about  it. 

Let  me  attempt,  however,  to  suggest  certain 
fundamental  proposidons  that  may  serve  as  a 
starting  point  in  advising  local  authorities  : — 

1.  Towns  must  be  prepared  to  pay  to  be 
■clean.  You  will  never  be  able  to  make  your 
sewage  pay  your  rates  ; — on  the  contrary,  ex- 
perience shows  that  you  must  purify  your 
sewage  at  the  expense  of  the  rates. 

2.  That  health  demands  that  your  sewage 
should  be  got  rid  of,  and  purified  at  any  cost. 
Minimise  the  cost,  but  pay  3mu  must  for  puri- 
fication. Hence,  you  must  be  prepared  not 
only  to  borrow  money  to  erect  works,  but  for 
<Ln  annual  expenditure  after  the  works  have 
been  erected. 

3.  That  no  matter  how  perfect  your  works, 
your  sewage  will  require  constant  attention, 


Sunday  as  well  as  week-day,  night  as  well  as 
day. 

4.  That  to  let  unpurified  sewage  pass  into  a 
stream  means  passing  your  filth  on  to  your 
neighbours.  Sewage  ought  to  be  treated  where 
the  sewage  is  produced,  as  fa-r  as  it  is  possible. 
And,  considering  this  aspect  of  the  subject,  let 
me  add,  litigation  is  a more  expensive  luxury 
than  sewage  treatment,  and  breeds,  if  possible 
(although  on  this  I admit  a doubt),  more  ill- 
will. 

5.  That  although  our  duty  is  to  do  our  work 
well,  at  as  small  a cost  as  possible,  we  neither 
require  (y?/«  the  effluent)  to  produce  a drinking 
water,  nor  [t/ud  the  sludge)  to  produce  Peruvian 
guano. 

Our  sewage  has  to  be  treated.  We  shall 
necessarily  inquire  how  much  sewage  there  is 
to  treat,  and  what  kind  of  sewage  it  is. 

Let  me  suppose  that  our  first  thought  is  the 
possibility  of  an  irrigation  scheme. 

Far  be  it  from  me  to  say  that  irrigation  may 
not  prove  successful.  But  it  is  fair  to  note 
that,  to  attain  the  end  of  a sanitary  authority, 
experience  has  shown  that  the  sanitary 
authority  must  itself  be  the  proprietor  of  the 
land.  If  you  give  the  sewage  to  the  farmers 
(supposing  they  would  accept  your  gift)  the 
interests  of  the  local  authority  and  of  the 
farmers  are  opposite.  For  it  is  manifest  that 
the  interest  of  the  farmer  is  his  crops,  whilst 
the  interest  of  the  local  authority  is  the 
purification  of  their  sewage.  The  local  autho- 
rity, as  a sanitary  authority,  must  demand  a 
a pure  effluent  at  all  times,  in  winter  and  in 
wet  seasons  as  well  as  in  summer  and  in  dry 
seasons.  Between  these  divided  interests  of 
farmer  and  sanitary  authority,  the  question  of 
purity  of  effluent  may,  and  in  our  experience 
usually  does,  fall  to  the  ground.  Hence,  if 
irrigation  is  to  be  adopted,  the  local  authority 
must  provide  its  own  land  for  the  purpose. 

Sundry  questions  at  once  arise  : — 

1.  Is  it  practicable  to  obtain  sujeietzt  land, 
and  land  pi^operly  constitated  as  regards 
general  character,  level,  &c.,  for  irrigation 
purposes?  Let  me  note  that  the  word  ” suffi- 
cient” is  not  capable  of  precise  definition. 
What  is  sufficient  in  the  case  of  one  kind  of 
land  is  insufficient  in  the  case  of  another. 
What  is  sufficient  land  with  one  kind  of 
engineering  treatment,  and  with  one  kind  of 
sewage  would  prove  insufficient  with  another 
kind  of  engineering  treatment  and  another 
kind  of  sewage. 

2.  Is  this  properly  constituted  land  reason- 
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ably  near  to  the  town,  so  that  the  cost  of  con- 
veying the  sewage  to  the  land  will  not  be 
excessive,  but  at  the  same  time  reasonably 
dista?it,  so  that  the  town  may  not  derive 
injury  from  the  nuisance  likely  (we  might 
almost  say  certain)  at  times  to  result  ? 

3.  Is  the  land  of  such  a level  as  to  necessi- 
tate pumping  ? Is  it  near  a watercourse, 
canal,  railway,  cScc.  ? 

Let  me  suppose  these  questions  answered 
satisfactorily.  A very  serious  further  question 
has  now  to  be  considered,  viz..  Where  is  the 
effluent  to  be  discharged  ? 

The  importance  of  the  question  is  this.  In 
all  irrigation  schemes,  of  whatever  nature,  we 
are  dependent  for  effective  purification,  on 
effective  land,  in  effective  order.  The  action 
of  land  may  become  ineffective  from  circum- 
stances over  which  we  have  no  control,  viz., 
where  the  ground  may  become  absolutely 
impenetrable,  and  zvater-Iogj^ing,  in  times  of 
heavy  rains,  when  the  sewage  is  in  far  greater 
quantity  than  normal,  and  for  a time  at  least 
more  foul  than  normal,  from  flushing  of  the 
sewers. 

Hence,  if  the  outfall  is  into  a river  where 
considerable  purity,  and  unfailing  continuity  of 
purity,  is  demanded,  an  irrigation  scheme  is, 
to  say  the  least,  unsafe.  If,  however,  the  dis- 
charge be  into  the  sea,  or  into  a tidal  estuary, 
or  into  a stream  where  the  occasional  dis- 
charge of  a little  doubtful  water  is  unim- 
portant, an  irrigation  scheme,  pure  and  simple, 
may  pass  muster. 

To  secure  land  for  a sewage  farm  (even  after 
the  proper  land  has  been  found)  is  not  an 
easy  matter.  It  often  means  a fancy  price.  It 
means,  too,  a mass  of  opposition  from  adjoin- 
ing property  holders,  who  suddenly  discover 
that  all  the  fields  in  the  vicinity  of  the  land 
selected  is  building  ground. 

I do  not  mean  this  as  an  objection  peculiar 
to  land  required  for  irrigation  purposes. 

Another  matter  has  to  be  considered.  If 
land  be  taken  on  lease  for  a sewage  farm,  its 
renewal  may  prove  difficult.  The  lease  of  the 
Croydon  farm  expires  in  1892. 

I will  at  once  admit  that  my  own  experience 
has  led  me  to  the  opinion  that  greater  advan- 
tages result  from  a combined  process  of  pre- 
cipitation and  irrigation  than  can  be  obtained 
by  either  method  independently,  admitting  as 
I do  to  the  full,  that  a good  effluent  may  be 
obtained  by  a precipitation  process  alone, 
nearly  as  good,  in  fact,  as  any  effluent  that  can 
be  obtained  by  irrigation.  A precipitation 
scheme  by  itself  has  these  two  enormous 


advantages  over  irrigation,  viz.  (i)  its  efficient 
working  is  totally  independent  of  weather,  and 
(2)  that,  if  sufficiently  large  works  be  erected, 
any  emergency  of  quantity  can  be  met.  Pre- 
cipitation has  had  its  greatest  enemies  in 
its  most  earnest  advocates.  Extravagant 
advantages  have  been  claimed  for  it.  The 
sludge  has  been  advertised  as  of  enormous 
manurial  value.  Patents  by  the  hundred  have 
been  taken  out.  Precipitation  advocates  have 
been  for  the  most  part  advocates  of  a system 
in  which  they  are  interested.  And  there 
is  no  wonder  that  distrust  in  precipitation 
schemes  have  arisen,  when  the  claims  put 
forth  by  enthusiasts  and  patent-mongers  have 
been  weighed  in  the  balance  against  the  facts, 
and  found  wanting. 


Supposing,  then,  wedetermine  on  a precipita- 
tion process,  there  arises  the  first  great  ques- 
tion, wJiat  JreciJitant  shall  be  zised  ? Here 
two  points  must  be  considered.  At  any  rate 
it  will  not  be  disputed  : — 

1.  That,  consistently  with  efficiency  and  purity 
of  effluent,  the  chemicals  should  be  cheap. 

2.  That  the  smallest  quantity  of  chemicals 
that  experience  proves  is  capable  of  doing  the 
work  properly  should  be  added  to  the  sewage, 
so  as  to  minimise  the  quantity  of  sludge 
formed. 

I am  anxious  to  be  in  no  sense  the  advocate 
of  any  one  system  of  precipitation.  I will, 
admit,  however — theprocess now isnota patent, 
and  if  it  were  I should  speak  with  greater 
caution — that  the  ABC  turns  out  the  best 
effluent  with  which  I am  acquainted.  My  own 
experience  leads  me  to  speak  very  highly 
indeed  of  the  combined  use  of  lime  and  sulphate 
of  alumina.  The  quantity  of  lime  which  is  to 
be  added  first  should  be  such  as  to  render  the 
sewage  faintly  alkaline.  Probably  at  the 
rate  of  from  five  to  seven  grains  per  gallon 
will  be  needed  for  this  purpose.  It  should 
be  added  as  milk  of  lime,  and  should  be 
thoroughly  stirred  in  by  means  of  a paddle- 
wheel,  or  other  efficient  mixer.  A flow  of  a few 
yards  should  now  be  allowed,  to  permit  the 
aggregation  of  the  precipitate.  This  having 
taken  place,  a solution  of  crude  sulphate  of 
alumina,  in  the  proportion  of  about  five  grains 
of  sulphate  of  alumina,  is  to  be  added,  and  the 
sewage  again  actively  stirred.  In  the  alkaline 
condition  of  the  sewage,  the  alumina  will  be 
precipitated,  and  will  then  combine  with  a 
portion  of  the  organic  matter,  forming  together 
an  insoluble  precipitate.  Thus  treated,  the 
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sewage  should  be  allowed  to  flow  into  tanks  for 
the  precipitated  matters  to  collect. 

Let  me  attempt  to  indicate  the  effects  of 
such  treatment.  A portion  of  the  lime  will  be 
at  once  converted  into  carbonate  of  lime,  by 
combining  wnth  the  carbonic  acid  present  in  the 
sewage,  and  serve  as  a weighting  material  to 
aid  in  the  deposition  of  the  lighter  flocculent 
materials.  This  mechanical  action  of  the  lime 
carbonate  is  of  great  importance.  The 
flocculent  suspended  matter  is  no  doubt  one 
of  the  most  important  materials  to  remove, 
because  it  is  that  ingredient  of  the  sewage 
which  readily  putrefies,  and  in  this  way  causes 
a nuisance.  It  is,  moreover,  so  light  that, 
unless  weighted,  it  is  difficult  to  precipitate. 
A second  portion  of  the  lime  combines  wnth 
some  of  the  organic  matter  in  solution,  pro- 
ducing an  insoluble  precipitate  (of  uncertain 
composition)  of  a compound  of  lime  and 
organic  matter,  the  subsidence  of  which  is 
again  assisted  by  the  formation  of  the  carbonate 
of  lime  previousl}^  described.  A third  portion 
of  the  lime  renders  the  sewage  slightly  alkaline. 

The  alumina  salt  is  now  to  be  added.  The 
alumina  is  precipitated,  owing  to  the  alkalinity 
effected  by  the  slight  excess  of  lime.  This 
alumina  combines  with  some  of  the  organic 
matter  in  solution,  not  precipitated  by  the 
action  of  the  lime.  The  power  of  alumina  in 
combining  with  dissolved  organic  matter,  and 
so  removing  it  from  solution,  is  taken  advan- 
tage of  in  many  commercial  processes. 

Respecting  the  iron  salts,  one  strong  objec- 
tion to  their  use  is,  that  if  the  effluent  be  dis- 
charged into  a river,  the  stream  is  liable  to  be 
blackened  from  the  formation  of  a sulphide  of 
iron,  a condition  likely  to  be  mistaken  by 
the  general  public  for  a sewage  deposit.  I 
have  therefore,  of  late,  admitting  the  value 
of  iron  compounds  as  precipitants,  hesitated 
to  recommend  their  use,  save  under  very 
exceptional  circumstances.  As  regards  the 
use  of  phosphates  as  precipitants,  the  effluent 
is  almost  certain  lo  contain  some  phosphoric 
acid,  which  greatly  aids  the  growth  of  low 
forms  of  fungoid  growths  amongst  which  may 
be  included  the  so-called  sewage  fungus. 

It  is  advisable  that  the  effluent,  before  its 
discharge  into  a stream,  be  at  least  neutral, 
and  preferably  slightly  acid.  This  condition 
is  easily  brought  about  by  the  addition  of  a 
small  quantity  of  acid  to  the  effluent  before  its 
escape. 

The  effluent,  after  treatment,  will  no  doubt 
have  a slight  odour.  This  is  not,  however,  a 
S2w^age  smell,  if  in  this  condition  of  com- 


parative purity  —indicated  by  absence  of  colour 
and  freedom  from  suspended  matter — it  be 
allowed  to  flow  over  and  through  a small  area 
of  land  (a  loamy  sand  or  gravel  by  preference) 
to  serve  as  a chemical  filter,  high  degree  of 
purity  may  be  obtained,  and  the  finer  finishing 
touches  of  purification  effected. 

The  evils  of  irrigation  under  such  circum- 
stances do  not  arise.  Such  a filtration  of 
the  effluent  (i)  cannot  produce  a nuisance, 
because  it  contains  no  foul  suspended  matters 
to  collect  on  the  surface  and  putrefy  ; (2)  it 
cannot  clog  the  ground,  because  the  gelatinous 
and  Aapier  mache  matters  in  solution  have 
been  removed;  whilst  (3)  it  has  a certain 
manurial  value,  the  quantity  of  ammonia  in 
solution  being  not  much  less  than  that  of  the 
original  sewage. 

Again  I may  quote  from  Dr.  Monro’s  paper, 
who,  it  will  be  remembered,  doubts  the 
advisability  of  ordinary  irrigation  as  a 
general  process,  on  account  of  impervious 
deposits  choking  the  pores  of  the  land.  He 
says,  “The  removal  of  the  suspended  matter, 
however,  from  the  sewage,  renders  irrigation 
much  more  practicable.  With  a clear  effluent 
and  a porous  soil,  the  nitrifying  power  brought 
into  play  is  enormous,  and  a moderate  area  of 
soil,  whether  of  grass  land  or  arable,  can  deal 
with  large  and  almost  continuous  doses  of 
sewage  water.”  Dr.  Monro  points  out  that 
the  presence  of  objectionable  organic  matter 
is  as  destructive  to  nitrification  as  the  clogging 
of  the  pores  of  the  soil,  or  a great  lowering  of 
temperature. 

The  Table  in  p.  1181  will  give  some  idea  of 
the  cost  of  chemical  treatment  of  water-carried 
sewage. 

I may  be  asked  what  quantity  of  land  is 
needed  where  sewage  has  been  efficiently  pre- 
cipitated. Again  the  answer  will  depend  on 
the  nature  of  the  land.  But  if  I say  an  acre  to 
every  5,000  to  7,000  people,  I am  well  within 
the  results  of  my  experience. 

Sewage  works  of  the  kind  I have  mentioned 
can  be  carried  out  without  the  slightest 
nuisance.  The  mixing  should  be  done  in 
closed  wells.  The  mixture,  as  it  flows  into  the 
tanks,  should,  if  sufficient  chemicals  have  been 
used,  be  as  free  from  odour,  at  the  distance  of 
a few  feet  from  the  mixer,  as  common  water. 
The  land  cannot  possibly  produce  noxious 
effluvia  or  poisonous  vapours,  because  the 
sewage  has  already  been  treated  with  anti- 
septic precipitants. 

Of  course  all  depends  on  the  treatment 
having  been  efficient.  Success  in  the  treat- 
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Table  shoitnng  that  the  Cost  of  Chemical  Treatment  of  Water-carried  Sewage  at  the  outfall 
varies  according  to  the  foulness  of  the  Sewage  operated  upon^  and  that  such  cost  is  influenced  by  the 
number  of  IVater-closets  in  use.  It  will  be  observed  that  Water-closets  increase  the  cost  of  Chemicals  at 
the  outfall  and  lessen  the  cost  of  clea7tsmg  Privies,  Pails,  or  Middens,  but  that  this  increased  cost  of 
Chemicals  is  less  than  that  thrown  on  the  rates  by  the  cleansing  and  removal  of  the  contents  of  Privies, 
Pails,  or  Middens. 


Xajie  of  Process. 

AVhere  used. 

Population. 

Number 
of  w.c.’s 
in  use. 

Number  of 
Privies 
or  jNIiddens, 
&c.,  in  use. 

Quantity  of 
refuse  removed 
yearly  from 
Privies, 
Middens,  &c. 

Annual  cost  of 
emptying 
Privies, 
INIiddens,  &c. 

Cost  per 
]\Iillio.n  Gallons 
for  Chemicals. 

1 Cost  per  head 
per  annum 
for  Chemicals. 

1 Cost  per  head 
per  annum  for 
emptying 
1 Privies,  &c. 

Total  cost  per 
head  per  annum 
for  Chemicals 
and  emptying 
Privies,  &c. 

£ 

1 

s.  d. 

d. 

d. 

d. 

Alumina,  Iron,  &c 

Coventry 

42,000 

6,000 

150 

7,000  loads 

1,050 

ig  10 

42 

6 

102 

Alumina,  Iron,  &c.,'i 

.Sewage  if  Dje  were  > 

Coventry 

42,000 

6,000 

150 

7,000  loads 

1.050 

12  6 

3 

6 

9 

absent  J 

Precipitation  by  Lime  ^ 

Bradford 

197,000 

10  per  ct. 

go  per  ct. 

56,200  tons 

8,000 

II  0 

2 

9f 

: III 

and  Coke  Filtration  ...  i 

1 

I.ime  Process 

Leeds 

320,000 

i3>720 

43,000 

80,000  loads 

12,333 

1 

10  g 

I 

1 'O 

\ WH 

II 

From  the  above  Table  it  will  be  seen  that  if  the  proportion  of  water-closets  at  Bradford  and  Leeds  was  larger,  the  cost 
of  chemicals  at  the  outfall  must  be  considerably  increased.  If  on  the  other  hand  the  proportion  of  water-closets  at  Coventry 
was  as  low  as  it  is  at  Bradford  and  Leeds,  the  cost  of  chemicals  could  be  considerably  reduced,  and  would  probably  not 
exceed  8s.  or  gs.  per  million  gallons.  From  this  it  will  be  seen  that  alumina  treatment,  such  as  that  emplo}-ed  at  Coventrj', 
is  cheaper  than  lime  treatment ; and  it  has  already  been  shown  by  official  investigations,  that  lime  treatment  and 
its  modifications  are  not  as  efficient  as,  or  equal  in  sanitary  results  to,  alumina  treatment.  It  is,  moreover,  still  more 
expensive  than  is  shown  in  this  Table,  because  of  the  fact  that  it  produces  twice  the  quantity  of  sludge  as  alumina  treat- 
ment does,  the  dealing  with  and  disposal  of  which  is  a very  costly  matter,  particularly  as  it  is  practically  useless  as  a 
manure,  and  not  so  readily  saleable  as  that  produced  by  alumina  treatment. 


ment  of  sewage  obeys  the  same  laws  in  this 
respect  as  success  in  anything  else. 

I am  desirous  here  of  pointing  out  certain 
details  of  treatment  essential  for  the  success  of 
a precipitation  process  : — 

I.  It  is  necessary  that  the  sewage  treated 
should  be  Jfesh—hy  which  I mean  sewage  in 
which  active  putrefactive  changes  have  not 
taken  place.  Perhaps,  speaking  generally, 
the  sewage  should  not  be  more  than  48  hours 
old  for  effective  precipitation.  But  it  is  certain 
that,  with  a sewage  of  not  more  than  24  hours 
old,  a far  better  result,  with  a smaller  amount 
of  chemicals,  can  be  obtained.  In  fixing,  how- 
ever, the  time,  a certain  elasticity  must  be 
allowed,  an  elasticity  by  way  of  extension  in 
winter  and  of  compression  in  summer. 

I have  said  the  treatment  should  be  effected 
before  active  putrefaction  commences.  In 
sewage,  the  decomposition  of  the  different 
constituents  takes  places  at  different  times, 
in  some  cases  the  periods  of  active  change 
being  separated  by  periods  of  practical  rest. 
Thus  a certain  alteration  in  sewage  takes  place 
almost  immediately.  This  results  (amongst 
other  changes)  in  the  breaking  up  of  the  urea, 


and  the  formation  from  it  of  carbonate  of 
ammonia.  It  is  a rare  thing  indeed  for  any 
sewage,  when  it  reaches  the  sewage  works,  to 
contain  more  than  a trace  of  urea.  No  nuisance 
results  from  this  change  of  the  urea.  A con- 
siderable interval  occurs  before  any  other 
putrefactive  stage  occurs,  and  it  is  during  this 
interval  when  the  precipitation  should  be 
effected.  If  this  period  be  allowed  to  pass, 
increased  difficulty  in  working  results. 

2.  The  straining  of  the  sewage  before  treat- 
ment, in  order  to  remove  rags,  corks,  and  the 
various  et  ceteras,  such  as  dead  rats,  walking 
sticks,  &c.,  that  come  down  along  with  the 
sewage,  is  advisable  but  not  essential,  in  order 
to  prevent  accumulations  on  the  surface  of  the 
tanks.  Fixed  wire  gratings  are  objectionable, 
on  the  ground  of  their  becoming  so  easily 
choked.  Baldwin  Latham’s  extractor  is  em- 
ployed in  several  places  with  success. 

3.  It  is  essential  that  sufficient  chemicals  be 
employed  to  effect  complete  precipitation,  dis- 
infection, and  deodorisation  of  the  sewage. 

No  greater  mistake  can  be  committed  than 
to  starve  the  chemicals.  To  this  must  be 
attributed  many  cases  where  a precipitation 
process  has  proved  a failure.  A local  authority 
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will  spend  a large  sum  in  erecting  works,  per- 
fect in  architectural  detail,  excellent  for  sewage 
(treatment,  whilst  they  shirk  a small  annual 
^payment  for  the  necessary  chemicals.  I need 
•scarcely  point  out  that  efficient  works  will  not 
purify  sewage.  They  are  but  the  means  to  an 
-end.  It  is  better  to  calculate  the  amount  of 
•chemicals  to  be  used  on  the  population  than 
on  the  quantity  of  sewage. 

4.  It  is  essential  that  after  the  chemicals  are 
■added,  the  mixture  should  be  well  stirred.  The 
■chemist  understands  the  value  of  the  stirring 
Tod  in  order  to  effect  perfect  chemical  contact. 
My  own  experience  is  that  the  chemicals  added 
to  sewage  are  often  wasted  from  insufficient 
stirring.  Not  only  is  it  the  case  that  they  do 
not  precipitate  so  much  as  they  might,  but  the 
process  of  flocculation  is  imperfect,  and  the 
difficulty  of  obtaining  a clear  effluent  corre- 
spondingly great. 

5.  It  is  essential  that  there  should  be  suffi- 

cient tank  accommodation.  Let  me  note  suffi- 
ciency of  tank  accommodation  is  necessary  for 
two  reasons — ( i ) That  the  precipitate  may  sub- 
side perfectly,  and  leave  a clear  colourless 
-effluent.  Shallow  tanks,  with  considerable 

velocity  of  sewage  through  them,  or  insufficient 
tank  accommodation,  means  imperfect  sub- 
sidence. Imperfect  subsidence  means  the 

-discharge  of  a certain  quantity  of  flocculent 
organic  matter  in  the  effluent  (the  mineral 
matter  being  more  likely  to  be  deposited 
from  its  greater  specific  gravity),  and  which 
flocculent  matter  is  likely  to  occasion  nuisance 
from  its  decomposition.  The  treated  sewage 
should  flow  through  at  least  two  subsiding 
(tanks  in  series,  the  first  being  capable  of 
holding  one  hour’s  flow,  and  the  second  not 
less  than  four  hours’  flow.  The  tanks  should 
■be  at  least  four  feet  deep,  and  the  overflow  of 
fhe  defecated  sewage  should  be  over  a weir. 


not  more  than  half  an  inch  below  the  surface. 
There  should  be  a double  set  of  tanks  for 
successful  working. 

(2)  Sufficiency  of  tank  accommodation  is 
also  important,  so  that  the  sludge  may  be 
frequently  removed,  otherwise  the  freshly  pre- 
cipitated sewage  may  be  contaminated  by  the 
decomposing  materials  of  a previous  precipi- 
tation, or  a nuisance  result  from  a collection 
of  decomposing  matter.  Many  a good  effluent 
is  spoilt  by  foul  materials  being  allowed  to 
collect  in  the  subsiding  tanks.  These  materials 
undergo  putrefaction,  the  gases  given  off  con- 
taminating the  effluent.  The  solid  matters, 
becoming  specifically  lighter  than  the  liquid 
by  the  gases  of  putrefaction  developed  in  and 
amongst  them,  rise  to  the  surface,  the  floating 
black  rhasses  presenting  an  objectionable 
appearance,  and  discharging  offensive  pro- 
ducts into  the  air.  After  a time  these  black 
masses  sink,  and  thus,  by  constant  commotion 
of  the  precipitated  matters,  a turbid  effluent, 
with  a more  or  less  foul  smell,  results. 

6.  That  the  defecated  water  should  flow 
through  a shallow  open  conduit  of  not  less 
than  a quarter  of  a mile  before  being  dis- 
charged into  the  stream. 

7.  The  stream  into  which  the  effluent  is  dis- 
charged should  have  a free  run,  and  in  volume 
be  not  less  than  eight  times  the  volume  of  the 
defcecated  sewage. 

8.  That  the  tanks  themselves  should  not 
only  be  emptied  of  the  sludge,  but  thoroughly 
cleansed  before  being  refilled. 

The  extent  of  tank  accommodation  needful 
will  depend  a good  deal  on  the  dilution  of  the 
sewage  to  be  dealt  with,  either  by  subsoil  or 
surface  waters,  or  by  both,  and  whether  the 
treatment  employed  be  intermittent  or  con- 
tinuous. The  following  gives  the  tank  capacity 
provided  at  certain  successful  works  : — 


Precipitation  Tank  Capacity. 


Place. 

Treatment. 

Population. 

No.  of 
tanks. 

Capacity  in 
gallons. 

Gallons 
per  head. 

Sraclford , . . . . 

Intermittent  

200.000 

34 

612,000 

3*o6 

■Coventry 

Intermittent  and  continuous 

b 

0 

0 

8 

1. 000. 000 

•22 

Hertford 

Continuous 

7>747 

6 

00 

b 

8 

•41 

Leyton  

Continuous 

40,000 

4 

1,000,000 

•25 

The  most  suitable  depth  for  tanks  is  from  5 
to  6 feet. 

It  may  be  worth  noting  the  rate  at  which 


the  precipitated  matters  deposit  when  the  treat- 
ment with  lime  and  sulphate  of  alumina  is 
efficient,  and  the  sewage  collected  in  tanks  of 
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5 ft.  6 in.  The  water  begins  to  clear  a few  ' 
minutes  after  the  cessation  of  agitation.  In  I 
thirty  minutes  it  clears  to  a depth  of  3 ft.,  with 
8 in.  precipitate,  while  after  two  hours  the 
precipitate  will  measure  4^^  inches  only. 

All  this  accomplished,  two  questions  re- 
main : — (i.)  Have  you  produced  such  an 
effluent  that  it  will  not  pollute  the  water- 
courses ? (2.)  Is  not  the  sludge  certain  to 

cause  a nuisance  ? 

That  a clear,  colourless,  non-frothing  effluent 
can  be  produced  by  mere  chemical  precipita- 
tion., is  not  a matter  of  opinion  but  of  fact. 
That  an  effluent  absolutely  without  smell  can 
be  produced,  I doubt.  The  smell,  however, 
of  the  effluent  from  properly  treated  sewage  is 
not  the  odour  of  sewage.  I have  never,  I 
candidly  confess,  found  an  effluent  without  a 
certain  smell.  I have  heard  a well-known 
authority  ascribe  it  to  the  presence  of  minute 
traces  of  essential  oils  or  strong  smelling 
bodies  {e.g".,  onions),  difficult  of  removal  by 
precipitants.  If  the  effluent  is  to  be  discharged 
into  the  sea,  or  into  a tidal  or  large  river  (say 
200  or  300  times  the  volume  of  the  effluent), 
this  odour  is  absolutely  immaterial  ; but 
where  great  purity  is  required,  eg.,  when  the 
effluent  has  to  be  discharged  into  a small 
stream  or  into  a river  employed  at  a short 
distance  from  the  outfall  for  drinking  purposes, 
some  further  treatment  is  called  for. 

Such  further  treatment  consists  either  (i)  in 
the  use  of  artificially  prepared  filter  beds,  such 
as  are  used  for  the  filtration  of  water,  or  (2)  by 
filtration  through  a small  area  of  land. 

Of  these  two  methods,  I prefer  the  latter. 
After  careful  consideration,  I consider  that 
for  this  purpose  an  acre  to  every  5,000  to 
7,000  people  (as  I have  before  noted)  is 
abundant.  I shall  not  discuss  any  question  of 
manurial  value,  although  I may  point  out  that 
the  ammonia  of  sewage  is  not  appreciably 
affected  by  ordinary  chemical  precipitants. 

(2).  Is  not  the  sludge  an  inevitable  cause 
of  nuisance  I confess  it  may  be,  and  often 
has  been.  Allowing  the  sludge  to  accumulate  1 
week  after  week  in  the  depositing  tanks,  is 


^ not  only  an  evil  (as  I have  pointed  out)  so 
I far  as  our  endeavours  to  procure  a good 
effluent  is  concerned,  but  an  unmitigated 
nuisance,  so  far  as  relates  to  the  sludge. 
Further,  the  old  method  of  emptying  the 
sludge  into  open  sludge  pits,  where  the  liquid 
portion  was  allowed  to  drain  away  and  to 
evaporate,  has  proved  a constant  cause  of 
just  complaint,  more  especially  in  warn^ 
weather.  I am  not  sure  whether  the  sludge,, 
under  these  conditions,  was  not  sometimes  a 
greater  nuisance  after  being  taken  out  of  the 
sewage  than  when  left  in  it.  Until  lately  the 
difficulty  of  the  disposal  of  the  sludge  was  one 
inherent  to  all  precipitation  works.  Until  lately 
I said — because  now  the  difficulty  is  overcome.. 

It  is  essential,  both  in  the  interests  of  the 
effluent  and  of  the  sludge,  that  it  should  be 
frequently  removed  from  the  tanks  — I mean 
that  the  sludge  should  be  removed  before 
putrefactive  decomposition  sets  in.  This 
frequent  removal  is  necessary  (i)  so  that  the 
effluent  may  not  be  polluted,  and  (2)  so  that  no 
nuisance  may  result  during  the  removal  of  the 
sludge  and  the  cleansing  of  the  tank.  For 
here  I must  express  a strong  opinion  that  it  is 
not  enough  merely  to  empty  the  tank  cf 
sludge,  but  it  is  imperative  that,  after  being 
emptied,  and  before  being  refilled,  the  tank 
should  be  well  cleansed— in  other  words,  that 
the  matters  which  stick  to  the  sides  of  the 
tank  should  be  completely  and  efficiently 
removed  to  prevent  nuisance  or  fouling  by 
subsequent  decomposition. 

It  would  be  outside  my  province  to  deal  with 
the  methods  of  raising  the  sludge  out  of  the 
tanks.  This  is  a purely  mechanical  question. 
The  sludge  is  a thick  black  liquid,  which  may 
be  pumped  out  of  the  tanks  or  lifted  out  by 
bucket  pumps  into  troughs,  which  serve  to- 
convey  it  wherever  it  may  be  wanted. 

I am  indebted  for  the  following  Table  to  the 
manager  of  a sewage  works  in  a residential 
neighbourhood  of  a population  of  18,000.  The 
process  used  is  lime  and  sulphate  of  alumina, 

1 The  sewage  is  pressed  in  one  of  Johnson’s 
presses  : — 


Sludge.  Amount  per 

day  in  tons. 

Amount  per 

Amount  per 

Amount  per  head 

Amount  per 
annum  in  tons. 

million  gallons  of 
sewage  in  tons. 

million  gallons  of 
sewage  proper 
in  tons. 

of  population 
per  annum  in  cwts. 

Cost  per  ton. 

^^^et 3375 

12,319 

44'53 

67-5 

137 

lod. 

Pressed  ....  6 '04 

2,205 

8 

12 

2-45 

4S.  7d. 

The  record  of  sludge  begins  on  February  i6th,  I sludge  is  got  by  a series  of  eighty  different  actual 
1885,  and  ends  on  February  i6th,  1886.  The  wet  1 measurements  on  various  days  throughout  the  year 


1184 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


{^October  8,  1886. 


The  pressed  sludge  is  got  by  keeping  a record  of  the 
number  of  times  the  presses  were  emptied  on  every 
day  in  the  year.  A cubic  yard  of  wet  sludge  is  taken  as 
weighing  -98  of  a ton,  and  a cubic  yard  of  pressed  sludge 
as  weighing  75  of  a ton  (actual  determinations). 


The  following  details  are  taken  from 
Mr.  Lacey’s  Report  to  the  Brentford  Local 
Beard,  on  “The  Disposal  of  Sewage 
Sludge  — 


The  Disposal  of  the  Sludge  at  Various  Towns. 


I. 

Left  to  dry  in 
open  pits,  and”[ 
given  or  sold 
to  farmers. 

II. 

Run  on  land, 
or  dug  in 
and 

deposited. 

III. 

Mixed  with  house 
refuse  and  given 
to  farmers,  or 
used  on  own  land. 

IV. 

Partly  air 
dried, 

and  burnt  in 
kiln. 

V. 

Dried, 

and 

made  into 
cement. 

VI. 

Pressed 

in 

filter 

presses. 

VII. 

IMixed  with 
house  refuse  and 
burnt  in 
destructor. 

Atherton,  12,602.* 
Bacup,  25,034. 
Burton-  on-Trent, 
41,500. 

Chester,  37,000. 

Ely,  8,171. 
Derby,  89,690. 
Leicester,  130,000. 
Luton,  28,000. 
Over  Danvdn, 
36,000. 

Twickenham, 

13,200. 

Taunton. 

t Birmingham, 
605,000. 

Redditch,  10,500. 
Royal  Learning-  ; 
ton  Spa,  24,000.  i 
Walthamstow,  ' 
30,000. 

Windsor,  12,500. 

\ 

Epsom,  8,000. 
Northampton, 
55,000. 

Wellingborough, 

i4,coo. 

Salford, 

180,000. 

Burnley,  68,000. 

+ Croydon  Rural, 

25.000. 

\ Coventry, 

47.000. 

II  Lejdon,  38,000. 
^ Wimbledon, 

20.000. 

**  Chiswick, 

Ealing,  18,000. 

® The  number  after  each  town  is  the  estimated  population. 

t 479  cubic  yards  daily  ; i acre  of  land  used  weekly  ; treatment  repeated  every  third  year. 
+ Sold  at  IS.  6d.  per  ton. 

\ Cost  of  pressing  per  ton  of  cake  2s.  6d.  Sold  at  2S.  6d.  per  ton. 

II  Cost  of  pressing  per  ton  of  cake  is.  8d.  Cleared  free  of  cost. 

^ Cost  of  pressing  per  ton  of  cake  3s.  6d.  to  3s.  gd.  Sold  at  is.  per  ton. 

**  Cost  of  pressing  per  ton  of  cake  3s.  4d. 


It  will  be  convenient  at  this  point  to  consider 
the  amount  of  sludge  produced,  its  value  as  a 
manurial  agent,  and  the  methods  suggested  for 
its  disposal. 

I.— Amount  of  Sludge. 

The  quantity  of  sludge  varies  enormously, 
according  to  the  amount  of  sewage,  and  the 
precipitants  employed.  Thus,  at  Coventry  the 
sludge  from  1,000,000  gallons  is  about  12-5 
tons,  whereas  at  Birmingham  it  varies  from 
25  to  33  tons. 

The  quantity  of  sludge  produced  from  a 
given  quantity  of  sewage  will  vary  according 
to  local  circumstances  and  conditions;  such  for 
instance  as  the  character  of  the  soil,  the  con- 
dition of  the  streets  and  roads,  whether  sur- 
face water  be  wholly  or  in  part  admitted  to  or 
excluded  from  the  sewers,  whether  manufac- 
turing refuse  is  included  in  the  sewage  to  be 
treated,  whether  or  no  the  w.c.  be  in  general 
use,  and  whether  the  process  of  precipitation 
be  complete  and  efficient  or  only  partial. 


In  a town  where  w.c.’s  are  in  general  use, 
where  the  soil  is  of  gravel  and  sand,  where 
surface  water  is  partially  admitted  into  the 
sewers,  where  there  are  no  manufactories,  and 
where  precipitation  is  well  and  efficiently  done 
with  chemicals  of  moderate  bulk,  the  proportion 
of  pressed  sludge  containing  50  per  cent,  of 
moisture,  may  be  taken  at  *6  (six  tenths)  of  a 
pound  per  head  per  day,  or  about  2 tons 
14  cwt.  daily  per  10,000  of  the  population. 

The  principle  is  right : — Consistent  with 
efficiency,  produce  as  little  sludge  as  prac- 
ticable; and  this  for  two  reasons— (i),  that 
if  it  has  any  value,  you  secure  its  maximum 
value ; whilst  (2)  if  it  has  no  value,  you  have 
the  less  to  get  rid  of.  Thus  with  some  pre- 
cipitants you  get  a large  volume  of  valueless 
sludge.  With  sulphate  of  alumina  you  get 
comparatively  little  sludge,  but  a material  of 
greater  value.  Of  course  it  may  be  argued 
that  the  more  sludge  you  obtain,  the  more 
perfect  has  been  the  removal  of  the  impurities 
1 of  the  sewage.  This  may  or  may  not  be  true. 
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II.  Composition  and  Value  of  Sludge. 

l am  anxious  at  once  to  say  that  I place  no 
intrinsic  value  on  the  sludg'e  whatsoever.  An 
estimate  of  the  value  of  sludge  from  different 
places  has  been  given  on  high  authority,  but  it 
is  better  to  regard  the  sludge  as  a thing  to  be 
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got  rid  of,  and  as  a thing  which,  to  be  got  rid 
of,  must  cost  money  and  may  not  bring  money. 
The  following  Table  of  the  analyses  of  sludge 
from  various  places,  and  by  various  methods  of 
precipitation,  have  been  given  by  iJr.  Wallace 
as  follows : — 


Analyses  of  Sewage  Sludge  (AiR-DRiEid- 


Name  of  Town. 

Ayles- 

bury. 

Birmingham. 

Bolton. 

Bradford. 

Coventry. 

Lc. 

L-ds. 

I.ei- 

ccstcr. 

Wind- 

sor. 

Process  of  Precipitation. 

ABC 

Lime. 

I 2 

Lime  & 
Char- 
coal. 

I.ime. 

Sulphate  of 
Alumina. 

Modi- 
1 fifd 
ABC 

Han- 

son’s 

process. 

Lime. 

1 ~ 

Hille’s 

proi  -is. 

Date. 

1879 

1879 

1879 

1879 

1876 

1879 

1877 

1879 

1 1876 

1876 

1879 

i'<77 

"Water 

Organic  matter,  car- 

I2‘6o 

1270 

13-16 

i4‘34 

8-90 

6-92 

14-04 

10-04 

9*56 

16-40 

[ 11*93 

11-76 

bon,  &c / 

35"6o 

19-19 

20-0| 

26-18 

33*75 

34*53 

20-58 

23*09 

20-82 

27-92 

22-18 

12-1O 

Phosphoric  acid  

2'II 

•40 

-72 

-62 

-80 

*73 

1*56 

2-07 

*75 

1-21  i 

1-21 

•87 

Sulphuric  acid 

2"]0 

i’45 

■35 

-61 

-64 

1*74 

1*32 

'56 

2*15 

1-02 

*51 

'49 

Carbonic  acid 

7-62 

8-53 

8-30 

10-53 

13*77 

6-64 

5*71 

8-42 

13*11  1 

15*25 

22-71 

Lime  

2'i8 

ii‘i9 

12-74 

14*50 

16-90 

20"27 

9 16 

6-65 

9-68 

17*51  - 

20- 16 

31*09 

Magnesia  

•18 

•90 

i’37 

1-06 

1-66 

5*07 

-86 

-61 

5 64 

7-67  ^ 

1-48 

1-58 

Oxide  of  iron  

6’20 

2-70 

3-20 

1-98 

2-II 

2-or 

414 

2-66 

4 6i 

2*32 

2-66 

, i-^v< 

Alumina 

675 

2-68 

2-58 

1*97 

3*49 

3*89 

4*13 

5*80 

704 

630  1 

1*63 

2-31 

Sand,  &c 

3370 

4^'i3 

37'93 

29-50 

2I-80 

10-23 

37*83 

42-00 

31-60  1 

7-36 

22  30 

14  16 

IOI’22 

99-96 

100-62 

lOQ-Ob 

ioo’58 

9916 

100-26 

99-16 

10016 

100-36  1 

99*3 1 

: 9V71 

Phosphate  of  lime  

4-61 

•87 

i'57 

1*35 

I 74 

I 59 

3*40 

4*52 

1*39 

1-64  I 

2-64 

1-90 

Nitrogen 

r6o 

■52 

■49 

-61 

-62 

-66 

-92 

1-27 

-66 

-70 

1-08 

*52 

Equal  to  ammonia 

1-94 

•63 

-60 

■74 

-76 

-80 

i-ii 

I 55 

-80 

•84  ■ 

1*31 

■63 

5. 

j.  ,t. 

X.  1 

s.  d. 

s.  d. 

X.  d.. 

s.  d. 

X.  d. 

Calculated  value  per  ton  . 

33 

10  9 

II  5 

13  4 

15  I 

15  4 

20  1 

27  2 

14  2 

17  2 

21  7 

11  5 

A Table  by  Dr.  Voelcker  on  the  estimated  I 
and  market  values  of  one  ton  of  sludge  from  ! 
places  stated  is  given  on  p.  1186.  | 

The  old  system  consisted  in  merely  placing  I 
the  sludge  in  pits,  and  allowing  it  to  air-dry,  j 
In  this  condition  it  was  sold  or  given  to  the  j 
farmers.  I may  mention  here  that  a sludge  con-  | 
taining  90  per  cent,  of  moisture  can  be  reduced  ; 
to  80  per  cent,  by  forty-eight  hours’  draining,  to  I 
75  per  cent,  by  three  days’  draining,  and  to  ! 
71  per  cent,  after  a week’s  draining.  After 
this  air  dr}dng  is  comparatively  slow,  although  ' 
no  doubt  the  admixture  of  porous  substances  ! 
would  render  drying  more  rapid  and  more  1 
complete. 


III.— Disposal  of  the  Sludge. 

I.  Johnson'' s Process. — By  this  process  the 
liquid  portion  of  the  sludge  is  extracted  by 
pressure  in  a series  of  compartments.  Each 
compartment  is  provided  with  a canvas  cloth, 
which  acts  as  a strainer,  and  retains  the 
solids  as  the  liquid  passes  through.  The 
sludge  is  driven  into  the  compartments  by 


compressed  air,  100  to  120  lbs.  per  square 
inch,  until  they  can  hold  no  more.  On  open- 
ing the  press,  a solid  cake  of  compressed 
sludge  is  found  in  each  compartment.  The 
cake  is  compact,  easily  handled,  and  practi- 
cally has  no  smell.  It  has  a certain  manorial 
value. 

It  is  worth  while  to  consider  a few  details  of 
pressing.  The  sludge,  as  precipitated,  con- 
tains on  an  average  90  per  cent,  of  water, 
whilst  the  pressed  sludge  cake  contains  50 
per  cent.  By  simple  air  drying,  the  50  per 
cent,  of  moisture  may  be  reduced  to  less  than 
20  per  cent.  Thus  in  ever}'’  ton  (2,240  lbs.)  of 
unpressed  sludge,  2,016  lbs.  is  moisture,  and 
224  lbs.  solid  matter.  After  pressure,  the 
224  lbs.  of  solid  matter  holds  about  224  lbs. 
of  moisture,  the  removal  of  1,792  lbs.,  or  about 
179  gallons,  of  water  having  been  effected. 
The  time  occupied  in  the  compression  of  5 
tons  is  about  one  hour.  The  sludge  cake, 
according  to  Monro,  contains  from  0'6  to  0*9 
per  cent,  of  nitrogen,  and  over  i per  cent,  of 
phosphoric  acid.  It  has  been  the  practice  to 
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Estimated  and  Market  Values  of  One  Ton 
OF  Sludge  from  Places  Stated  (Voelcker). 


Estimated  or 
theoretical 
value.* 

Practical  or 
market  value.t 

I.  Bolton  sludge  (M  and  C i 
process) ) 

S.  d. 

0 9 8J 

s.  d.  s.  d. 

3 3 to  4 10 

2.  Bolton  sludge,  15  per  1 
cent,  of  moisture  ’ 

III 

7 0 to  10  6 

3.  Bradford  sludge  before^ 
lime  was  added 1 

0 II  oj 

3 8 to  5 6 

4.  Bradford  sludge  with  15  1 
per  cent,  of  moisture  ...  1 

0 19  3 

6 5 to  9 6 

5.  Bradford  sludge  after  1 
treatment  with  lime ) 

048 

I 6 to  2 4 

6.  Bradford  sludge  with  15  1 
per  cent,  of  moisture  ...  > 

100^ 

6 8 to  10  0 

7.  Aylesbury,  ABC  sludge  . 

084^ 

2 9 to  4 2 

8.  Aylesbury,  ABC  sludge  . 
with  15  per  cent,  of? 

0 16  8^ 

5 6 to  8 4 

moisture ^ 

9.  Coventrysludgeof Gene-  1 

0 16  9^ 

t;  6 to  8 4 

ral  Sewage  Manure  Co.  ’ 
II.  Rochdale  manure 

0 15  iii 

Cn  < 

0 

00 

0 

12.  Halifax  manure  by  | 
Goux’s  process J 

0 17  7 

5 10  to  8 9 

* Calculated  on  the  supposition  that  phosphate  of  lime  is 
worth  id.  per  lb. ; potash  2d.,  and  nitrogen  (as  ammonia) 
at  8d. 

+ By  this  is  implied  its  value  as  compared  with  good  farm- 
yard manure,  which  has  a theoretical  value  of  15s.  yd.,  its 
market  value  being  from  5s.  to  ys.  6d.  per  ton. 


run  back  the  liquid  expressed  from  the  sludge 
into  the  sewer,  to  be  re-treated.  Professor 
Dewar  and  myself  have  pointed  out  that  this 
course  is  unadvisable.  The  liquid  thus  ex- 
pressed is  exceedingly  foul,  although  perfectly 
clear,  and  does  not  readily  lend  itself  to 
ordinary  chemical  precipitation.  I will  merely 
note  that  it  requires  separate  treatment,  and 
that  our  experiments  indicate  that  chloride  of 
lime  or  perchloride  of  iron  in  larger  amount 
than  is  required  for  ordinary  sewage  may  be 
rendered  effective  for  the  purpose. 

The  manorial  value  of  the  pressed  sludge 
cake  from  Coventry,  Leyton,  and  West  Ham, 
has  been  the  subject  of  careful  investigation 
by  Dr.  Monro,  from  whom  I have  abstracted 
the  per-centage  details  of  experiments  on  the 
dried  sludge  given  in  Table  on  next  column. 

The  phosphoric  acid  in  sewage  sludge  is 
chiefly  in  combination  with  alumina.  Dr. 
Monro  notes  that  whilst  Coventry  sewage  con- 
tains much  manufacturing  refuse  from  dye- 
works,  and  West  Ham  sewage  the  refuse  from 


Per-centage  De  tails  of  Experiments  on  the 
Dried  Sludge. 

Coventry  sludge  dried. 
Precipitants,  lime  and 
sulphates  of  alumina 
ami  iron  (filtration). 

Leyton  sludge  dried. 
(Precipitants  like 

I Coventry). 

West  Ham  sludge 
dried.  (Precipitants, 
sulphate  of  alumina 
and  lime.) 

Organic  matter  

26'I4 

26'o8 

w 32 

Containing  nitrogen 

1*36 

i'35 

1-82 

Potash  

O' 30 

o'34 

0'22 

Total  P2O5 

2'^3 

2'04 

2'57 

Soluble  P2O5 

1*37 

i'6g 

1-24 

industries  of  a most  varied  and  polluting 
character,  Leyton  is  a rural  and  suburban 
district,  having  no  manufactures  of  any  kind 
contributing  to  the  sewage. 

Dr.  Monro  has  practically  tested  the  agri- 
cultural value  of  these  pressed  sludge  cakes, 
for  the  details  of  which  the  reader  is  referred 
to  his  original  paper.  Good  crops  of  swedes 
were  obtained.  The  three  sludges  gave  almost 
identical  results  as  regards  yield.  The  follow- 
ing were  the  results  obtained  by  him  with 
different  dressings  for  comparison  : — 

Results  Per  Acre. 

Tons.  Cwt. 


1.  10  tons  farmyard  manure 13  11^ 

2.  4 cwt.  superphosphate ii  2\ 

3.  5 tons  Leyton  sludge  10  4 

4.  5 tons  farmyard  manure  10 

5.  5 tons  West  Ham  sludge  9 8^ 

6.  5 tons  Coventry  sludge  9 6^ 

7.  2 cwt.  superphosphate  with  2 cwt. 

of  nitrate  9 Si 

8.  2 cwt.  superphosphate 9 45 

9.  2 cwt.  coprolite 8 15^ 

10.  4 cwt.  coprolite 7 10 

11.  Unmanured  5 18 


From  these  details  it  is  evident  that  the 
air-dried  filter-pressed  cake  has  a certain 
manurial  value— at  any  rate,  about  equal  to 
farmyard  manure — which  possibly,  consider- 
ing how  easily  it  may  be  stored  without 
causing  a nuisance,  may  be  worthy  of  being 
considered  more  fully  than  it  has  at  present. 
It  is  worth  noting  that,  although  the  newdy 
pressed  cake  is  richer  in  nitrogen  than 
farmyard  manure,  and  contains  more  than 
double  the  amount  of  phosphoric  acid, 
still  that  the  manurial  value  is  not  greater, 
weight  for  weight.  This  Dr.  Monro  explains 
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by  differences  of  physical  condition,  viz.,  the 
loose  texture  of  farmyard  manure  compared 
with  the  compact  condition  of  the  sludge 
cake ; the  physical  state  of  the  one  being  as 
favourable  to  rapid  oxidation  and  disintegra- 
tion, as  that  of  the  other  is  unfavourable. 
To  overcome  this  difficulty,  Dr.  Monro  sug- 
gests tne  reduction  of  the  cake  to  a fine  state 
of  subdivision. 

The  cost  of  procuring  the  sludge  is  stated 
by  Mr.  Hutchinson  (to  whose  excellent  paper 
I must  refer)  as  from  2s.  to  2s.  6d.  per  ton  at 
Coventry.  I have  no  records  as  to  what  the 
further  cost  of  grinding  would  involve. 

The  Johnson  process  is  at  work  at  Croydon 
Rural,  High  Wycombe,  Coventry,  Leyton, 
Blackburn,  and  Aylesbury. 

(2.)  j\Iajor-Gene7'al  Scott's  Process. — This 
is  adopted  at  Burnley.  The  lime  precipitated 
sludge  {i.e.,  lime  and  organic  matter)  is  drained 
until  it  contains  about  65  per  cent,  of  moisture. 
The  sludge  at  this  stage  is  tested  as  to  the 
amount  of  lime  present,  more  being  added  if 
necessar}^  The  mass  is  now  dried  by  heat, 
and  finally  burnt  in  kilns.  The  residual  clinker 
is  ground,  and  used  as  an  hydraulic  cement 
(Portland  cement).  The  cement  is  said  to 
have  a tensile  strength  of  350  lbs.  per  square 
inch  after  immersion  in  water  for  seven  days, 
and  to  be  worth  35s.  per  ton. 

It  is  evident  that  the  composition  of  sewage 
sludge  varies  not  only  in  different  towns,  but 
in  the  same  town  at  different  times.  It  is  not 
quite  clear  how  far  this  process  can  be  worked 
so  as  to  secure  that  which  engineers  know  to 
be  so  important,  viz.,  a cement  of  constant 
character.  (See  paper  by  Granville  Cole, 
Ph.D.,  Society  of  Arts  Conference,  1879, 
P-  1370 

The  cost  of  drying  is  7s.  per  ton.  The  coke 
employed  for  burning  averages  is.  qd.  per  ton, 
and  the  labour,  &:c.,  15s.  per  ton. 

Major  Scott  has  suggested  that  in  the  case 
of  the  London  sewage  both  a manure  and  a 
cement  might  be  prepared. 

In  the  Journal  of  the  Society  of  Arts, 
November  28,  1879,  he  suggests,  in  the  treat- 
ment of  sewage,  that  the  primary  separation 
of  the  coarser  mineral  suspended  matter  should 
be  effected  in  a first  tank,  a sufficient  period  of 
rest  being  afterwards  allowed  for  the  subsi- 
dence (not  the  artificial  precipitation)  of  the 
lighter  suspended  matters  in  a second  tank. 
The  sludge  of  this  second  tank  {i.e.,  after  the 
watery  portion  has  been  drawn  off)  is  to  be 
treated  with  about  two-thirds  its  weight  of 
milk  of  lime,  sufficient  superphosphate  being 
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afterwards  added  nearly  to  neutralise  the  lime. 
(The  superphosphate  is  to  be  prepared  by 
mixing  20  cwt.  of  Cambridge  coprolites  with 
17  cwt.  of  brown  sulphuric  acid,  sufficient 
water  being  added  to  render  the  mixture  almost 
fluid).  By  this  treatment  the  mixture  the 
states)  becomes  surprisingly  inodorous,  and 
dries  with  rapidity.  The  cost  of  chemicals 
he  values  at  i6s.  6d.  per  ton  of  prepared 
manure,  its  removal  from  the  tanks  and  sub- 
sequent drying  being  3s.  6d.  He  considers  it 
worth  ^3  los.  per  ton.  The  sewage,  or  liquid 
portion  of  the  second  tank,  from  which  the 
organic  matter  has  been  recovered,  is  then  to 
be  treated  with  lime,  and  the  precipitate  thus 
obtained  made  into  a cement. 

Major  Scott  seems  to  have  overlooked  the 
difficulty  of  effecting  precipitation  of  the 
suspended  matters  of  sewage  (such  as  he  is 
desirous  of  obtaining  in  the  second  tank)  with- 
out the  use  of  precipitants.  Further,  a limed 
sludge,  when  dried,  is  certain  to  lose  ammonia, 
in  other  words,  is  certain  to  lose  manurial 
value. 

The  deposit  in  the  first  tank  Major  Scott 
proposed  should  be  burnt  in  a destructor  with 
waste  cinders,  and  be  used  to  reclaim  a portion 
of  the  marshes.  At  any  rate  (he  justly  con- 
siders) it  ought  not  to  be  allowed  to  pass  into 
the  river. 

(3.)  Destructor. — The  destructor  has  been 
carried  to  its  greatest  state  of  perfection  at 
Ealing,  under  the  ingenious  and  careful 
management  of  Mr.  Charles  Jones.  In  this 
case,  however,  the  ashes  of  the  district  are 
mixed  with  the  sludge.  The  chemicals  used 
for  precipitation  are  ii’5  grains  of  clay  and 
about  10  grains  of  lime  per  gallon,  a little  iron 
and  alumina  being  also  used.  The  sewage 
treated  comes  from  a population  of  about 
18,000,  and  is  equal  to  600,000  gallons  dail}’. 
About  157  cubic  yards  of  sludge  are  obtained 
per  week.  This  is  mixed  with  about  100  cubic 
yards  of  ashes  and  house  refuse.  Before  the 
mass  is  burnt  in  the  destructor,  about  25  per 
cent,  of  the  liquid  portion  is  allowed  to  drain 
away. 

It  may  be  advisable  here  to  note  the  diffi- 
culties that  have  been  met  with  generally  in 
the  use  of  destructors  : — 

I.  An  escape  of  vapours  that  prove  more  or 
less  offensive  at  a considerable  distance  from 
the  shaft.  This  depends  on  the  materials 
having  undergone  incomplete  burning,  in  other 
words,  that  the  materials  in  the  destructor 
have  been  subjected  to  destructive  distillation 
(in  which  case  the  products,  consisting  of 
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various  empyreumatic  vapours,  are  offensive), 
rather  than  combustion,  in  which  case  the 
products  would  be  simply  water  and  carbonic 
acid,  and  inoffensive.  No  doubt,  until  lately, 
the  escape  of  unburnt  and  partially  burnt 
vapours,  a very  small  quantity  of  which 
sufficed  to  cause  a nuisance,  have  proved  a 
serious  objection  to  the  use  of  destructors. 

2.  The  escape  from  the  shaft  of  unburnt  or 
partially  charred  paper,  fine  sand,  &c.,  at 
certain  stages  of  the  process. 

I do  not  hesitate  to  say  that  both  of  these 
difficulties  are  met  in  Jones’  destructor.  This 
has  been  done  by  mixing  the  sludge  with  the 
house  ashes,  thus  assisting  effective  combus- 
tion. Mr.  Jones  lays  down  that  every  town 
supplies  sufficient  house  refuse  to  burn  its 
sludge.  The  main  point,  however,  on  which 
he  relies,  is  the  construction  of  a muffle  furnace 
(a  fume  destroyer,  as  he  calls  it)  between  the 
furnace  and  the  main  shaft.  As  a result,  not 
only  is  a greatly  increased  draught  secured, 
but  the  combustion  of  unburnt  vapours  dis- 
charged from  the  furnace  in  which  the  sludge 
is  placed  is  secured.  I may  add  that  Mr. 
Jones  informs  me  that  the  muffle  furnace  is 
kept  going  at  a cost  of  is.  6d.  per  day,  but 
that  this,  in  addition,  gives  lolbs.  of  steam  for 
engine  purposes.  He  obtains,  as  a residuum 
from  the  furnace,  25  per  cent,  of  hard  clinker, 
which  is  utilised  in  various  ways,  viz.,  for 
artificial  stone,  road-making,  &c. 

Various  suggestions  for  what  may  be  called 
fortifying  the  sludge  have  been  suggested. 
Thus,  Colonel  Jones,  of  Wrexham,  after  drying 
the  sludge  to  20  per  cent,  of  moisture,  adds  to 
every  12  parts  7 parts  of  raw  bone  meal  and 
one  part  of  sulphate  of  ammonia. 

I do  not  propose  discussing  other  suggestions 
for  the  disposal  of  sludge,  such  as  the  separa- 
tion of  the  water  by  centrifugal  machines — 
converting  the  sludge  into  a fuel  by  admixture 
with  other  waste  products  — its  conversion  into 
a combustible  gas—  making  it  into  bricks,  &c. 
(Monson).  These  suggestions  are  scarcely 
practical. 


The  question  of  cost  must  be  considered  in 
conjunction  with  (i)  the  quantity  of  the 
sewage,  (2)  the  quality  of  the  sewage  (that  is, 
the  nature  of  the  sewage  other  than  mere 
excreta),  (3)  the  flow  per  head,  and  (4)  the 
standard  of  excellence  required. 

As  regards  quantity,  I wish  to  say  that  you 
cannot  apply  the  cost  of  treating  small  volumes 
of  sewage  to  the  cost  of  treating  large  volumes. 


the  treatment  of  the  former  being  more  easily 
effected  than  the  latter. 

Prices  of  Chemicals. 

Green  copperas  or  proto- sulphate  of  iron  can  be 
obtained  for  about  20s.  per  ton. 

Lime  can  be  obtained  from  los.  to  15s.  per  ton. 

Suphate  of  aluminia  can  be  obtained  from  46s.  6d. 
per  ton,  as  per  following  analysis  : — 


Moisture 5-94 

Crystalised  sulphate  of  alumina. . . . 7 7 '44 

,,  sulphate  of  iron 4-00 

Sulphates  of  alkalies  and  sulphuric 

acid 6-82 

Insoluble  iron  and  alumina 5-80 


100*00 

The  annual  cost  of  thoroughly  and  efficiently 
treating  the  sewage  of  Coventry,  pressing 
the  whole  of  the  sludge,  &c.,  exclusive  of  in- 
terest on  plant,  land  and  depreciation — the 
population  contributing  being  45,000  persons, 
and  the  sewage  containing  large  quantities  of 
dye  and  manufacturing  refuse— is  ^2,800  per 
annum,  an  amount  equal  to  is.  3d.  per  head. 

The  cost  at  Hertford,  where  the  sludge  is 
not  pressed,  and  manufacturing  refuse  is 
absent,  with  a population  of  7,747,  is  ;^570 
per  annum,  equal  to  is.  5^d,  per  head. 


A few  words  only  on  the  analysis  of  sewage. 
No  single  analysis  of  a sewage  effluent  is 
satisfactory  as  proof  of  good  or  of  inefficient 
working.  Knowing  as  we  do  that  sewage 
varies  from  hour  to  hour,  no  accurate  con- 
clusion can  be  drawn  as  to  the  composition  of 
the  raw  sewage  or  of  the  effluent,  except  by 
collectinghalf  hourly,  oratleast  hourly,  samples 
during  one  entire  period  of  twenty-four  hours, 
and  the  various  samples  mixed  in  the  propor- 
tion of  the  fluid.  The  analysis  of  a sample 
of  raw  sewage  and  of  an  effluent  taken  about 
the  same  time  are  not  comparable,  because 
the  passage  of  the  sewage  through  the  tanks 
is  commonly  the  work  of  some  hours.  Sup- 
posing, for  example,  I collect  a sample  of  twelve 
o’clock  sewage  and  a sample  of  effluent  at  the 
same  time,  the  twelve  o’clock  sewage  may  be 
the  very  strongest  sewage  of  the  day,  whilst 
the  effluent  sample  is  the  effluent  of  the  very 
weakest  sewage.  Precisely  the  opposite  con- 
dition may  occur,  viz.,  that  I may  compare  the 
effluent  of  the  strongest  sewage  with  the 
weakest  raw  sewage  delivered. 

Further,  in  all  cases  where  analyses  are 
made  for  test  purposes,  the  weather  should  be 
noted,  the  rainfall  and  the  flow  being  compared 
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with  the  tiverag-e  flow.  For  accurate  purposes 
a normal  condition  of  flow  should  be  selected, 
and  comparison  made  between  the  average  of 
twenty-four  hours’  sewage  and  twenty-four 
hours’  effluent. 


As  regards  the  analysis  of  sewage,  it  is 
advisable  to  estimate  the  quantity  of  the  matters 
in  suspension,  and  in  these  the  amount  of 
mineral  and  organic  (with  volatile)  matters. 
In  addition  to  this,  I have  of  late  adopted 
the  system  of  estimating  the  organic  carbon 
and  nitrogen,  and  the  oxygen  required  to 
oxidise  the  organic  matter  in  the  effluent  with- 
out removing  the  suspended  matter.  Seeing 
that  the  real  issue  is  the  condition  of  the 
effluent,  I consider  this  method  preferable  to 
an  analysis  of  the  clear  effluent  after  the  re- 
moval of  the  suspended  matter. 

I propose  the  following  form  as  one  which 
conveys  the  best  information  that  chemistry 
can  afford  as  to  the  chemical  composition  of 
a sewage  and  of  an  effluent ; — 

Jhe  results  a7'e  state!  in  grains  per  impei'ial  gallon 
of  70,000  grains. 

^Matters  in  Suspension — Total .... 

(a)  Organic  and  volatile. . 

()3)  Mineral 

The  following  details  have  been  obtained  from  the 
effluent  without  the  removal  of  the  suspended 
matters  : — 

Total  solids  (suspended  and  dissolved) 

Ammonia  

Chlorine 

n:  Chloride  of  sodium 

Nitrogen  (as  nitrites  and  nitrates)  .... 

Oxygen  required  to  oxidise  organic  matter 

Organic  carbon  

Organic  nitrogen  


To  get  rid  of  excretal  filth  with  the  least 
possible  delay  is  no  doubt  the  teaching  of 
sanitary  science.  The  advocates  of  the  water- 
closet  urge  that  w’ater  as  a vehicle  to  carry  the 
refuse  commends  itself  to  us  on  the  ground  of 
convenience,  cleanliness  and  cheapness.  They 
would  compare,  with  plausible  argument,  the 
natural  power  of  gravitation  (such  as  is  made 
use  of  in  the  water-closet)  wuth  an  organisa- 
tion of  men  and  carts  (such  as  is  required  by 
the  dry  earth  system).  The  advantages,  at 
first  sight,  seem  all  on  one  side.  Facts,  how- 
ever, point  in  an  opposite  direction.  Dilution 
w’ith  water  is  the  best  known  method  of 
rendering  practically  useless  whatever  is  valu- 
able in  sewage — indeed,  worse  than  useless. 
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an  ungovernable  nuisance.  The  excreta  of 
animals  are  no  doubt  intended  for  the  food  of 
plants,  and  for  our  use  through  their  inter- 
vention. Of  course,  do  what  we  will,  nature 
will  assert  herself  and  her  plans.  But  nature 
is  embarrassed  by  our  meddlesomeness.  Tbe 
nutritive  food  of  the  plant  we  drown  in  water, 
our  ingenuity  failing  when  we  attempt  to  deal 
with  the  filthy  mixture.  We  cannot  utilise 
it,  unless  we  abandon  all  sanitary  precautions  ; 
it  pollutes  our  air,  renders  our  ground  a 
stinking  morass,  and  defiles  our  watercourser . 
Thirty  gallons  of  water  daily  per  head  is 
brought  to  us  who  live  in  London,  from  pure 
sources,  atgreatcost,  and  with  greatengineering 
skill ; filtered,  often  refiltered,  with  extraordinary 
care  ; stored  with  scrupulous  anxiety  ; analysed 
by  one  chemist  after  another.  It  is,  however, 
a striking  fact  that  only  i-qoth  part  of  the 
entire  water  supply  is  used  for  drinking 
purposes,  a large  quantity  being  destined  to 
become  the  diluent  of  our  sewage,  to  perplex 
us  by  its  quantity,  to  bother  us  by  its  useless- 
ness, and  to  steal  our  health  by  the  perpetual 
nuisance  it  occasions. 

I desire  to  acknowledge  my  indebtedness  in 
the  preparation  of  this  paper  to  numerous 
friends.  Amongst  others  I cannot  forbear 
mentioning  Professor  Dewar,  Air.  Hawksley, 
Air.  Alansergh,  and  Air.  Alelliss. 


Miscellaneous. 

♦ 

GERMAN  TRADE  IN  THE  LEVANT 

In  a recent  report  to  the  Italian  Alinister  of  Foreign 
Affairs  on  trade  with  the  Levant,  the  supremacy  of 
the  German  traders  over  those  of  other  nations  in  the 
East,  is  attributed  to  their  being  the  most  expert  and 
enterprising.  In  the  first  place  they  are  the  first  in 
the  field  to  offer  their  goods,  obtaining  where  it  is 
possible  every  facility  as  regards  means  and  cost  of 
transport,  and  even  taking  their  goods  in  many  cases 
to  the  place  of  consumption.  The  numerous  German 
houses  that  have  been  established  of  late  years,  and 
which  are  constantly  increasing,  are  exceedingly  active 
in  making  the  goods  of  their  country  known  in  the 
Levant ; they  give  most  reliable  and  detailed  informa- 
tion to  their  correspondents  at  home,  and  repre- 
sent German  firms  on  most  moderate  terms ; and 
whilst  a host  of  commercial  travellers  of  the  same 
nationality  are  busily  engaged  in  obtaining  orders  in 
every  little  town  and  village,  the  numerous  com- 
mercial firms  established  at  all  the  ports  and  large 
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towns  are  looking  after  the  interests  of  the  houses 
that  they  represent.  The  German  firms  established 
in  the  Levant,  endeavour  and,  generally  speaking, 
manage  to  keep  the  trade  entirely  in  the  hands 
of  their  countrymen,  to  the  exclusion  of  firms  of 
every  other  nationality,  aud  especially  the  native 
ones,  because  in  the  case  of  complaints  and  difficulties 
arising  with  the  local  authorities,  German  political 
pressure  and  inffuence  can  be  brought  to  bear  in  order 
to  get  the  question  settled  in  their  own  favour  and 
without  delay. 

Another  cause  which  is  said  also  to  have  contributed 
greatly  to  the  success  of  German  traders,  is  the 
defective  system  adopted  by  the  English  and  French 
•merchants,  and  which  their  energetic  rivals  know  so 
well  how  to  avoid.  The  English  and  French,  as  a 
■rule,  adhere  to  their  ancient  customs,  dealing  only 
with  the  large  Levantine  traders  in  the  principal 
towns.  The  German  commercial  traveller,  on  the 
other  hand,  may  be  found  in  the  most  remote  and  out- 
of-the-way  places,  pushing  his  goods  right  and  left, 
calling  upon  and  driving  bargains  with  the  smallest 
shopkeeper,  and  rarely  going  away  without  having 
obtained  an  order.  It  often  happens  that  several 
^rms  engage  the  same  person,  so  that  it  is  not 
unusual  to  meet  a traveller  offering  stuff's,  paper, 
spectacles,  perfumery,  watches,  patent  medicines, 
&c.,  in  the  same  little  town.  In  this  way  he  makes 
a large  connection  which  is  carefully  kept  up  by  the 
local  German  agents,  who  are  especially  chosen  for 
that  purpose.  In  their  periodical  visits  the  German 
commercial  travellers  take  every  opportunity  of 
examining  whatever  articles  of  French  or  English 
make  that  may  happen  to  be  in  the  shops  of  their 
clients,  and  at  their  next  visit  almost  invariably  are 
in  a position  to  offer"  similar  goods,  but  of  German 
manufacture,  which  if  not  equal  in  quality,  at  all 
events  closely  resemble  the  former,  and  always  at 
lower  prices.  The  consequence  is,  that  the  natives 
are  induced  by  their  cheapness  to  prefer  articles  of 
■German  make,  which  are  gradually  driving  all  others 
out  of  the  market.  Another  advantage  which  many 
of  the  German  commercial  travellers  have  over  the 
other  nations  is  in  being  able  to  speak  the  Greek 
and  Turkish  languages.  The  German  Government 
has  established  at  Constantinople  a college,  which  is 
frequented  both  by  Christians  and  Mussulmans,  and 
the  use  of  the  German  language  is  rapidly  being 
introduced  into  the  schools  of  the  Levant,  and  at  a 
pace  with  the  invasion  of  Germans  into  both  civil 
and  military  employment. 


Obituary. 



Rear-Admiral  Bedford  Clapperton  Tre- 
velyan PiM,  R.N.,  died,  at  Deal,  last  week,  in 
his  sixty-first  year.  He  was  born  on  the  12th  of 


June,  1826.  In  1842,  Mr.  Pirn  entered  the  Royal 
Navy,  and  in  1845  was  appointed  to  her  Majesty’s 
ship  Herald,  then  ordered  on  a scientific  voyage 
round  the  world.  His  next  expedition  was  to 
Behring  Straits,  attached  to  her  Majesty’s  ship 
Herald,  in  search  of  the  missing  ships  of  Sir  John 
Franklin.  On  his  return  to  England,  in  1851,  he 
was  promoted  to  the  rank  of  Lieutenant.  He  served 
in  the  Arctic  Expedition  sent  out  under  Sir  E. 
Belcher  in  1852.  In  March  of  the  following  year, 
while  attached  to  her  Majesty’s  ship  Resolute,  he 
made  a journey  of  twenty-eight  days  across  the  ice, 
and  rescued  the  crew  of  her  Majesty’s  ship  Investi- 
gator, commanded  by  Captain  M’Clure  — a vessel 
which  was  about  to  be  abandoned,  having  been  ice- 
bound for  three  years.  In  1857,  he  was  appointed  to 
the  command  of  her  Majesty’s  gunboat.  Banterer, 
ordered  to  China  on  the  breaking  out  of  hostilities 
between  England  and  that  country.  Here  he  was  so 
severely  wounded  as  to  be  invalided  home.  In  1858, 
he  received  the  rank  of  Commander.  In  the  follow- 
ing year  he  left  the  service.  He  subsequently  became 
Post-Captain,  and  obtained  his  Flag  ranlc  in  1885. 
He  twice  contested  Totnes  unsuccessfully  in  the  Con- 
servative interest.  In  1874,  he  was  returned  for 
Gravesend.  He  became  a member  of  the  Society  of 
Arts  in  1863.  In  January,  1875,  he  read  a paper  on 
“ The  Mercantile  Marine  of  Great  Britain,”  which 
led  to  a discussion  extending  over  four  evenings.  In 
1879,  he  read  a paper  on  the  “ Panama  Canal.” 


General  Notes. 


Population  of  Italy. — The  population  of  Italy 
has  doubled  during  the  last  century.  On  the  31st 
December,  1885,  it  amounted  to  29,699,781,  show- 
ing an  increase  01338,749  on  the  population  of  the 
previous  year,  which  amounted  to  29,361,032.  The 
population  of  Italy,  previous  to  the  constitution  of 
the  kingdom,  was — 


1770  14,689,317 

1800  17,237,421 

1848  23,617.153 

1858  24,857,417 

Since  the  constitution  of  the  kingdom,  of  Italy — , 

1861  25,016,801 

1871  26,801,154 

1875  27,482,174 

1880  28,524,999 

1883  29,010,652 

1884  29,361,032 

1885  29,699,781 
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CANTOR  LECTURES. 
FRICTION. 

By  Professor  H.  S.  Hele-Shaw. 
L^ecture  I. — Delivered  January  ii^  1886. 

The  Friction  of  Solids. 

If  we  place  the  surfaces  of  two  bodies  in 
contact,  and  press  them  together,  we  are  con- 
scious of  a resistance  opposing  any  attempt  to 
move  one  over  the  other.  This  resistance  is 
reduced  by  diminishing  the  roughness  of  the 
surfaces  and  decreasing  the  pressure,  but  it 
can  never  be  caused  to  disappear,  no  matter 
how  smooth  the  bodies  are  made,  or  however 
small  the  force  acting  between  them.  This 
opposing  force  is  called  the  resistance  of 
friction.  Not  only  does  a resistance  to  relative 
motion  occur  between  the  external  surfaces  of 
bodies,  but  between  the  internal  parts  of  both 
solids  and  fluids,  and  to  this  resistance  the 
term  “friction  ” is  likewise  applied. 

We  shall  hereafter  have  occasion  to  care- 
fully discuss  whether  or  not  the  use  of  the 
same  word  for  the  phenomena  of  this  kirfd 
both  for  solids  and  fluids  is  advisable  ; but  it 
is  evident  that,  taking  the  word  in  its  present 
general  sense,  the  subject  of  friction  covers  a 
very  wide  field,  and  has  an  importance  which, 
whether  we  regard  it  from  a purely  practical 
point  of  view  or  in  its  scientific  aspect,  is 
not  easy  to  realise.  The  object  of  this  course 
of  lectures  is  to  gather  together  the  facts  con- 
cerning the  nature  and  application  of  friction 
which  have  gradually  become  known,  and 
present  them  in  such  a manner  as  to  enable 


as  clear  a grasp  as  possible  of  the  whole  sub- 
ject to  be  obtained.  It  will  be  impossible,  in 
the  four  lectures  before  us,  to  give  more  than 
an  outline  of  the  above  facts,  but  my  aim 
throughout  will  be  to  adopt  a method  of  treat- 
ment at  once  elementary  and  complete,  and  to 
bring  forward  such  data  and  experiments  as 
may  best  illustrate  the  general  principles  of 
the  subject.  In  the  present  lecture  we  shall 
study  the  friction  of  solid  bodies ; in  the  next 
the  nature  and  laws  of  fluid  friction,  the  term 
“fluid”  including  both  liquids  and  gases. 
The  third  lecture  will  deal  with  the  mechanical 
applications  of  friction,  while  in  the  fourth  we 
shall  regard  friction  from  the  opposite  point 
of  view,  viz.,  as  a resisting  force  which  is 
always  being  brought  into  action,  and  which 
the  practical  man,  and  particularly  the 
engineer,  finds  it  necessary  to  take  into  con- 
sideration in  all  mechanical  problems.  In 
short,  while  the  two  first  lectures  deal  with  the 
nature  and  laws  of  friction,  the  two  last  will 
respectively  treat  of  it  in  its  useful  and  pre- 
judicial aspects. 

The  Friction  of  Solids. 

About  100  years  ago  the  celebrated  French 
philosopher,  Coulomb,  enunciated  certain 
general  truths  as  the  result  of  his  own  investi- 
gations, and  those  of  previous  workers  on  the 
subject  of  friction.  He  stated  that,  with  certain 
exceptions,  the  resistance  of  friction  of  solid 
bodies  (i)  varied  directly  as  the  pressure 
between  the  surfaces  in  contact,  (2)  that  it  was 
independent  of  the  extent  of  those  surfaces, 
and  (3/  that  it  was  independent  of  the  velocity 
of  their  relative  motion  over  each  other.  These 
truths,  which  have  ever  since  been  known  as 
the  laws  of  friction,  were  examined  by  means 
of  a very  large  number  of  experiments,  con- 
ducted at  the  expense  of  the  French  Govern- 
ment by  General  Morin,  who  confirmed  in  the 
main  their  accuracy  for  the  comparatively 
limited  range  over  which  he  extended  his 
observations.  Coulomb’s  laws,  which  are 
capable  of  expression  in  a very  simple  mathe- 
matical form,  and  hence  are  easily  employed 
in  numerical  calculations,  have  in  consequence 
been,  until  a recent  period,  adopted  universally 
and  relied  on  implicitly,  not  only  within  the 
limits  of  Morin’s  experiments,  butbeyond  them. 
For  this  reason,  and  also  in  order  to  enable 
the  modifications  which  are  the  result  of  more 
recent  researches  to  be  afterwards  better 
understood,  it  will  be  advisable  to  study  them 
rather  carefully,  and  especially  their  mathe- 
matical form  of  expression.  We  shall  best  be 
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able  to  do  this  by  studying  Morin’s  method  of 
experiment,  which  will  be  made  clear  by  the 
help  of  the  rough  model  of  his  apparatus  before 
you.  That  apparatus  (Fig.  i)  consisted  of  a 


Morin’s  Apparatus. 


loaded  box,  D,  resting  on  a slider,  and  pulled 
along  by  a smaller  loaded  box,  Q,  which  was 
suspended  by  a cord  passing  over  a pulley,  H. 
The  slide  on  which  the  slider  rested  was 
supported  by  beams  A A (only  a short  length 
being  shown  in  the  figure),  and  both  slider 
and  slide  could,  after  each  set  of  experiments, 
be  replaced  by  others  of  different  material. 

Suppose  the  weight  of  the  suspended  box  so 
adjusted  as  to  just  pull  the  larger  one  along, 
any  increase  in  the  weight  of  the  latter  would 
prevent  motion  taking  place.  Morin  found 
that,  if  this  weight  were  doubled,  that  of  the 
suspended  box  must  also  be  doubled  for  motion 
to  take  place  ; if  it  were  trebled,  the  other  must 
also  be  made  three  times  as  great,  and  so  on. 
In  short,  for  every  pair  of  surfaces  the  force  of 
friction  (which,  if  we  suppose  the  pulley  to  be 
frictionless,  was  directly  measured  by  the 
weight  of  the  smaller  box)  varied  directly  as 
the  pressure  between  the  surfaces  (as  measured 
by  the  weight  of  the  larger  box). 

The  truth  of  this  can  be  demonstrated  by 
the  model  before  you.  With  a slider  of  pine 
on  a pine  slide — 

A weight  of  56  lbs.  requires  19  lbs.  to  draw  it  along. 
,,  28  lbs.  „ 9ilbs.  „ ,, 

„ 14  lbs.  ,,  4|lbs.  ,,  ,, 

If  the  two  surfaces  were  changed  for  another 
pair,  the  same  fact  was  found  to  hold,  although 
the  proportion  between  the  weights  had  a 
different  value.  This  we  can  also  verify  by 
changing  the  surfaces  of  pine  for  cast-iron. 
The  result  now  is  that,  roughly  : — 

A weight  of  56  lbs.  requires  8 lbs.  to  draw  it  along. 

,,  28  lbs.  ,,  4lbs.  ,,  ,, 

,,  14  lbs.  ,,  2 lbs.  ,,  ,, 

It  is  evident  that,  if  the  first  law  be  true, 
there  is  for  one  pair  of  surfaces  always  a 
definite  numerical  relation  between  the  resist- 
ance of  friction  (represented  by  the  weight 
over  the  pulley)  and  the  reaction  of  the  surfaces 
(represented  by  the  weight  on  the  slider).  The 


number  expressing  the  ratio  of  these  two 
quantities  is  called  the  “co  - efficient  of 
friction.”  Thus  from  our  experiments. 

The  co-efficient  of  friction  of  pine  on  pine 

19  : . 

= — = — = — = -339. 

56  28  14 

The  co-efficient  of  friction  of  the  cast-iron  on 
cast-iron 

842 
= — = — = — ==  -143. 

56  28  14 

It  is  convenient  to  have  a symbol  to  repre- 
sent the  co-efficient  of  friction,  and  the  symbol 
which  has  been  appropriated  for  the  purpose  is 
the  Greek  letter  \x.  Also  let 

F = the  resistance  of  friction. 

R = the  reaction  between  the  surfaces. 

Then  for  pine  on  pine — 

F 

— = '339- 

R 

For  cast  iron  on  cast  iron — 

F 

— = ^=■143. 

R 

The  value  of  ^ has  been  determined  for  all 
solid  bodies  which  are  likely  to  be  used  in 
frictional  contact,  and  tables  of  results  are  to 
be  found  in  various  works  on  mechanical 
science. 

Besides  the  method  above  described,  there 
are  two  other  waysinw'hich  the  first  statement 
of  Coulomb  may  be  verified.  The  former  of 
these  ways  can  be  illustrated  by  means  of 
the  simple  apparatus  before  you.  In  this 
apparatus  (Fig.  2)  the  pine  slide,  A A is,. 


Fig.  2. 


Apparatus  for  Measuring  the  Angle  of 
Friction. 

hinged  at  one  end,  M,  to  the  base,  B,  and  by 
gradually  raising  the  other  end,  a position  is 
reached  at  which  the  w'eight  upon  it  moves 
down  at  a uniform  rate  under  the  action  of 
gravity  which  is  then  just  sufficient  to  overcome 
the  resistance  of  friction. 
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The  inclination  of  the  slide  to  the  horizon 
can  be  observ-ed  by  means  of  a vertical  scale, 
D D,  and  if  we  replace  the  weig'ht  by  others 
in  succession,  we  find  that  as  long  as  the 
surfaces  are  the  same,  the  angle  {<p)  at  which 
sliding  takes  place  is  always  the  same 
(being  in  this  case  equal  to  18°  45').  This 
fact  proves  the  truth  of  the  first  law  of  friction, 
for  suppose  G (Fig.  3)  to  be  the  centre  of  gravity 


Fig.  3. 


Diagram  for  Proof  of  First  Law  of  Friction. 


of  the  weight  and  slider,  and  Gai,  Ga^, 
to  represent  various  weights,  then  Gb^,  Gb2, 
Gbj,  represent  the  corresponding  reactions 
between  the  surfaces  in  contact,  and  (when 
the  slider  moves  down  at  uniform  speed) 
tiibi,  aJi,  the  corresponding  frictional 

resistances.  From  the  figure  it  is  clear  that — 

Resistance  of  friction  F ^2^2 

Reaction  between  surfaces  R 

but  as  we  have  already  seen,  the  first  law  really 
asserts  the  ratio  between  F and  R to  be  con- 
stant, and  so  the  truth  of  that  law  is  again 
verified. 

The  angle  at  which  sliding  takes  place, 
for  any  pair  of  surfaces,  is  called  the  “ angle 
of  friction”  for  those  surfaces,  and  is  con- 
nected in  the  following  simple  way  with  the 
co-efficient  of  friction.  Since  each  of  the 
triangles  G<2i<5i,  Ga-^bz,  Gaji,  is  similar  to  the 
triangle  A M B,  it  follows  that — 

F 

Gb,  G*2  G^3  mb  R 

AB 

Also  zz  tan  zz  tan  (angle  of  friction) 

MB 

F 

and  Ian  <&  zz  — zz  u. 

R 
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Thus  in  the  case  of  pine  upon  pine — 

cp  zz  18°  45' 
and  tan  18°  45'  zr  -339, 

which  is  the  co-efficient  of  friction  for  those 
surfaces. 

Lastly,  there  is  yet  one  other  way  of 
verifying  the  first  law.  Suppose  a force  to 
act  at  first  vertically  upon  the  slider,  and 
its  direction  to  be  gradually  inclined.  Then 
at  a certain  inclination  with  the  vertical  the 
slider  will  just  move  along  the  slide.  This 
angle  is  the  same  as  long  as  the  surfaces  are 
the  same,  whatever  be  the  force  acting,  and  is 
in  fact  the  angle  of  friction.  Fig.  4,  shows 


Fig.  4. 


why  this  must  be  the  case  if  the  first  law  be 
true,  for  if  aiG,  a^G,  aJG,  represent  in  mag- 
nitude and  direction  the  successive  values 
of  forces  acting,  then — 

E ^3^3 

— = = = = tan  (p 

R b,G  b.,G  bfi 

that  is,  the  frictional  resistance  varies  with  the 
reaction  between  the  surfaces. 

The  second  statement  of  Coulomb,  which  is 
often  called  the  second  law  of  friction,  really 
follows  directly  from  the  first.  To  make  this 
clear,  suppose  the  original  area  of  the  surface  of 
the  slider  to  be  four  feet.  Let  it  be  altered  so  as 
to  have  eight  feet  in  contact  with  the  slide.  Then 
the  weight  of  the  box  D (Fig.  i)  being  unaltered, 
it  is  clear  that  each  four  feet  of  surface  in  con- 
tact now  only  sustains  half  the  load  in  the  box, 
that  is  to  say,  is  subject  to  half  the  pressure  it 
previously  had,  therefore  for  that  portion  the 
resistance  of  friction  will  be  only  half  as  much 
as  before,  and  for  the  whole  surface  it  will  be 
twice  as  great  as  this,  or  equal  to  the  original 
amount.  By  a similar  method  of  reasoning,  it 
may  be  proved  that  the  weight  in  the  smaller 
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box  would  remain  unchanged,  whatever  change 
were  made  in  the  extent  of  the  surfaces  in  con- 
tact, which  proves  the  truth  generally  of 
Coulomb’s  statement  that  the  resistance  of 
friction  is  independent  of  the  extent  of  those 
surfaces.  We  can  readily  verify  this  with  both 
models  we  have  used  (Figs,  i and  2)  with  sliders 
of  various  sizes. 

It  is  here  necessary  to  point  out  an  important 
qualification  that  must  be  understood  as  at- 
tached to  the  above  statement,  which  only 
holds  true  as  long  as  the  surfaces  in  question 
form  one  pair,  the  different  parts  of  which  are 
rigidly  connected  with  each  other  so  as  to 
distribute  the  reaction.  This  may  be  easily 
shown  by  means  of  a piece  of  apparatus 
Fig-  S)y  consisting  of  four  flat  pieces  of  wood 


Fig.  c. 


(a  A A A)  alternating  with  three  other  similar 
pieces  (b  b b),  the  former  being  fastened  to 
an  upright  pillar,  c,  the  latter  to  a rod,  E, 
which  rod  E sustains  the  pull  of  a weight 
suspended  over  the  pulley  k.  The  result  of 
this  arrangement  is,  that  there  are  six  pairs  of 
surfaces  in  contact.  Hence,  instead  of  the 
friction  remaining  independent  of  the  extent 
of  the  surfaces,  it  is  increased  by  each  addi- 
tional surface  just  as  if  a separate  weight 
equal  to  the  original  one  had  been  added. 
In  the  case  before  you,  the  weight  of  14  lbs. 
resting  on  the  slider  would,  for  one  surface 
only,  require  qflbs.  to  overcome  the  friction, 
whereas,  six  times  that  amount,  or  rather 
more  than  28  lbs.,  is  actually  required. 

The  simple  explanation  of  this  is  that 
pressure,  instead  of  being  distributed  by  the 
additional  surface,  is  transmitted  from  one  to 
the  other.  This  device  for  increasing  the 
resistance  of  friction  by  increasing  the  sur- 
faces of  contact  has,  as  we  shall  hereafter  see, 
been  directly  employed  in  a very  interesting 
nvention,  and  is  one  of  many  examples  in 
which  the  results  seem  to  contradict  the 


second  law  of  friction,  but  which  are  quite  in 
accordance  with  it,  in  its  qualified  form  of 
statement.  This  principle  of  transmitting  force 
to  increase  friction  is  used  in  many  cases,  and 
is,  for  instance,  of  universal  application  in  the 
employment  of  cords  and  bands  for  transmitting 
power  over  pulleys. 

The  third  statement  of  Coulomb  was  verified 
by  Morin  in  two  ways.  In  one  of  them  the 
two  weights  (Fig.  i)  were  carefully  adjusted 
so  that  the  smaller  was  just  sufficient  to  draw 
the  larger  one  along.  Then  it  was  found  that 
whatever  was  the  initial  velocity  of  motion  this 
velocity  was  uniformly  maintained.  This 
experiment  we  can  repeat  with  our  own  models, 
and  it  is  clear  that  the  law  is,  as  far  as  can  be 
observed,  correct,  at  any  rate  for  the  distance 
which  the  slide  can  move. 

In  the  second  method,  adopted  by  Morin, 
a greater  weight  was  used  in  the  small  box 
than  was  sufficient  to  overcome  the  resistance 
of  friction,  the  effect  being  to  cause  the  rate  of 
motion  to  increase.  The  rate  of  increase 
was  carefully  recorded,  and  was  found  always 
to  correspond  exactly  to  that  due  to  the 
surplus  weight  in  the  suspended  box.  ’ That 
is  to  say,  at  whatever  speed  the  surfaces 
moved  over  each  other,  the  resistance  of  fric- 
tion only  required  a constant  weight  to  over- 
come it,  the  excess  of  weight  merely  acting  to 
further  increase  the  velocity. 

The  simple  laws  of  friction  which  we  have 
now  studied  can  readily  be  expressed  in  a 
mathematical  form.  We  have  seen  that  the 
first  law  is  equivalent  to  the  statement  that  the 
ratio  of  frictional  resistance  to  the  correspond- 
ing reaction  between  the  surfaces  is  constant, 
and  that  the  second  law  is  included  in  the  first. 
Now  the  third  law  merely  states  that  the 
velocity  of  motion  has  no  effect  on  the  resist- 
ance of  friction,  and  therefore  the  velocity  will 
not  occur  in  any  mathematical  expression  of 
the  laws.  Thus  all  three  laws  are  completely 
expressed  by  the  simple  equation  : — 


F 


or — Resistance  of  friction  = X R. 

This  expression  is  so  simple  and  so  con- 
venient to  use,  that  it  is  not  surprising  that  it 
has  been  universally  adopted.  We  shall,  how- 
ever, see  that,  although  the  laws  which  it 
represents  are  approximately  true  within  cer- 
tain limits  for  dry  surfaces,  they  are  correct 
neither  as  regards  velocity  or  pressure  for  the 
range  of  values  commonly  occurring  in  prac- 
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tice,  and  are  altogether  incorrect  if  applied  in 
cases  where  lubricants  are  used. 

Hitherto  we  have  considered  only  the  case 
of  direct  sliding.  We  now  come  to  the  study 
of  the  rolling  of  surfaces  over  each  other,  the 
cause  of  the  resistance  to  which  it  is  not  so 
easy  to  understand. 

By  means  of  an  arrangement  which  is  fitted 
into  the  lantern,  we  can  examine  the  rolling 
of  two  surfaces  upon  each  other  from  the  en- 
larged image  on  the  screen. 


B 

B 


Lantern  Apparatus  for  Investigating  Rolling 
Friction. 


Fig.  6 shows  three  pairs  of  discs,  each  pair 
of  which  is  actuated  by  an  arrangement  similar 
to  that  shown  in  (ii),  the  wheel  A driving  the 
lower  disk  by  means  of  a fine  endless  band, 
the  lower  disk  in  turn  imparting  motion  to  the 
upper  one  by  the  frictional  contact  of  their 
edges.  Taking  first  the  pair  of  brass  discs, 
B B (i),  it  is  seen  that  although  they  are  pressed 
together  with  some  appreciable  force  by  means 
of  a spring,  the  extent  of  contact  is  extremely 
small ; indeed,  they  scarcely  seem  to  touch  at 
all,  yet  when  the  lower  one  is  turned,  the  upper 
one  is  carried  round,  and  no  apparent  slipping 
takes  place.  This  is  made  evident  by  the  aid 
of  two  small  holes  drilled  in  the  discs,  which, 
being  placed  initially  so  as  to  be  opposite  each 
other,  are  seen  to  occupy  the  same  relative 
position  after  every  revolution,  even  when  the 
speed  of  rotation  is  considerably  increased.  If 
we  now  examine  the  rolling  of  the  two  india- 
rubber  wheels,  i i (iii).  we  find  that  the 
extension  of  the  edges  under  the  pressure 
causes  a greater  area  of  contact,  but  that 
the  force  required  to  rotate  them  is  not 
increased  so  much  as  might  be  expected. 
The  fact  is  that  being  equally  soft  the  extension 
of  their  peripheries  is  equal,  and  thus  there  is 
no  appreciable  slipping  of  their  surfaces  upon 
each  other,  which  is  evident  from  several 
observations  of  the  relative  positions  of  two 
holes  made  for  the  same  purpose  as  those  in 
the  brass  discs.  Lastly,  let  us  examine  the 
rolling  of  a hard  surface  and  a soft  surface  upon 
each  other,  this  we  can  do  by  the  glass  wheel, 


G,  big.  6 (ii),  with  roughened  edge  working 
on  an  india-rubber  wheel,  i.  Here  we  can 
see  that  the  india-rubber  edge  is  extended  ho 
that  the  area  of  contact  is,  as  in  the  foregoing 
case,  considerable  ; the  result  of  this  extension 
is  to  cause  the  rolling  periphery  of  tlie  india- 
rubber  to  be  greater  than  that  of  the  gla:>^,  and 
if  we  now  compare  the  relative  position  ef  the 
spots  of  light  passing  through  the  holes  in  th'* 
two  discs,  we  see  that  the  india-rubb  r dis<  . 
being  practically  larger  than  the  glass  on-  , 
turns  at  a slower  rate.  I'he  resistance-  t^* 
turning,  which  is  appreciably  greater  than  in 
the  first  of  the  two  foregoing  cases,  and  as  far 
as  can  be  judged,  if  anything,  greater  than 
in  the  second,  is  accounted  for  by  the  fact 
that  the  surface  of  the  india-rubber  must, 
in  extending,  slip  over  the  harder  surfa*  e 
in  contact  with  it.  This  is  the  raus  • 
of  what  Prof.  Osborne  Reynolds  has  rightly 
insisted  should  be  called  rolling  fri-  li  -n  (the 
word  friction  being  derived  from  a I.atin  word 
signifying  “to  rub”),  and  he  has  cxpla’r- d 
the  action,  which  takes  place  in  aveiy'int  r-  t. 
ing  way. 

Let  Fig.  7 represent  a block  of  -la.'' 
material  held  bet\vcen  two  surfaces  whi-  h ar  • 


Fig.  7.  Fig. 


The  Fricton  oe  Surfaces  in  Lxtemhng  an 
Contracting. 


capable  of  being  pressed  together.  Suppos*- 
first  that  there  is  no  frictional  resistance  be  - 
tween the  block  and  the  surfaces.  Then  llv 
result  of  compressing  the  block  will  be  simply 
to  cause  it  to  take  the  form  shown  in  Fig.  8. 
the  series  of  vertical  lines  being  shortened  and 
moved  further  apart.  Suppose,  however,  tha 
there  is  some  appreciable  friction,  then  the 
lines  originally  vertical  will  be  caused  to  curve 
to  a greater  or  less  extent,  as  shown  in  bigs.  9 
and  10.  Fig.  9 represents  the  case  where  the 
frictional  resistance  is  small.  Here  the  eflfec* 
of  the  compression  is  to  cause  all  the  surface 
to  slide,  except  that  portion  between  the  two 
darkened  lines  (originally  veriicaP  on  either 
side  of  the  centre  line.  Fig.  lO  represonts  a 
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-case  where  the  friction  between  the  surfaces 
and  the  block  is  greater  than  in  the  former 
case.  Here  slipping  takes  place  only  at  the 
third  lines  (shown  thicker  than  the  rest  in  the 
figure)  on  either  side  of  the  centre  line. 

We  can  examine  different  cases  of  frictional 
resistance  by  means  of  an  arrangement  which 
is  now  projected  on  the  screen.  Fig.  ii 


Lantern  Apparatus  for  Examining  Surface 
Resistance  to  Extension  and  Contraction. 


represents  a portion  of  a frame  (f  f),  in  which 
a screw  (s)  works  in  a nut  (n),  and  enables  a 
.pressure  to  be  brought  upon  a sliding  piece 
with  a thick  glass  face  (g)  betw^een  which  and 
another  thick  glass  plate  G (fixed  to  the 
rframe)  a block  of  india-rubber  (l)  is  placed. 
The  action  which  goes  on  can  thus  be  care- 
fully studied,  not  only  for  the  ’ glass  sur- 
faces but  for  surfaces  of  any  other  kind 
which  can  be  inserted  betw'een  the  glass 
and  the  india-rubber.  Fig.  ii  shows  the 
result  of  having  a dry  clean  surface  of 
glass  on  the  moving  side  while  the  surface  of 
glass  on  the  fixed  side  is  slightly  oiled.  Time 
-does  not  permit  me  to  dwell  on  the  various 
-results  I have  obtained  with  different  surfaces, 
particularly  in  the  form  of  the  outline  of  the 
block  under  pressure,  but  they  do  not  appear 
to  be  included  under  what  Professor  Reynolds 
has  mentioned  in  his  paper. 

Now,  the  work  done  in  overcoming  the  re- 
sistance to  sliding  cannot  be  restored  when  the 
surfaces  are  again  separated.  To  realise  this 
important  point,  it  must  be  remembered  that 
the  lateral  extension  would  be  greater  but  for 
the  frictional  resistance  to  sliding,  and  the 
work  now  done  in  friction  would  otherwise  store 
up  an  equivalent  amount  of  energy  to  be  given 
■up  by  the  return  of  the  block  to  its  original 
form.  In  the  same  way  the  block,  in  returning 


to  its  original  shape,  has  a certain  portion  of 
its  power  of  restitution  absorbed  in  overcoming 
frictional  resistance.  Thus  there  is  a loss  of 
energy  both  in  the  extension  of  the  surfaces 
and  in  their  compression.  It  is  evidently  a 
matter  of  the  greatest  consequence  to  see 
whether  this  takes  place  in  the  rolling  of  two 
surfaces  on  each  other.  We  may  investigate 
this  point  in  the  following  way ; — Make  two 
marks  tolerably  close  to  each  other  on  the  rim  of 
a soft  disc  rolling  on  a hard  one  ( e.g\,  the  india- 
rubber  on  the  glass  disc.  Fig.  6,  ii),  and  take 
the  distance  apart  of  these  with  a fine  pair  of 
compasses  or  dividers.  Keep  the  one  leg  of 
the  dividers  upon  one  point  and  roll  the  discs 
so  as  to  bring  it  into  the  line  of  contact, 
noting  meanwhile  the  change  of  distance  of 
the  other  point  from  it.  Then  it  will  be  found 
that,  both  on  approach  and  recession  to  the  line 
of  contact,  the  sliding  friction  acts  in  the 
opposite  way  to  the  motion  of  rotation,  i.e., 
acts  as  a retarding  force. 

Let  us  now  consider  the  actual  magnitude  of 
this  resistance  and  the  work  lost  in  rolling 
friction.  In  the  first  place,  it  is  clear  that  the 
extent  of  this  loss  does  not  depend  only  on  the 
roughness  of  the  surfaces  in  contact,  for  revert- 
ing to  Figs.  9 and  ro,  the  distance  through 
which  slipping  takes  place  is  greater  in  the 
former  case  although  the  sliding  frictional 
resistance  is  less,  and  we  cannot  tell  without 
an  experiment  in  which  of  the  two  cases  the 
total  loss  is  the  greater.  Thus  we  cannot  say 
without  a trial  whether  a gain  or  a loss  results 
from  oiling  or  blackleading  two  surfaces  which 
have  to  roll  on  each  other.  As  Professor 
Reynolds  has  pointed  out,  between  the  two 
extreme  cases  of  no  frictional  resistance  and 
indefinite  extension  on  the  one  hand,  and 
infinite  frictional  resistance  which  allows  no 
slipping  to  take  place  on  the  other  (in  either 
of  which  cases  no  work  at  all  is  expended  in 
friction),  there  must  be  some  point  where  the 
maximum  of  energy  is  lost.  We  have  not  yet 
arrived  at  any  theoretical  method  of  determin- 
ing the  amount  of  rolling  friction  for  various 
substances,  and  must  obtain  results  by  direct 
experiment.  We  have  before  us  a piece  of 
apparatus  which  I have  devised  for  roughly 
exhibiting  to  you  how  this  can  be  done,  and  at 
the  same  time  further  illustrating  the  foregoing 
views. 

Fig.  12  (p.  1197)  represents  a stand,  A A,  upon 
which  surfaces  of  various  kinds  can  be  placed, 
and  over  these  surfaces  a truck  moved  by  means 
of  a weight  (F)  suspended  over  a pulley  (k)  . The 
rollers  of  the  truck  can  be  changed  for  others 
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of  any  required  material,  one  of  them  having 
a pulley  which  by  means  of  an  endless  band 
turns  a pointer  (d)  thus  recording  on  the  large 
circular  dial  the  extent  to  which  the  roller 
turns.  The  dial  itself  is  fixed  to  the  frame  of 
the  truck,  and  also  another  pointer  which 
records  on  a horizontal  scale  the  distance 
through  which  the  truck  moves.  We  have 
now  upon  the  truck  a weight  of  14  lbs.,  and  we 
will  make  four  experiments,  the  first  two  with 


Fig.  12. 


Apparatus  for  Invrstigating  Rolling 
Friction. 


india-rubber  rollers,  first  on  wood  and  then  on 
an  india-rubber  surface,  and  the  last  two  with 
rollers  of  hardwood,  on  wood  and  india-rubber 
as  before.  In  each  experiment  the  truck  is 
drawn  through  the  same  distance  as  shown  by 
the  horizontal  scale,  but  from  the  readings  on 
the  circular  dial  it  is  evident  that  the  rollers 
turn  to  a rather  different  extent  in  all  four 
experiments.  The  following  is  a Table  of  the 
results  : — 


= li 

Nature  of  Surface. 

Weight 

over 

.5  1 1 

I! 

Roller. 

Path. 

Pulley 

(F) 

1 

■ 

India-rubber 

Wood 

10  oz. 

0-44 

2 

99 

India-rubber 

oz. 

0*42 

3 

Wood 

9 9 

6|  oz. 

0-3 

4 

9 9 

Wood 

Si  oz- 

0-25 

These  results  accord  pretty  fairly  with  the 
views  set  forth  as  to  the  nature  of  rolling  fric- 
tion, except  that  it  might  seem  as  if,  in  the 
matter  of  frictional  resistance,  the  second  and 
third  experiments  should  change  places.  It 


should,  however,  be  mentioned  that  the  india- 
rubber  of  the  roller  and  that  of  the  path  are  of 
different  degrees  of  hardness  and  pliability? 
obviously  resulting  in  more  frictional  resist- 
ance than  would  be  the  case  if  they  had  the 
same  properties. 

From  reasoning  and  experiments  of  this  kind 
we  arrive  at  clear  ideas  of  the  nature  of  the 
resistance  to  rolling,  and  although  we  cannot 
actually  see  the  deformation  which  takes  place 
at  the  point  of  contact  of  the  surfaces  of  hard 
elastic  bodies,  yet  we  know  that  temporary 
deformation  does  take  place,  and  we  may  con- 
clude that  this  resistance  is  in  all  cases  caused 
by  the  sliding  of  the  surfaces  in  contact  over 
each  other.  Hence  we  shall  not  be  surprised 
to  find  that  the  lav\s  of  rolling  friction  set  forth 
long  ago  by  Coulomb,  and  determined  by  ex- 
periment, are  identical  with  the  simple  laws  of 
sliding  friction,  with  the  simple  addition  of  the 
statement  that  the  resistance  at  the  centre 
varies  inversely  as  the  radius  of  the  rolling 
body.  The  laws  in  a mathematical  form  are 
therefore  simply : — 

R 

Frictional  resistance  = F = /4  — 

r 

Whereas  before, 

ya  = co-efficient  of  friction,  determined  by  experi- 
ment. 

R = the  load  on  the  roller. 

r = the  radius  of  the  rolling  body. 

The  somewhat  artificial  idea,  used  by 
Coulomb  and  adopted  since  by  other  writers, 
of  an  imaginary  arm  which,  multiplied  by  the 
load,  gives  the  moment  of  friction,  does  not 
seem  to  be  necessary,  and  certainly  does  not 
assist  in  making  the  action  of  rolling  more  easy 
to  understand. 

The  general  laws  concerning  the  rolling 
and  sliding  of  solid  bodies  which  have  now 
been  given  are  for  many  purposes  sufficiently 
correct ; it  has  long  been  known  that  the  laws 
of  Coulomb  must  only  be  regarded  as  con- 
venient approximations  to  the  truth.  For  dry 
surfaces  (with  which  only  we  are  concerned  in 
this  lecture)  the  first  law,  and,  therefore,  by 
implication  the  second,  is  practically  accurate. 
When,  however,  the  pressures  are  very 
great,  and,  as  in  the  experiments  upon  railway 
brakes,  abrasion  takes  place.  Captain  Douglas 
Galton  found  that  the  co-efficient  of  friction 
diminished  for  some  little  time  after  the  pres- 
sure has  been  applied.  Various  suggestions  as 
to  the  cause  of  this  were  made  when  Captain 
Galton’ s paper  on  “ Brakes  ” was  being  dis- 
cussed, such  as  the  formation  of  little  rollers 
by  the  abraded  metal,  the  intervention  of  a 
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film  of  air,  the  action  of  the  heat  generated, 
&c.,  but  whatever  be  the  explanation  the 
circumstances  are  evidently  abnormal,  and 
for  all  normal  conditions  the  first  and 
second  laws  may  be  supposed  to  be  correct. 
The  third  law  has  been  examined  both  for  very 
high  and  very  low  velocities,  and  for  the  latter, 
when  the  surfaces  were  tolerably  hard,  has  been 
found  to  be  absolutely  correct.  The  apparatus 
by  which  Messrs.  Jenkin  and  Ewing  arrived  at 
this  result,  and  by  which  they  obtained  other 
results  which  we  shall  have  occasion  to  allude 
to,  consisted  of  a cast-iron  disc,  R (Fig.  13), 


Fig.  13.  Fig.  14.  Fig.  15. 


Apparatus  of  Jenkin  and  Ewing  for  In- 
vestigating Friction  at  Low  Velocities. 


supported  on  a frame,  F F,  by  means  of  a 
spindle,  a,  turned  down  to  a very  small  dia- 
meter to  work  in  a bearing,  b.  Figs.  14  and 
15  show  s two  enlarged  views  of  the  bearing 
and  spindle,  the  former  being  square  in 
section,  and  also  a plate,  c,  acting  to 
prevent  any  end  play  of  the  spindle.  A 
strip  of  paper,  E E,  is  fastened  round  the 
edge  of  the  disc,  which  is  then  set  in  motion, 
and  continues  to  revolve  until  the  friction  of 
the  spindle  in  the  bearing  brings  it  to  rest. 
During  the  time  that  it  is  gradually  coming  to 
rest,  the  pendulum  (c)  moves  to  and  fro  at 
right  angles  to  its  plane  of  rotation,  and 
causes  a continuous  curve  to  be  drawn  on  the 
paper  band  by  means  of  a syphon  recorder 
(k).  Fig.  16  is  a portion  of  the  record  thus 


Fig.  16. 


Curves  Traced  on  Edge  of  Rotating  Disc. 


obtained,  and  it  can  be  seen  how  the  wave 
length  of  the  curves — at  first  considerable  — 
gradually  diminishes,  and  at  last,  at  the  point, 


P,  the  disc  comes  to  rest.  By  analysing  the 
curves,  the  law  connecting  the  resistance  of 
friction  with  velocity  at  speeds  as  low  as 
•0002  feet  per  second  were  obtained,  with  the 
result  already  stated. 

The  exact  laws  connecting  the  velocity  and 
friction  at  high  speeds  is  not  known,  but  it  is 
certain  that  the  friction  invariably  diminishes 
at  high  speeds. 

The  simple  laws  of  friction  are  thus  suffi- 
ciently accurate  for  dry  surfaces  to  enable 
them  to  be  relied  on  in  the  solution  of  various 
mechanical  problems.  An  important  example 
in  which  this  is  done  is  in  the  determination 
of  the  power  which  can  be  transmitted  by  the 
frictional  contact  of  a rope  or  belt  over  a 
pulley.  In  this  case  it  is  evident  that  the 
force  transmitted  is  the  difference  in  the 
tension  of  the  belt  on  the  tw'o  sides  of  the 
pulley.  N0W3  reasoning  upon  the  simple  laws 
of  friction,  it  may  be  proved  that  ratio  of  less 
tension  to  the  greater 

S i 

= “ ^ I0-°°758  /X  0 

where  jx  = co-efficient  of  friction  (which  for  leather 
on  cast-iron  = -42) 

0 = angle  embraced  by  the  belt. 

From  this  it  follows  that  difference  of  tension 
on  the  two  sides,  w'hich  is  equal  to  the  force 
transmitted 

^ F = T (i  _ ^ 

The  action  of  thebelt  in  passing  over  the  pulley 
is  precisely  the  same  as  that  explained  to  take 
place  in  the  rolling  of  bodies  on  each  other,  the 
belt,  in  point  of  fact,  rolling  on  the  pulley. 
The  phenomenon  of  the  slipping  which  takes 
place  in  consequence  of  the  temporary  exten- 
sion of  the  belt  is  known  as  the  “creep”  of 
the  belt,  and  involves  a loss  of  from  i to  2 per 
cent,  of  the  whole  power  transmitted.  By 
a similar  mode  of  reasoning,  the  frictional 
resistance  of  coil  of  rope,  the  traction  of 
wheels  on  elastic  surfaces,  and  other  problems,, 
may  be  dealt  with. 

So  far,  the  surfaces  of  the  solids  we  have- 
been  considering  have  been  of  appreciable  mag- 
nitude, and  we  have  dealt  with  the  friction 
taking  place  between  one  pair  of  surfaces  only. 
We  must  now  proceed  to  consider  the  frictional 
resistance  which  results  from  the  contact 
of  many  surfaces  where  the  area  of  con- 
tact of  each  is  very  small,  and  where  we 
cannot  examine  the  frictional  resistance  of 
each,  but  only  the  aggregate  effect. 
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(i.)  Such  a case  is  the  frictional  resistance 
afforded  by  substances  composed  of  a number 
of  parts  not  cohered  together,  such  as  earth, 
sand,  and  grain. 

(2.)  Another  case  is  the  friction  between 
the  parts  of  a fibrous  materials,  such  as  rope, 
which  we  know  is  caused  by  the  action  of 
the  separate  parts  upon  each  other. 

(3.)  Finally,  we  have  the  action  which  takes 
place  in  solid  bodies  when  any  change  of  form, 
however  slight,  takes  place,  and  which  we 
have  strong  grounds  for  believing  is  of  the 
nature  of  friction  between  their  ultimate 
particles. 

If  we  observe  a mass  of  dry  earth,  sand, 
or  any  granular  substance,  we  shall  see  that 
the  sides,  if  not  artificially  supported,  have  a 
certain  inclination  to  the  horizon,  and  that 
though  this  inclination  is  uniform  for  any  one 
material,  yet  it  differs  for  different  materials. 
We  can,  by  means  of  an  arrangement  in  the 
lantern,  e.xamine  this  upon  the  screen,  and 
you  will  see  that  whatever  form  I initially  give 
any  substance  of  this  kind,  its  sides  invariably 
assume  a particular  inclination. 

This  inclination  is  called  the  “angle  of 
slope,”  or  “angle  of  friction”  of  the  sub- 
stance, and  is  of  great  importance,  being,  in 
fact,  the  sole  basis  of  existing  theories  by 
which  such  important  problems  as  the  pres- 
sure of  earth  and  sand  on  retaining  walls, 
tunnels,  arches,  (Xrc.,  are  dealt  with.  It  is 
beyond  our  province  to  enter  into  the  details 
of  the  reasoning  by  which  the  mathematical 
results  are  obtained,  but  it  is  an  undeniable 
fact  that  the  engineer,  though  employing  them 
as  a guide  in  general  principles,  does  not  rely 
upon  the  exact  numerical  results  obtained  by 
calculation,  but  allows  a very  large  margin  for 
the  uncertainties  of  the  case.  For  instance, 
the  pressure  on  a vertical  retaining  wall  is,  by 
theory,  merely  due  to  the  weight  of  material 
between  the  back  of  the  wall  and  the  plane 
bisecting  the  angle  of  complement  of  the 
angle  of  slope.  This  is  simple  enough  to 
understand,  and  upon  it  the  numerous  tables 
of  pressures  are  calculated ; yet  the  greatest 
authorities  have  recently  stated  in  a public 
discussion  that  the  retaining  walls  they  built 
gave  them  more  anxiety  than  any  other  kind 
of  structure,  and  their  conviction  of  the  general 
supremacy  of  practical  over  theoretical  con- 
siderations in  such  cases.  The  explanation  of 
this  seems  to  be  that  it  is  not  merely  the 
frictional  resistance  that  acts  in  the  case  of 
earthwork,  but  the  cohesive  action  due  to  the 
varying  hygrometric  state  of  the  mass,  and 


that  it  is  only  the  judgment  obtained  by  long 
practical  experience  which  can  be  relied  upon 
to  form  a correct  estimate  of  the  conditions  of 
the  case.  Still  the  failures  in  retaining  walls 
do  not  appear  to  have  been  caused  so  much  by 
a miscalculation  of  the  pressure  of  the  earth- 
work as  by  the  failure  of  the  foundations  of  the 
walls.  A very  high  authority*  recently  stated 
that  99  out  of  100  cases  of  failure  are  due  tO’ 
the  latter  cause. 

As  far  as  the  action  of  the  parts  of  a perfectly 
dry  granular  substance  on  each  other,  recent 
investigators  have  established  the  fact  that 
the  “historical”  element  must  be  carefully 
taken  into  account,  that  is  to  say,  the  effect  of 
individual  particles  upon  each  other  must  be 
considered,  and  not  merely  their  aggregate 
effect,  even  though  we  may  not  be  able  to- 
examine  the  individual  surfaces  separately. 
Thus,  in  the  behaviour  of  a mass  of  sand  or 
grain,  not  merely  the  frictional  resistance  of 
the  surfaces  of  the  grains  but  on  their  shape 
must  be  considered.  Professor  G-  H.  Darwin,, 
of  Cambridge,  and  Mr.  Isaac  Roberts,  of 
Liverpool,  have  independently  and  by  means  of 
different  experimental  apparatus,  the  former 
working  with  sand  and  the  latter  with  corn, 
peas,  oats,  and  other  grain,  arrived  at  very 
similar  general  conclusions  and  results.  Both 
these  gentlemen  found  that  the  grains 
apparently  built  themselves  into  the  form  of 
concentric  arches,  with  their  concavity  towards 
the  side  on  which  the  pressure  was  relieved, 
so  that  the  pressure  was  considerably 
diminished  from  this  cause.  Moreover,  that  the 
initial  position  was  unstable,  and  was  caused 
by  the  irregular  distribution  of  the  grains,  a 
certain  amount  of  shaking  or  vibration  causing 
the  grains  to  fill  up  the  interstices  by  a process 
of  “ settling.”  This  amount  of  settling  (which, 
curiously,  in|all  cases  appears  from  an  examina- 
tion of  the  figures  to  have  been  about  lo  per 
cent.),  resulted  in  a re-arrangement  which 
caused  a greater  internal  co-efficent  of  friction, 
and,  therefore,  reduced  the  pressure  on  the 
sides. 

The  object  which  Mr.  Isaac  Roberts  had  in 
view  was  to  directly  determine  the  pressure  of 
grain  stored  in  elongated  cells  or  “ bins.”  In 
America  this  method  of  storing  is  largely 
adopted,  bins  being  used  from  lo  ft.  to  12  ft. 
square,  and  from  50  ft.  to  8o’ft.  high.  In 

* Mr.  Benjamin  Baker,  in  his  paper  on  “The  Aetna 
Lateral  Pressure  of  Earthwork”  (Min.  Proc.  Inst.C.E.,  vol. 
Ixv.,  p.  140),  to  which  paper  and  the  discussion  thereon 
readers  are  referred  for  much  practical  information  on  the 
subject. 
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country  their  adoption  is  quite  recent, 

- and  it  was  because  of  the  absence  of  the  data 
needed  in  their  construction  in  Liverpool  that 
the  experiments  were  carried  out. 

The  first  set  of  experiments  was  made  with 
comparatively  small  wooden  bins,  the  largest 
of  which  was  g6  inches  high  with  hexagonal 
cross  section,  the  inscribed  circle  of  which  was 
2of  inches  in  diameter.  As  the  grain  was 
gradually  poured  into  the  bin,  the  pressure  on 
the  movable  bottom  was  registered  by  means 
of  a suitable  device,  and  the  astonishing  result 
transpired  that  in  all  cases  this  pressure 
^entirely  ceased  to  increase  at  some  point 
before  the  depth  of  two  diameters  was  reached. 
From  a comparison  of  the  pressures  and  cor- 
responding heights,  Mr.  Roberts  concluded 
that  this  was  due  to  the  fact  that  the  grains 
formed  “a  self-supporting  parabolic  dome 
held  in  position  by  friction.”  Further  experi- 
ments were  made  with  bins  of  larger  size,  the 
dateral  as  well  as  the  bottom  pressures  being 
obtained  by  means  of  the  weighing  apparatus 
(•(Figs.  17  and  i8),  both  these  machines  being 
^icapab-le  of  weighing  with  great  accuracy  from 


Fig.  17. 


Apparatus  forTesting  the  Pressure  of  Grain. 


one  pound  weight  up  to  i, 800  lbs.  Fig.  17 
Ghows  the  machine  for  weighing  lateral  pres- 
sures, Fig.  18  that  for  bottom  pressures,  both 
being  arranged  to  measure  the  etfect  on  areas 
of  I sq.  ft.,  4 sq.  ft.,  and  9 sq.  ft. 

The  final  conclusions  arrived  at  by  means 
of  a number  of  experiments,  in  which  the 


depth  of  grain  was  gradually  increased  to  a 
depth  exceeding  50  feet,  quite  confirm  those 
of  the  first  set  of  experiments.  The  results  for 
bottom  pressures  are  expressed  in  the  follow- 
ing manner : — 

Let  a = cross  section  of  column  of  grain  in 
sq.  ft. 

d = diameter  of  inscribed  circle  in  ft. 
w = weight  of  grain  in  lbs.  per  cub.  ft. 
c = constant,  determined  by  experim.ent. 
Then  if  ^ = pressure  upon  the  bottom  in  lbs. 

A = a 'K  d ■)(.  w y.  c 

Now  for  wheat  c = *84,  for  peas  c = -g6,  and 
if  the  value  of  unity  be  adopted,  the  margin 
will  be  on  the  safe  side.  Then  the  expression 
will  finally  stand — 

;p  = a X d X w. 

The  lateral  pressures  cease  to  vary  after  a 
height  three  times  the  breadth  of  the  aperture 
is  reached,  and  may  be  considered  constant 
per  unit  of  area  at  any  point  of  the  bin  above 
that  height ; the  value  of  this  pressure  for  all 
grain  may  be  estimated  at  50  lbs.  per  square 
foot.  Mr.  Roberts,  however,  recommends 
that  in  actual  construction  the  calculations  of 
the  strength  of  any  wall  or  partition  should 
take  four  times  this  value,  or  200  lbs.  per 
square  foot. 

(2.)  We  have  already  considered  the  friction 
on  the  external  surface  of  ropes  and  bands, 
and  we  must  now  study  the  friction  which 
takes  place  between  the  separate  parts  of 
which  such  substances  are  made.  This  fric- 
tion is  of  considerable  importance  in  questions 
of  transmitting  power,  since  much  work  is  lost 
in  the  use  of  ropes  and  stiff  leather  belts  from 
the  continuous  bending  and  unbending  which 
takes  place  in  passing  round  a wheel  or 
pulley  ; indeed,  this  fact  has  led  to  the  inven- 
tion and  introduction  for  collieries  of  a special 
form  of  wire  rope,  the  resistance  to  the  bending 
of  which  is  much  less  than  with  the  ordinary 
form. 

The  rigidity  or  resistance  to  bending  of 
ropes  was  investigated  by  Coulomb  by  means 
of  the  arrangement  shown  in  Figs.  19  and  20 
(p.  1201).  A loaded  platform,  Q,  was  suspended 
from  a beam  by  being  attached  to  the  two  ends, 
C and  D,  of  a rope.  This  rope  passed  over 
two  pulleys,  A B,  fixed  to  the  beam,  thus 
equalising  the  pull  in  the  two  portions,  which 
were  each  wound  once  round  a cylinder,  LM* 
The  frictional  resistance  of  the  rope  to  bending 
was  then  measured  by  having  a smaller  loaded 
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platform,  q,  suspended  from  the  outer  edge  of 
the  cylinder,  as  shown  in  Fig.  20.  The  results 
of  these  experiments  showed  that  the  resist- 
ance to  bending  depended  (i)  on  the  nature  of 
the  rope  ; (2)  on  the  force  transmitted  ; (3)  on 
the  extent  to  which  the  rope  was  bent ; the 
rigidity  (B)  of  the  rope  being  represented  by 
the  expression — 

a hV 

B = 

r 

where  a and  b are  two  constants,  depending 
on  the  nature  of  the  rope,  and  P and  r are 
respectively  the  force  transmitted,  and  the 
effective  radius  of  the  pulley  and  rope.  Thus 


Fig.  19. 


Fig.  20. 


Apparatus  of  Coulomb  for  investigating 
THE  Resistance  of  Ropes  to  Bending. 


with  a rope  i inch  in  diameter,  raising  a 
weight  of  half  a ton  over  a pulley  i foot  in 
diameter,  there  would  have  to  be  an  extra 
force  applied  of  more  than  50  lbs.  in  order  to 
bend  the  rope. 

When  a rope  passes  over  a single  pulley 
transmitting  some  appreciable  force,  the  resist- 
ance to  bending  causes  the  rope  to  be  deflected 
outwards  from  the  direct  line  of  approach,  so 
as  to  come  into  contact  with  the  pulley  rather 
later  than  it  otherwise  would.  A similar  effect 
is  observ'ed  as  the  rope  is  leaving  the  pulley, 
but  now  it  is  bent  inwards  from  the  line  of  re- 
cession, and  there  is  consequently  a larger  arc 
of  contact  on  this  side. 

The  amount  of  this  deflection  is  much 
greater  in  the  former  than  the  latter  case, 
and  is,  according  to  Eytelwein  (quoted  by 
Cotterill): — 

X =z  c 

where  d = the  diameter  of  rope  in  inches 
c =0*47  for  hemp  ropes. 


This,  however,  is  only  correct  for  small 
pulleys  and  light  loads.  For  leather  belts  the 
resistance,  though  appreciable,  is  of  uncertain 
amount,  and  is  usually  neglected. 

Although  w’e  have  regarded  the  friction 
between  the  fibres  of  a rope  in  its  prejudicial 
aspect,  we  shall  see  in  the  third  lecture  that  it 
is  this  internal  friction  which  enables  rope 
and  fibrous  materials  to  be  manufactured ; 
but  I will  not  at  present  say  more  on  this 
subject. 

(3.)  We  have  now  to  consider  the  action 
which  takes  place  between  the  internal  parts 
of  solid  bodies.  When  a rope  is  bent,  we  can 
readily  account  for  the  sluggish  manner  in 
which  it  tends  to  partially  return  to  its  original 
shape,  by  conceiving  that  it  is  only  gradually 
that  the  elasticity  of  the  individual  fibres  can 
overcomethe  internal  resistance  acting  between 
them.  The  frictional  resistances  to  change  of 
form  are  in  this  case  easy  to  understand  and 
trace.  Not  so,  how'ever,  can  w^e  reason  with 
regard  to  the  case  of  homogeneous  solids.  We 
do  not  know  the  nature  of  the  forces  binding 
the  ultimate  parts  together,  and  we  cannot  at 
first  say  whether  the  resistance  to  change  of 
form  may  not  be  entirely  due  to  some  force  of 
attraction,  or  whatever  else  the  so-called 
resistance  of  cohesion  may  be^  especially  in 
the  case  of  bodies  which,  when  slightly 
distorted,  return  exactly  to  their  original 
form. 

Unless,  however,  we  are  to  assume  that  the 
ultimate  parts  are  themselves  elastic  bodies 
capable  of  change  of  form,  we  must  admit  that 
every  change  of  form  of  the  solid  must  be 
accompanied  by  relative  motion  of  its  parts 
over  each  other.  The  question  then  naturally 
arises,  is  there  anything  in  the  behaviour  of 
solid  bodies  under  the  action  of  stress  analogous 
to  the  behaviour  of  fibrous  bodies  ? Many 
years  ago  Sir  William  Thomson  measured  the 
extension  of  copper  wires  for  gradually  in- 
creasing loads  suspended  from  them,  and  then 
measured  the  amount  of  contraction  which 
occurred  as  the  loads  were  gradually  removed. 
He  found  that  although  the  copper  wire  re- 
turned to  its  original  form  when  all  the  weights 
were  removed,  yet  its  length  during  contrac- 
tion did  not  agree  with  that  during  extension 
for  corresponding  weights.  Thus,  since  its 
elasticity  was  perfect,  there  must  have  been,, 
over  and  above  the  mere  tenacity  of  the  wire, 
some  resistance  to  change  of  form  occurring, 
doubtless,  both  in  extension  as  well  as  con- 
traction, the  nature  of  which  corresponds  tO' 
the  friction  between  the  fibres  of  the  bent  rope.. 
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There  are  a large  number  of  physical  facts 
which  point  to  the  same  conclusion  ; such,  for 
instance,  as  the  creaking  of  tin  ; but  the  most 
striking  evidence  is  derived  from  the  facts 
which  support  the  mechanical  theory  of  heat. 
Suppose  the  surfaces  of  two  solids  placed  in 
contact  and  rubbed  over  each  other  until,  by 
the  removal  of  projecting  portions  on  each, 
they  become  smooth,  and  that  there  is  then 
no  appreciable  wearing  away  of  either.  When 
this  stage  is  reached,  work  has  still  to  be 
expended  in  maintaining  their  relative  motion, 
and  this  work  is  now  known  to  have  its  exact 
equivalent  in  the  heat  produced.  We  believe 
that  the  friction  of  the  particles  over  each 
other  sets  up  molecular  motion,  which  is  com- 
municated by  internal  friction  throughout  the 
whole  mass.  No  theory  in  physical  science 
has  led  to  more  important  results  than  this, 
and  none  rests  on  a more  sure  foundation, 
so  that  we  need  have  no  hesitation  in  con- 
sidering that  the  resistance  to  change  of 
form,  as,  for  instance,  in  bending  a metal 
bar,  which  results  in  the  production  of  heat, 
is  due  to  the  same  cause  as  the  surface 
resistance. 

We  have  now  examined  the  chief  facts  in 
the  friction  of  solid  bodies,  and  we  see  that 
the  resistance,  whether  external  or  internal,  is 
simply  due  to  the  same  cause,  viz.,  the  rub- 
bing of  the  individual  molecules  over  each 
ether.  Further  than  this  we  cannot  at  present 
go,  for  when  we  know  definitely  what  the 
nature  of  this  molecular  motion  is,  we  shall 
have  solved  the  great  problem  of  the  constitu- 
tion of  matter  itself. 

Thus  I hope  that  the  answer  to  the  ques- 
tion which  is  put  from  time  to  time,  viz.. 
What  is  friction  ? has,  in  the  case  of  solid 
bodies,  been  made  clear  so  far  as  an  answer 
can  at  present  be  given. 

In  conclusion,  we  may  show  that  all  the 
facts  we  have  discussed  are  thus  accounted 
for,  at  any  rate,  so  far  as  the  point  to  go 
further  than  which  would  involve  a knowledge 
of  the  molecular  constitution  of  matter,  and 
at  which  point  we  must  for  the  present  be 
content  to  stop.  These  facts  referred  to 
all  resolve  themselves  into  the  first  law  of 
friction  (which  includes  the  second)  and 
the  third,  with  the  rider  to  the  latter,  that  at 
very  high  velocities  the  friction  somewhat 
diminishes. 

Now,  many  writers  have  thought  it  necessary 
to  propound  a special  theory  of  the  physical 
constitution  of  the  surface  of  bodies  to  account 

or  the  laws  of  friction.  This  theory  is  that 


the  surfaces  are  serrated  like  the  teeth  of 
two  saws  which  fit  into  each  other,  and 
that  it  is  in  raising  the  upper  body  up  as 
each  tooth  is  passed  that  the  work  of  fric- 
tional resistance  is  expended,  the  deeper  the 
serrations  the  greater  being  the  frictional 
resistance. 

A writer  in  a scientific  journal,  in  an 
article*  on  “ Friction,”  has  gravely  attri- 
buted the  musical  (?)  note  which  bodies  some- 
times make  in  frictional  contact  to  the  direct 
action  of  these  grooves,  and  has  proposed  to 
calculate  the  co-efficient  of  friction  from  the 
number  of  vibrations.  I will  produce  with  this 
stick  of  wood  a note  (which  whether  musical 
or  not  is  a matter  of  taste),  and  I do  the  same 
thing  five  times  across  a piece  ©f  ground  glass 
which  I now  place  in  the  lantern,  and  you  will 
see  (Fig.  21)  that  I ought,  from  the  marks  pro- 


Fig.  21. 


Auditory  Effects  of  Friction. 


duced,  to  have  had  five  different  musical  notes, 
and  five  (or  from  the  figure  more  probably 
fifty)  different  co-efficients  of  friction.  I need 
scarcely  say  the  musical  note  was  the  same, 
because  I used  the  same  stick  of  wood, 
upon  the  length  of  which  alone  depend 
the  longitudinal  vibrations  set  up  within 
it  which  give  the  note  emitted,  the  note 
having  nothing  whatever  to  do  with  the 
number  or  distance  apart  of  the  imaginar}' 
serrations. 

The  theory  of  serrations  has  been  so  often 
propounded  and  supported  by  arguments  and 
by  calculations,  that  it  must  be  briefly  con- 
sidered. There  is  no  need  to  enter  into  the 
arguments  in  its  favour,  since  there  are  two 


* Mechanical  TFbrld,  December  iitb,  1885,  p.  421. 
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fatal  objections  against  it.  One  is  that  for 
smooth  bodies  it  is  perfectly  impossible  by 
any  optical  means  we  possess  to  detect  any 
such  serrations,  or  even  minute  raised  portions, 
on  the  surface — the  body  can  thus  only  be 
raised  through  a distance  exceedingly  minute 
— therefore  in  order  to  obtain  the  equivalent  of 
the  work  done,  the  body  must  be  raised  through 
this  minute  distance  with  a frequency  such 
as  to  cause  the  velocity  of  motion  to  be  very 
great.  The  kinetic  energy  generated  at 
each  rise  of  the  body,  however,  varies  as 
the  square  of  the  velocity  imparted  to  the 
body,  and  by  taking  any  special  case  and 
making  a calculation  it  at  once  becomes 
evident  that  the  theory  cannot  be  maintained. 
The  other  objection  is  still  more  obvious.  In 
propounding  the  theory,  a sketch  is  usually 
given  of  a section  of  the  serrated  surfaces  which 
are  assumed  to  have  parallel  grooves.  Now, 
this  is  altogether  inadmissible,  for  what 
projections  there  are  must  be  distributed 
more  or  less  uniformly  over  the  entire  surfaces, 
•and  the  idea  of  any  falling  into  grooves  cannot 
be  seriously  entertained.* 

The  simple  explanation  of  the  first  law  of 
friction  seems  to  be  this.  Supposing  the  sur- 
faces to  be  smooth  and  worn  to  their  normal 
condition,  there  are  even  then  only  a certain 
ver}''  limited  number  of  points  in  contact  [vide 


• Since  this  was  written,  a paper  has  been  published  in  the 
‘Minutes  of  Proc.  Inst.  C.  Engineers,”  vol.  Ixxxv,  p.  376, 
on  “ Recent  Researches  in  Friction,”  read  at  a meeting  of 
the  Students  (November,  1885),  by  ilr.  John  Goodman.  The 
paper,  after  giving  an  interesting  account  of  experiments  on 
friction,  proceeds  to  a theoretical  consideration  of  “Dry 
Friction,”  which  is  said  to  be  of  a much  more  complex  nature 
than  that  of  lubricated  surfaces  (with  reference  to  which 
statement  vide  Lecture  II).  The  author  supposes  the  nature 
of  the  surfaces  of  all  solid  bodies  to  resemble  in  structure  the 
surface  or  “pile”  of  velvet,  there  being  always  some  pile  left, 
however  smooth  the  surfaces  may  be  worn.  The  physical 
properties  of  the  material  determine  the  “ pitch  of  the  pile,” 
or  number  of  piles  per  unit  area.  He  then  goes  on  to  dis- 
cuss, by  means  of  diagrams,  the  effect  of  such  a surface  with 
the  usual  tacit  assumption  of  grooves  parallel  to  each  other, 
and  perpendicular  to  the  plane  of  the  paper.  The  work  done 
in  frictional  resistance  is  supposed  to  be  simply  that  required 
to  raise  the  body  each  time  it  falls  the  depth  of  the  pile,  the 
fall  generating  the  heat  of  friction.  A formula  is  given  for 
the  amount  of  this  work,  which  is  of  the  form — 

AVork  = number  of  piles  X depth  of  pile  X weight  of  body. 

Various  facts,  such  as  the  increased  resistance  upon  reversal 
of  motion,  the  smaller  co-efficient  of  friction  obtained  with 
dissimilar  than  with  similar  metals,  and  the  existence  of 
the  angle  of  friction  are  explained  with  the  aid  of  diagrams. 
Several  of  the  points  assumed  are  open  to  very  obvious 
objections,  to  which  it  is  hard  to  see  an  answer  ; but  it  will 
be  sufficient  to  dispose  of  the  theory  of  the  equivalence  of 
the  work  done  in  raising  the  body  and  that  actually  occuring 
in  frictional  resistance.  Some  time  must  be  occupied  in  the 
rising  and  falling  of  the  moving  body.  Let  us  consider  that 
occupied  in  falling ; an  1 suppose  this  to  occur  under  the 


the  best  surface  plates),  and  further  wear  merely 
removes  groups  of  particles,  leaving  other 
hollows,  or  if  no  wear  is  taking  place,  merely 
pushes  down,  or  on  one  side,  the  projecting 
particles.  Any  increase  of  pressure  brings  a 
larger  number  of  particles  into  contact,  and 
so  increases,  to  a proportional  extent,  the 
friction,  or  amount  of  rubbing  and  consequent 
heat  produced.  Hence  the  friction  varies 
with  the  pressure.  For  low  velocities,  the 
constant  resistance  simply  depends  on  the 
number  of  particles  in  contact,  and,  as  this 
at  any  point  is  the  same,  the  friction  is  not 
altered ; when,  however,  the  velocity  is  very 
high,  it  may  be  that  the  surfaces  are  slightly 
separated  and  the  friction  is  thereby  reduced  ; 
and  it  may  also  be  that  prominent  particles, 
periodically  displaced,  but  not  permanently 
removed,  may  not  regain  their  position  so 
rapidly  as  to  interfere  with  as  many  particles 
on  the  other  surface  as  they  otherwise  would. 

I trust  you  will  now  realise  that  it  was 
necessary  in  order  to  make  clear  the  con- 
nection between  the  various  facts  in  the 
friction  of  solids,  and  to  give  a logical  ex- 
planation of  these  facts,  to  discuss  at  length 
the  time-honoured  laws  of  friction.  We  have, 
however,  treated  of  only  one  phase  of  the 
nature  of  friction,  others  being  reserved  for 
the  next  lecture. 


action  of  gravity  alone,  that  is,  assume  (as  in  Morin’s  ex- 
periments) only  the  weight  of  the  body  acts.  Then  the  time 
in  falling  will  have  a definite  amount,  viz. : — 


<t> 


(where  h = the  depth  of  the  pile). 

Now,  in  the  first  place,  an  obvious  difficulty  in  the  way  of 
accepting  the  theory  arises  from  the  fact  that,  unless  the 
body  fell  instantaneously  it  must  fall  to  a different  height  for 
every  velocity,  depending  upon  the  point  where,  from  its 
trajectory,  the  respective  parts  of  the  slanting  sides  of  the 
projections  or  piles  come  into  contact.  Captain  Douglas 
Galton,  to  account  for  the  decrease  of  friction  at  high  speeds 
did,  infact,  suggest  the  idea  that  thecontact  occurring  between 
different  parts  of  proj ecting  portions  at  high  and  low  velocities 
arose  from  such  a cause  (vide  “ Proc.  Inst.  Mechanical 
Engineers,”  1879,  p.  194).  But  this  reasoning  would  lead  us 
to  expect  a difference  in  friction  at  all  velocities,^  which  we 
do  not  find  to  be  the  case. 

Beyond  this,  however,  and  without  considering  the  nature 
of  the  outline  of  the  imaginary  projections,  it  may  be  proved, 
by  taking  values  far  beyond  those  which  could  possibl}'  obtain, 
and  calculating  an  imaginary  case,  that  whatever  the  form 
of  the  sides  of  the  projections,  the  body  could  not  possibly 
fall  the  whole  depth  of  the  pile,  even  at  a velocity  of,  say^ 
1-100  of  a foot  a second,  and  that  above  this  speed  the 
resistance  of  friction  must  depend  directly  upon  the  velocity 
of  motion,  whereas  at  speeds  many  hundreds  of  times 
as  great  this  quantity,  no  difference  whatever  has  been 
detected. 
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ADDITIONAL  LECTURES. 
JAPANESE  ART  WORK. 

By  Ernest  Hart. 

Lechtre  I. — Delivered  Titesday,  May  4,  1886. 

I have  undertaken  a difficult  task,  and  its 
difficulties,  instead  of  diminishing  as  I set 
myself  to  prepare  for  its  accomplishment,  have 
seemed  to  me  to  increase.* 

Hardly  a quarter  of  a century  has  elapsed 
since  Japan  (sealed  for  three  centuries  and 
impenetrable  to  European  travellers  or  col- 
lectors) came  suddenly  into  the  family  of 
civilised  nations,  and  disclosed  to  our  won- 
dering eyes  the  treasures  it  had  for  so  many 
centuries  jealously  guarded.  The  sudden  dis- 
solution of  the  feudal  system,  and  the  complete 
abandonment  of  the  laws  by  which  it  had 
isolated  itself  from  the  European  family  of 
nations,  were  followed  by  its  eager  adoption  of 
European  institutions  and  customs.  It  hos- 

*  The  historic  arts  of  Japan  are  so  numerous  in 
their  kind,  so  varied  in  their  development,  and  so 
complicated  in  their  detail,  that  the  attempt  to  give 
even  an  outline  of  them  to  an  audience  not  previously 
impregnated  with  Asiatic  lore,  and  not  accustomed 
to  place  itself  at  the  standpoint  of  Eastern  art 
motives,  might  well  occupy  a course  of  many  more 
than  three  lectures ; and  it  would  be  easier  to  attempt 
such  a prolonged  course  than  to  endeavour  to  con- 
dense even  a superficial  review  of  the  subject  within 
three  lectures.  I shall  deal,  therefore,  only  with  a 
small  part  of  the  subject,  and  that  treatment  must 
necessarily  be  rapid.  Happily  for  those  who  desire 
to  pursue  the  subject  in  many  of  its  aspects,  we  have 
already,  in  recent  literature,  a number  of  books  of 
unusually  high  merit  and  interest,  to  which  I can 
refer  you.  Among  these  are  the  sumptuous  work  of 
Audsley  on  the  “ Ornamental  Arts  of  Japan;”  the 
eloquent  and  beautifully  illustrated  book  of  M.  Gonse 
on  “ L’Art  Japonais the  instructive,  erudite,  and 
highly  artistic  volume  on  “ The  Pictorial  Arts  of 
Japan,”  which  our  accomplished  countryman— my 
colleague  in  the  medical  profession — Mr.  Anderson, 
is  now  passing  through  the  press  ; the  earlier,  but 
interesting  and  valuable  books  of  Dresser,  Reade,  and 
of  Jarves  and  Sir  Rutherford  Alcock — pioneer  workers 
in  this  subject — the  admirable  studies  by  Mr.  Cutler 
of  Japanese  design ; and  the  faithful  and  charming 
reproductions  of  Japanese  art  motives  by  Mr.  Dillon. 
These  books  have  obtained  a reputation  due  not  less 
to  the  singular  beauty  of  the  products  which  they 
describe  and  illustrate  than  to  their  fascinating 
novelty,  and  the  invincible  attraction  which  the 
genius  of  the  artists  of  “ the  country  of  the  Rising 
Run”  have  for  Europeans,  to  whom  they  have 
opened  a new  world  of  art. 


pitably  welcomed  English  travellers,  professors, 
artisans,  and  savants.  It  has  only  too  readily 
assimilated  European  habits  and  tastes  ; 
the  breaking  up  of  its  old  institutions,  and  its 
lamentable  abandonment  of  its  own  exquisite 
costumes,  fashions,  and  decorations,  have  led  to 
the  dispersion  of  the  art  treasures  once  prized 
beyond  all  estimation.  Hence  the  exportation 
to  European  countries,  for  the  benefit  of 
European  collections,  of  artistic  works  which 
had  accumulated  for  centuries,  and  the  pos- 
session of  a few  of  which  was  once  the  joy 
and  pride  of  prince,  noble,  and  knight. 
The  daimios,  or  feudal  lords,  and  the  samurai, 
their  two-sworded  retainers,  are  now,  alas,  no 
more,  and  have  given  up  their  ancient  pos- 
sessions. The  treasures  of  the  temples  have 
been  largely  destroyed  or  dispersed,  and 
many  of  them  are  now  in  our  keeping.  The 
embroideries,  the  bronzes,  the  treasured 
swords,  with  their  exquisitely  chased  hilts, 
guards,  and  mounts  ; the  lacquered  inros 
(medicine  case)  which  every  daimio  or  samurai 
wore  at  his  girdle ; the  rare  chests,  de- 
spatch boxes,  and  perfume  boxes  of  lac  ; the 
hanging  pictures  by  great  masters— too  pre- 
cious for  more  than  occasional  exposure  to  the 
view  of  the  select  few  ; all  these  fell  suddenly, 
through  war,  through  poverty,  through  change 
of  tradition  and  habit,  into  the  hands  of 
merchants  and  dealers  often  ignorant  of  their 
value,  and  testing  them  rather  by  standards 
of  inherent  costliness  and  richness  of  material 
than  of  artistic  merit.  Thousands  of  rare  and 
exquisite  objects  have  been  destroyed;  bronzes 
of  great  antiquity  and  of  unrivalled  workman- 
ship have  been  cast  into  the  melting  pot  by 
tons,  and  weapons  consecrated  by  centuries  of 
tradition,  and  decorated  with  the  works  of  the 
great  masters  of  past  time,  have  disappeared, 
and  can  no  longer  be  traced.  Happily,  though 
tardily,  the  cultivated  members  of  the  Japanese 
nation  have  awakened  to  the  irreparable  loss 
which  they  have  suffered,  and  at  the  present 
moment  we  hear  with  pleasure  that  much  of 
what  remains  in  Japan  of  their  art  treasures  is 
being  carefully  gathered  into  museums.  There 
they  are  catalogued,  and  preserved  with  the 
loving  and  tender  care  which  a nation  ought 
to  show  to  its  monuments  of  historic  art.  In 
Europe,  the  objects  which  came  first  into  our 
possession  in  great  numbers  were  imperfectly 
valued  because  they  were  imperfectly  under- 
stood. There  were  few  means  of  identification 
of  the  artists,  or  of  comparison  of  old  and  new  ; 
of  originals  and  copies;  of  good  work  and  bad. 
The  language  in  which  the  historic  data  exist 
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is  of  enormous  complexity,  and  learnt  only  by 
few  at  the  cost  of  years  of  toil,  and  it  may 
truly  be  said  that  until  Mr.  Ninagawa  and 
Mr.  Wakai,  the  most  accomplished  of  Japanese 
experts  and  archaeologists,  made  known  their 
careful  researches,  we  had  in  Europe  but  few 
data  with  which  to  guide  ourselves  in  com- 
paring the  w’ork  of  successive  centuries  as  it 
came  into  our  hands.  To  Mr.  Wakai,  and  his 
pupil,  Mr.  Hayashi,  now  resident  in  Paris,  we 
are  all  under  great  obligations,  and  to  the 
latter  I am  especially  indebted. 

In  Paris,  M.  Gonse,  M.  Burty,  M.  Duret, 
and  M.  Bing  have  followed  up  Japanese  art 
studies  with  much  ardour  and  great  artistic  taste, 
and  with  the  skill  in  discriminative  criticism 
for  which  P rendi  lovers  of  art  are  remarkable. 
In  this  country  Mr.  Franks  and  Mr.  Ander- 
son have,  more  than  any  other  persons,  con- 
tributed to  our  growing  recognition  of  the 
importance  of  studying  and  discriminating  the 
various  schools  and  successive  changes  in 
Japanese  schools  of  art,  and  to  them  we  owe  it 
that  the  British  Museum  possesses,  and  is 
now  displaying,  treasures  of  the  keramic  and 
pictorial  art  of  Japan  which  will  be  increas- 
ingly valued,  and  which  other  countries  may 
envy  us.  The  collection  at  South  Kensington 
has  many  treasures,  but  also  much  rubbish, 
and  is  very  far  from  being  complete  or  repre- 
sentative. It  is  a great  pity  that  so  great  an 
opportunity  is  being  missed,  for  shortly  these 
treasures  of  the  great  masters  of  Japanese  art 
will  be  unattainable.  Meanwhile  their  acqui- 
sition may  still  be  made  with  due  knowledge,  at 
a cost  ridiculously  out  of  comparison  with  the 
inherent  and  artistic  value  of  the  objects,  not 
to  speak  of  their  vast  and  growing  interest  to 
the  history  of  art. 

I stand  here  a recent  student  of  the 
historical  succession  and  development  of 
the  schools  of  Japanese  art,  and  it  is  because 
I have  found  great  difficulty,  which  I have  been 
at  no  small  pains  to  overcome,  in  classifying  and 
discriminating  the  objects  v/hich  it  has  been 
one  of  the  chief  pleasures  of  my  life  during  the 
last  few  years  to  collect,  that  I thought  that  it 
might  be  interesting  to  you  to  put  before  you 
some  of  that  information  which  I have, 
under  the  practical  pressure  of  difficulties 
in  collection,  been  at  pains  to  acquire.  I 
have,  in  examining  the  Japanese  art  collec- 
tions of  England,  been  disconcerted  to  find 
how'  few  facilities  many  amateurs  seem  to  have 
had,  and  how  relatively  little  attention  they  seem 
to  have  given  to  the  discrimination  of  the 
works  of  great  artists  from  the  purely 


mercantile  productions,  more  or  less  skilfully 
imitated,  as  articles  of  modern  commerce.  It 
is  an  exceedingly  common  thing  to  see  in  this 
country  mere  worthless  commercial  reproduc* 
tion  of  great  works  shown  with  pride  alongside 
of  the  masterpieces  of  men  of  extraordinary 
skill,  and  wEat  should  be  deathless  fame.  The 
Japanese,  like  all  Asiatics,  is  a skilful  imitator. 
He  has  yielded  easily  and  rapidly  to  the 
mercantile  instinct. 

It  is  a sad  characteristic  of  the  English 
dealer  to  require  the  reproduction  of  any  sale- 
able article  by  scores  or  hundreds.  It  is  the 
essence  of  the  true  work  of  art  that  it  is  a unique 
creation  of  the  imagination  and  the  executive 
invention  of  a master.  This  unfailing  charac- 
teristic of  true  art  work  European  mercantilism 
sets  itself  determinedly  to  abolish,  and  it  has 
done  so  with  only  too  much  success  in  Japan. 
The  markets  are  flooded;  the  shops  are  full, 
and  collections  abound  with  superficial  servile 
copies  and  cheap  lacquered  imitations  of  the 
old  masterpieces.  It  is  against  this  tendency, 
debasing  the  artistic  instincts  of  the  Japanese, 
and  ruinous  to  the  worth  of  European  col- 
lections, that  I wish,  by  this  outline  sketch 
which  I am  about  to  present  to  you,  to  protest. 
It  is  our  duty,  as  art  lovers,  to  study  the 
characteristics  of  the  original  work  of  the 
founders  of  Japanese  art,  to  instruct  ourselves 
so  as  to  prevent  the  possibility  of  what  is  now 
an  easy  facility  for  being  deceived  by  common 
vamped  up  and  worthless  imitations,  having 
more  than  the  surface  brillianc}^  to  the  eye, 
but  none  of  the  actual  qualities  of  substantial 
material  slowly  built  up,  of  delicate  finish, 
originality,  and  accomplished  and  refined 
maiJi  d'cEttvre,  which  a study  of  Japanese 
historic  originals  will  reveal  to  the  observant 
eye.  This  study  is  needed  because  the  work 
of  the  Japanese  was  great  in  little.  Its  art  is 
rarely  monumental  or  grandiose  ; its  dimen- 
sions were  for  the  most  part  small,  its  decora- 
tion unobtrusive,  its  colouring  sober,  its 
finish  faithful  and  minute,  and  the  objects  on 
which  it  was  lavished  often  show  to  the  common 
eye,  and  at  a small  distance,  as  no  other 
and  no  better  than  the  common  modern 
travesties.  The  Japanese  artist  in  metal  or 
iron  frequently  worked  as  it  were  with  a 
magnifying  glass;  the  objects  on  which  he 
lavished  his  skill  are  almost  microscopic  in 
dimensions.  He  aimed  at  overcoming  every 
difficulty,  at  expending  on  a button  (Netsuke) 
or  a small  menouki — the  ornament  of  a sword 
hilt  not  more  than  an  inch  in  length— art  such 
as  a Benvenuto  Cellini  would  have  lavished  on 
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a goblet,  a shield,  or  a statue.  Thus  work 
which  is  in  its  strength  of  outline  and  vigour 
of  expression  almost  worthy  of  Michael  Angelo, 
may  be  found  upon  a menouki  or  netsuke 
not  bigger  than  a thumb  nail. 

With  this  brief  introduction  I will  at  once 
proceed  to  speak  of  that  department  of 
art  in  which  the  Japanese  are  supreme 
among  nations,  and  which  was  characteristic 
of  the  origin  of  their  arts,  and  of  the  character 
of  the  nation.  The  art  of  Japan,  as  with  most 
primitive  nations,  was  an  art  born  under  the 
influences,  and  which  set  itself  to  satisfy  the 
tastes,  of  the  warrior  and  the  priest ; the  art  of 
the  metal  worker  was  lavished  upon  the  armour 
and  the  sword  of  the  soldier,  and  the  images 
of  the  temple. 

Metals,  Arms,  and  Armour. 

I do  not  seek  here  to  set  out  the  history^ 
of  the  origin  of  arms  in  Japan  ; the  age  of 
stone  existed  there  as  among  other  primitive 
people. 

The  earliest  fables  of  the  history  of  Japan 
are  concerned  with  weapons  with  which  the 
gods  were  armed ; and  in  the  temples  of 
Japan  are  preserved  arms  of  very  early  date, 
having  an  authentic  history. 

In  the  mythology  of  Japan,  Izanagi  and 
Izanami  touched  chaos  with  the  spear  point 
when  they  separated  from  the  ocean  the  primi- 
tive islands  of  which  Japan  is  a conglomera- 
tion. And  Susanowo,  brother  of  the  Sun 
goddess,  employed  a mythical  sword  with 
which  to  kill  the  eight-headed  serpent,  whom 
he  took  care,  however,  first  to  intoxicate. 

Authentic  arms  of  the  8th  century  are  the 
most  ancient  of  those  known  to  exist  in  Japan. 
They  belong  to  the  Emperor  Shomu  ; date 
A.D.  724  to  764.  There  exists  in  Nara,  the 
ancient  capital  of  Japan,  a Buddhist  temple 
called  Todaiji,  founded  in  764  by  order  of  the 
Emperor.  In  the  court  of  this  temple  are 
three  stores  containing  antique  treasures,  and 
which  have  been  known  for  the  last  eleven 
centuries  under  the  name  of  Mitsugura,  of 
Nara.  They  include  objects  of  the  greatest 
archaeological  history  and  importance,  and 
especially  those  which  belong  to  the  Emperor 
Shomu ; and  it  is  these  objects  and  the 
ancient  catalogues  of  them  which  serve  chiefly 
to  constitute  the  history  of  the  ancient  metal 
work  of  Japan.  Other  great  temples  of  the 
provinces  around  the  ancient  capital  are  also 
fertile  in  precious  examples  of  the  historic 
arts  of  Japan.  Some  of  these  are  said  to  be 
prior  to  the  8th  century,  but  as  their  authenti- 


city is  doubtful,  it  is  unnecessary  here  to  refer 
to  them.  Moreover,  as  the  Emperor  Shomu 
was  the  great  patron  of  high  artistic  productions 
of  the  earliest  known  periods  of  artistic  work 
in  Japan  we  need  not  for  a moment  attempt 
to  carry  back  history  to  more  doubtful  anterior 
periods. 

From  the  artistic  point  of  view,  the  metal 
work  upon  arms  and  armour  in  Japan  pre- 
sents itself  under  three  kinds — chasing,  in- 
crustation, and  repozisse  hammer  work. 
These  three  kinds  of  work  are  found  either  in 
simple  form  or  combined.  Sometimes  the 
work  presents  pure  examples  of  the  chasing, 
incrustation,  or  repousse,  and  sometimes  the 
two  or  three  kinds  of  work  are  found  on  the 
same  piece. 

To  facilitate  the  review,  I will  briefly  divide 
Japanese  metal  work  into  three  series,  viz.  : — 
(i)  Helmets  and  cuirasses;  (2)  Swords  and 
sword  mounts,  and  (3)  Hieratic  and  domestic 
bronzes ; and  I will  endeavour  to  sketch  out 
their  history  in  a few  lines. 

I avoid,  for  the  sake  of  brevity,  devoting  any 
special  mention  to  other  arms,  such  as  spears, 
bows,  arrows,  &c.,  because  they  are  less 
frequently  the  subject  of  special  artistic  orna- 
mentation, and  hardly  sufficiently  important  to 
form  the  subject  of  a special  study  in  this  rapid 
outline. 

Armour. 

Archcdological  Period. — In  the  earlier  times 
leather  and  skins  were  employed  in  the  con- 
struction of  helmets  and  cuirasses.  The  iron 
plates  which  were  introduced  into  the  helmet 
to  strengthen  the  front  part  of  it,  and  to  protect 
the  skull,  appear  to  constitute  the  first  step 
towards  the  subsequent  production  of  the 
famous  iron  helmets  of  old  Japan. 

It  is  said  that  the  first  production  of  the 
characteristic  armour  of  Japan  was  due  to 
Takeno-Uchi,  the  great  minister  of  the  family 
Masuda,  who  himself  forged  arms  and  armour, 
and  developing  this  art  taught  it  to  his  war- 
like followers,  and  thus  led  the  way  to  the 
success  of  the  expedition  of  the  Empress  Jingu 
into  Corea  in  the  year  200.  History,  however, 
tells  that  iron  helmets  were  already  in  use 
under  the  Emperor  Sirjin,  a hundred  years 
before  the  commencement  of  the  Christian  era, 
although,  owing  to  the  rarity  of  iron  and  iron 
work,  the  leather  cuirass  was  worn  for  a long 
time  with  the  iron  helmet.  The  descendants 
of  Takeno-Uchi  carried  on  in  succession  the 
art  of  forging  iron,  and  the  most  celebrated  of 
their  works  are  spoken  of  in  the  early  histories 
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of  Japan.  No  specimen  of  this  early  armourer 
remains. 

The  civilisation  introduced  after  the  Corean 
expedition  and  after  the  introduction  of  the 
Buddhist  influence,  opened  a new  era  in  all 
branches  of  literature  and  art  in  Japan,  and  it 
was  from  that  time  that  the  introduction  of 
rich  and  artistic  armour  and  its  entry  into 
the  domain  of  works  of  art  must  be  dated. 

One  only  object  of  a date  anterior  to  the 
Emperor  Shomu  deserves  special  mention,  and 
that  is  a helmet  composed  of  two  white  plaques, 
and  surmounted  with  a lion  forged  by 
Munetsugu,  the  sixth  successor  of  Masuda. 
This  helmet  was  given  to  Kamatari,  the  great 
minister  by  the  Emperor  Genjin,  about  668. 
The  helmet  made  by  Munemaro  was  given  by 
the  Emperor  Kuammu  to  the  conqueror  of  the 
Ainos,  Tamuramaro,  in  786. 

The  first  armour  consisting  of  helmet  and 
cuirass  cited  in  history  is  that  which  was 
made  by  Minekui,  the  twenty-second  successor 
of  Masuda.  The  armour  was  given  by  the 
Emperor  Shujaku  to  the  warrior  Hidesato, 
who,  in  940,  killed  the  pseudo  - prince 
Masakado,  then  in  insurrection.  It  was  a 
supreme  honour  for  a warrior  of  that  time 
to  receive  a helmet  as  a gift  from  the  Emperor. 
A good  helmet  by  a celebrated  maker  was 
considered  an  object  of  the  highest  value.  It  is 
only  in  the  loth  century  that  records  of  these 
works  occur.  Of  the  nth  century  there  are 
numerous  authentic  examples,  and  many  such 
objects  are  preserv’ed  in  the  temples  and  among 
the  great  families.  The  helmet  of  Yoshitsune, 
the  celebrated  general,  and  brother  of  Yori- 
tomo,  preserved  in  the  temple  of  Kumara  in 
the  Province  of  Yamato,  is  described  as 
having  a semi-spherical  form  and  being  com- 
posed of  thin  triangular  plates  of  iron,  these 
plates  being  divided  into  eight  series ; four 
of  which  are  covered  with  silver,  and  represent 
a white  cross  alternately  with  black.  It  is 
surmounted  by  a lion  in  gilt  bronze,  crouching 
and  about  to  take  a leap.  The  lateral  plates 
of  the  two  sides  of  the  figure  are  decorated 
with  lion  cubs  playing  among  peonies  in  gilded 
bronze,  and  chased  in  high  relief.  There  is 
great  freedom  and  flexibility  of  form  in  this 
work,  but  the  general  character  is  bold  and 
severe. 

Artistic  Period. — From  the  beginning  of 
the  1 2th  century  helmets  and  cuirasses  were 
regarded  as  works  of  high  art,  and  their  per- 
fection is  due  to  Miochin  Munesuke.  A collec- 
tion of  these  helmets  has  great  artistic  interest. 
The  iron  helmets  are  tempered  to  extreme  hard- 


ness and  tenuity,  and  worked  with  a hammer, 
and  they  assume  most  various  forms.  They 
are  in  high  relief,  and  the  iron,  although 
thin  and  light,  possesses  a solidity  which 
resists  a heavy  blow  from  a sabre.  Some- 
times the  speciality  of  the  artist  is  seen 
in  the  lines  of  the  form  which  indicate  his 
style  ; in  others  the  designs  and  fancies 
worked  out  in  the  repousse  patterns  constitute 
the  speciality  of  the  helmet.  In  these  helmets 
of  the  Miochin  period,  it  is  impossible  not  to 
ask  one’s  self  how  the  artists  have  been  able  to 
achieve  such  high  relief  and  artistic  lines  in 
material  so  intractable.  The  artist  has 
obviously,  in  many  of  them,  aimed  at 
giving  a character  of  elegance  and  delicacy, 
and  at  procuring  great  boldness  and  freedom 
of  design  in  a material  which  could  with 
difficulty  lend  itself  to  other  than  the  simplest 
and  least  striking  etfects.  The  cuirass 
follows  the  same  artistic  lines  as  the  helmet. 
Many  kinds  of  decoration  are  introduced 
in  cuirasses ; the  most  simple  of  them, 
representing  heraldic  arms,  animals,  or  birds, 
and  sometimes  other  subjects,  such  as  the 
Buddhist  deities  and  the  fabled  warriors 
of  early  Japan.  The  other  parts  of  the  suit  of 
armour  are  the  mask,  in  iron,  which  covers 
the  lower  part  of  the  face,  and  the  arm-piece 
which  is  nothing  else  than  a long  glove.  The 
iron  masks  which  were  worn  by  the  warriors 
are  perfect  specimens  of  hammered  iron.  The 
mask  was  adjusted  to  the  face,  fitting  it  like  a 
glove,  and  protecting  the  visage,  while  it 
served  to  give  it,  what  was  thought  important 
by  Japanese  warriors,  an  expression  of  ferocity. 
The  gauntlets  and  sleeve  are  decorated  with 
smaller  motives  than  the  cuirass,  and  executed 
with  great  delicacy. 

Among  specimens  of  armour  which  I show 
you  are : — 

1. ^A  helmet  in  form  of  a rabbit,  in  hammered 
iron  repousse.  A work  of  Miochin  (unsigned), 
a remarkable  and  very  ancient  work  of  the 
13th  or  14th  century.  Repousse  work  in  iron 
is  not  in  itself  difficult,  but  repousse  work  in 
very  high  relief  in  thin,  hard,  hammered  iron 
(so  hard  as  this,  which  is  intensely  hard  to 
resist  sword  cuts),  and  yet  to  retain  the  artistic 
effect,  is  a very  difficult  art.  The  helmet  is 
worked  in  hammered  iron  of  such  thinness 
that,  although  very  large,  it  weighs  little  over  a 
pound. 

2.  A helmet  in  the  form  of  a shell,  A work 
of  the  utmost  difficulty  and  highest  artistic 
effect.  A piece  of  the  13th  or  14th  century. 

3.  A warrior’s  (helmet)  mask  in  hard  ham- 
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mered  iron.  A very  remarkable  work,  signed  by 
Miochin  Monokio,  the  second  of  the  house, 
and  a great  artist.  A chef  d'ceuvre,  and  of 
great  rarity  ; 12th  century. 

4.  A warrior’s  mask  in  hammered  iron,  with 
moveable  face.  Miochin  Muneharu ; i6th 
century. 

5.  A breast-plate  in  hammered  iron,  end  of 
15th  century,  with  lion  in  relief,  by  Nobuiye;  a 
fine  piece,  very  rare. 

6.  A complete  suit  of  armour  by  a Miochin 
of  the  i2th  century.  The  finest,  I believe,  ever 
brought  to  Europe  except  that  in  the  Madrid 
collection. 

A little  portable  incense  burner,  in  hammered 
iron,  chased,  representing  a fish  (opening  with 
a hinge)  by  a Miochin  of  the  i6th  century. 

An  articulated  lobster  forged  in  iron  ; and 
this  exquisite  dish  shaped  as  the  leaf  of  a 
lotus,  and  supported  on  the  tendrils  and  seed 
vesels  ; a dream  in  hammered  iron. 

The  temple  of  Kogukuji,  at  Nara,  possesses 
the  arm-pieces  of  the  armour  worn  by  Yoshit- 
sune.  These  celebrated  pieces  are  most 
elaborately  worked.  The  gauntlet  is  of  chased 
iron,  encrusted  with  a butterfly,  with  chrysan- 
themums surrounding  the  whole  surface.  The 
arm-piece  has  a branch  of  the  same  flower. 
These  are  encrusted  with'  chased  and  gilded 
bronze,  and  have  a rich  and  artistic  effect 
which  may  well  surprise  those  who  have  not 
been  disposed  to  attribute  Japanese  works  so 
elegant  and  so  delicate  to  these  early  dates. 
The  author  of  the  work  is  unknown,  but  its 
date  exactly  corresponds  to  the  moment  when 
Miochin  Munesuke  appeared  as  an  armourer. 

Notes  on  the  Miochins. 

The  authentic  artistic  history  of  Japanese 
armour  begins  with  the  history  of  the  house  of 
Miochin.  The  first  personage  of  this  great 
family  of  Miochin  was  Munesuke,  who  livea  in 
the  1 2th  century.  Their  true  family  name  was 
Munesuke,  springing  from  the  ancestral  house 
of  Kino  Munenori,  who  is  identical  with 
Takeno-Uchino-Sukune,  whom  we  have  already 
spoken  of  as  being  a forger  of  arms  and 
armour  in  Japan.  The  genealogy  of  the  family 
of  Miochin  show  them  to  have  descended  directly 
from  Sukune.  The  family  of  Miochin  were  the 
official  armourers  of  the  Court,  and  it  was 
Miochin  Muneyoshi  who  perfected  the  work, 
departing  from  tradition  by  substituting  the 
most  various  and  agreeable  art  motives  for  the 
monotonous  ornaments  of  the  earlier  times, 
and  creating  a new  school,  with  its  own  artistic 
character.  The  honorary  title  of  Governor  of 


Azumo  was  given  to  this  great  artist  as  an 
ojffcial  testimony  of  approval  of  his  talent. 
The  title  Miochin  was  accorded  to  Munesuke  by 
the  Emperor  Konoke  (1142 — 1155),  and  became 
the  family  name.  It  is  derived  from  mij,  light, 
and  chi7t,  marble.  Miochin  Munesuke  resided 
first  at  Kioto,  and  subsequently  at  Kamakura, 
where  the  new  form  of  the  executive  govern- 
ment created  by  Yoritomo  was  seated.  He 
created  the  family  or  house  of  Miochin,  which 
counted  in  subsequent  centuries  many  dis- 
tinguished successors. 

From  the  12th  to  the  13th  century  ten 
generations  of  Miochin  carried  on  the  fame  of 
the  house,  most  of  them  leaving  behind  them 
renowned  works  which  are  still  preserved  in 
the  temples,  or  among  the  great  families.  A 
celebrated  helmet  was  that  made  for  the 
Shogun  Ashikaga  Yoshimitsu,  made  by 
Muneyasu.  The  17th  successor  of  the  house 
Nobuiye  was  a master  as  celebrated  as  his 
great  ancestor  Munesuke.  The  helmet  which 
he  made  for  Takeda  is  of  great  historical 
celebrity.  A work  of  Nobuiye  has  always  a 
character  of  remarkable  strength  and  boldness. 
His  lines  and  reliefs  are  large  and  severe,  but 
are  not  wanting  in  grace.  The  hardest  iron 
appears  in  his  hands  to  be  a soft  and  flexible 
material.  He  was  a master  of  marvellous 
skill,  and  seemed  to  do  with  iron  whatever  he 
wished.  Thus  the  sabre  sword  guards  of 
Nobuiye  are  classed  in  the  first  rank,  and  the 
fashion  of  these  sword  guards  commenced 
with  him.  I shall  refer  again  to  this  in  the 
chapter  on  sword  guards.  I show  you  here  a 
breast-plate  from  a cuirass  and  some  speci- 
mens of  sword  guards,  due  to  the  work  of 
Nobuiye.  There  were  other  of  the  Miochins  of 
great  fame.  Takayoski,  who  lived  in  the 
middle  of  the  15th  century,  and  Yoskioniti, 
who  lived  in  the  i6th  century,  were  the  two 
great  names  among  the  Miochins  which  have 
lived  in  the  annals  of  the  house.  These  two 
and  Nobuiye  form  what  are  called  in  Japan 
Nochi-no-sansaku  ; the  three  masters  of  pos- 
terity. Among  the  numerous  pupils  of  Miochin, 
Nobuyasu,  the  most  distinguished  pupil  of 
Nobuiye,  is  the  only  one  who  founded  a new 
school,  and  this  is  known  under  the  name  of 
Saotome. 

In  addition  to  forging  arms  and  armour, 
some  of  the  artist  forgers,  pupils  of  Miochin, 
frequently  amused  themselves  with  making 
smaller  art  objects  in  iron,  especially  in  times 
of  peace.  These  objects  are  generally  of  re- 
markable quality.  The  best  known  is  the 
eagle  of  South  Kensington.  Mr.  Alexander 
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possesses  also  a quail  by  an  artist  of  the 
same  house  of  remarkable  quality,  and  I show 
you  here  an  articulated  crab  by  a Miochin, 
and  this  small  incense  holder  shaped  like 
a fish,  and  the  articulated  cray-fish,  all  of 
them  remarkable  works  in  hammered  iron. 
(See  Catalogue). 

Swords  and  Sword  Mounts. 

Of  all  the  parts  of  Japanese  arms,  those  which 
offer  perhaps  to  amateurs  the  greatest  attrac- 
tion, are  the  Japanese  sabre  and  sword  mounts. 
These  mounts  are  marvels  of  chasing,  incrus- 
tation, and  hammer  work.  The  spears,  bows, 
and  arrows,  or  other  warlike  weapons,  were 
all  ornamented  more  or  less,  but  generally 
their  beauty  was  secondary  to  that  of  the 
sabre.  To  a Japanese  of  the  warlike  class 
the  two  swords  which  he  carried  in  his  belt 
were  his  continual  companions.  Their  owners 
never  appeared  without  them,  their  swords 
were  their  very  life,  and  there  has  been  no 
exaggeration  in  calling  the  sabre  the  soul  of 
the  samurai.  Hence  this  weapon  was  deco- 
rated more  than  any  other  object,  and  it 
was  upon  the  sword,  its  blade,  its  guards,  its 
sheath,  and  its  handle,  that  the  highest  efforts 
of  the  Japanese  metal  workers  were  concen- 
trated. Of  the  blades,  I show  you  some  fine 
old  specimens  ; their  forging  is  a chapter  by 
itself,  which  has  already  been  much  treated, 
and  which  I must  at  present  leave  aside.  The 
idea  of  decorating  the  sword  guards  and  mounts 
was  sometimes  pushed  to  the  highest  point  of 
luxury  and  of  artistic  refinement,  but,  as  a 
rule,  it  was  chastened  by  the  Japanese  love  of 
sobriety,  of  colour,  and  minuteness  and  deli- 
cacy of  work  from  which  we  are  now,  unhappily, 
weaning  them.  Certain  people  from  time  to 
time  decorated  their  swords  and  spears  with 
profusion,  but,  as  a rule,  the  sentiment  of 
luxury  was  indulged  by  making  the  ornaments 
more  and  more  exquisitely  delicate  without 
making  them  more  gaudy.  In  some  of  the 
more  modern  guards,  gold,  silver,  damascen- 
ing and  coral  and  mother-of-pearl,  which  were 
the  jewels  of  the  Japanese,  are  seen  in  profu- 
sion, CO  that  the  eye  is  dazzled  by  the  brilliancy 
of  the  materials,  and  ceases  to  be  capable 
of  seeking  out  and  admiring  the  artistic 
beauties  of  perfect  design  and  workmanship. 
The  earlier  Japanese,  belonging  to  the  great 
periods  of  art — the  i6th,  17th,  and  part  of  the 
1 8th  centuries — sought  a special  kind  of  dis- 
tinction in  discreet  and  low-toned  ornamenta- 
tion, hardly  discernible,  without  care,  by  the 
modern  European  eye  accustomed  to  showy 


brilliancy ; but  if  the  ironwork  of  the  earlier 
guards  be  carefully  studied,  you  will  not  fail  to 
see  that  it  rivals  in  mastery  of  detail,  in  technical 
beauty,  and  in  originality  of  design,  the  finest 
of  the  metal  work  of  the  Middle  Ages,  while 
it  greatly  excels  it  in  extreme  minuteness  of 
detail  and  perfect  mastery  of  a kind  of  tech- 
nical work  in  which  time  and  patience  were 
counted  as  nothing  in  the  balance  when  pure 
perfection  of  result  could  be  obtained  by  their 
expenditure.  Thus  a sword  mounted  with  a 
plain  guard  in  chased  iron,  besides  the  special 
merit  of  its  blade,  is  of  a value  equal  to  the 
richest  European  weapon,  by  reason  of  the 
great  perfection  of  the  workmanship  and 
design  of  its  mounts.  These  sword  guards, 
and  these  small  ornaments  applied  to  the 
handle,  are  not  now  sufficiently  respected. 
Before  the  invasion  of  the  new  European 
manners  in  Japan,  and  the  destruction  of 
all  their  old  weapons  and  customs,  they  were 
highly  valued  and  sold  at  great  prices.  The 
imperial  decree  of  1871,  which  abolished 
the  carrying  of  the  Japanese  sabre,  put  an 
end  to  the  importance  which  was  attached 
to  them  in  Japan  ; and  it  is  thanks  to  this 
change  that  we  collectors  have  been  able 
to  purchase  in  numbers,  and  often  at  absurd 
prices,  and  to  form  into  collections  in  Europe, 
works  which  were  rare  and  remarkable  in 
their  day,  and  are  now,  in  one  sense,  unique  ; 
for  although  cheap  cast  reproductions  of  the 
ancient  iron  guards  flood  the  market,  those 
who  are  careful  will  not  fail  to  distinguish 
the  exquisite  chased  work  of  the  old  metal- 
worker. All  the  old  guards  are  of  hammered 
metal.  This  has  been  confirmed  by  many 
examinations,  and  recently.  Professor  Chandler 
Roberts,  F.R.S.,  was  so  very  kind  as  to  make 
seme  examinations  for  me  which  perfectly 
attested  the  fact. 

A collection  of  Japanese  sword  hilts  and 
sword  mounts  is  one  of  the  most  artistic 
and  the  most  interesting  which  can  be  made. 
The  subjects,  the  method  of  working,  all 
speak  of  old  Japan,  its  history,  its  art,  its 
civilisation,  its  religion,  and  its  domestic 
life ; for  in  the  subjects  selected  by  the 
artists  of  Japan,  nothing  was  neglected. 
Their  favourite  flowers,  their  favourite  legends, 
their  favourite  gods,  the  emblems  of  their 
festivals,  the  illustrations  of  their  proverbs, 
the  heroes  of  their  fights,  their  domestic  life  ; 
all  these  are  represented  in  delicate  chasings, 
incrustations,  relief  work,  and  piercings  in 
metal  of  a minute  perfection  such  as  no 
other  nation  has  ever  produced,  and  such 
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as  every  other  body  of  artists  may  well  envy 
them. 

Modern  Japanese  work  retains  much  of  the 
cunning  of  the  old  arts  of  which  it  is  the 
descendant,  but  this  work  is  produced  under 
different  conditions.  Modern  commerce  having 
found  a pattern  which  will  pay,  requires 
hundreds  of  repetitions  of  it,  and  we  have 
now  castings  multiplying  by  the  hundred  one 
identical  subject,  all  of  which  are  worked  up 
with  skilful  imitation  of  surface  to  resemble 
the  fine  engraving  and  damascening  of  early 
days.  But  this  is  all  sham  work  ; it  is  com- 
mercial work  fabricated  at  the  bidding  of  the 
manufacturer  for  an  unheeding  public  which 
looks  for  glitter  and  show,  and  does  not  value 
the  exquisite  7nain  d' cEuvre  of  the  original 
artist,  whose  every  work  was  an  object  of 
conscientious  interest  to  him,  and  whose  every 
signed  piece  was  one  on  which  his  reputation, 
his  status  at  the  Court  of  the  Daimio,  and  his 
personal  honour  and  reputation  depended.  Of 
these  fine  old  works,  there  are  now  shown  in 
the  cases  in  the  library  of  the  Society  many 
hundreds  of  specimens  in  the  way  of  sword 
guards,  menukes  (applied  sword  ornaments), 
caps  for  the  sword  hilt,  ends  for  sabre  sheaths, 
and  other  parts  of  the  sword  mounts. 

Another  series  of  delicately-worked  metal 
objects  are  the  pierced  metal  beads  through 
which  passed  the  silken  cord  of  the  tobacco 
pouch  or  medicine  box  hanging  at  the  waist. 
These  beads,  which  in  the  olden  time  were 
exquisite  works  of  art,  are  now  imitated 
by  the  thousand  or  million  in  common  struck 
metal  thinly  coated  with  a gilding,  or  cleverly 
imitating  the  patina  of  the  various  alloys,  and 
such  beads,  sold  at  a fabulously  low  price,  have 
so  debased  the  taste  of  the  ordinary  observer 
that  I have  often  observed  with  amusement 
that,  lookingatthe  beads  of  the  16th,  17th,  and 
1 8th  centuries  in  my  collection,  superficial 
observers  have  said  “Oh!  yes,  this  is  what 
you  see  in  the  Regent-street  shops.”  The 
latter  have  the  same  relation  to  the  ancient 
work  that  a struck  German  metal  candlestick 
has  to  a work  of  Benvenuto  Cellini ; but  even 
that  difference  is  not  one  which  is  always 
obvious  to  the  eye  of  the  ignorant  observer. 

Metals  Employed. 

The  metals  employed  in  the  production  of 
sabre  mounts  are  very  numerous  ; besides  the 
variety  employed  in  Europe,  the  Japanese 
have  a considerable  number  of  alloys  of  patina 
or  artificial  surfaces  which  are  essentially 
Japanese.  There  are  two  principal  alloys 


which  attract  the  attention  of  amateurs.  The 
first  is  known  as  the  shakudo;  that  is  to  say, 
an  alloy  of  iron  and  copper,  with  from  five 
to  twenty  per  cent,  of  gold,  which  gives  a 
black  patina.  This  is,  perhaps,  the  most 
beautiful  of  metals,  its  colour  is  charcoal- 
black,  and  its  tone  varies  according  to  the 
proportion  of  the  alloy ; it  gives  capricious 
refiections  of  blue,  violet,  and  reddish  purple, 
and  lends  itself  in  combination  with  other 
metals  to  exquisite  pictorial  effects  unknown  to 
any  other  metal-workers  than  those  of  Japan. 
The  second  is  known  as  the  shibuichi,  which  is  a 
greyish  metal,  an  alloy  composed  of  one-fourth 
silver  and  three-fourths  copper ; hence  the 
name  shibuichi,  which  signifies  one-fourth. 
These  denominations,  however,  are  in  each 
case  theoretical,  each  tone  of  colour  requires 
a different  proportion  of  metal,  and  the  tint 
of  these  alloys  varies  as  much  as  do  pearls, 
from  slate  grey  to  pearly  grey. 

Pieces  which  Eorm  Sabre  Mounts. 

In  order  to  avoid  errors  in  translations,  it  is 
preferable  to  indicate  the  Japanese  names  of 
the  different  pieces  which  compose  the  mount 
of  the  Japanese  sabre.  Collectors  only  employ 
the  Japanese  terms,  as  we  have  no  exact 
translation  which  can  be  employed  without 
periphrasis.  The  following  are  the  most 
customary  denominations. 

The  handle  is  decorated  at  its  extremity 
with  a metal  cap  above,  and  a metal  ring 
at  its  lower  end,  fitting  above  the  hilt,  these 
two  pieces  are  called  fuchi-kashira.  Fuchi 
signifies  a border,  and  kashira  signifies 
head.  On  either  side  of  the  hilt  handle,  or 
hilt  of  the  sword,  are  fixed  two  little  pieces  of 
metal  which  are  known  as  inenuki,  which 
signify  pin  or  pivot.  The  small  piece  which 
caps  the  lower  end  of  the  scabbard  is 
known  as  koriJi\  the  projecting  piece  of  the 
scabbard,  through  which  the  suspending  cord 
is  past,  is  called  kib7^ikata.  Not  to  enter  into 
too  many  details  of  the  minor  pieces,  I will 
mention  only  two  detached  pieces,  which  often 
fit  into  the  sheath  of  the  small  sword,  known 
as  waJdzasJu.  The  first  of  these  two  pieces 
is  known  as  the  kodzuka,  a small  rectangular 
handle,  which  carries  a little  knife  blade 
niched  in  the  scabbard.  The  second  is  kogai, 
which  originally  served  as  a hairpin,  or  as 
some  say,  to  suspend  the  scalp  or  head  of 
warriors  slain  in  battles.  Each  of  these 
mounts  was  the  object  of  the  utmost  efforts  of 
artistic  invention  and  executive  skill.  On  them 
were  lavished  all  the  art  of  the  designer,  the 
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goldsmith,  and  the  damascener.  The  art  is 
d la  loupe,  for  they  are  extremely  small,  but 
the  decoration,  chasing,  inlaying,  and  relief 
carving  of  these  metal  sword  accessories  forms 
perhaps  the  most  remarkable  chapter  of 
Japanese  art-workmanship.  Fine  collections 
of  them  afford  examples  of  art  metal-work 
which  are  unrivalled  in  the  work  of  any  other 
nation  or  of  any  time. 

Historical  Note. 

The  ancient  swords  and  sabres  of  the 
Japanese  appear  to  be  devoid  of  any  luxurious 
mounts.  The  prolongation  of  the  metal  of  the 
blade  w'orked  cylindrically  formed  the  hilt. 
The  scabbard  W'as  of  hide  or  bamboo,  and  fre- 
quently twisted  round  with  threads  of  copper. 
Somewhat  later  the  hilt  was  made  of  iron  of 
the  same  thickness  as  the  blade,  and  formed 
of  two  pieces  of  iron  fastened  together  by  pins 
(menouki),  in  rare  cases  ornamented  with 
precious  stones  or  with  bronze  rings.  The 
religious  impulse  given  by  contests  between 
the  Shintoists  and  the  Buddhists  favoured 
artistic  progress  in  the  6th  century,  and  the 
civilisation  imported  by  Buddhism  perhaps 
added  more  to  the  growth  of  religion.  Arms 
w^ere  brought  to  perfection  at  the  same  time 
that  the  palaces  and  temples  were  constructed, 
and  at  the  end  of  the  7th  century  metal  w^ork- 
ing  had  sensibly  developed.  The  sabre  of 
Prince  Mumayado,  or  Shotoku  Taishi,  pre- 
served in  the  temple  of  Shitennoji,  at  Osaka, 
affords  proof  of  this.  The  history  of  Japan 
tells  that  the  Empress  Gemmiw  (708  to 
714)  gave  orders  to  the  court  of  arms  to 
bring  to  Xara  the  metal  artist  Karuta- 
no-Muraji  of  the  province  of  Omi.  The 
sword  known  as  shitisei-ken  (or  the  seven  stars) 
preserved  in  the  temple  of  Koruji  in  the 
province  of  Yamato,  has  a mount  in  gilded 
bronze.  The  art  motives  of  the  chasing  of  this 
sabre  is  the  Indian  grass  known  as  “karakusa.” 
The  w'ork  is  in  pure  style  and  simple  taste,  and 
delicate  tracing.  This  mount  is  a specimen 
of  the  work  of  Haruta.  The  sword  guard, 
known  as  yamagata,  preserved  at  the  temple 
of  Todaiji  of  Nara,  is  also  the  work  of  the  same 
school. 

The  metal  chasers  of  this  epoch  did  not 
make  sw’ord  mounts  their  speciality.  They 
made  accessories  for  armour,  menuke  (ap- 
plicas),  and  ornaments  for  the  temples  and 
palaces,  and  various  objects  of  luxury.  The 
art  of  the  metal  chaser,  which  flourished  in 
great  perfection  in  the  8th  and  9th  century,  is 
illustrated  by  the  mounting  of  the  sword  guard 


for  sacrificial  purposes  by  the  celebrated 
priest  Kukai,  or  Kobo  Daishi,  which  is  de- 
scribed as  being  a veritable  jewel  of  art.  The 
handle  is  entirely  in  gold,  chased  with  Indian 
motives,  and  surmounted  by  two  little  statues 
of  priests  worked  with  great  perfection. 

From  the  loth  to  the  12th  century,  art  showed 
a great  decadence.  The  wars  of  the  two 
powerful  families  of  Minamoto  and  Taira  de- 
stroyed a great  number  of  the  treasures  of 
ancient  art.  Not  only  did  the  prefects  of  the 
palace  neglect  the  questions  of  art  and  in- 
dustry, but  the  processes  devised  by  the  early 
artists  died  away  and  were  forgotten. 

The  government  of  Kamakura,  founded  in 
1186,  gave  a new  impulse  to  the  arts  and  in- 
dustry, and  everything  again  was  regenerated 

The  mounting  of  swords  occupied  the  first 
rank  in  Japanese  art,  and  although  the  pro- 
tracted wars  were  now  ended,  the  effects  of  the 
political  struggles  and  destructive  warfare 
were  long  felt,  and  art  only  slowly  revived. 

The  sword  of  Yoshitsune  is  an  example  of 
the  finest  work  of  this  period.  The  mount  is 
entirely  in  gold,  chased  with  pines  and 
storks  ; 24  round  appliques  chased  with 

storks  are  fixed  on  the  scabbard  in  series  of 
fours.  The  sword  guard  is  adorned  on  each 
side  with  three  similar  birds.  Many  others  not 
less  admirable  specimens  of  this  period,  are 
preserved  in  the  Japanese  temples. 

The  13th  century  was  again  disturbed  by 
wars  and  invasion.  The  Mongolian  invasion 
of  Japan  in  1281  shook  the  whole  empire,  and 
taxed  all  its  resources.  The  tradition  is  that 
a hundred  thousand  Mongolians  descended 
upon  the  shores  of  Japan,  after  having  con- 
quered China,  in  three  thousand  vessels,  but 
under  the  guidance  of  Hojo  Tokimune  they 
were  beaten  off. 

The  14th  century  was  not  less  troubled  by 
civil  war,  which  obscured  the  artistic  senti- 
ment. Art  in  Japan  remained  stationary,  if 
indeed  it  did  not  undergo  a further  relapse  ; 
but  the  luxury  which  the  daimios  and  generals 
imported  into  the  decoration  of  their  arms 
gave  a new  impulse  to  the  progress  of  art 
chasing. 

The  mounting  of  the  sabre  which  Prince 
Otono-miya  gave,  about  the  year  1332,  to 
Takauji,  the  first  of  the  family  of  Ashikada,  is 
in  chased  shakudo,  surrounded  with  a border 
of  gold.  The  fuchi-kashira  and  guard  are 
decorated  with  crests  of  the  Kiri  in  relief, 
worked  from  the  surface  of  the  metal.  The 
kogai  and  the  menuki  are  decorated  with 
three  rudders  floating  in  the  w'aves. 
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The  dagger  of  Kusunoki  Masashige,  who 
died  in  1336,  has  been  preserved  by  a collector 
-of  Osaka.  It  is  decorated  in  chased  shakudo 
in  relief,  with  the  chrysanthemum  floating  on 
n.  water- course,  and  raised  on  a background  of 
nanako.  These  two  specimens  are  described 
as  admirable  types  of  the  progressive  perfec- 
tion of  the  art.  The  models,  as  to  shape  and 
size,  of  the  8th  century  were  still  preserved. 

In  the  15th  century,  the  Ashikaga  Shoguns 
•encouraged  a higher  degree  of  luxury  in  the 
artistic  decoration  of  the  sword ; and  of  this 
family,  Higashiyama  Yoshimasa  was  the 
most  ardent  protector  of  the  arts.  He  sur- 
rounded himself  with  accomplished  and 
ardent  artist  workers,  among  wthom  the  most 
celebrated  chasers  was  Goto  Yujo,  whose 
remarkable  talent  has  never  ceased  to  excite 
the  enthusiasm  of  Japanese  amateurs.  His 
work  has  never  been  surpassed.  One  of  the 
finest  known  specimens  is  the  dagger  of 
Yoshimasa,  belonging  to  a collection  in  Osaka. 

The  ornaments  of  the  sheath  are  chased  in 
relief  on  silver,  and  represent  a dragon  in  the 
■clouds.  The  hilt  is  of  shark’s  skin,  on  which 
are  applied  a pair  of  menukis,  representing 
Juro,  the  god  of  longevity,  seated  with  his 
stag.  Refinement  in  composition,  grace  in 
the  execution,  and  distinction  of  style,  are  the 
aims  which  these  refined  artists  kept  in  view, 
and  which  they  attained  to  a degree  which 
has  never  been  surpassed. 

The  house  of  Goto  maintained  its  authority 
during  the  succeeding  centuries  in  the  chasing 
of  sword- mounts,  the  whole  skill  of  the  artist 
being  lavished  on  the  meneuk,  the^  kodzuka, 
and  the  kogai,  these  three  pieces  together 
being  known  as  the  mitokoro-mono,  which 
signifies  an  object  for  three  places.  The  sword 
guards  themselves  were  at  this  time  confided 
rather  to  the  hands  of  artists  who  worked  in 
iron  ; the  desirable  quality  of  the  guard  being 
its  solidity  and  its  capability  of  resistance  to  a 
violent  blow.  Although  these  guards  were, 
even  at  this  early  period,  sometimes  made  in 
bronze,  the  finest  were  executed  in  hard  tem- 
pered iron,  and  it  is  among  chased  iron  guards 
that  the  finest  metal  work  of  these  times  is  to 
be  found.  Guards  in  shakudo  and  shibuichi, 
or  in  bronze,  had  not  become  common  until, 
the  long  wars  of  the  i6th  century  being 
ended,  the  Government  was  fixed  at  Yedo, 
and  gradually,  during  this  time  of  long  con- 
tinued peace,  the  sword  became  an  object  of 
display.  True  warriors,  however,  always  pre- 
ferred sword  guaids  in  iron  to  those  made  in  any 
other  metal,  and  this  preference  has  existed 


even  down  to  the  latest  periods,  and  for  swords 
which  were  only  objects  of  luxury  and  fancy. 
No  name  of  any  artist  specially  celebrated  in 
the  chasing  of  sword  guards  is  recorded  be- 
fore the  1 6th  century.  Sometimes  they  were 
made  by  the  forger  of  the  sword  blade,  some- 
times by  the  armourer,  and  some  armourers 
and  makers  of  sword  blades  were  most  cele- 
brated for  their  skill  in  chasing  sword  guards. 
Among  the  artists  of  the  i6th  century,  three 
attained  high  renown,  and  the  iron  guards 
chased  by  their  hands  have  for  centuries  been 
recognised  as  of  the  highest  artistic  value. 
These  three  artists  are  Kaneiye,  Nobuiye, 
and  Umetada.  An  authentic  piece  from 
the  hands  of  these  artists  was  formerly  sold  as 
high  as  a hundred  kobon  of  gold,  a kobon  of 
gold  having  the  value  of  more  than  £ i sterling. 
In  the  collection  which  I have  arranged  in  the 
Library  will  be  found  several  specimens  of 
all  these  artists.  The  work  of  Kaneiye  is 
peculiarly  smooth,  and  he  especially  affected 
landscape  effects  in  low  relief,  full  of  poetry  and 
sentiment. 

The  works  of  Nobuiye  are  of  a larger  and 
more  virile  character,  and  instinctively  express 
the  force  and  grandeur  of  his  conception.  His 
iron  is  of  the  hardest  temper,  and  the  subjects 
are  commonly  chosen  from  objects  of  still  life. 

Umetada  was  more  abundant  in  invention 
than  the  two  former  artists.  Although  cha- 
racteristically energetic  in  design,  his  smooth 
iron  has  a war-like  appearance.  His  taste  is 
simple,  and  the  subjects  full  of  life.  His 
cursive  designs,  treated  with  a chasing  tool, 
are  as  supple  as  the  sketches  of  a great 
master  with  the  brush.  Umetada  is  the 
greatest  master  of  the  iron  chasers. 

Alongside  of  the  Gotos  there  arose  in  the 
1 2th  century  a variety  of  schools  of  high 
celebrity  and  various  styles. 

Nara  Toshiteru,  appointed  specially  to  the 
Shogun,  had  created  a characteristic  school 
of  chasing  of  large  and  original  design,  so 
characteristic  that  it  has  left  a continuous  im- 
pression on  the  succeeding  ages ; and  the 
Nara  school,  with  its  revolutionary  and  fanciful 
designs,  may  easily  be  recognised  when  once 
its  first  characteristics  have  been  seized. 

Hirata  Donin  invented  translucent  enamel, 
which  he  applied  to  chased  metal,  about  the 
year  1700,  and  of  which  he  and  his  successors 
long  possessed  the  sole  secret.  His  work  is 
highly  refined.  Kinai,  in  the  17th  century,  fur- 
nished to  the  court  of  Yedo  iron  guards,  pierced 
and  chased,  of  the  most  remarkable  beauty.  My 
collection  is  rich  in  specimens  of  his  work. 
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and  I would  especially  call  your  attention  to 
the  sword  guards  by  Kinai  chased  with  masks, 
and  to  others,  chased  with  dragons.  Tada- 
masa,  who  inhabited  the  quarter  of  Akasaka, 
in  Yedo,  created  a style  of  sword-guard, 
chased  in  a large  style  of  art,  which  has  been 
named  after  him,  so  that  guards  of  his  school 
are  known  as  Akasaka-tsuba.  The  greater 
number  of  the  most  distinguished  artists  came 
to  reside  at  the  military  capital  of  Yedo, 
where  all  the  Daimios  were  bound  to  have  a 
residence  during  their  temporary  sojourn  when 
they  came  to  pay  homage  to  the  Shogun. 

In  the  latter  half  of  the  17th  century  the 
archaic  traditions  of  the  i6th  century  dis- 
appeared completely,  the  school  of  Goto  alone 
remaining  faithful  to  the  style  of  Yujo,  which 
had  existed  for  200  years.  Under  the  fifth 
Shogun,  Somin— known  by  the  honorary  title 
of  Yokoya — Nara  Toshinaga,  Yasuchika, 
Nara  Joi,  were  distinguished  above  their 
fellows,  and  produced  the  most  remarkable 
works  which  Japan  has  seen  in  this  style.  The 
variety  of  subjects  is  considerable,  and  in  the 
sword-guards  are  illustrated  not  only  every 
variety  of  subject  taken  from  still  life  but 
historical,  mythological,  and  religious  emblems 
and  figures.  To  make  these  lectures  practically 
useful  to  every  collector,  I have,  with  the 
unstinted  and  invaluable  aid  of  Mr.  Hayashi, 
prepared  an  alphabetical  list  of  the  great 
artists,  to  whom  I have  here  referred,  and 
of  their  principal  rivals  and  followers,  to 
whom  I shall  further  have  occasion  to  refer, 
with  facsitniles  of  their  signatures,  as  found  in 
the  pieces  in  my  collection,  and  with  some 
chronological  data.  I have  given  only  the 
names  of  well-known  artists,  and  the  marks  of 
celebrated  setters.  This  has  been  hitherto,  I 
think,  a desideratum.* 

Sculpture  in  Wood. 

The  earliest  form  of  artistic  sculpture  in 
Japan,  apart  from  temple  and  palace  carving 
of  the  architectural  order,  of  which  I shall  not 
speak,  was  hieratic,  the  carving  of  the  Buddhist 
idols,  of  which  the  first  specimens  are  attributed 
to  a Korean  who  came  to  Japan  in  577.  The 
history  of  the  glyptic  art  has  recently  been 
learnedly  told  and  artistically  illustrated  by 
Mr.  Anderson,  in  his  great  book  on  the  “ Pic- 
torial and  Glyptic  Arts  of  Japan,”  now  being 
issued  from  the  press,  and  I can  here  only 
call  your  attention  to  a few  characteristic 

• This  list  will  be  printed  in  the  appendix  to  the  catalogue 
of  the  collection,  and  will  be  obtainable  by  members  on 
application  to  the  Secretary. 


specimens.  I have  been  so  fortunate  as 
to  secure  carvings  by  Ritsuwo,  a great 
master  of  Japan,  of  the  17th  century,  of 
the  two  temple  guardians  or  Nio.  These 
are  exquisitely  reproduced  by  the  aid  of 
heliogravure,  by  Mr.  Audsley,  in  his  “ Orna- 
mental Arts  of  Japan.”  They  are  minia- 
ture giants,  minusculous  colossi ; and  rarely 
perhaps  has  superhuman  force  and  faculty 
been  so  powerfully  conveyed  in  figures  of 
this  size.  I show  you  also  a singular 
statuette  of  the  divine  Indra  trampling  under 
his  feet  the  spirit  of  evil ; it  is  instinct  with 
fire  and  force.  It  is  not  dated,  but  of  great 
age,  probably  about  loth  or  12th  century, 
and  a sculpture  of  the  highest  merit. 
Contrast  it  with  the  feeble  artificiality  of 
the  modern  Japanese  statuettes  reproducing 
the  same  subject,  and  it  is  like  putting  an 
original  Michael  Angelo  alongside  of  a 
plaster  cast.  This  Saitaka,  leaning  on  his  stick 
(Catalogue,  p.  31)  is  of  a later  date,  probably 
1 6th  century.  It  is  singularly  naturalistic 
and  full  of  fine  touches  of  the  later  domestic 
portraiture  in  wood  statuettes.  I show 
you  here  also  an  exquisite  example  by 
Ritsuwo,  and  bearing  his  full  signature.  This 
statuette  of  the  minister  Tenjin  is  vested  with 
life  and  graceful  dignity.  It  is  evidently  a true 
portrait  and  unexaggerated,  and  has  the 
character  of  the  mediaeval  Italian  portrait 
busts. 

This  series  of  ancient  masks  carved  in  wood 
and  signed  by  celebrated  sculptors  from  the 
13th  to  17th  century,  were  used  in  religious 
festivals  in  the  “ No  dance  ” by  the  Daimios 
in  their  castles  ; they  themselves  and  their 
families  took  part  in  the  performance  ; and 
the  masks  and  dresses  worn  reach  the  highest 
point  of  luxury  in  the  17  th  century.  This  life-size 
raven  of  the  1 6th  century  has  a breathing  vitality. 
The  masks.  No.  9 to  12,  are  masterpieces  ; one 
of  the  carvers,  as  his  signature  shows,  had  re- 
ceived the  honorary  title  of  Wakasa-no-Kami, 
Governor  of  the  Province  of  Wakasa.  The 
title  of  Hogen  was  frequently  bestowed  on 
artists  of  eminence  ; the  semi-princely  title 
of  Honorary  Governor  of  the  Province  much 
more  rarely  ; but  there  are  other  instances 
The  great  treasure  of  my  collection  of  wood- 
carvings,  is,  however,  this  superb  statuette  of 
Buddha,  about  4 feet  high,  which  I have  re- 
ceived direct  from  a temple  at  Nara,  in 
Japan,  only  this  month.  It  is  certainly 
not  later  than  the  13th  century,  probably 
earlier.  In  serenity,  dignity,  and  god-like 
character,  in  the  calm  majesty  of  pose. 
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the  grace  and  lightness  of  the  draperies,  it 
far  surpasses  any  specimen  of  Oriental  carving 
which  I have  seen ; and  in  this  my  artist 
friends  and  critical  Japanists  concur.  It  has 
much  of  the  old  Greek  character.  Statues 
of  this  early  date  and  singular  perfection  of 
carving  remind  us  for  how  many  centuries 
Japan  has  preserved  a continuous  tradition  of 
art. 

The  wood  and  ivory  carvings  best  known  in 
Europe,  however,  are  netsukes.  Netsukes  are 
small  objects  used  as  buttons  or  toggles,  for 
attaching  to  the  sash  or  girdle  the  medicine-box 
[znro),  or,  at  a later  period,  a pipecase  or 
purse.  The  earliest  known  examples  are  said 
to  date  not  further  back  than  the  i6th  century, 
although  others,  of  earlier  date,  are  reported 
to  be  in  existence.  According  to  Mr.  Ander- 
son, the  first  professional  carver  of  netsukes  is 
said  to  have  been  a native  of  Kioto,  named 
Rifuho  or  Hinaya,  who  worked  during  the 
greater  part  of  the  17th  century,  and  died  in 
1670  at  the  age  of  69.  The  most  celebrated 
worker  was  Yoshimura  Shiuzan,  who  lived  in 
the  early  part  of  the  last  century,  and  is  the 
inventor  of  many  designs  which  are  repeated 
in  close  imitation  even  in  the  present.  Those 
of  his  productions  which  are  copied  in  the 
^‘Soken  Kisho  ” (a  book  descriptive  of  art 
industries,  published  in  1 78 1 ),  willbe  recognised 
by  all  collectors,  although  the  originals  are  no 
longer  in  existence.  From  his  time  the  number 
of  workmen  multiplied,  but  with  a few  excep- 
tions they  were  outside  the  recognised  art 
circle,  and  the  only  records  of  their  names  will 
be  found  upon  their  works.  It  is  only  within 
the  last  twenty  or  thirty  years  that  foreign 
demand  and  foreign  liberality  of  payment  have 
brought  the  carver  of  netsukes  an  adequate 
reward  for  his  talent,  but,  unfortunately,  the 
specimens  do  not  gain  in  originality  or  power 
in  proportion  to  their  increase  in  size  and 
elaborateness.  The  market  is  flooded  with 
crude  rubbish,  vile  forgeries,  and  elaborate  and 
unmeaning  groups  of  extreme  complication 
but  little  artistic  beauty. 

In  the  appendix  to  the  catalogue  I shall  give 
a fairly  complete  list  of  well-known  artists  in 
Netsuke,  and  a transcription  of  their  signa- 
tures. No  such  text  has  hitherto  been  attain- 
able, and  I hope  it  will  be  found  very  useful. 
For  the  data  I am  indebted  to  Mr.  Hayashi. 

The  netsuki  carver,  as  Mr.  Anderson  has 
well  pointed  out,  included  in  his  range  of 
subjects  the  whole  world  of  visible  pheno- 
mena, the  personification  of  proverbial  saws, 
the  historic  myths,  and  the  favourite  mytho- 


logical legends  of  Japan.  A collection  of  old 
netsuke,  with  their  stories  told  and  their  mean- 
ing deciphered,  is  a history  in  ivory  of  the 
daily  life,  the  historic  incidents,  and  the 
legendary  beliefs  of  Japan.  Almost  every 
netsuke  has  its  own  story  to  tell,  either  of  re- 
ligious iconography,  of  popular  myth,  or  of 
domestic  custom.  Sometimes  the  netsuke  is 
simply  a reproduction  of  natural  objects — 
flowers,  plants,  animals,  or  fish,  but  penetrated 
with  a sense  of  natural  beauty  and  enlivened 
with  a gay  humour  which  is  eminently  and 
almostunfailing  characteristic  of  the  Japanese, 
and  of  their  naturalistic  art.  Each  flower  and 
tree,  too,  has  its  meaning.  The  pine  tree  is 
emblematic  of  old  age;  the  chrysanthemum, 
the  chosen  emblem  of  the  Mikado — the 
national  crest ; ^paiUlownia  or  Awoi  of  the 
Shogun  ; the  plum  blossom  is  associated  with 
the  nightingale,  it  is  the  poet’s  favourite  tree  ; 
the  cherry  blossom  is  their  ideal  of  beauty, 
and  with  it  is  coupled  the  pheasant  among 
birds,  as  is  the  willow  tree  with  the  martin. 
Sometimes  the  netsuki  shows  a deity  clothed 
with  all  his  attributes.  The  jovial  pot- 
bellied Hotei,  the  god  of  happiness,  with  his 
lucky  bag,  his  fans,  and  groups  of  children  ; 
or  the  thunder-god  with  his  string  of  drums  ; or 
Daikoku,  god  of  riches,  with  his  rice  bags, 
which  fill  with  rice  at  every  stroke  of  the 
hammer  which  he  carries,  and  his  attendant 
rat,  the  privileged  Lazarus  of  his  crumbs  of 
rice.  Sometimes  the  figure,  as  that  of  a well- 
known  warrior,  the  Japanese  Samson,  Benkei, 
carrying  off  the  convent  bell  of  Miidera,  which 
never  ceased  to  wail  “ I want  to  go  back,” 
till  he  restored  it ; of  a hero,  Yoshitsune,  the 
Bayard  of  Japan,  whose  adventures  are  a never- 
failing  art  motive ; of  a fabulous  animal,  the 
dragon,  emblem  of  empire,  or  the  kylin, 
emblem  of  halcyon  days  of  prosperity,  a 
Buddhist  animal,  whose  tread  was  harmless 
to  the  minutest  insect ; or  symbolic  birds — 
mandarin  ducks  which  pine  for  their  mates,  and 
languish  when  their  partner  dies,  the  emblem 
of  conjugal  felicity ; or  one  of  the  many 
emblems  of  filial  piety,  the  boy  before  the 
cascadewhich  turnedto  wineto  cherish  his  aged 
parent,  orpulling  the  miraculous  bamboo  shoots 
which  rewarded  his  persevering  winter  search, 
or  sacrificing  himself  to  the  tiger;  all  belonging 
to  the  mixed  region  of  religious  fable,  poetic 
fancy,  or  popular  superstition.  Nothing  has 
been  more  quickly  and  readily  appreciated  in 
Europe  than  the  remarkable  power  which  the 
carver  in  wood  and  ivory  possesses  of  showing 
in  objects  so  small  a power  of  telling  a 


October  15,  1886.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS, 


215 


stoty — either  of  humour,  or  of  fancy,  or  of 
terror— such  as  in  European  art  is  rarely,  if 
ever,  lavished  on  subjects  so  minute,  but  more 
commonly  reserved  for  larger  and  more  showy 
and  effective  work. 

Okimonos  are  larger  carved  works,  a sort  of 
exogenated  and  magnified  netsuke,  which 
have  been,  for  the  most  part,  made  for  the 
European  market.  They  are  brought  over 
in  great  numbers.  They  are  exclusively 
modern  productions.  They  show  remarkable 
dexterity,  skill,  and  patience  in  the  finest 
examples  ; but  the  majority  of  them  are 
destitute  of  real  artistic  feeling,  and  are  little 
more  than  showy  and  clumsy  caricatures  of 
the  earlier  w'orks  of  Japanese  artists,  wEich 
w'ere  executed  for  patrons  who  had  a definite 
sense  of  the  meaning  of  the  work,  and  who 
w'ould  not  tolerate  clumsy,  inferior,  or  super- 
ficial qualities  of  design  or  execution. 

Most  of  the  older  netsukes  are  executed  in 
wood.  The  ivory  netsukes,  which  are  so  abun- 
dant, are,  for  the  most  part,  of  more  recent 
origin  ; and  among  collections  of  many  hun- 
dred netsukes,  in  the  hands  of  European 
collectors,  there  you  wall  find  that  90  per  cent, 
at  least,  are  inferior  modern  works  which  have 
little  in  common  with  the  higher  qualities  for 
which  such  possessions  will  be  permanently 
prized.  As  a rule,  you  should  be  on  your 
guard  against  ivory  netsukes.  Until  late  years 
the  Japanese  had  only  fossil  ivory  and  used  it 
sparingly.  Ivory  netsukes  are  a drug  in  the 
market,  because  masses  of  inferior  imitative 
work  has  been  lately  produced  to  meet  the 
demand  of  the  market.  They  need  to  be 
carefully  scrutinised  and  compared  with  the 
fine  old  pieces  which  they  inartistically  re- 
produce. Out  of  several  thousand  signed  and 
unsigned  ivory  netsukes  which  have  been 
offered  to  me,  and  which  I have  separately 
examined,  I have  not,  in  the  course  of  several 
years,  found  a hundred  fine  and  original  works. 

To  conclude,  Japanese  art  has  been  highly — 
perhaps  unnecessarily — praised;  it  has  been 
unduly,  andnot  always  judiciously,  depreciated. 
To  appreciate  the  art  of  an  Eastern  race, 
trained  in  the  religious  systems  of  Buddhism 
and  Shintoism,  having  its  own  myths,  its  own 
beliefs,  its  peculiar  predilections  and  its  special 
conventionalities,  we  must  learn  something  of 
the  alphabet  of  their  art  language,  and  some- 
thing of  the  symbolism  which  it  expresses. 
In  the  dragon  we  must  recognise  not  merely 
a grinning  monster,  but  a mythical  ruler  of 
the  elements  ; in  the  kirin,  the  emblematic 
combination  of  strength  with  gentleness  ; in 


the  wandering  beggar,  the  ragged  and  dis- 
torted Tekkai— the  ironically  hideous  anthro- 
poid form — the  merely  human  shell  of  an 
immortal  soul,  whose  claims  to  respect  are 
purely  spiritual.  We  must  read  the  stories 
which  these  fantastic  groups  tell,  and  enter 
into  their  fairy  land  of  birds,  beasts,  and 
flowers.  We  must  not,  in  an  Oriental  nation 
whose  religious  sentiment  regards  the  human 
form  as  the  unsightly  envelope,  temporarily 
clothing  a soul  always  yearning  after  trans- 
migration and  escape,  look  for  the  Greek 
harmony  of  outline  and  worship  of  anthropoid 
beauty.  But  in  many  ways  the  language  of 
art  is  universal ; and  when  the  Japanese  artist 
works  unfettered  by  the  conventionalities  and 
grotesque  elements  essentially  due  to  the 
Chinese  origin  of  his  schools,  he  shows  a 
grace  of  design,  a love  of  flowers,  birds,, 
and  landscape,  a sense  of  colour,  a power  of 
representing  vigorous  intense  action,  a skill 
in  composition,  a decorative  instinct  which 
have  never  been  excelled.  His  metal  work 
is  unrivalled  for  its  original  and  admirable 
technique,  its  fertility  and  variety  of  resource 
in  utilising  simple  metals,  and  in  inventing 
new  combinations  of  colour  : true  “pictures  in 
metal”  which  have  no  rivals  in  European  art.. 
He  was  great  in  patience,  in  devotion,  in 
self-sacrifice,  in  true  artistic  sentiment  and 
character.  These  characteristics  we  can  trace 
in  direct  lineage  in  the  art  products  of  the 
Japanese  workers  of  the  last  1,200  years  down 
to  the  present  day.  If  I have  asked  you  to 
follow  me  through,  I fear,  a dry  historic  retro- 
spect, it  has  not  been  because  I wish  you  to 
be  the  slaves  of  names  or  signatures,  but 
because  I wish  to  rescue  Japanese  art  from 
the  somewhat  ignorant  and  pell-mell  system  of 
collection  into  which  it  has  been  apt  to  fall 
owing  to  difficulties  in  the  study,  and  to  help 
to  put  it  more  and  more  in  the  hands  of  the 
art  student  and  technical  craftsman.  It  should 
not  be  a craze,  for  it  is  worthy  to  be  a serious 
study,  and  it  is  in  studying  the  merits  and 
defects  of  the  enduring  works  of  the  great 
masters  of  a past  which  is  rapidly  dissolving, 
that  we  shall  most  profitably  learn  the  lessons 
of  the  art  academies  of  the  far  East. 


The  Italian  Ministry  have  directed  that  the 
great  collection  of  musical  works,  which  formed  part 
of  the  Municipal  Library  in  Rome,  shall  be  trans- 
ferred to  the  Accademia  di  Santa  Cecilia.  This 
collection  has  been  described  as  the  richest  of  its 
kind  in  the  world. 
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Miscellaneous. 


COLONIAL  AND  INDIAN  EXHIBITION. 

The  Conferences  have  now  been  resumed  in  the 
Conference-room;  on  Wednesday,  6th  inst.,  Mr. 
G.  Vane  read  a paper  on  “ The  Pearl  Fisheries  of 
Ceylon  ; ” on  Friday,  8th  inst.,  Mr.  E.  B.  Biggar,  on 
“Canada  as  a Flax- Growing  and  Linen  Manufacturing 
Region;  ” on  Wednesday  afternoon,  13th  inst.,  Mr. 
J.  Capper,  on  “The  Cocoa  Nut  Palm  of  Ceylon: 
its  Products  and  its  Uses  ; ” and  on  Thursday  even- 
ing, 14th  inst.,  Mr.  A.  A.  Burton,  on  “ The  Late 
Eruptions  in  New  Zealand,”  with  lime-light  illus- 
trations. This  afternoon,  Mr.  S.  Todd,  C.M.G., 
will  read  a paper  on  “ Social  Condition  of  the  Cape 
'Colony ;”  on  Monday,  i8th  inst.,  Capt.  W.  Clark, 
on  “ The  Canadian  North-West  as  a Field  for  Settle- 
ment ; ” Tuesday,  19th  inst.,  Mr.  F.  W.  Pennefather, 
on  the  “ Social  Condition  of  New  Zealand  ; ” Wed- 
nesday, 20th  inst.,  Lieut. -Colonel  Palmer,  on  “ St. 
Helena  : its  Past,  Present,  and  Future  ; ” Thursday, 
2ist  inst.,  Mr.  W.  J.  Birt,  on  “The  Forests  and 
Farm  Lands  of  New  Brunswick;  ” and  Friday,  22nd 
jnst..  Rev.  Canon  Cooper,  on  “ Emigration  to  Canada.” 
These  meetings  will  be  held  at  4 p.m. 


ME  TR  O POUT  A N SE  WA  GE. 

The  annual  report  of  the  Metropolitan  Board  of 
Works  for  the  year  1885,  just  issued  as  a Parliamentary 
Blue-book,  deals  amongst  other  matters  with  txe 
question  of  the  disposal  of  the  whole  sewage  of  the 
•area.  The  two  reports  of  the  Royal  Commissioners 
thereon  were  referred  to  a committee  of  the  Board, 
under  whose  direction  experiments  were  already  being 
made  as  to  the  best  means  of  treating  the  sewage  at 
the  outfalls  with  a view  to  its  purification  and  general 
disposal.  The  following  particulars  are  taken  from 
the  report : — 

The  first  practical  trials  were  made  at  the  main 
•drainage  pumping- station  in  Grosvenor-road,  a 
beginning  having  been  made  with  1,000  gallons  of 
sewage,  and  the  quantity  treated  having  subsequently 
been  increased  to  100,000  and  then  to  250,000 
,gallons.  The  experiments  with  the  larger  quantities 
were  carried  on  for  about  three  months,  and  the 
result  of  them  was  to  show  that  chemical  precipitation 
.of  the  matter  held  in  suspension  in  the  sewage  could 
be  satisfactorily  effected  by  adding  to  it  certain  pro- 
portions of  lime  and  protosulphate  of  iron,  and  then 
allowing  it  to  subside  for  an  hour  or  two  in  settling 
tanks.  The  locality  of  the  experiments  was  then 
transferred  to  the  outfall  at  Crossness,  where 
apparatus  was  set  up  for  the  treatment  of  a million 
gallons  daily.  The  treatment  consisted,  first,  in  the 
precipitation  of  the  suspended  matter  by  the  method 
above  mentioned,  and  then  in  the  pressing  of  the 
deposit  or  sludge  into  masses  of  smaller  bulk. 


Before  extending  the  operations  to  still  larger 
quantities,  it  was  thought  desirable  to  obtain  the 
opinions  of  some  independent  chemists  of  the  highest 
standing  upon  the  value  and  efficiency  of  the  process 
which  was  being  applied.  Sir  Frederick  Abel,  Dr. 
Alexander  Williamson,  Dr.  Odling,  and  Dr.  Dupre 
were  accordingly  requested  to  examine  the  process 
and  give  their  opinion  upon  it.  Having  made 
numerous  experiments  under  various  conditions,  they 
definitely  advised  the  adoption  of  the  process  of  pre- 
cipitation by  means  of  lime  and  sulphate  of  iron, 
which  they  found  to  produce  a fairly  clear  effluent 
water. 

They  were  of  opinion,  however,  that  in  hot  weather 
something  more  would  be  necessary  to  insure  com- 
plete immunity  from  offensive  effluvia  arising  from 
secondary  fermentation.  What  was  required  seemed 
to  be  an  oxidising  agent  which  would  not  only  effect 
the  immediate  destruction  of  any  unpleasant  odour 
still  remaining  after  chemical  precipitation,  but  which 
would  at  the  same  time  prevent  the  further  develop- 
ment of  offensive  gases.  It  was  found  that  perman- 
ganic acid  was  effectual  in  accomplishing  both  these 
objects,  and  the  four  chemists  above  referred  to 
have  lately  given  it  as  their  opinion,  after  careful 
observation,  that,  if  the  effluent  produced  as 
above  mentioned  by  precipitation  with  lime  and 
protosulphate  of  iron  be  subsequently  treated  with 
ncanganate  of  soda  and  sulphuric  acid,  it  will  be 
deodorized  and  purified  to  such  an  extent  as  to 
render  its  discharge  into  the  river  unobjectionable  at 
all  states  of  the  tide. 

The  Board,  has  not  yet  finally  decided  to  adopt 
the  modes  of  precipitation  and  further  purification 
above  mentioned.  The  committee  under  whose 
direction  the  operations  have  been  carried  on, 
does  not  yet  consider  itself  in  a position  to  bring 
up  a complete  report  and  estimatesof  cost  upon 
which  the  Board  may  act. 

As  regards  the  disposal  of  the  sludge,  that  is  to 
say,  the  deposit  from  the  precipitation  of  the  sewage, 
the  Royal  Commissioners  suggested  that  it  could  be 
applied  to  the  raising  of  low-lying  lands,  or  burnt,  or 
dug  into  land,  or  carried  away  to  sea.  The  applica- 
tion of  it  to  land,  either  by  depositing  it  on  the 
surface  or  digging  it  in,  is,  it  is  to  be  feared,  im- 
practicable in  the  neighbourhood  of  the  present  out- 
falls at  Barking  and  Crossness,  by  reason  of  the 
enormous  quantity  which  would  have  to  be  got  rid 
of  daily.  The  daily  deposit,  after  precipitation  of 
the  whole  of  the  sewage,  is  estimated  to  amount  to 
3,000  tons  ; this,  when  pressed  and  the  liquid  drained 
off,  will  be  reduced  to  850  tons  daily.  The  process 
of  burning  the  pressed  sludge  has  been  tried  in 
various  ways,  among  others  in  a large  Hofmann’s 
furnace  at  Pluckley,  and  the  conclusion  arrived  at  is, 
that  whilst  this  method  of  disposing  of  the  material 
presents  little  difficulty,  the  expense  of  carrying  it  on 
without  nuisance  would  be  so  great  as  to  be  pro- 
hibitory. 

There  remains  the  suggestion  that  the  sludge 
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should  be  carried  away  and  cast  into  the  sea,  and 
this,  according  to  present  probabilities,  is  the  course 
that  will  have  to  be  adopted 


EAST  AFRICAN  DRUGS. 

Of  curative  drugs,  the  East  African  manifests  but 
little  knowledge.  Near  Lake  Ugombo,  a small  wild 
aloe,  when  the  green  skin  has  been  peeled  off,  forms 
an  ice-cold  and  healing  application  to  burns  ; and 
in  the  neighbourhood  of  Dar-es- Salaam,  a highly 
aromatic  plant,  with  hairy  purple  stalks,  called 
arcazamiidi,  is  reputed  a good  native  cure  for  pains 
in  the  stomach.  The  Somalis  occasionally  eat  the 
local  variety  of  dragon’s  blood,  a resin  of  acidulous 
flavour  obtained  from  the  inoU  tree  {Dracaena 
schizantha).  Between  Zanzibar  and  Dar-es-Salaam 
occurs  a creeper  with  bean-like,  hairy,  S- shaped 
pods  haring  severe  stinging  powers  ; it  is  about  four 
inches  long,  cf  yellowish  brown  colour,  and  is  called 
upupu.  The  pain  yields  to  covvdung  and  wood 
ashes.  In  the  same  region,  a broad-bladed  grass, 
called  mwanga  inwitu,  enjoys  some  fame  as  a 
styptic. 

Arrow-poisons  come  much  more  prominently 
wnthin  the  range  of  native  study,  and  most  tribes  use 
some  description  of  vegetable  poison  for  anointing 
their  spears  and  arrows.  The  most  important  is  a 
species  of  Strophanthus,  either  S.  hispidus  or  S. 
Ko?nbe,  which  will  probably  prove  to  be  the  sole 
source  of  this  class  of  poison  used  on  the  eastern 
coast,  from  Zanzibar  to  Somali-land,  and  even  far 
into  the  interior.  The  plant  is  a runner,  bearing 
large,  rough-ribbed  leaves,  arranged  in  clusters  of 
three  or  four  together.  Each  shoot  consists  of  three 
branches,  of  w’hich  one  bears  the  seed  and  the  other 
two  the  leaves.  The  flower  is  yellow,  with  curiously 
tailed  petals.  The  seed  has  the  form  of  a huge 
military  frog-button,  with  lobes  nine  inches  long, 
and  is  the  direct  source  of  the  poison.  This, 
according  to  St.  Vincent  Erskine,  is  called 
umtsuli  in  Gaza  or  Southern  Mozambique,  and 
is  so  energetic  that  men  wounded  by  arrows  in 
the  fleshy  part  of  the  leg  have  been  known  to  die 
within  three  hours,  and  with  small  bucks  the  poison 
takes  effect  before  they  can  run  out  of  sight.  He 
likens  the  active  principle  to  strychnine.  These  facts 
quite  accord  with  the  description  given  by  R.  W. 
Felkin  and  A.  \V.  Gerrard  {Pharmaceutical  Journal, 
April  9,  i88r,  p.  833)  of  the  poison  used  by  the 
Wanika  and  Wakamba  tribes,  west  of  Mombasa, 
except  that  several  roots  are  supposed  to  contribute 
to  the  deadly  effect.  These  authors  mention  an 
antidote  composed  of  sundry  roots  reduced  to  char- 
coal, which,  however,  proved  a failure  on  trial. 
Careful  investigation  of  the  umtsuli  reveals  the  fact 
that  it  is  a powerful  cardiac  poison,  as  powerful  as 
digitalin,  and  more  powerful  than  veratria,  when 
injected  under  the  skin.  But  it  causes  only  nausea, 
vomiting,  and  some  weakness  when  taken  by  the 
mouth.  The  flesh  of  animals  killed  by  this  poison  is 


eaten  by  the  blacks  without  ill  effects.  Probably 
identical  with  this  is  the  “poison  tree,”  from  the 
roots  of  which  the  natives  of  Somaliland  extract  a 
black  and  pitchy  substance  for  poisoning  their  arrows. 
Perhaps,  also,  the  pitch-like  poison  obtained  from 
the  boiled-down  bark  of  a tree  used  on  the  Rufiji 
river  for  application  to  arrows,  lances,  and  even 
bullets  ; and  the  muavi,  or  poisonous  decoction  of 
the  bark  of  a tree,  employed  in  the  trial  by  ordeal  of 
the  natives  of  the  Nyassa  and  Zambesi  valley,  is  the 
same  article  under  another  guise. 

Indulgence  in  narcotics  appears  to  be  confined  to 
tobacco,  which  is  very  commonly  grown  under  culti- 
vation. It  is  a special  product  of  the  Hanclei  district, 
whence  considerable  quantities  of  the  sun-dried  leaf, 
beaten  into  little  round  flat  cakes  about  two  inches  in 
diameter,  are  sent  down  to  Pangani  for  export.  The 
tobacco  is  coarse  and  strong,  but  of  fairly  good 
flavour.  The  Kiswahili  use  water-pipes  {hiko),  made 
of  gourds  of  various  shapes.  They  swallow  the 
fumes  in  smoking,  and  seem  to  enjoy  the  paroxysm 
of  coughing  which  results. 


Correspondence. 


SERICULTURE  IN  INDIA. 

Mr.  AVardle  having  very  kindly  sent  me  his  report, 
I have  read  it  with  much  interest.  His  zeal  in  the 
cause  we  must  all  admire  and  applaud,  and  I regret 
that  my  long  illness  has  hitherto  prevented  me  from 
seeing  the  results  of  his  labours. 

It  appears,  however,  to  me  that  he  lays  too  much 
stress  upon  the  value  of  wild  silks,  and  he  is  wrong 
in  saying  that  “ the  fibre  of  Indian  Tussur  silk  is  a 
better  one  than  that  of  the  Chinese,  which  is  quite 
another  species.”  I grant  that  it  is  another  species, 
but  the  Chinese  Tussur  waste  is  worth,  to-day,  at 
least  25  per  cent,  more  than  Indian  ; I use  consider- 
able quantities  of  both.  It  is  quite  a folly  to  suppose 
that  Tussur  or  any  wild  silk  can  be  reared  to  pay, 
because  in  all  cases  it  will  cost  as  much,  and  in  many 
(more  particularly  Tussur)  vastly  more  than  mulberry, 
and  when  done  the  cocoons  are  only  worth  about 
half  as  much.  Wild  silk  has  a future,  but  it  must 
be  limited  beyond  all  question  to  what  the  jungle 
can  produce  at  little  cost,  and  that  I consider  is  not 
a very  large  quantity  ; Mr.  AVardle  thinks  otherwise. 
As  he  says,  Tussur  might  be  the  fashion  and  might 
for  some  special  purposes  be  as  valuable  as  the 
Bombyx  mori,  but  it  would  be  a fictitious  value,  as  its 
fibre,  lustre,  and  dyeing  properties  are  not  comparable. 
Some  twenty  years  ago  I read  in  Dr.  Ure’s  “Dictionary 
of  Arts  and  Manufactures”  that  there  was  a 
species  of  wild  silk  (the  Eria  worm)  grown  in 
Assam,  that  was  so  abundant  and  cheap,  that  the 
natives  over  a large  extent  of  country  were  clothed 
in  it,  and  that  it  was  so  durable,  that  mothers  hand 
down  their  garments  to  their  daughters.  At  that 
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time  I was  busy  with  my  experiments  on  Indian 
chassum,  which  cost  me  so  much  money  and  labour 
before  I succeeded.  This  description  of  Dr.  lire’s 
so  exactly  suited  and  described  what  was  wanted, 
that  in  March,  1865,  I wrote  to  my  agents  in  Cal- 
cutta, “with  a monthly  crop  it  should  be  produced 
almost  as  cheaply  as  cotton — that  it  can  be  produced 
for  little  or  nothing  is  beyond  dispute,  or  why  are  all 
the  poor  natives  clothed  in  it } ” From  that  day, 
(now  more  than  twenty  years  ago)  I have  never  been 
able  to  obtain  any  supply  worth  notice  ; each  year  I 
have  imported  a small  quantity,  but  nothing  of  any 
importance.  At  the  present  time  Manchester  prints 
have  to  a great  extent  superseded  it  amongst  the 
natives.  Before  going  to  India,  in  1884,  I had  two 
acres  planted  with  castor  oil,  in  order  that  when  I 
arrived  there  I might  have  some  Eria  worms  reared 
under  my  own  supervision,  but  I soon  found  that  it 
was  a mistake,  as  they  required  the  same  labour  and 
attention  as  the  Bomhyx  mori,  and  the  cocoons  were 
only  worth  half  the  money,  as  they  could  not  be 
reeled,  and  must  be  used  as  waste ; so  I had  my 
castor-oil  plants  dug  up,  and  planted  with  mulberry, 
Wild  silk  can  be  used  when  produced  at  a price,  but 
can  never  be  a large  article  of  commerce,  like  the 
Bombyx  mori.  In  1874, 1 bought  1,000  acres  of  land, 
at  a cost  of  ^3, 000  or;i^4,ooo,  in  Upper  Assam,  for 
sericulture,  but  it  was  afterwards  found  that  labour 
was  too  scarce  and  dear,'  and  I then  turned  it  into  a 
tea  garden;  some  years  after  that,  in  1878,  I made 
another  attempt  at  sericulture  at  Madhopur,  in  the 
Punjaub,  the  Government  being  exceedingly  anxious 
to  promote  cottage  cultivation.  At  that  time  I had 
but  little  practical  knowledge  of  the  proper  method 
or*  treating  and  rearing  silkworms,  and  very  foolishly, 
as  it  turned  out,  imported  during  two  or  three  years 
a large  amount — above  five  thousand  pounds  worth — 
of  the  best  Italian  and  French  seed,  whxh  was  given 
out  to  th^dottage  native  rearers,  and  for  which  I got 
nothing  in  return  ; it  might  have  just  as 
well  been  thrown  into  the  sea.  A very  large 
sum  was  spent  in  various  ways,  most  of  it  very 
foolishly,  but  all  in  vain — it  was  a complete  failure  j 
and  well  it  might,  when  we  consider  the  miserable 
huts  in  which  the  worms  were  reared,  and  the  imper- 
fect knowledge  and  want  of  cleanliness  of  the  rearers. 
There  must  be  ventilation,  absolute  cleanliness,  and 
abundant  space,  if  silkworms  are  to  be  reared  with 
any  chance  of  success.  All  these  conditions  are 
wanting  in  a native  cottage.  Although  I joined  the 
Government  in  offering  prizes  for  the  best  cocoons, 
and  everything  possible  was  done,  no  expense  being 
spared,  it  was  all  in  vain,  and  I had  to  begin  again 
this  time,  I hope,  with  a better  chance  of  success. 
In  August,  1882,  the  Government  of  the  North- 
West  Province  gave  me  a grant  of  about  3,500  acres 
of  jungle  in  the  Eastern  Dim,  on  certain  conditions, 
one  being  that  I was  to  have  3,500  acres  more  when 
I had  planted  a thousand  with  mulberry,  and  as  I 
have  planted  about  two  thousand  acres  I am  entitled 
to  a further  grant.  The  Eastern  Dun  was  pro- 


nounced by  the  doctor  of  the  district  as  so  malarious 
during  the  rains  as  to  render  its  cultivation  exceed- 
ingly difficult  and  dangerous,  and  at  first  I had  no 
end  of  trouble  from  that  cause ; it  is,  however,  much 
better  now,  and  as  the  jungle  is  cleared  away  and  it 
is  brought  into  cultivation,  it  will  in  time,  I have  no 
doubt,  be  as  healthy  as  any  other  part  of  the  Dun. 

I have  built  a large  number  of  rearing  houses  for 
silkworms,  a shed  for  reeling  the  cocoons,  also  a large 
number  of  workmen’s  houses,  or  coolie  lines  as  they 
are  called,  also  bungalows  for  the  managers,  in  fact 
everything  has  been  done  to  insure  success,  and  to 
show,  if  possible,  how  for  the  first  time  in  the  history 
of  sericulture  (at  least  so  far  as  I know)  it  can  be 
carried  out  and  made  to  pay  on  a commercial 
scale  ; hitherto  it  may  be  said  to  have  been  altogether 
cottage  cultivation.  It  is,  no  doubt,  a large  and 
costly  experiment,  but  I have  great  hopes  of  succeed- 
ing. The  mulberry  plants  grow  most  luxuriantly, 
but  we  have  not  yet  had  sufficient  experience  to  say 
whether  the  climate  will  suit  all  descriptions  of  silk- 
worms. Until  this  year,  on  a small  scale,  European 
seed  has  done  very  well,  but  this  year  the  crop  was 
destroyed  by  a thunder  storm,  and  I am  disposed  to 
think  that  there  must  always  be  considerable  risk 
attending  sericulture,  even  under  the  most  favourable 
circumstances.  The  Bengal  multivoltine  worm, 
which  I have  tried  to  rear  during  the  rainy  season,  has 
not  so  far  done  well ; it  may  be  the  climate,  or  it  may 
arise  from  bad  and  diseased  seed.  If  the  multivoltine  of 
Bengal  shouM**fail,'  some  other  species  from  China  or 
Japan  will  have  to  be  tried,  as  it  is  very  important  to 
have  two  crops  in  the  rainy  season,  as  without  that 
the  remuneration  would  be  comparatively  small.  As 
time  goes  on,  and  my  plantations  grow,  and  are 
capable  of  giving  a sufficient  supply  of  leaf  for  rear- 
ing on  a large  scale,  it  will  be  possible  then  to  have 
a thoroughly  practical  result  that  can  be  relied  upon 
— Rome  was  not  built  in  a day,  neither  will  Indian 
sericulture.  There  are  many  problems  yet  to  solve. 

1.  What  part  of  India  is  best  adapted  for  the 
purpose  } as  you  must  in  all  cases  have  abundant 
labour,  cheap  land,  and  above  all,  suitable  climate. 

2.  What  is  the  best  system,  cottage  cultivation,  or 
large  rearing  establishments  under  European  supervi- 
sion, similar  to  what  is  now  being  tried  in  the 
Eastern  Dim 

3.  Will  the  climate  and  soil  that  suits  one  species' 
of  worm  suit  another  ? For  instance,  wiU  the  damp 
climate  of  Bengal  agree  with  the  Italian  or  Chinese 
worm  ? 

4.  What  is  the  best  kind,  and  what  is  the  best 
system  of  planting  mulberry  ? At  the  Dun  the  trees 
are  planted  about  fourteen  feet  apart,  and  the  interme- 
diate space  is  filled  with  plants,  which  are  plucked 
and  then  removed  when  the  standard  trees  are 
grown.  These,  and  many  other  questions,  time, 
experience,  and  careful  observation  can  alone  solve. 

S.  CuNLiFFE  Lister. 

Manniiigham  Mills, 

Bradford,  Yorkshire. 
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municated  by  friction  to  the  contiguous 
particles,  and  so  on  throughout  the  whole 
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CANTOR  LECTURES. 

FRICTION. 

By  Professor  H.  S.  Hele  Shaw. 

Lecture  II.— Delivered  January  25,  1886. 

The  Nature  and  Laws  of  the  Friction 
OF  Fluids. 

The  motion  of  fluids  has  received  as  much 
attention  from  eminent  mathematicians  and 
physicists  as  perhaps  any  other  subject  except 
astronomy,  and  yet  it  is  only  two  hundred 
years  ago  that  the  existence  of  what  is  in  some 
respects  their  most  important  property  was 
flrst  pointed  out.  In  1686,  Mariotte  s “ Traite 
du  Mouvement  des  Faux”  was  published, 
in  which  work  the  discrepancy  between  re- 
sults calculated  by  theory  and  results  obtained 
in  practice  was  attributed  for  the  first  time 
to  the  fact  that  there  was  such  a thing 
as  fluid  friction.  The  Italian  engineer, 
Gulielmini,  had  a short  time  previously  at- 
jT  tempted  to  explain  th^  retardation  of  flow  in 
*""^riv0ra^  by  assum-ingdihat  the  obstructions  in 
their  beds  deflected  upwards  small  bodies  of 
water,  which  moving  at  first  with  a velocity 
less  than  that  of  the  general  mass  of  water, 
received  an  increase  of  velocity  from  that  mass, 
and  so  caused  a reduction  in  the  mean  rate  of 
flow.  Mariotte  showed  that  in  glass  tubes  the 
discrepancy  between  existing  theories  and 
practice  also  occurred,  where  he  supposed  such 
obstructions  could  not  exist,  and  concluded 
that  the  retardation  was  really  caused  by 
friction  against  the  sides  of  the  channel  in 
which  the  fluid  flowed,  and  that  this  was  corn- 


mass. 

Since  that  time  innumerable  experiments  on 
the  flow  of  fluids  have  been  made,  and  many 
treatises  written  on  the  subject,  and  yet  at  the 
present  day  we  cannot  definitely  say  what 
exactly  is  the  nature  of  that  action  which 
always  dissipates  the  energy  of  fluid  motion. 
Still,  however,  we  know  that  in  certain  cases 
both  the  causes  suggested  respectively  by 
Mariotte  and  Guglielmini  come  into  operation 
together,  while  in  every  case  there  is  some 
action  like  the  resistance  of  friction  correspond- 
ing to  that  which  we  were  led  in  the  previous 
lecture  to  conclude  must  subsist  between  tne 
parts  of  the  solid  bodies.  In  addition  to  the 
above  two  causes  there  is  a third,  which, 
although  more  difficult  to  trace,  we  believe, 
from  what  we  know  of  phenomena  of  diffusion, 
must  come  into  operation,  and  in  the  case  of 
gases  to  an  important  extent.  The  subject  is, 
however,  one  of  such  difficulty  that  I propose 
to  commence  the  study  of  it  in  a very  simple 
manner,  and  discuss  the  flow  of  a perfectly  in- 
compressible fluid,  that  is  to  say,  of  a friction- 
less liquid,  by  means  of  the  so-called  “ stream 
line”  theory.  We  shall  be  compelled  to  admit 
that  the  motion  of  actual  liquids  is  accom- 
panied by  some  action  corresponding  to  the 
friction  of  solid  bodies.  We  shall  then  proceed 
to  consider  what  is  actually  known  from  ex- 
periment about  the  motion  of  liquids,  so  as  to 
be  able  to  understand  the  laws  of  fluid  friction, 
and  finally  deal  with  the  case  of  gases. 

In  the  first  place,  let  us  consider  what  takes 
place  in  the  passage  of  a liquid  through  bent 
pipes  or  channels  of  uniform  section.  Let  (i) 
Fig.  20  represent  a smooth  pipe  in  which  the 


Fig.  22. 


Flow  in  Channels  of  Uniform  Cross  Section. 


perfect  fluid,  moving  in  the  direction  of  the 
arrows,  is  deflected  round  a double  bend,  and 
finally  moves  parallel  to  its  original  direction. 
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The  result  of  this  is  that  at  each  bend  there  is 
an  oblique  reaction,  the  components  resolved 
parallel  to  the  original  direction  being 
equal  and  opposite  for  each.  Therefore 
there  is  no  resultant  tendency  to  move  the 
pipe  bodily  along,  but  only  to  turn  it  in 
a direction  contrary  to  that  of  the  hands 
of  a watch.  The  dotted  arrows  in  the  other 
figure  (ii)  show  that  in  passing  round  a second 
double  bend  the  resolved  parts  of  the  re- 
actions parallel  to  the  original  direction  all 
balance  each  other,  and  as  this  is  also,  ob- 
viously the  case  with  the  two  equal  and  oppo- 
site couples,  it  is  clear  that  the  liquid  has 
returned  to  its  original  line  of  flow  without  any 
changed  velocity,  and  without  having  any  re- 
sultant effect  on  the  channel  in  which  it  has 
flowed.  The  same  mode  of  reasoning  leads 
us  to  the  conclusion  that  the  velocity  of  a 
stream  of  this  kind  is  unaffected  by  the  form 
of  the  channel,  however  tortuous,  in  which  it 
moves,  and,  conversely,  that  the  channel  itself 
is  unaffected  by  the  passage  of  the  stream 
through  it. 

Next,  let  us  consider  the  effect  of  changes  in 
the  cross  section  of  the  channel.  Let  Fig.  23 


Fig.  23. 


<--3  Feet- 

->! 

0 

0 ® ® 

0 

0 

0 

6 ® ® 

0 

0 

0 

0 © © 

0 

0 

0 

0 ® © 

0 

0 

■ (i)  ^ 

Fig.  24. 

K 6 Feet ->- 

, ! Y 

o q e ® ® ® ® q o 

0 0 9®®®®  q o 

' 

Diagram  Showing  that  the  Velocity  of 
Flow  Varies  Inversely  as  the  Cross 
Section  of  the  Channel. 

represent  diagrammatically  particles  or  groups 
of  particles  moving  at  the  rate,  say,  of  3 feet  a 
second,  then  we  may  imagine  12  of  these 
(shown  in  black)  to  pass  a certain  point  each 
second.  We  may  now  suppose  that  these  12 
groups  of  particles  arrive  at  a portion  of  the 
channel  where  the  sectional  area  is  half  that 
of  the  former  case.  The  fluid  being  incom- 
pressible, they  must  pass  this  point  in  the 
same  time  as  before,  and  they  can  only  do 
this  by  increasing  their  velocity.  If,  for  in- 


stance, they  are  i foot  apart,  and  the  former 
channel  was  4 feet,  they  would  formerly  occupy 
a length  of  3 feet.  Now,  the  channel  being 
2 feet  wide,  they  occupy  a length  of  6 feet,  as 
shown  in  Fig.  24,  and  consequently,  in  order 
to  pass  a given  point  in  one  second  as  before, 
they  must  move  at  the  rate  of  6 feet  a second, 
or  double  their  former  velocity.  That  is  to 
say,  the  rate  of  motion  of  a liquid  varies  in- 
versely as  the  area  of  cross  secLion.  Applying 
this  to  the  case  of  a channel  (Fig.  25)  of  vary- 

Fig.  25. 


Flow  in  a Channel  of  Varying  Cross  Section. 

ing  cross  section,  we  see  that  from  the  section 
{a  a)  to  the  section  [b  b)  the  velocity  is  in- 
creasing, and  as  this  can  only  be  obtained  by 
an  excess  of  pressure  from  behind,  the  pressure 
must  be  decreasing  up  to  the  latter  point. 
From  the  section  [b  b)  to  the  section  {c  c)  the 
velocit}^  is  decreasing  and  the  pressure  is  in- 
creasing, but  the  channel  having  returned  to 
its  original  cross  section,  the  pressure  and 
velocity  are  again  the  same  at  this  point. 
Thus  it  is  clear  that  changes  in  the  cross 
section  of  the  channel  have  no  effect  whatever 
upon  the  final  rate  of  flow  when  the  cross 
section  is  the  same  as  it  originally  was. 

It  is  now  easy  to  understand  the  stream  line 


Fig.  26. 


The  “Stream  Line”  Theory. 


theory  of  the  motion  of  fluids,  and  through 
fluids.  Fig.  26  represents  a channel,  in  which 
an  incompressible  fluid  is  moving  in  the  direc- 
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tion  of  the  arrows.  The  lines  in  the  section 
represent  stream  lines  bounding  imaginary 
streams  of  fluid ; and  it  will  be  seen  that, 
reasoning  upon  any  particular  stream  between 
any  two  lines,  the  final  condition  of  the  fluid  is 
the  same  as  it  originally  was,  and  therefore 
there  is  no  change  of  velocity  in  any  of  the 
separate  streams,  and  consequently  none  in 
the  whole  body  of  liquid  flowing  in  the  channel. 
That  is  to  say,  the  section  3X  a a being  the 
same  as  at  cc,  the  conditions  of  flow  in  the 
two  places  are  identical,  and  no  loss  of  energy 
has  taken  place  in  passing  the  contracted 
section,  b b.  In  exactly  a similar  way,  we 
may  show  that,  if  the  body  shown  in  Fig.  27 
(p.  1 22o)be  moved  through  the  fluid,  the  original 
state  of  the  imaginary  stream  lines  being 
again  restored,  there  is  no  energy  imparted  to 
them  by  the  moving  body,  and  consequently 
there  is  no  resistance  whatever  to  the  motion 
of  the  body  itself. 

We  know  well  that  in  practice  there  always 
is  a retardation  of  the  flow  of  liquids,  even  in 
straight  pipes  and  channels,  and  that  when 
there  are  bends,  even  with  continuous  curves, 
the  retardation  is  considerable.  So,  likewise, 
in  the  case  of  bodies  moving  through  a 
liquid,  we  know  that  the  resistance  to  motion 
is  considerable,  even  when — as  in  the  case  of 
well-formed  ships — the  form  is  what  is  called 
“fair.”  Thus,  now  that  we  have  made  it 
clear  that  no  resistance  whatever  to  the  motion 
of  a perfectly  frictionless  fluid  could  in  such 
cases  occur,  we  may  conclude  that  no  such 
substance  exists,  and  that  there  is  an  action 
of  the  nature  of  friction  in  fluids.  We  will 
now  proceed  to  consider  what  is  actually 
known  of  the  exact  nature  and  amount  of  the 
frictional  resistance. 

The  earliest  experiments  on  fluid  friction 
were  made  about  100  years  ago  by  Coulomb, 
whose  apparatus  consisted  of  a disc,  D (Fig. 
28),  suspended  by  a brass  wire,  B,  so  as  to  be 
able  to  oscillate  about  a vertical  axis  in  the 
vessel  of  liquid,  A.  The  extent  of  the  oscilla- 
tions could  be  read  upon  a dial,  P,  by  means 
of  an  index,  l,  supported  on  a stand,  K.  Thus 
by  noting  the  time  in  which  the  disc  came  to 
rest  in  a liquid,  and  comparing  with  that  in 
which  for  a similar  initial  displacement  it 
came  to  rest  in  the  air,  it  was  possible  to 
estimate  the  frictional  resistance  of  the  liquid 
to  the  motion  of  the  disc. 

Coulomb’s  experiments,  although  made  at 
very  low  velocities,  and  leading  him  in  one 
particular  to  an  erroneous  generalisation, 
proved  conclusively  that  the  laws  of  fluid 


friction  were  of  an  opposite  nature  to 
those  of  solid  friction,  and  their  method 
of  statement  is  thus,  as  we  shall  see, 
entirely  different.  Since  the  time  of  Coulomb, 
data  and  results  on  the  subject  have  been 
continually  accumulating,  such  as  those  of 
Colonel  Beaufoy,  but  without  doubt  the  most 
important  experiments  that  have  been  con- 
ducted are  those  by  the  late  Mr.  William 
Froude.  Mr.  Froude’s  apparatus  consisted  of 
a stout  truck  running  on  a pair  of  rails  above 
a large  covered  tank  278  feet  long  36  feet 
broad,  and  having  for  the  most  part  a depth  of 
10  feet.  From  the  truck  could  be  suspended 
bo  lies  of  any  desired  material,  having  any 

Fig.  28. 


C 


Coulomb’s  Apparatus  for  Studying  the 
Friction  of  Liquids. 

required  form,  and  the  truck  being  drawn 
along  the  rails  by  a steam-engine  at  a rate 
which  could  be  accurately  regulated,  the  body 
was  at  the  same  time  towed  through  the  water 
beneath.  The  resistance  of  the  water  to  the 
passage  of  the  body  through  it,  and  also  the 
rate  of  motion,  were  automatically  recorded  on 
a revolving  cylinder. 

The  experiments  of  Colonel  Beaufoy  and 
Mr.  Froude  were  made  with  solid  surfaces  of 
limited  area  in  water  of  practically  unlimited 
extent.  Professor  Unwin  has  recently  pub- 
lished the  result  of  experiments  made  by  him 
with  surfaces  of  virtually  unlimited  extent  in 
a limited  volume  of  water.  He  accomplished 
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this  by  rotating-  a disc  in  a vessel  of  water  and 
employed  the  apparatus  shown  in  elevation 
and  plan,  Figs.  29  and  30.  This  apparatus 
consisted  of  a strong  frame  carrying  a vertical 
spindle,  S S,  which  could  be  turned  at  various 
speeds  by  a pulley,  P,  driven  by  a band  from 
a hot-air  engine.  Upon  this  spindle  discs  of 
different  sizes  and  various  kinds  of  material 
could  be  fixed,  so  as  to  be  within  the  cylindrical 
vessel  of  water,  c c.  The  resistance  to 

Fig.  29. 


Apparatus  of  Prof.  Unavi'x  in  Expkriments 
ON  THE  Friction  of  Discs  Rotated  in  Fluid. 

rotation  was  measured,  not  by  the  torsion  on 
the  spindle,  but  by  the  effect  of  the  enclosed 
volume  of  water  upon  a cylindrical  casing, 
A A (the  effectual  depth  of  which  could  be 
varied  by  means  of  a movable  disc,  E e), 
suspended  by  three  wires  to  a frame,  b b b. 
The  scale  pan,  G,  suspended  over  a pulley  (^) 
to  the  edge  of  the  casing  served  to  measure 
this  rational  effect,  while  at  the  same  time  the 
velocity  of  rotation  was  observed  by  means  of 
a speed  indicator. 


All  these  experiments  which  have  been 
described  were  made  with  surfaces  moving  in 
a fluid,  but  concurrently  a large  mass  of  data 
upon  the  flow  of  water  in  a pipe  or  channel 
had  been  obtained,  culminating  in  the  elaborate 
and  complete  experiments  which  were  carried 
out  by  M.  Darcy,  of  the  Paris  Waterworks. 

We  can  now  discuss  the  nature  of  the  results 
obtained  by  the  various  experiments,  and  it 
may  at  once  be  said  that  the  friction  between 
a solid  and  a liquid  differs  from  that  between 
two  solid  bodies  in  that  it — ■ 

(1) .  independent  oi  pressure. 

(2) .  Does  vary  with  the  extent  of  the  surfaces. 

(3) .  Does  increase  with  the  velocity  of  motion. 

These  results  are  mathematically  expressed 
thus: — 

If  F = the  frictional  resistance. 

S = the  extent  of  the  surfaces  in  contact. 

V = the  velocity  of  relative  motion. 

ThenF  =/S  V« 

where  f and  n are  quantities  both  depending 
on  the  velocity  of  motion,  and  also  on  the 
nature  of  the  surfaces.  And  what  is  required 
is  to  find  under  the  various  conditions  of 
practice  suitable  values  for  f,  or  the  “ co- 
efficient of  friction  ” as  it  is  called,  and  for  n, 
or  the  power  of  the  velocity  to  which  the 
resistance  is  proportional. 

Coulomb,  as  the  result  of  his  experiments  on 
the  motion  of  a body  in  a liquid,  supposed  that 
the  amount  of  the  resistance  was  independent 
of  the  nature  of  the  surfaces  and  varied  directly 
with  the  velocity,  that  is  to  say,  that  /"was  un- 
affected by  the  kind  of  surface  employed,  and 
n was  equal  to  unity.  Curiously  enough,  the 
earlier  experiments  upon  the  effect  of  surface 
in  the  case  of  the  flow  of  water  in  pipes  seemed 
to  give  the  same  result.  The  experiments  of 
Beaufoy  and  Froude  on  the  one  hand,  and  of 
Darcy  on  the  other,  showed,  however,  that, 
except  for  very  low  velocities,  these  conclusions 
were  quite  erroneous.  In  the  first  place,  it  is 
now  known  that  the  roughness  of  surface  has 
considerable  effect  in  retarding  fluid  motion 
over  it.  This  is  well  illustrated  by  the  results 
which  Professor  Unwin  has  given,  in  Table  on 
p.  1213,  to  show  how  closely  his  experiments 
with  the  rotating  disc  agree  with  the  results 
obtained  by  Mr.  Froude  upon  plank  50  ft.  long. 

Professor  Unwin  has  plotted  his  results  in  the 
form  of  curves  (Figs.  31,  32,  and  33,  p.  1223),  in 
which  each  division  horizontally  represents  one 
revolution  per  second,  and  each  division 
vertically  a resistance  of  one  pound,  acting  at 
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Resistance  iv  Pounds  per  Square  Foot  at 
A Velocity  of  Ten  Feet  per  Second. 


Froude. 

Unwin. 

T infoil  surface  

•232 

Bright  brass 

•202  to  '229 

Varnish  

•226 

Varnish  ...  

•220  to  '233 

Fine  sand  

‘337 

Fine  sand  ... 

•339 

Medium  sand  

■436 

Very  coarse  sand 

•587  to  -715 

a leverage  of  a foot  on  the  suspended  cylinder 
which  enclosed  the  rotating  disc.  Fig.  29 
shows  the  results  with  a cast-iron  disc,  the 
dark  line  being  that  with  the  space  in  which  the 
disc  rotated,  adjusted  so  as  to  be  only  inches 
deep,  the  other  curves  representing  those 
for  3 inches  and  6 inches  respectively.  Fig.  30 
shows  the  results  with  a bright  brass  disc,  in 
w’hich  case  the  mean  frictional  resistance  is 
obviously  lower  with  the  bright  brass  than  it 
was  with  the  rough  cast-iron.  Fig.  31  shows 
the  result  of  four  experiments  with  a rough 


Fig.  31. 


Curves  Representing  the  Results  of  Experi- 
ments UPON  Friction  of  Discs  in  Fluid. 


and  smooth  disc,  each  in  a rough  and  smooth 
•chamber.  The  curves  are  exactly  as  would  be 
expected,  the  highest  being  that  for  the  two 
rough  surfaces,  the  lowest  for  the  two  smooth 
ones,  whilst  the  second  highest  is  for  the 
rough  disc  in  the  smooth  chamber,  and  the 
third  for  the  smooth  disc  in  the  rough  chamber. 
With  regard  to  the  friction  in  channels,  Darcy 
found  that  the  resistance  in  clean,  cast-iron 
water  pipes  was  i^  times  as  great  as  with  a 
lining  of  pitch,  while  for  old  and  encrusted 
mains  it  was  twice  as  great  as  with  new  cast 
iron. 

These  general  facts  are  not,  however, 
sufficient  of  themselves  to  enable  us  to 


determine  suitable  values  for  the  co-efficient 
for  friction  [/),  which  also  depends  in 
some  way  on  the  velocity.  The  fact  is 
that,  in  spite  of  many  attempts,  it  has 
been  found  extremely  difficult  to  obtain  such 
values  so  as  to  include  both  high  and  low 
velocities,  and  there  is  now  reason  to  believe 
that  this  involves  an  important  physical  fact, 
which  we  shall  presently  allude  to,  and  which 
would  account  for  there  being  no  single  value 
of  the  co-efficient  of  friction  applicable  to  all 
cases  of  the  motion  of  fluids. 

The  search  after  some  form  for  the  various 
co-efficients  of  friction  for  the  flow  of  water 
has  absorbed  a very  large  amount  of  time  and 
labour  on  the  part  of  the  various  authorities  on 
hydraulics,  for  it  must  be  remembered  that  we 
have  only  been  considering  the  value  for  the  re- 
tardation which  takes  place  at  a known  velocity. 
There  is  also  the  case  of  the  frictional  resist- 
ance to  increase  of  velocity ; for  instance,  in 
the  case  of  a river  with  a given  surface  slope. 
Here  it  is  important  to  calculate  what  the 
velocity  will  be,  and  this  might  be  at  once 
done  if  the  proper  co-efficient  of  friction  were 
known. 

It  has  been  remarked  that  Coulomb  found 
for  low  velocities  the  value  of  the  power  of  the 
velocity  («)  was  unity.  This  was  for  velocities 
of  about  I inch  per  second.  At  velocities  of 
6 inches  per  second,  the  power  was  afterwards 
found  to  be  more  nearly  equal  to  2,  that  is  to 
say  the  resistance  varied  more  nearly  as  the 
square  of  the  velocity.  Or  more  simply,  while 
for  low  velocities  the  resistance  doubled  if  the 
velocity  doubled,  and  became  three  times  as 
great  when  the  velocity  trebled.  At  higher 
velocities  the  resistance  quadrupled  as  the 
velocity  doubled,  and  became  nine  times  as 
great  when  the  velocity  was  trebled.  Here, 
again,  there  was  no  exact  value  of  the  constant 
which  was  suitable  to  all  cases,  but  the  results 
of  experiments  of  Mr.  Froude  and  Professor 
Unwin  agreed  in  a very  remarkable  manner, 
the  value  of  being  in  both  cases,  for  smooth 
surfaces  i'85,  and  for  rough  surfaces  from 
1*9  to  2*1. 

Now,  what  do  the  foregoing  facts  and  laws 
of  liquid  friction  reveal  as  to  the  nature  of  the 
resisting  agency  ? It  is  certainly  a remarkable 
fact  that,  after  a certain  velocity,  the  law  of 
resistance  should  change  in  such  a marked 
manner ; and  this  particular  point  has  been 
investigated  by  Professor  Osborne  Reynolds 
for  the  flow  of  liquids  in  pipes.  There  appears 
to  have  previously  been  no  exact  determination 
as  to  the  exact  velocity  when  the  change  in 
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the  value  of  [n)  from  i to  2 (or  nearly  2)  took 
place.  Professor  Reynolds  experimented  with 
colour  bands  in  glass  tubes  (Fig.  34)  about 
4'  6"  long,  and  fitted  with  trumpet  mouth-piece 
{tn)  so  that  the  water  might  enter  without  dis- 
turbance. The  tubes  were  immersed  in  a 
tank,  and  the  water  was  drawn  through  them, 
together  with  a streak  of  colour  from  a central 
tube  {s).  The  results  obtained  were  that,  up  to 
a certain  velocity,  the  parallel  and  uniform 
motion  of  outer  and  inner  water  was  main- 
tained, as  shown  in  Fig.  34  (i),  and  the 
coloured  band  extended  uniformly  through  the 
whole  tube.  At  a certain  velocity,  and  at  a 
certain  point  of  the  tube,  however,  the  band 
always  broke  up,  and  assumed  the  appearance 
shown  in  Fig.  34  (ii).  On  viewing  the  tube 


with  an  electric  spark,  it  was  found  that  the 
band  had  broken  up  by  the  formation  of  eddies 
throughout  the  disturbed  portion  (Fig.  34,  iii). 

Fig.  34. 
(•) 

00 

l/<7? 

(iii) 

■ II  Ilium  r' 

]/m. 

Experiments 

WITH  Colour  Bands  in  Tubes 

TO  DETERMINE  CRITICAL  VELOCITY  (PROF. 

Osborne  Reynolds). 

The  general  conclusions  which  seem  to  result 
from  the  various  experiments  made,  are  that 
there  is  a critical  velocity  at  which  water  in 
motion  breaks  up  into  eddies,  this  critical 
velocity,  though  varying  between  compara- 
tively wide  limits,  distinctly  marking  the 
change  when  the  resistance  became  propor- 
tional to  a higher  power  than  unity.  These 
results  afford  strong  grounds  for  supposing 
that  the  dissipation  of  energy,  when  occurring 
to  any  appreciable  extent,  takes  place  by 
the  setting  in  motion  of  masses  of  water  in 
the  forms  of  whirls  or  eddies.  This  is  not 
only  so  in  the  case  of  abrupt  changes  of 
direction  of  flow,  such,  for  instance,  as  shown 
in  Fig.  35,  or  where  a submerged  bodv  has  not 
a fair  form,  but  also  on  continuous  and  smooth 
surfaces,  as  we  saw  in  the  case  of  the  glass 
tubes.  Such  eddies  could,  however,  neither  be 
formed  or  dissipated  without  some  kind  of 


action  corresponding  to  that  first  conceived 
by  Mariotte.  And  we  now  know  that,  as  it 
has  happened  before  in  similar  cases,  Mariotte 
and  Gulielmini  were  to  a certain  extent  both 
right  in  their  views,  although  both  took  into 
account  only  one  kind  of  effect.  Curiously 
enough,  it  was  from  experiments  upon  glass 
tubes — in  which,  as  we  have  seen,  eddies  occur 
in  such  a marked  manner,  but  which  eddies 
Mariotte  apparently  never  took  proper  means 
to  detect,  and  which  he  supposed  could  not 
possibly  occur  in  connection  with  so  smooth  a 
surface— that  he  was  led  to  conclude  that  the 
resistance  taking  place  must  arise  entirely 
from  the  friction  of  contiguous  particles.  Just 
as  in  the  case  of  solids,  we  do  not  know  what 
is  the  ultimate  nature  of  internal  fluid  friction, 
but  we  have  a definite  theory  as  to  the  property 
of  fluids  by  which  these  particles  are  brought 
into  contact  with  each  other,  which  we  shall 
consider  when  we  come  to  discuss  the  friction 
of  gases.  Arguing  from  this  property,  the  re- 


Fig.  35- 
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Friction  caused  by  Eddying  Motion  IxN  a 
Liquid. 

sistance  of  two  layers  of  liquid  to  motion  over 
each  other  must  vary  directly  with  the  velocity 
of  their  relative  motion,  and  this  would  account 
for  the  results  obtained  by  Coulomb  at  very 
low  velocities.  When  masses  of  water  are  set 
in  motion  in  the  form  of  eddies,  the  resistance 
may  be  shown  to  increase  from  the  cause  as 
the  velocity  increases.  Thus,  from  the  com- 
bination of  the  two  causes  which  act  together, 
it  is  easy  to  understand  why  the  frictional  re- 
sistance at  higher  speeds  increases  at  the 
higher  power  of  the  velocity. 

The  results  which  I have  quoted  have  been 
selected  with  the  view  of  illustrating  the 
properties  of  liquid  friction,  and  we  must  for 
want  of  time  pass  over  the  important  facts 
connected  with  the  flow  of  rivers,  the  scouring 
action  on  their  sides  and  bed,  the  data  con- 
cerning variations  in  velocity  of  flow  obtained 
by  gauging  operations,  the  formation  and 
transmission  of  waves,  the  flow  of  water  over 
notches  and  through  orifices,  the  flow  of 
semi-solid  fluids,  such  as  tar,  and  must  pass  on 
from  the  question  of  the  “flow”  of  liquids 
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through  or  around  solid  bodies  to  another 
aspect  of  liquid  friction. 

We  have  hitherto  considered  only  the  results 
obtained  with  solid  bodies  and  fluids,  and  have 
referred  to  such  elfects  as  “fluid  friction.” 
We  are  evidently  justified  in  doing  this,  be- 
cause the  surface  of  the  solid  is  invariably 
wetted,  that  is,  the  liquid  adheres  to  it,  and 
consequently  it  must  be  the  resistance  in  the 
liquid  itself,  and  not  that  directl}'  between  the 
solid  and  liquid  that  retards  the  motion.  This 
e.xplains  the  fact  observed  by  Coulomb  that  at 
very  low  velocities  the  nature  of  the  surface  of 
solids  apparently  does  not  affect  the  amount 
of  the  resistance  to  their  motion  in  a liquid. 
A number  of  facts  concerning  the  relative 
motion  of  fluids  in  contact  with  each  other 
might  be  given,  and  also  an  account  of  various 
experiments,  such  as  those  upon  drops,  by 
Mr.  Worthington,  all  of  which  entirely  confirm 
the  general  conclusions  at  which  we  have 
arrived. 

We  have  seen  that  the  laws  of  solid  and 
fluid  friction  are  very  different,  but  as  long  as 
we  have  the  case  of  a solid  moving  in  any 
considerable  amount  of  liquid,  or  of  a liquid 
through  fixed  surfaces,  as  when  flowing  in  a 
channel  w'e  have  only  fluid  friction.  When, 
however,  the  quantity  of  liquid  between  the  two 
moving  surfaces  of  a solid  is  sufficiently  re- 
duced, it  is  obvious  that  the  effect  of  the  sur- 
faces on  each  other  must  be  felt,  as,  for 
instance,  in  the  experiments  of  Professor 
Unwin,  where  the  result  of  reducing  the  area 
of  the  chamber  in  which  the  disc  rotated  by 
lowering  the  plate  E e (Fig.  29)  was  (con- 
trary to  what  might  be  expected)  to  reduce 
the  extent  of  friction,  the  larger  area  of  sur- 
face in  the  former  case  causing  more  friction. 
There  must  be  some  point  as  the  solid  surfaces 
approach  still  nearer  to  each  other  where, 
since  the  laws  of  solid  or  fluid  friction  are  of  an 
entirely  opposite  nature,  neither  can  hold. 
Such  a case  is  that  of  lubricated  surfaces.  In 
the  use  of  lubricants  the  amount  of  fluid  be- 
tween the  surfaces  may  vary  from  the  case  of 
an  oil  bath  to  that  of  a bearing  almost  quite 
dry.  Thus  we  might  readily  expect  to  find  a 
considerable  variation  in  the  laws  regulating 
the  friction  of  lubricated  surfaces,  according 
to  the  nature  of  the  lubrication,  and  we  should 
certainly,  in  view^  of  the  two  sets  of  laws  which 
would  respectively  regulate  these  two  extreme 
cases,  not  be  prepared  to  exclusively  employ 
cither  set  of  laws  without  very  careful  exam- 
ination. Morin  did  experiment  upon  this  point 
at  considerable  length,  but  his  experiments 


did  not  by  any  means  extend  over  a range  suffi 
cient  to  embrace  the  conditions  of  practice 
now  common.  He  concluded  that  the  laws  of 
solid  friction  were  applicable  to  lubricated 
surfaces,  and  “that  with  unguents,  hog’s  lard 
and  olive  oil  interposed  in  a continuous  stratum 
between  them,  surfaces  of  wood  on  metal, 
wood  on  wood,  and  metal  on  metal  (when  in 
motion),  have  all  of  them  very  nearly  the  same 
co-efficient  of  friction,  the  value  of  that  co- 
efficient being  in  all  cases  included  between 
'07  and  *08.”  The  result  of  this  has  been  the 
use  ever  since  of  the  simple  formula  of  solid 
friction  with  either  Morin’s  value  of  the  co- 
efficient of  friction  or  some  other.  It  has, 
however,  long  been  suspected  that  this  formula 
was  not  applicable.  M.  Him,  for  instance, 
thirty  years  ago,"^  said  that — 

(i.)  There  exists  a great  difference  between  the 
phenomena  which  the  friction  presents  of  two  pieces 
which  slide  over  each  other,  and  which  are  either 
dry  and  in  immediate  contact,  or  are  separated  by  a 
bed  of  lubricating  material  (oil  grease,  water,  or  air). 

(2.)  In  the  case  of  friction,  which  I call  immediat 
(in  which  the  two  surfaces  are  dry),  the  co-efficient 
of  friction,  otherwise  the  ratio  of  pressure  and  motive 
effort,  is  independent  of  speed,  of  surface,  and  of 
weight. 

(3.)  It  is  not  thus  for  friction  which  I have  called 
mediat  for  those  cases  were  the  surfaces  are  sepa- 
rated by  an  unctuous  material.  Here  the  co-efficient 
of  friction  is  always  a function  of  the  speed,  of  the 
charge  (load),  and  of  the  extent  of  the  surfaces  in 
contact. 

M.  Him  makes  several  other  statements 
which  are  interesting,  and  bear  on  the  subject, 
but  which  I need  not  quote.  The  whole  ques- 
tion has  been  in  recent  years  the  result  of 
elaborate  investigation,  but  before  proceeding 
to  give  a summary  of  the  results  we  must 
make  clear  the  puzzling  differences  in  the 
employment  of  the  term  “ co-efficient  of  fric- 
tion.” The  term  as  employed  by  M.  Him  for 
the  ratio  of  resistance  of  friction  and  load  is 
used  in  the  same  sense  as  we  have  always 
used  it  for  solid  or  intermediate  friction. 
For  fluids,  however,  the  term  we  have  used 
signifies  quite  a different  thing  from  this  ratio, 
and  is  in  fact  simply  a convenient  co-efficient 
in  the  expression  for  frictional  resistance. 
Now,  for  lubricated  surfaces  the  authority  of 
Morin  led  to  the  use  of  a constant  value  for 
this  ratio.  It  soon  became  evident  from  ex- 
perimental results  that  the  ratio  was  not  con- 
stant, and  instead  of  seeking  a convenient  co- 
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efficient  in  anew  expression,  the  idea  has  been 
in  the  case  of  some  experimenters  to  find  what 
values  of  the  co-efficient  would  fit  the  old  ex- 
pression under  different  conditions,  and  in  the 
case  of  others  to  find  a new  simple  empirical 
expression,  but  still  to  have  a variable  co- 
efficient. M.  Him  employs  the  term  as  being 
a variable  quantity  in  the  former  sense,  and  it 
is  very  easy  to  express  the  relation  between  his 
value  of  the  co-efficient  and  the  one  we  have 
employed  for  fluids. 

Thus  \i  f = the  ordinary  co -efficient  of  fluid  friction. 
= the  CO- efficient  as  used  by  Him. 

R = the  pressure  between  the  surfaces. 

/S  V'* 

Then  ^ = 

R. 

Coming  now  to  the  actual  experiments,  we 
find  M.  Marcel  Deprez*  gives  an  account  of 
experiments  made  with  an  electro-motor,  in 
which  he  finds  the  co- efficient  of  friction  (taken 
F 

as  n = — ) varies  from  *005  for  a load  of  145 

kilos,  to  *025  for  a load  of  550  kilos.,  giving  a 
mean  result  of  ‘013.  Here  not  only  are  the 
views  of  Him  borne  out,  but  the  co-efficients 


were  much  lower  than  those  given  by  Morin, 
and  we  were  led  by  reasoning  to  expect  such 
should  be  the  case. 

The  most  important  experiments  have  been 
those  made  by  Thurston  and  Woodbury,  in 
America,  and  Beauchamp  Tower  in  this 
country.  We  can  only  give  a brief  reference 
to  the  results  obtained,  which  are  quite  what 
might  have  been  expected ; thus  Mr.  Tower 
says,  “that  his  own  results,  speakinggenerally, 
were  so  uncertain  and  irregular,  that  they  may 
be  summed  up  in  a few  words.  The  friction 
depends  on  the  quantity  and  uniformity  of 
distribution  of  the  oil,  and  may  be  anything 
between  the  oil  bath  results  and  seizing 
according  to  the  perfection  or  imperfection  of 
the  lubrication.  The  lubrication  may  be  very 
small,  giving  a co-efficient  of  but  it 

appeared  as  though  the  lubrication  could  not 
be  diminished  and  the  friction  increased  much 
beyond  this  point  without  imminent  risk  of 
heating  and  seizing.”  With  an  oil-bath  the 
co-efficient  could  be  reduced  to  Woo  (or  ’ooi), 
and  in  one  set  of  experiments  the  oil-bath 
worked  with  a co-efficient  of  friction  which 
was  4 of  that  in  the  case  of  a bearing  ver}'- 
slightly  lubricated.* 


Fig.  36. 


Mr.  Woodbury’s  Results  for  Friction  at  various 
Pressures  and  Temperatures. 


Mr.  Tower’s  experiments  were  made  with 
comparatively  high  pressures,  and  most  of 
them  at  a uniform  temperature ; but  Mr. 
Woodbury  has  obtained  a number  of  results 
at  varying  temperatures,  with  pressures  rang- 
ing from  I to  40  lbs.  on  the  square  inch. 

* “.Coniptes  Rendus,”  Nov.  17th,  1884. 


With  these  light  loads  the  resistance  decreases 
as  the  temperature  rises.  Fig.  36  shows  the 
curves  obtained  by  plotting  the  results  of  a 

* Since  these  lectures  were  given  I had  occasion  to  care- 
fully examine  some  of  the  results  of  Mr.  Tower,  and  have 
called  attention  to  a point  which  seems  of  practical  interest. 
See  Engineering,  vol.  xii.,  p.  458,  et  seq.  i885. 
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large  number  of  experiments.  Each  curve  is 
drawn  for  a constant  pressure,  that  to  the 
extreme  left  being  the  curve  for  i lb.  per  sq. 
in.,  the  next  for  2 lb.  per  sq.  in.,  and  so  on  up 
to  10  lbs.  per  sq.  in. ; the  last  four  curves 
being  respectively  for  pressures  of  15  lbs., 
20  lbs.,  30  lbs.,  and  40  lbs.  per  sq.  in.  The 
points  on  every  curve  are  found  by  setting  off 
the  co-efficients  of  friction  horizontally,  and 
the  corresponding  temperature  vertically.  The 
curves  show  a tolerably  uniformity  in  the 
results,  and  indicate  that  the  friction  increases 
with  the  pressure,  also  that  it  decreases  with 
the  rise  of  temperature,  but  nevertheless  they 
could  not  be  represented  by  means  of  any 
simple  formula. 

Professor  Thurston’s  results,  like  those  of 
Tower,  show  great  variations,  and  make  it 


Experiments  by  Professor  Thukston  upon 
THE  Friction  at  different  Velocities, 
Temperatures,  and  Pressures. 

evident  that  it  is  extremely  hard  to  express  the 
results  in  a mathematical  form,  even  when 
they  are  obtained  in  special  experiments  under 
the  most  favourable  conditions.  Thus,  take 
the  results  of  three  sets  of  experiments  made 
at  respectively  50  lbs.,  100  lbs.,  and  150 lbs. 
pressure  on  the  square  inch.  The  curves  so 
obtained  are  plotted  as  in  Fig.  36,  each  one 
corresponding  to  one  definite  temperature 
(marked  upon  it),  the  co-efficients  of  friction 


being  measured  horizontally,  and  the  velocities 
vertically.  A simple  inspection  of  these  curves 
shows  that,  although  the  general  result  is  that 
the  friction  at  first  decreased  as  the  velocity 
increased,  and  then  afterwards  began  to  in- 
crease, yet  any  attempt  to  represent  them 
mathematically  would,  if  it  could  be  done  at 
all,  lead  to  a formula  altogether  too  compli- 
cated for  practical  use. 

I have  not  previously  referred  to  the  con- 
nection between  the  temperature  of  the  sur- 
faces and  the  resistance  of  friction,  and  the 
reason  is  now  clear,  for  the  law  of  variation 
of  friction  with  temperature  cannot  be  stated 
definitely.  Mr.  Tower’s  results,  however,  in- 
dicate a great  diminution  of  friction  as  the 
temperature  rises.  Thus  with  430  revolutions 
a minute,  the  friction  was  only  one-third  of 
the  amount  at  120°  F.  that  it  was  at  60°  F. 
Also,  though  there  is  evidently  some  direct 
connection  between  the  temperature  and 
velocity  of  motion,  it  cannot  be  accurately 
expressed.* 

In  practice  there  are  so  many  disturbing 
causes  which  it  is  impossible  to  control,  that 
it  would  seem  as  if  we  must  be  content  with 
general  deductions,  and  use  a method  of  com.- 
putation,  where  it  is  necessary  to  do  so,  that 
will  embrace  the  most  unfavourable  case. 
Thus  there  is  some  justification  for  continuing 
to  use  the  century-oldexpression(F  = jx  R).  The 
margin  allowed  in  text-books  and  elsewhere 
seems  certainly  estimated  to  be  on  the  safe  side. 
Thus,  in  the  Science  and  Art  Examination  of 
1872,  there  was  a question  on  the  work  ab- 
sorbed by  a fly-wheel  of  20  tons  weight,  with 
an  18"  shaft.  The  co-efficient  of  friction  w'as 
given  as  ’I,  and  at  a. velocity  of,  say,  60  revolu- 
tions per  minute,  this  would  necessitate  a 
special  expenditure  of  4 horse-power  to  merely 
turn  that  wheel  in  its  bearings  ; whereas,  by  a 
properly  designed  and  lubricated  bearing,  jVof 
a horse-power  should  be  sufficient. 

There  are  many  other  points  concerning  the 
friction  of  lubricated  surfaces,  but  the  general 
nature  of  the  action  taking  place  has  been  now 
made  clear,  and  the  practical  questions  arising 
from  its  study  must  be  dealt  with  in  the  fourth 
lecture. 


* Professor  Thurston  has  sug-gcsted  for  the  temperature 
of  minimum  friction  at  a pressure  of  200  lbs.  per  square  inch  ; 
the  expression — 

/ = 15  3 vTv 

where  V = the  velocity  in  feet  per  minute.  On  either  side  of 
this  point  in  the  thermometric  scale,  he  assumes  the  friction  to 
vary  either  directly  or  inversely  with  the  temperature,  accord- 
ing as  the  temperature  rises  or  falls. 
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The  friction  of  compressible  fluids  or  gases 
must  now  be  considered.  The  friction  of  gases 
is  so  much  less  than  of  liquids,  that  for  most 
practical  purposes  its  amount  can  be  neglected. 
In  recent  years,  however,  when  pneumatic  tubes 
for  transmitting  messages  have  become  ex- 
tensively employed,  and  compressed  air  has 
become  an  important  mode  of  transmitting 
power  to  a distance,  and  thus  the  actual  loss 
from  friction  of  gases  has  come  to  be  an  object 
of  special  vestigation.  The  experiments  of 
M.  Arson  on  the  flow  of  air  through  cast-iron 
pipes  led  him  to  infer  that  the  co-efficient  of 
friction  depended  upon  the  velocity  of  flow  in 
much  the  same  way  as  the  co-eflicient  in  the 
case  of  the  flow  of  water.  Still  more  closely 
is  this  the  case  in  the  results  obtained  from 
experiments  on  the  transmission  of  power  by 
air  in  the  St.  Gothard  tunnel.  The  engineer, 
Mr.  Stockalper,  proved  that  the  formula  for 
the  flow  of  water  in  pipes  deduced  by  Mr. 
Darcy  from  the  experiments  I have  already 
mentioned,  could  be  directly  applied  to  calcu- 
late the  flow  of  air,  when  the  results  are  merely 
altered  in  the  ratio  of  the  density  of  air  to  that 
of  water.  Although  Professor  Unwin  finds  the 
value  of  the  co-efficient  smaller  than  that 
given  by  Stockalper  when  the  calculation  is 
made  to  allow  for  the  expansion  of  air,  yet  the 
similarity  in  the  laws  of  friction  for  liquids 
and  gases  is  very  marked,  as,  for  instance, 
in  the  considerable  diminution  in  the  co- 
efficient of  friction  as  the  diameter  of  the  pipe 
increases. 

There  is  a remarkable  and  somewhat 
unexpected  point  of  resemblance  between 
liquids  and  gases  in  the  fact  that  the 
friction  is  independent  of  fluid  pressure. 
This  result  was  arrived  at  from  mathe- 
matical methods  of  reasoning  by  Professor 
Clerk  Maxwell,  in  a paper  read  before 
the  British  Association  in  1859.  In  the 

Bakerian  lecture  for  1866,  on  “The  Internal 
Friction  of  Air  and  Other  Gases,”  hepublished 
the  results  of  elaborate  experiments  to  test 
this  theory.  He  found  that  the  friction  of  air 
was  the  same  for  pressures  between  30  inches 
and  ‘5  inch,  and  in  fact  that  the  calculated 
and  observed  results  agreed  very  well  with 
each  other. 

In  1876,  Mr.  William  Crookes,  in  experiment- 
ing with  the  revolving  vane  of  a radiometer  to 
test  the  friction  of  the  residual  gas,  found  that 
this  law  was  nearly  correct  up  to  a certain  point 
of  tenuity  of  a gas  after  which  it  entirely  broke 
down.  This  led  him  to  make  a series  of  ex- 
periments upon  the  friction  of  a gas  at  high 


states  of  exhaustion,  which  gave  results  of  the 
greatest  interest  in  the  study  of  the  nature  of 
gaseous  friction.  Maxwell’s  theory  that  the 
friction  was  independent  of  the  density,  assumed 
that  the  mean  length  of  path  of  the  molecules 
between  their  collisions  was  very  small  com- 
pared with  the  dimensions  of  the  apparatus. 
Now,  the  mean  length  of  path  increases  directly 
with  the  expansion,  whilst  the  distance  between 
the  molecules  only  increases  with  the  cube 
root  of  the  expansion,  and  thus  Mr.  Crookes, 
who  was  able  to  work  with  pressures 
as  low  as  *02  millionth  of  an  atmosphere, 
obtained  results  which  Maxwell’s  theory  did 
not  include.  The  method  adopted  was  to 
observe  the  rate  of  decrease  of  the  arc  of 
vibration  of  a plate  of  mica  suspended  by  a 
fine  glass  fibre  twenty-six  inches  long  in  an  ex- 
hausted glass  bulb.  Without  attempting  to  give 
the  numerical  results  obtained,  the  diagrams 
Figs.  38,  39,  40,  and  41,  will  enable  an  idea  of 
their  nature  to  be  obtained.  Fig.  37  shows 


Fig.  40.  Fig.  41. 


Diagrams  showing  effect  of  Internal 
Friction  in  Gases. 


the  damping  action  on  the  vibrations  of  the 
frictional  resistance  at  760  millimetres  pressure, 
or  one  atmosphere,  and  the  quickly  decreasing 
path  of  the  mica  plate  in  the  successive  swings 
is  clearly  seen.  Fig.  39  is  formed  by  joining 
the  extremities  of  the  length  of  successive 
arcs,  and  a logarithmic  curve  is  thus  obtained. 
Now  at  i millimetre,  or  of  an  atmosphere, 
the  result  was  almost  exactly  the  same,  and  the 
logarithmic  curve  almost  identical  with  Fig. 
39.  When,  however,  the  exhaustion  had  pro- 
ceeded much  beyond  this  point,  the  form  of 
the  curve  began  to  change,  and  by  the  time 
300TT000O  of  an  atmosphere  had  been  reached, 
the  damping  action  was  so  enfeebled  as  to  give 
the  curve  shown  in  Fig.  40,  the  corresponding 
logarithmic  curve  plotted  as  before  from  the 
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successive  arcs  was  no  longer  of  the  same 
form,  but  nearly  a straight  line,  as  shown  in 
Fig.  41  (p.  1228).  These  results  not  only  throw 
important  light  on  the  nature  of  the  internal 
friction  of  gases  generally,  but  enable  different 
characteristic  properties  of  various  gases 
to  be  examined.  Thus  the  action  of  hydrogen 
was  found  to  be  entirely  different  to  other  gases ; 
while,  on  the  one  hand,  it  has  much  less  internal 
friction  than  other  gases,  it  presents  a very 
uniform  resistance  up  to  a high  state  of  exhaus- 
tion, when  it  breaks  down  very  suddenly. 

Coming  next  to  the  friction  of  gases  upon 
liquid  surfaces,  we  have  abundant  evidence  in 
nature  of  the  reality  and  magnitude  of  this, 
not  merely  in  the  raising  of  ocean  waves,  but 
in  cases  such  as  the  flow  of  rivers,  where  the 
retardation  of  surface  velocity  is  considerable 
with  the  wind  up  stream,  while  it  is  accelerated 
with  the  wind  in  the  other  direction.  Thus  it 
seems  strange  that  Magnus,  in  1850,  should 
have  denied  the  existence  of  an  action  of  this 
kind  as  a result  of  certain  experiments  upon 
a jet  of  water.  Viktor  Von  Lang,  however, 
found  by  causing  the  jet  to  flow  through  a tube, 
the  sides  of  which  it  did  not  touch,  that  the 
friction  was  so  great  that  the  air  seemed  to 
adhere  to  the  surface  of  the  jet.  An  extremely 
interesting  and  important  case  of  the  friction 
of  gases  on  liquids,  mentioned  by  Clerk 
I^Iaxwell  in  his  book  on  “Heat,”  is  the 
case  of  rain  and  mist.  In  this  case  a drop 
of  water  falling  through  air  one  thousand 
times  rarer  than  itself,  or  about  the  density  at 
the  height  of  an  ordinary  cloud,  would  fall 
-/o  of  an  inch  in  a second  if  its  diameter  were 
Yo’oo  inch.  If  its  diameter  were  toufo  inch,  it 
would  fall  only  one  hundredth  of  its  former 
rate,  or  half  an  inch  a minute.  A cloud  of 
particles  of  this  size  would  fall  so  slowly  as  to 
appear  stationar}'.  Thus  it  is  on  account  of 
friction  that  clouds  appear  to  remain  suspended 
in  the  air,  and  that  particles  of  dust,  thrown 
up  by  volcanic  agency  or  derived  from  meteoric 
sources,  take  so  long  a time  to  settle  down. 

Such  are  a few  of  the  multitude  of  facts 
which  might  have  been  brought  forward  on 
the  subject  of  fluid  friction  ; but  we  must  con- 
clude this  lecture  with  the  consideration  of  a 
similar  question  to  that  at  which  we  finally 
arrived  in  the  first  lecture,  and  endeavour  to 
give  a brief  answer  to  the  question,  “ What  is 
the  nature  of  fluid  friction  ?” 

In  the  first  place,  it  must  be  remembered 
that  there  is  an  essential  feature  of  resemblance 
between  liquids  and  gases,  which  is,  at  the 
same  time,  the  point  of  distinction  between 


solids  and  fluids.  In  the  case  of  solids,  an 
alteration  in  form  is  only  produced  by  stresses 
which  exceed  a certain  value,  andthis  is  the  case 
no  matter  how  soft  the  solid  may  be.  In  the  case 
of  liquids  and  gases,  a stress,  however  small, 
will  cause  a change  of  form,  the  extent  of 
which  depends  upon  the  time  of  action  of  the 
stress.  Thus  we  arrive  at  a definite  mode  of 
measuring  the  resistance  to  change  of  form  of 
a fluid.  Suppose  one  layer  in  the  fluid  to  be 
in  a motion  with  a velocity,  V,  relatively  to 
another  imaginary  layer  at  a distance  {d)  from 
it.  Then  if  the  intermediate  fluid  is  in  motion 
with  a velocity  proportional  to  its  distance 
from  either  layer,  there  is  a separation  of  the 
contiguous  particles  at  a rate  which  increases  in 
V 

the  proportion  — . Now  the  frictional  resist- 
d 

ance  to  this  change  is,  in  the  case  of  fluids, 
measured  by  the  area  of  the  layers  multiplied 
by  this  rate  of  increase,  so  that  we  may  express 
the  magnitude  of  the  resistance  thus — 

V 

F zn  K A — 
d 

when  A r=  area  of  either  layer. 

fc  = a suitable  co-efficient. 

Thus  for  air  the  value  of  the  co-efficient 
has  been  found  to  be  — 

K — -000,000,0256  T. 
where  T — absolute  temperature  F.° 

and  the  units  are  in  lbs.,  feet,  and  seconds 
for  water  at  77°  F. 

/c  -000,00191 

— (Piotrowski,  quoted  by  Unwin), 

The  above  co-efficient  is  called  the  “ co- 
efficient of  viscosity,”  and  the  the  property  of 
the  substance  by  which  the  resistance  is  caused, 
is  called  its  “ viscosity.” 

I have  hitherto  carefully  avoided  the  use  of 
this  word,  which  has  here  a definite  meaning, 
although  the  highest  authorities  employ  it  as 
synonymous  with  fluid  friction.  Thus  Clerk 
Maxwell  says,  “All  fluids  are  imperfect,  and 
exhibit  the  phenomenon  of  internal  friction  or 
viscosity  by  which  their  motion,  after  being 
stirred  about  in  a vessel,  is  gradually  stopped, 
and  the  energy  of  motion  converted  into  heat.” 
(“Theory  of  Heat,”  p.96).  Mr.  Wiliam  Crookes 
says,  “ By  the  viscosity  or  internal  friction  of 
a gas  is  meant  the  resistance  which  it  offers  to 
the  gliding  of  one  portion  over  another.” 
(“Phil.  Trans.,”  partii,  1881,  p.388).  Rankine 
does  not  use  the  word  viscosity,  but  says, 
“Although  the  particles  of  fluids  have  no 
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transverse  elasticity,  it  is  certain  they  resist 
being  made  to  slide  over  each  other,  and  that 
there  is  a lateral  communication  of  motion 
amongst  them  ; that  is,  that  there  is  a tendency 
of  particles  which  move  side  by  side  in  parallel 
lines  to  assume  the  same  velocity.  The  laws 
of  this  lateral  communication  of  motion  or 
internal  friction  are  not  known  exactly,  but  its 
effects  are  known  thus  far — that  the  energy 
due  to  the  differences  of  velocity,  which  it 
causes  to  disappear,  is  replaced  by  heat  in 
the  proportion  of  one  thermal  unit  (F)  for 
every  772  foot-pounds  of  energy,  and  that  it 
causes  the  friction  to  take  effect,  not  merely 
in  retarding  the  film  of  fluid  which  is 
immediately  in  contact  with  the  sides  of  the 
channel,  but  in  retarding  the  whole  stream.” 
(“Applied  Mechanics,”  p.  586).  Thus  it  is  evi- 
dent that  the  term  internal  fluid  friction  com- 
pletely expresses  the  general  phenomenon  of  re- 
sistance, and  it  would  seem  desirable  to  employ 
the  word  viscosity  in  a more  limited  sense,  as 
the  measurable  resistance  between  parallel 
layers,  as,  for  instance.  Clerk  Maxwell  him- 
self does  in  giving  the  following  definition  : — 
“ The  viscosity  of  a substance  is  measured  by 
the  tangential  force  on  the  unit  of  area  of  either 
of  two  horizontal  planes  at  the  unit  of  distance 
apart,  one  of  which  is  fixed,  and  the  other 
moves  with  unit  velocity.”  (“Theory  of 
Heat,”  p.  298).  The  term  fluid  friction  could 
thus  be  used  to  denote  all  resistances  in- 
cluding those  caused  by  eddying  motion.  This 
I understand  to  be  the  view  held  by  Professor 
Unwin. 

None  of  the  foregoing  passages,  however, 
attempt  to  explain  the  ultimate  cause  of  the 
resistance,  and  such  explanation  is  only 
possible  upon  some  hypothesis  of  the  constitu- 
tion of  matter.  The  molecular  theory  enables 
definite  reason  to  be  given  which  is  set  forth 
by  Maxwell  for  the  case  of  gases. 

The  molecules  of  gases  are  supposed  to  be 
in  a state  of  continual  agitation,  and  pass 
with  great  velocity  from  point  to  point.  It  is 
only  when  two  gases  chemically  different  are 
placed  together  that  we  can  trace  the  passage 
of  molecules  in  their  diffusion,  as  it  is  called, 
of  one  gas  into  another.  This  diffusion  is 
always  going  on  in  a single  gas,  only  it  is 
impossible  to  trace  the  progress  of  the  molecules 
because  they  are  all  identical.  Maxwell 
explains  the  friction  of  gases  on  the  molecular 
theory  thus  Particles  having  the  mean 
velocity  of  translation  belonging  to  one 
layer  of  the  gas  pass  out  of  it  into  another 
layer  having  a different  velocity  of  trans- 


lation, and  by  striking  against  the  particles 
of  the  second  layer,  exert  upon  it  a tangential 
force  which  constitutes  the  internal  friction 
of  the  gas.  The  whole  friction  between 
two  portions  of  gas  separated  by  a plane 
surface,  depends  upon  the  total  action  between 
all  the  layers  on  one  side  of  that  surface  upon 
all  the  layers  on  the  other  side.”  (“  Phil. 
Mag.,”vol.  xix.,  p.  31.)  Elsewhere  (“Theory 
of  Heat,”  p.  323)  the  same  author  says, 
“It  appears,  therefore,  that  diffusion, 
viscosity,  and  conductivity  of  heat  in  gases, 
are  related  to  each  other  in  a very  simple 
way,  being  the  rate  of  equalisation  of  three 
properties  of  the  medium,  the  proportion  of 
of  its  ingredients,  its  velocity,  and  its  tem- 
perature. The  equalisation  is  effected  by  the 
same  agency  in  every  case,  viz.,  the  agitation 
of  the  molecules.” 

The  frictional  resistance  of  liquids  may  be 
accounted  for  in  a similar  way  10  that  of  gases, 
though  with  them  it  must  be  confessed  that 
there  are  considerable  difficulties  in  the  way 
of  accepting  an  explanation  of  the  above 
simple  kind.  Such  explanation  must  take 
account  of  the  property  of  adhesion  in  liquids 
— and  possibly  also  in  the  case  of  gases. 

Even  the  hypothetical  explanation  in  the 
preceding  paragraph  does  not  completely 
answer  the  question,  “ What  is  the  nature  of 
friction  ?”  We  have  seen  in  the  statement  of 
both  Rankine  and  Maxwell  that  all  the  energy 
of  motion  is  converted  into  heat,  and  that  the 
internal  friction  is  the  agency  by  which  this  is 
done.  The  grandest  generalisation  of  modern 
times,  viz.,  the  mechanical  theory  of  heat, 
rests  upon  this  supposition,  and  the  mechanical 
equivalent  of  heat  was  determined  by  Joule 
by  means  of  paddles  which  were  turned  in  a 
vessel  of  water  by  falling  weights,  the  tem- 
perature of  the  water  being  ascertained  for  a 
given  amount  of  work  done  by  the  weights. 
The  fact  that  the  molecules  are  made  to  take 
different  velocities  in  passing  from  one  layer  to 
another  of  the  moving  gas,  does  not  of  itself 
account  for  the  rise  of  temperature  due  to 
friction,  and  we  may  suppose  that  the  mole- 
cules themselves  are  capable  of  acquiring 
internal  energy  by  virtue  of  a relative  motion 
of  their  own  parts,  in  addition  to  the  increased 
energy  of  translation,  and  that  the  ultimate 
cause  of  frictional  resistance  is  the  absorption 
of  energy  by  individual  particles  of  the  fluid. 
This,  however,  was  exactly  the  point  at 
which  we  arrived  in  the  case  of  solids, 
and  further  than  which  we  could  not  go ; 
and  we  see  that  all  substances,  solids. 
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liquids,  and  gases  have  one  common  property 
in  the  capability  of  absorbing  energy  in  the 
form  of  mechanical  motion,  which  energy  is 
converted  into  an  equivalent  amount  of  mole- 
cular motion  of  their  internal  parts.  As  in 
the  case  of  solids,  we  have  therefore,  in  the 
case  of  fluids,  arrived  at  a point  in  the  ex- 
planation of  the  nature  of  friction  at  which 
we  must  await  further  advance  in  our  know- 
ledge of  the  constitution  of  matter  itself. 


ADDITIONAL  LECTURES. 
JAPANESE  ART  WORK. 

By  Ernest  Hart. 

Lecture  II. — Delivered  May  ii,  1886. 

These  lectures  are,  as  you  know,  intended 
rather  as  a running  commentary  on  the  col- 
lection of  the  works  of  the  past  masters  of  the 
arts  of  Japan,  which,  at  the  request  of  our 
Council,  I have  placed  on  view  in  the  library  of 
the  Society,  than  as  a systematic  treatise,  even 
in  outline,  on  the  subject.  As  time  is  short 
and  the  arts  are  long,  I occupy  the  brief 
hours  allotted  to  me  rather  in  filling  up  gaps 
in  the  available  literature  on  the  subject,  and 
in  illustrating  the  character  and  history  of  the 
class  of  objects  contained  in  this  collection, 
than  in  travelling  over  ground  already  well- 
trodden,  or  referring  to  the  history  of  certain 
arts  of  Japan,  not  easily  represented  in 
European  collections,  or  already  well-studied 
in  available  books.  Hence,  while  not  alto- 
gether omitting  to  refer  to  the  larger  wooden 
sculptures  and  to  the  bronzes  of  ancient  Japan, 
I mentioned  them  only  cursorily  in  my  last 
lecture. 

I have  been  asked  to  say  a few  words  as  to 
the  smaller  hieratic  and  domestic  bronzes 
before  passing  to  the  proper  subjects  next  on 
the  programme— lac  and  faience.  I can  do 
so  but  very  briefly.  Of  the  great  Buddhist 
tronzes  of  monumental  size,  the  Buddhist 
idols,  such  as  those  of  the  huge  Yaku-Shi 
at  Nara  (7th  century),  the  Buddhist  Trinity  at 
Nara  (of  the  i8th  century),  of  the  colossal 
Daibutsu  at  Kamakura  (of  the  13th  century), 
and  of  the  great  Buddha  of  Meguro  (of  the 
end  of  the  i8th  century),  now  in  the  fine  col- 
lection of  M.  Cernuschi  in  Paris,  I can  only 
speak  to  recall  to  you  the  admirable  chapters 
in  Reed,  Gonse,  and  Anderson,  which  deal 
with  the  subject,  and  to  recommend  a visit  to 
the  rich  collection  of  Buddhist  images  and 


bronzes  with  which  M.  Cernuschi  has  gene- 
rously endowed  the  fair  city  of  Paris. 

Of  minor  bronzes  of  early  date,  exemplifying 
the  smaller  hieratic  images,  I show  you  here 
some  very  fine  specimens  remarkable  for  the 
characteristic  calm  and  solemnity  with  which 
the  early  workers  knew  how  to  invest  the 
objects  of  their  worship.  A very  unique  and 
interesting  object  is  this  bronze  statuette,  the 
sitting  figure  of  a disciple  or  Rakan,  with 
knees  easily  overlapping,  and  clasped  by  the 
hand  in  a singularly  naturalistic  style ; a 
remarkable  example,  of  which  the  date  can  be 
precisely  fixed,  for,  unlike  Buddhist  bronzes 
in  general,  it  bears  an  incised  inscription  at 
the  back,  which  explains  at  length  that  it  is  a 
votive  offering  presented  by  the  Nun  Nioye,. 
assisted  by  other  subscribers,  for  the  dead  soul 
of  her  father,  Giokuho,  to  the  Temple 
Ko-unji  at  Nagasaki,  in  the  year  1653,  the 
artist  being  Akahoshi  Hachizayemon.  This, 
bronze  has,  as  you  see,  an  historic  and  peculiar 
religious  interest,  in  addition  to  its  value  as  a 
rare  document  in  art.  Many  of  the  other 
bronzes  are,  you  will  notice,  incense  burners,  or 
koros,  and  altar  ornaments.  Such  are  the  set 
of  three.  Nos.  445-6-7,  in  the  series  of  bronzes 
(catalogue,  page  30),  which  are  very  good 
specimens  of  the  favourite  types  of  form  for 
this  set  of  fine  bronzes  — incense-burner^ 
vase,  and  candlestick  (the  set  known  as 
San-gasoku).  They  are  wax  casts  of  the  17th 
century,  and  are  what  bronzes  should  be  in 
patina,  chasing,  and  finish,  and  will  serve  to 
put  you  on  your  guard  against  the  mechanical 
copies  now  abundantly  furnished  with  a false- 
lacquered  patina  to  hide  the  defects  of  quality 
in  the  material,  and  the  want  of  skill  and 
patience  in  the  manufacturers,  who  under  com- 
mercial inducements,  have  superseded  the 
ancient  race  of  artists  in  Japan.  In  bronzes,, 
you  need  not  be  told  that  the  tests  of  merit 
are  the  beauty,  variety,  and  rarity  of  the 
patina,  the  grace  and  skill  of  the  model- 
ling, the  finesse  in  design,  and  the  skill 
shown  in  the  wax  cast.  Every  true  artistic 
Japanese  bronze  is  an  unique  work  of  art„ 
a wax  cast,  of  which,  therefore,  a mechanical 
series  of  copies  cannot  be  made,  the  mould 
being  destroyed  in  the  casting;  it  is  the  indi- 
vidual product  of  the  mind  and  executive  skill 
of  the  artist  who  made  it. 

Among  the  most  instructive  and  remark- 
able pieces  in  this  collection  — from  which 
I have  been  at  much  pains  to  exclude 
all  but  works  of  undoubted  originality  and 
high  artistic  merit  as  well  as  historic  in- 
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terest — I would  point  your  attention  to  the 
series  of  works  by  T6un  and  Seimin — the 
master  workers  of  Japan  in  bronze,  who 
together  with  Joi,  carried  the  artistic  bronzes, 
koros,  vases,  fire-pans,  &c.,  to  the  highest 
point.  (Cat.  p.  29,  Nos.  3,  9,  12,  i6<2,  44, 
51,  52,  &c.)  Their  works  are  now  few  and  far 
between.  Note  the  beauty  of  modelling  and 
chasing,  and  conscientious  finish,  and  the 
rich  and  soft  patina,  and  compare  it  with 
the  dryness  or  dishonestly  lacquered  surface 
of  most  modern  bronze.  Note  also  the 
fine  red  patina  and  the  expressive  chasing 
of  the  17th  century  Daruma  (No.  2);  the 
small  ingots  of  gold  worked  into  material 
of  the  little  Chinese  bronze  of  the  14th 
century  (No.  3),  of  the  rare  kind  known  as 
Kindo  ; and  the  similar  work  of  not  less  ad- 
mirable quality  by  a Japanese  artist,  Harusada, 
in  the  i8th  century  (No.  49).  How  this  was 
effected  is  difficult  to  conceive,  looking  to  the 
great  differences  between  the  points  of  fusi- 
bility of  gold  and  bronze.  This  is  what  you 
often  see  imitated  by  a little  “ lick  ” of  gilding 
in  imitation  modern  Kindo  bronzes.  It  may 
interest  you  to  know  that  in  the  collection 
from  which  I obtained  the  bronze  (No.  3), 
there  were  several  quite  worthless  modern 
imitations,  which  were  quite  as  prominent,  and 
appeared  to  be  equally  valued  as  this.  So 
necessary  is  it  that  you  should  use  your  eyes, 
study  good  authentic  pieces,  and  not  rely  upon 
mere  names  or  delusive  appearances.  For 
examples  of  this  very  old  Japanese  bronze, 
having  a most  exquisite  patina  like  that  of  the 
old  Greek  bronzes,  I may  refer  you  to  the 
small  mirror  backs  in  green  bronze.  Nos.  53-6 
(Catalogue,  p.  30),  which  were  sent  to  me  by 
Mr.  Wakai,  and  undoubtedly  belong  to  the 
7th  or  8th  century.  Other  instructive  speci- 
mens which  may  serve  as  standards,  are  the 
17th  century  vases.  No.  32  with  its  difficult  and 
rare  red  and  green  patina,  the  repousse 
Hiroshima  water-pot  of  the  17th  century. 
No.  20,  which  belongs  to  the  same  series  as 
the  beautiful  old  Hiroshima  writing-box  which 
you  will  find  elsewhere.  The  curious  incense 
burner,  known  as  a Mawari  koro,  which 
I show  you,  has  another  kind  of  interest.  It 
is,  as  you  see,  a hollow  ball,  in  pierced  and 
chased  white  metal,  i8th  century  work,  and  has 
inside  it  a cup  for  burning  incense  suspended 
on  a universal  joint,  so  that  it  can  be  rolled 
about  without  spilling  its  contents.  This 
invention  existed  and  was  known  to  the  Eastern 
races  several  hundred  years  before  it  was  re- 
invented by  Hooke  for  the  benefit  of  Europeans, 


and  is  described  in  a book  written  upwards  of 
six  hundred  years  ago,  known  as  ‘‘  Sai  kio 
Zakki  *’ — “ Record  of  the  Western  Capital” 
(Anderson).  But  I must  proceed  from  these 
supplementary  observations  to  my  next  section, 
the  peculiarly  Japanese  art- work  in  lacquer. 

Japanese  Lac  and  Lacquer  Artists. 

‘‘It  has  been  with  justice  said,”  says  Mr. 
M.  Gonse,  “ that  works  in  lac  are  the  most 
perfect  objects  which  ever  issued  from  the 
hands  of  man  ; at  the  very  least  they  are  the 
most  delicate.  These  productions  have  been 
for  long  ages,  and  still  are,  the  glory  of  the 
Japanese.  It  is  a national  industry  which  is 
peculiar  to  them,  and  in  respect  to  which  they 
owe  nothing  to  anyone.  The  singularity  of 
the  processes,  the  finish  of  the  workmanship, 
the  beauty  and  price  of  the  materials,  consti- 
tute lac  a thing  by  itself  in  the  artistic  mani- 
festations of  the  far  East.  The  lacs  of  Japan 
enjoy  universal  celebrity;  they  are  the  most 
exquisite  cabinet  objects  which  can  delight  the 
eye  of  a collector.” 

“Lac”  is  the  gum  of  the  “ urushi  ” tree 
{Rkzts  vernicifera).  Each  ten  year  old  tree 
yields,  by  incision,  two  to  three  ounces  of  sap, 
and  the  process  of  extraction  destroys  the  tree 
either  in  one  or  two  years,  according  to  the 
method  employed.  The  finest  lac  comes  from, 
trees  of  great  age,  and  is  therefore  the  most 
costly ; the  branch  lac  is  the  finest,  and  dries 
into  the  most  perfect  transparency  and  hard- 
ness. Hence  it  alone  was  emplo}^ed  in  the 
fine  old  works  ; but  as  each  layer  takes  a 
month  to  dry,  and  as  modern  works  are  executed 
with  the  greatest  possible  rapidity,  and  durability 
is  now-a-days  a secondary  quality,  thefinest  lac 
has,  since  1868,  considerably  fallen  in  price, 
while  the  inferior  and  more  quickly  drying  lacs 
have  risen  considerably.  In  the  older  pro- 
cesses, the  object  to  be  treated  with  lac,  either 
wood  or  metal,  was  first  prepared.  Hard  and 
fine  wood  was  selected,  reduced  frequently  to 
extreme  tenuity,  and  the  framework  prepared, 
the  surfaces  being  polished,  sometimes  coated 
with  a delicate  layer  of  silk.  The  prepared  and 
evaporated  “ urushi  ” gum  was  then  laid  on  in 
thin  successive  layers,  polished  with  charcoal 
and  stone  powder,  and  successive  layers  built 
up  by  a variety  of  processes,  which  will  be 
found  described  in  the  reports  of  the  Japanese 
Commissioners  at  the  Paris  and  Vienna  Exhi- 
bitions ; in  the  valuable  report  of  Mr.  Quin  to 
Parliament,  published  as  a Blue-book  in 
1882 ; and  in  the  works  of  Audsley  and  Gonse. 
The  black  stain  was  given  to  it  by  the  use  of 
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acetate  of  iron  ; the  red  by  vermilion,  and  a 
variety  of  other  pigments.  That  which  the  old 
lacquer- workers  of  Japan  aimed  at  as  a 
material  result  was  to  produce  a substantial 
product  of  great  hardness,  brilliant  polish, 
resisting  alike  heat  and  cold,  and  durable  for 
successive  ages.  This  they  achieved.  The  lacs 
of  old  Japan  exhibited  at  the  last  Paris  Exhi- 
bition foundered  in  the  ship  Nz7  on  their  way 
back  ; when  rescued  from  the  bottom  of  the 
sea,  they  were  unharmed.  The  modern  lacs  of 
fine  quality  which  went  with  them  were  reduced 
to  pulp,  or  were  in  a hopelessly  damaged  state. 
The  old  lac  was  a product  of  patience,  as  well 
as  of  technical  skill  and  artistic  genius.  Each 
layer  would  need  twenty  to  thirty  days  at  least, 
sometimes  two  to  three  months,  to  polish,  dry, 
and  harden,  and  the  whole  work  went  through 
twenty  to  forty  processes.  A fine  work  was  the 
product  of  two  or  three  years.  Modern  lacs 
are  apt  to  be  made  with  new  lac,  diluted  with 
large  quantities  of  oil  to  make  it  work  easily, 
and  often  thickened  with  farina,  or  other 
powders ; hence  they  warp,  tarnish,  blister, 
and  crack  as  years,  or  even  months,  go  on. 
Our  knowledge  and  appreciation  of  Japanese 
lac  stands  on  a very  different  footing  now  to 
that  on  which  it  occupied  prior  to  1868.  Not 
only  was  the  production  of  artistic  objects  in 
lac  an  art  exclusively  practised  by  the  Japanese, 
but  practised  by  them  exclusively  for  them- 
selves. The  exportation  of  lacs  was  for  cen- 
turies rigidly  prohibited.  The  Dutch  traders 
who  in  the  17th  and  i8th  century  had  a limited 
monopoly  from  their  little  settlement  in  the 
harbour  fort  of  Deshima  for  the  export  of 
so  many  shiploads  of  “Japan  china,”  were 
prohibited  from  purchasing  lac.  Out  of  a 
year’s  cargoes  of  hundreds  of  thousands  of 
pieces  of  the  Imari  china  manufactured  for 
them,  and  sold  in  Europe,  only  a few  stray 
pieces  of  lac  were  to  be  found,  as  the  existing 
catalogues  show,  and  those  we  now  know  to  have 
been  of  a third-rate  order.  But  any  piece  of 
China  lac,  as  it  is  called,  was  then  naturally  a 
great  curiosity,  and  sold  at  immense  prices. 
We  see  the  quality  in  collections  such  as  those 
of  Marie  Antoinette  at  the  Louvre  (the  finest), 
or  the  Hamilton  collections,  or  the  collection 
at  the  Hague,  all  once  considered  superlatively 
fine,  but  now  that  we  are  in  possession  of  so 
many  of  the  fine,  though  much  smaller,  lacs  of 
the  old  Daimios,  they  cease  to  have  either  value 
or  artistic  interest.  We  are  familiar  with  the  old 
lac  cabinets  and  screens  of  some  English  and 
Continental  palaces  and  chateaux ; heavy 
boards  with  a poor  coating  of  black  lac  of 
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inferior  quality  and  little  transparency  or  polish, 
and  decorated  with  Chinese  landscapes, 
pagodas,  and  other  subjects,  raised  in  gummy 
ill-defined  reliefs,  and  gilded  on  the  surface  of 
the  reliefs,  or  coarsely  incrusted  or  inlaid  with 
large  scales  of  mother-of-pearl.  Sometimes 
the  landscapes  are  European,  from  illustrations 
furnished  by  the  Dutch  traders.  These  were 
rarities  in  Europe  in  the  17th  and  i8th  centuries, 
but  are  merely  specimens  of  very  poor  work, 
executed  for  a commercial  purpose,  for  sale  to 
the  outer  barbarians,  and  designedly  of  very 
inferior  quality  and  workmanship,  like  the 
cottons,  knives,  and  beads  we  in  our  turn 
send  to  the  utter  barbarians  of  Africa  and 
China.  Owing  to  the  tradition  of  the  high 
value  once  assigned  to  these  or  to  their 
rarity,  and  to  the  fact  that  even  these  were 
beyond  the  resources  of  existing  European 
technical  workers,  and  owing  also  to  the  fact 
that  immense  prices  were  paid  for  them,  these 
old  Japan  lacs  are  still  the  subject  of  a worship 
which  has  no  longer  any  raison  d'etre,  and 
sometimes  realise  immense  prices,  out  of  re- 
spect to  their  former  rarity  and  quondazn  value. 
They  are,  however,  in  reality  very  mediocre 
productions,  and  now  that  we  are  in  possession 
of  the  exquisite  old  Daimio  lacs,  they  must  sink, 
sooner  or  later,  into  a deserved  obscurity. 
That  which  we  appreciate  now  in  lacs  is  the 
hardness  of  polish,  the  transparency,  the  per- 
fection of  surface,  the  slow  and  subtle  processes 
by  which  the  picture  contained  in  the  layer  of 
lac  is  built  up,  as  the  whole  mass  is  formed 
month  by  month,  in  the  successive  strata ; the 
subtle  and  various  tones  of  gold  employed  in 
fine  gradations  and  at  various  depths ; the 
accurately  drawn  lines  ; the  skill  with  which 
enormous  difficulties  of  technique  are  over- 
come, the  grace  and  accuracy  of  drawing,  the 
patience  and  self-sacrifice  with  which  marvels 
of  technical  and  artistic  skill  are  produced 
with  unobtrusive  effects  on  an  inro,  or 
inside  a writing  box,  or  on  the  angles,  and  on 
the  inner  curves  of  a perfume  box.  Only  those 
who  understand  the  sharpness  of  the  oft-re- 
peated processes,  who  understand  the  differ- 
ence of  decorating  a surface  once  for  all 
from  that  of  building  up  a design  in  a resinous 
and  slowly  drying  material  in  layers  ; or  who 
can  appreciate  the  difference  of  working  on 
the  flat  on  a large  scale,  and  working  with 
the  utmost  minuteness  in  successive  layers 
of  a transparent  material  on  concave  surfaces, 
and  at  angles,  will  duly  estimate  the  master- 
pieces of  the  great  workers  which  I have  the 
privilege  of  showing  to  you  to-night.  They 
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require  mostly  to  be  examined  individually 
with  a magnifying  glass,  to  see  how  patience 
has  gone  hand  in  hand  with  genius  in  produc- 
ing them. 

The  published  accounts  of  the  art  of  the  lac 
workers  in  successive  ages  in  Japan,  and  of 
the  different  masters  and  schools,  are  very 
insuflScient,  and  I find  that  English  collectors 
have  hitherto  been  guided  chiefly  by  the 
superficial  beauty  of  objects  in  lac,  and  very 
much,  I am  afraid,  also  by  the  amount  of  gold 
on  them,  and  have  had  little  care,  probably 
because  they  have  had  few  means  of  discrimin- 
ating either  the  periods,  masters,  or  schools.  I 
am  not  aware  of  any  English  collection  in  which 
any  sort  of  discrimination  of  the  sort  has  been 
even  attempted,  and  it  is  painful  to  see  the 
jumble  in  cabinets  of  men  of  taste  of  quite 
worthless  but  showy  imitations,  with  here  and 
there  the  genuine  work  of  a great  master. 
I hope  I may  not  be  thought  presumptuous  in 
making  these  observations.  I may,  perhaps, 
disarm  criticism  on  that  head  to  some  extent, 
by  saying  that  I am  only  describing  the  state 
of  mind  and  amount  of  knowledge  with  which 
I myself  first  began  the  study  of  lac,  and  that 
I have  been  rather  shocked  to  find  of  how 
very  inferior  an  order  and  very  mixed  character, 
andhow chaotic  and  imperfectly  representative, 
are  most  of  the  existing  collections  of  lac  in 
this  country. 

As  I have  said,  in  respect  to  metal  work,  the 
opportunities  for  collecting  these  unique  works 
of  a marvellous  art  and  a great  civilisation 
are  rapidly  passing  away.  It  is  lamentable  to 
find  how  excessively  poor  are  the  lacs  at  South 
Kensington,  which  may  be  said  indeed,  in 
respect  to  this  most  fascinating  and  im- 
portant art,  to  have— so  far  as  it  has  any 
influence — one  which  is  either  null  or  wholly 
misleading.  Nor  am  I aware  of  any  collec- 
tions in  any  art  museums  throughout  the 
country  which  are  capable  of  affording  any 
instruction  to  the  student  of  lac,  or  which  will 
in  any  way  bear  comparison  either  with  such  a 
collection  as  that  which  I show  you  to-night, 
or  as  several  of  those  which  exist  in  private 
hands  on  the  Continent.  It  seems  to  me 
greatly  to  be  regretted  that,  with  the  oppor- 
tunities which  our  large  intercourse  with  Japan 
affords,  with  our  large  national  and  private 
resources,  and  the  real  love  of  art  which  exists 
in  this  country,  our  possessions  of  these  art 
treasures  should  be  so  scanty,  or  ill-chosen, 
or  ill-classified.  The  first  step  towards  the 
possession  of  such  a collection  as  is  re- 
quired is  to  establish  the  history,  to  define 


the  schools,  and  to  critically  study  and  identify  | 
the  masters.  | 

This  I will  attempt  for  you  in  necessarily  | 
brief  and  hurried  outline.  That  which  has  | 
hindered,  perhaps  more  than  anything  else,  the  | 
advance  of  collections  of  old  lac,  as  of  the 
work  of  the  historic  artists  of  Japan  generally, 
is  the  want  of  these  available  data,  and  the 
absolute  ignorance  of  the  subject  in  the  case  1 
of  a great  majority  of  dealers,  who  are  in- 
capable of  distinguishing  schools  or  masters,  i 
and  who,  unawares,  represent  as  fine  lacs  per- 
fectly worthless  modern  imitations  which  have 
only  a superficial  resemblance  to  them. 

Historical  Notes  on  Japanese  Lac. 

Japanese  history  records  the  name  of  Nuribe- 
ne-muraji,  under  the  Emperor  Koan,  392  P..C. 
That  name  signifies  “ director  of  the  adminis- 
tration of  lacs,”  which  sufficiently  proves  that 
lacqueurs  existed  in  Japan  before  it  had  any 
communication  with  China.  It  is,  therefore, 
inexact  to  allege  that  lac  was  introduced  into 
Japan  from  China,  as  some  archaeologists,  too 
Chinese  in  their  predilections,  have  assumed. 
The  earliest  specimens  of  lac  still  preserved, 
of  which  the  date  can  be  ascertained,  belong 
to  the  Emperor  Sh6mu  (724-48). 

Art  lacs  are  comprised  under  various  tech- 
nical categories,  and  their  domination  in  Japan 
differs  according  to  the  epochs  of  history. 

The  history  of  lac,  like  the  history  o 
Japanese  art  generally,  may  be  divided  into 
periods  as  follows  : — 

(i.)  Shomu-Jidai,  or  Jodai;  lacs  from  the 
reign  of  Emperor  Shomu  (724-48)  to  the  end 
of  the  8th  century. 

(2.)  Kamakura-Jidai  ; lac  of  the  period  of 
Kamakura,  from  the  12th  century,  when  the 
first  Shogun  Yoritomo  was  installed  at  Kama- 
kura. 

(3.)  Yoshimasa-Jidai ; period  of  the  Shogun 
Yoritomo  ; 15th  century. 

(4.)  Hideyoshi-Jidai ; the  period  of  Hide- 
yoshi ; end  of  i6th  century. 

(5.)  Tokugawa-Jidai ; period  of  the  dynasty 
of  the  Tokugawa  ; 1603-1867. 

I.  In  the  8th  century,  lac  assumed  a very 
complete  development,  and  in  the  loth  century  , 
it  attained  high  perfection.  Pictorial  decora-  { 
tion  was  applied  to  lac,  and  designs  of  great  i 
beauty  were  produced.  The  fashion  of  mount- 
ing the  borders  of  objects  in  lac  in  silver,  tin, 
&c.,  became  general.  The  objects  in  lac  of  this 
period  are,  by  Japanese  connoisseurs,  classified 
as  follows : — 

(i.)  Makkireo  (which  signifies  inlaying 
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of  articles  with  gold).  In  this  lac  the  suc- 
cessive layers  were  carefull}^  polished,  so  that 
the  designs  appear  in  the  substance  of  the 
lac,  which  presents  a perfectly  smooth  sur- 
face. This  polished  lac,  with  designs  pre- 
sented in  the  depth  of  the  material,  is 
really  lac  of  the  very  highest  quality  and 
greatest  difficulty  of  execution.  Strange 
enough,  and  probably  because  the  main 
d' ceuvre  and  the  essential  qualities  of  fine  lac 
are  imperfectly  understood,  works  in  smooth 
polished  lac  are,  in  this  country,  very  inade- 
quately appreciated,  and  inartistic  preference 
is  given  to  highly  gilded  works,  in  which  the 
designs  appear  in  relief,  a wholly  irrational 
and  inartistic  preference.  Of  authentic  woiks 
of  this  kind,  of  the  loth  century,  I know  of 
only  one  piece,  which  is  in  the  possession 
of  M.  Gonse.  It  alone  suffices  to  show  the 
exquisite  perfection  of  the  works  of  the  loth 
■century. 

(2.)  Hiomon  (which  signifies  flat  or  surface 
decoration).  In  lacs  of  this  description, 
plaques  of  gold  or  of  silver  were  incrusted  in 
the  lac  on  the  same  level  with  the  smooth 
surface. 

(3.)  Heijin  (meaning  flat  powder).  This 
variety  belongs  to  the  kind  of  lac  known  as 
nashiji,  but  the  grains  of  gold  powder  are 
much  larger  than  those  in  nashiji  in  general, 
and  the  powder  is  obtained  by  filing  gold. 

(4.)  Raden,  orincrustation  of  mother-of-pearl, 
which  is  inlaid  smoothly  and  level  with  the 
surface  of  the  lac  in  the  same  manner  as  with 
Hiomon. 

(5.)  Besides  these  varieties  there  are  lacs  en- 
crusted with  hard  stones  ; specimens  of  all 
these  varieties  of  lac,  belonging  to  the  loth 
century,  exist  in  the  temples  of  Todaiji  and 
Horiuji,  in  Nara,  but  authentic  examples  are 
exceedingly  rare  in  Japan,  and  in  Europe  not 
to  be  found. 

II.  The  civil  wars  of  Gempei  having  affected 
injuriously  the  art  of  working  in  lac,  it  did  not 
again  rise  into  prominence  until  the  foundation 
of  Kamakura.  The  Kamakura  lacs  were  made 
under  the  patronage  of  the  Shogun  Yoritomo, 
and  Masago,  his  wife.  Although  under  the 
Emperor  Konoye  (1142- 1155)  objects  in  lac  for 
the  use  of  the  Court  were,  we  know,  richly 
decorated,  still  it  is  to  the  Kamakura  period 
that  fine  lacs  known  as  Makiye  apply. 
(Makiye  signifies  the  design  obtained  by  pow- 
derings  of  gold — or,  briefly,  a powdered  design . ) 
The  objects  of  this  epoch  are  classified  as 
follows  : — 

(i.)  Ikkakidzi,  lac  thickly  powdered  with 


gold,  with  incrustation  of  mothcr-of-pearl,  or 
of  plaques  of  gold. 

(2.)  Raden,  that  is,  flat  incrustation  of 
mother-of-pearl  on  powdered  gold  back- 
ground. 

(3.)  Hiomon.  or  flat  incrustations  with  gold 
on  a coloured  or  black  background. 

(4.)  Makiye,  gold  powderings,  principally 
of  the  variety  known  as  the  Togidoshi-miakiye 
or  polished  lac. 

(5.)  Incrustations  with  hard  stones. 

(6.)  Kamakura  bori,  of  which  the  wood  is 
incised  and  gilded,  and  lacquered  in  black  or 
red.  The  specimens  preserved  in  the  temple 
of  Hachiman,  andof  Tsurugaokaat  Kamakura, 
belongingto  this  period,  are  described  as  being 
of  the  highest  perfection.  The  marvellous  gold 
lacs  incrusted  with  mother-of-pearl  by  Korin, 
which  I shall  presently  show  you,  are  nothing 
else  tha?i  the  lacs  of  Kamakura  regenerated 
under  the  artistic  genius  of  Korin. 

In  my  collections  you  will  find  various 
specimens  of  old  lac,  but  one  box  especially,  in 
the  polished  lac  decorated  with  chrysanthe- 
mums in  gold  on  a black  back  ground, 
is  an  authentic  specimen  of  this  Kamakura 
period. 

III.  With  Yoshimasa-Jidai,  or  Higashi- 
yama-Jidai,  we  enter  upon  a highly  artistic 
period.  HigashiyamaYoshimasa  having  been 
himself  an  artist  and  a great  promoter  of 
Japanese  art.  The  application  of  freehand 
drawings  to  lac  in  the  loth  century  was  restricted 
to  a very  narrow  conventional  limit  of  subjects, 
and  this  limit  was  made  still  more  narrow 
because  the  Kamakura  style  was  dominated 
generally  by  purely  ornamental  designs. 
Yoshimasa  not  only  revived  the  art  of  the 
loth  century,  but  he  caused  various  pictorial 
subjects  to  be  applied  to  the  decoration  of  lac, 
while  under  his  auspices,  new  ornamental  de- 
signs were  invented,  and  the  old  were  often 
much  refined.  The  lacs  of  this  period,  of  which 
I am  able  to  show  you  a splendid  specimen,  are 
unhappily,  but  naturally,  excessively  rare. 
They  find,  however,  a parallel  in  the  finest 
lacs  of  the  17th  century,  when  luxury  and 
artistic  refinement  prevailed  throughout  Japan, 
and  which  was  the  period  at  which  all  the 
ornamental  arts  flourished  in  their  highest 
perfection,  and  when  the  great  masters  were 
welcomed  as  the  friends  of  the  shoguns  and 
princes. 

IV.  The  period  corresponding  to  theTaiko- 
Hideyoshi,  who  died  in  1598,  was  a period  of 
interregnum.  The  anarchy  of  the  i6th  century 
had  suppressed  the  development  which  the 
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arts  had  already  reached  in  the  15th  century, 
and,  leaving-  the  artist  without  encouragement, 
had  broken  up  the  most  celebrated  schools 
owing  to  the  ravages  of  incessant  war.  When 
Hideyoshi  established  himself  at  Osaka,  he 
gave  a new  impulse  to  working  in  art,  and 
restored  this  branch,  which  was  on  the  point  of 
disappearing.  These  objects  of  the  i6th 
century  are  of  a mixed  character ; here  and 
there  may  be  found  2^chef  d' ceuvre  and  some- 
times very  mediocre,  though  authentic  works. 
This  state  of  things  continued  to  the  reign  of 
Tokugawa  lyeyasu,  who  died  in  1616. 

V.  The  reign  of  the  Tokugawas  inaugurated 
a period  of  the  highest  perfection.  The  objects 
belonging  to  this  period  are  rich,  elegant, 
pleasing  to  the  fastidious  eye,  and  artistic. 
They  may  be  divided  into  three  periods.  The 
17th  century  in  Japan,  as  in  Europe,  was  a 
period  of  the  most  refined,  elegant,  and 
luxurious  art. 

(i.)  Sandai-shogun,  the  period  of  the  third 
shogun  of  the  family  of  Tokugawa,  called 
lyemitsu,  who  reigned  from  1623  to  1649. 
It  was  this  Shogun  who  caused  to  be  con- 
structed the  splendid  temples  of  Nikko,  the 
nexagonal  temple  of  Shiba  at  Yedo,  profusely 
decorated  with  gold  lac,  &c. 

(2.)  Joken-in-Makiye.  Under  this  name 
are  designated  chiefly  the  lacs  which  were 
made  during  the  period  known  as  Genroku 
(1688-1703),  under  the  5th  Shogun  Joken-in, 
who  reigned  1681  to  1708.  These  17th  century 
lacs  preserve  the  archaic  taste,  while  they  are 
at  the  same  time  elegant,  delicate,  and  full  of 
refinement. 

(3.)  Bunkio-in,  the  nth  Shogun  of  the 
Tokugawa,  who  reigned  from  1787  to  1837. 
The  lacs  of  this  period  are  very  skilful.  The 
subjects  with  which  they  are  decorated  are 
varied,  lively,  and  artistic,  but  they  belong  to 
a period  of  relative  decadence.  The  very  per- 
fection of  lacs  is  to  be  found  in  the  17th  cen- 
tury, and  the  early  part  of  the  i8th,  putting 
aside  the  rare  specimens  of  the  very  highest 
quality  of  the  loth  and  13th  centuries,  of  which, 
as  I have  said,  specimens  may  practically  be 
considered  to  be  unattainable  to  European 
collectors,  at  any  price  which  they  would  be 
willing  to  give.  The  few  fine  specimens 
which  exist  in  Japan,  elsewhere  than  in  the 
treasures  of  the  temples,  are  held  at  enormous 
values.  To  study,  however,  individual  pieces 
of  lac,  we  must  now  acquaint  ourselves  with 
the  schools  of  artists  in  lac  which  arose  during 
the  period  of  the  Tokugawas.  We  are  perfectly 
familiar  with  their  history  ; we  can  identify  and 


classify  their  works,  and  in  the  catalogue  which 
I present  to  you  of  the  collection  on  view  in 
the  rooms  of  the  Society  of  Arts,  each  object 
is  classified  under  its  school,  and,  where 
possible,  identified  as  the  work  of  its  master. 
In  many  cases,  especially  in  the  cases  of  inros, 
the  master  signed  his  work,  but  for  other 
objects,  especially  ordered  by  the  damios  or 
the  shoguns,  it  was  not  the  etiquette  to  aiBEix 
such  signatures.  While,  therefore,  you  should 
learn  to  distinguish  schools  and  identify 
main  d'cettvre,  and  also  to  read  and  identify 
the  signatures,  you  must  not  consider  that 
either  one  of  these  accomplishments  by  itself 
suffices,  since  many  of  the  finest  works  are 
necessarily  not  signed,  and  only  a part  of 
those  that  are  signed  afford  evidence  of  being 
authentic,  for  various  reasons  which  I may 
have  time  to  explain  to  you  later  on.  In  Mr. 
Hayashi  I have  had  the  good  fortune  to  find  a 
Japanese  expert  of  delicate,  exact,  and  fas- 
tidious taste,  and  of  great  erudition,  who  has 
not  only  studied  all  the  available  native  litera- 
ture, but  having,  in  the  series  of  years,  had  nearly 
all  the  finest  pieces  in  Europe  pass  under  his 
hands,  has  supplemented  his  learning  by  great 
experience  and  critical  study.  Hence,  in  any 
doubtful  cases,  I have  rigidly  excluded  pieces 
which  were  not  evidently  authentic,  and  which 
he  could  not  identify. 

The  Schools  of  Ariists  in  Lac. — The 
School  of  Koyetsu. 

Honnami  Koyetsu,  of  Kioto,  was  at  once  an 
artist,  a caligrapher  (a  fine  art  both  in  China 
and  Japan,  where  writing  was  executed  with 
the  brush,  and  beautiful  writing  was  a high 
accomplishment),  ceramist,  and  lacquerer.  He 
flourished  at  the  end  of  the  i6th  century,  and 
the  beginning  of  the  17th  century,  and  was  an 
extraordinary  artist.  Under  his  influence  the 
celebrated  Korin  formed  his  characteristically 
bold  style.  His  school  divided  itself  under 
two  different  styles,  each  constituting  a sepa- 
rate school.* 

(i.)  The  school  of  Korin,  who,  following  the 
impulse  of  certain  of  Koyetsu’s  works,  created 
a genre  in  lac  known  as  the  “ style  of  Korin,” 
and  marked  by  singular  breadth  and  nobility 
of  design  and  character,  having  peculiar  tints 
of  yellow  and  green  gold,  and  encrusted  with 
bold  designs  in  tin  and  mother  of  pearl.  The 
works  of  Korin  have  forme  a peculiar  fascina- 
tion, and  I have  succeeded,  with  great  difficulty, 
and  by  the  aid  of  Mr,  Wakai  and  Mr.  Hayashi, 


* See  Catalogue,  Lacs,  No.  i and  Inros  Nos.  316  and  319. 


October  22,  1886  J 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


1237 


in  bringing  together  from  various  sources  in 
Japan  and  Europe  a series  of  the  finest  works 
of  this  rare  and  original  master,  which  I value 
beyond  measure.  They  are,  as  a whole, 
an  unrivalled  series,  and  represent  a master 
who  created  an  epoch  in  Japanese  art  (and 
who  influenced  his  illustrious  brother  Kenzan, 
the  great  ceramic  artist  and  painter,  see 
Lacs,  No.  30),  and  whose  genius,  as  shown 
in  his  pictures  and  designs,  is  not  less  remark- 
able than  in  his  lac,  which  inspired  so  many 
followers.  (I  particularly  invite  your  study  of 
the  Suzuribakos,  or  wTiting  boxes,  by  Korin, 
Nos.  2,  3,  6,  7,  8,  and  to  the  Inros,  Nos.  324, 
325,  326,  328,  332,  and  333  ; also  to  the  letter- 
press  by  Korin,  No.  31,  a magnificent  work  of 
Korin,  which  Mr.  Audsley  has  figured  in  the 
ornamental  arts  of  Japan).  Ogata  Korin  was 
born  at  Kioto  in  1661,  and  died  in  1716. 

(2.)  The  second  school  which  was  formed 
under  the  auspices  of  Koyetsu  was  that  of 
Tsuchida  Soyetsu.  Soyetsu  gave  himself 
chiefly  to  the  more  delicate  style  of  work 
inspired  by  the  master;  but,  just  as  Korin 
began  with  the  most  delicate  work  (see 
Catalogue,  lac  No.  16,  page  ii),  so  Soyetsu 
made  sometimes  inros  of  the  most  character- 
istic largeness  and  boldness  of  design.  Of 
this  you  will  find  examples  in  this  collection. 

The  School  of  Shunsho. 

Yamamoto  Shunsho  was  a pure  artist  in  lac 
at  Kioto  about  the  middle  of  the  17th  century, 
and  executed  the  most  refined  polished  lacs 
Jac  frotte^,  Makiye  and  Jogihashi  makiye. 
The  lacs  frottes  are  the  final  word  of  refine- 
ment and  perfection.  This  collection  pos- 
sesses some  exquisite  specimens,  which  are 
duly  numbered  in  the  catalogue.  The  mirror 
brightness,  the  solidity,  and  spotless  perfection 
of  the  lac,  the  delicacy,  variety  of  tone,  and 
refinement  of  colour,  and  the  unsparing  labour 
bestowed  on  the  decoration  of  the  inner  sur- 
faces and  angles,  make  the  lacs  of  this  great 
master  very  precious  in  the  eyes  of  the  con- 
noisseur. The  sparing  use  of  gold,  the  black 
lac  background,  and  the  absence  of  relief,  have 
caused  them  to  be  less  remarked  by  English 
collectors  than  the  glittering,  coarser,  and  more 
evanescent  “gold  lacs”  of  inferior  artists, 
who  have  known  how  to  flatter  a relatively 
vulgar  modern  taste  for  show  and  gilding. 
The  Japanese  artists,  both  in  metal  and  lac, 
had  a proverb  which  may  be  commended  to 
modern  use.  “ He  who  works  in  gold  puts  his 
brains  into  the  melting  pot.”  Their  finest 
metal  w’ork  was  in  iron,  and  their  finest  lacs  in 


black  and  delicately  tinted  “urushi.”  They 
dignified  the  material  in  which  they  worked, 
and  did  not  rely  upon  its  brute  costliness. 

The  successors  of  ShunshO  continued  to  sign 
his  name  to  inferior  works.  They  transported 
the  atelier  to  Nagaji  in  the  province  of  Owari. 

The  School  of  Koma. 

There  were  early  artists  who  founded  this 
school  in  the  time  of  Yoshimasa,  but  we  are 
not  able  to  identify  their  works.  At  that  date 
the  division  of  schools  was  not  established,  or 
the  traditions  have  been  lost. 

The  work  of  Koma  Kiuhaku,  w’ho  was 
called  to  Yedo  as  the  official  artist  of  the 
3rd  Shogun,  and  created  the  school  we  know 
at  the  commencement  of  the  17th  centuryq 
is  always  of  the  most  refined  cha- 
racter and  beautiful  quality.  His  mirror 
black  cannot  be  surpassed ; and  the  fine 
delicacy  of  the  old  lacs  from  the  atelier  of 
Koma,  and  the  exquisite  perfection  of  the 
delicately  traced  gold  reliefs,  give  them  a 
cachet  which  is  easily  recognised  after 
studying  some  of  his  authentic  works.  His  son, 
Yasutaku  (see  Lac  81,  p.  14),  produced  some 
work  not  sensibly  inferior ; but  the  products  of 
this  atelier  fell  off,  until  it  was  revived  in  the 
1 8th  century,  by  Kuansai,  under  the  patronage 
of  the  Shogun  Bunkio-in,  who  produced 
characteristic  works  of  the  highest  merits. 
(See  for  examples  Inros,  Nos.  395,  402,  418; 
lacs,  73,  p.  14  ; sake-coupes,  i to  3,  &c.). 

The  School  of  Kajikaava. 

Kajikawa  Tomohide,  commonly  known  as 
Kujiro,  or  Kajikawa  the  ist,  was  an  artist  in 
lac,  wffio  produced  pictorial  effects  in  miniature 
worthy  of  the  brush.  To  inspire  yourselves  at 
once  with  his  qualities,  examine  such  a piece 
as  the  little  perfume-box  by  Kajikawa,  deco- 
rated with  the  portrait  of  Hitomaro,  an 
authentic  specimen,  which  is  the  ne-Jliis 
ttltra  of  refinement,  and  speaks  for  itself. 
The  variety  of  tone  of  gold  and  these 
gradations  of  colour,  this  resource  and 
variety  of  artistic  effect,  were  the  special 
gifts  of  Kajikawa,  and  became  a tra- 
dition with  the  ablest  of  his  successors.  It 
was  a kind  of  lac  which  made  heavy  require- 
ments of  time,  talent,  and  conscience.  Hence 
Kujiro  and  his  successors  were  always  the 
artists  of  the  Court  of  the  Tokugawas,  rank- 
ing in  this  line  with  the  Kanos  in  painting 
and  the  Gotos  as  metal  workers,  the  Kajikawa 
continued  to  use  his  seal,  and  the  pieces  so 
signed  are  relatively  numerous.  They  are 
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rarely  other  than  good,  but  are  of  very  various 
degrees  of  merit,  and  sometimes  of  merely 
secondary  quality,  and  you  must  use  your 
trained  judgment,  after  study  of  the  test,  to 
distinguish  the  relative  dates  and  grades  of 
merits.  With  practice  and  conscience  this  is 
not  difficult. 

The  School  of  Koami. 

Koami  was  an  artist  name  also  already  cele- 
’brated  in  the  fifteenth  century.  But  the  first 
artist  of  the  school  whose  merit  we  can  mark, 
and  whose  work  we  can  distinguish,  was  Koami 
Nagataka  of  the  seventeenth  century,  who  pro- 
duced the  most  delicate  and  brilliant  work. 
I show  you  a suzari  bako  or  damio  writing  box 
by  Koami  Nagataka,  which  is  of  its  kind  un- 
surpassable, and  is  a rare  possession.  I do 
not  know  any  other  specimens  of  his  work  in 
■this  country.  He  was  celebrated  also  for  his 
Hirame  and  aventurine  lacs,  worked  with  gold 
powder  of  large  grain. 

The  School  of  Yosei. 

This  school  was  distinguished  especially  for 
the  GurioT  tsuishu  lacs,  vermillion  on  the  sur- 
faces, and  worked  in  layers  of  different  coloured 
lacs,  of  which  the  cut  edges  show  in  looking  into 
the  deeply  chased  scroll  with  which  the  surface 
is  incised ; and  the  violet  or  black  lacs  built  up 
similarly,  and  chased  in  the  whole  thickness  of 
the  lac,  known  as  tsui-koku,  rare  and  costly 
varieties  of  lac,  represented  in  the  collection 
before  you  by  the  superb  cabinet  No.  i8i,  and 
by  various  inros  and  boxes.  This  is  a kind  of 
work  of  very  laborious  and  costly  kind.  It  is 
modest  in  appearance,  as  it  is  only  on  examin- 
ingthe  cut  edges  of  the  incised  patterns  that  you 
can  perceive  the  slow  building  up  of  twenty  or 
thirty  layers  of  variously  coloured  lac  by  which 
the  effect  is  produced.  I asked  a celebrated 
Japanese  expert  in  lac  how  long  it  would  take 
to  produce  such  a cabinet  as  this,  and  at  what 
cost  he  could  take  an  order  for  a similar  one. 
He  said  that  such  work  was  not  done  now,  but 
it  could  be.  It  would  require  a year  and  a half 
to  two  years  to  build  up  and  properly  harden 
and  work  the  successive  layers  of  lac  for 
a work  of  this  size  and  importance,  and 
the  mere  cost  of  production  would  be  £120, 
without  the  clcisonne  enamels  and  fittings 
(which  in  this  case  are  of  the  seven- 
teenth century,  and  singularly  fine). 
Yosei  worked  about  1650-70,  following,  how- 
ever, the  much  earlier  traditions  of  Monuyu. 
The  Chinese  produced  the  tsuishiu  or  carved 
red  lac  in  the  Kienlong  period  1736-1795,  but 


I consider  the  old  Japanese  tsuishiu  much 
superior  in  richness  of  colour,  beauty  of  sur- 
face,and  design.  The  pupil  of  Yosei  wasYomo, 
who  produced  some  very  fine  work;  afterwards 
it  was  continued  by  others,  but  fell  off  very 
much  in  quality  and  artistic  merit.  Zokoku 
revived  the  merit  of  fame  of  this  school  in  the 
i8th  century,  and  works  by  him,  like  those  by 
Kuansai  and  by  Yoyusai,  always  do  honour 
to  the  ancient  art  of  the  lacqueur.  Their 
work  is  scarce,  but  by  the  kindness  of  my 
Japanese  friends,  and  by  rare  good  fortune, 
which  has  given  me  the  pick  of  several  im- 
portant collections  privately  dispersed  of  late 
years  in  Japan  and  Europe,  I have  been  able 
to  secure  some  characteristic  specimens  of  the 
work  of  each  of  the  leading  masters  whom  I 
have  named.  In  this  collection  you  will  find 
inros  and  a wonderful  lac  juered  dish  by 
Zeshin,  and  two  rare  albums  painted  by  him 
in  lac,  from  which  Mr.  Anderson  has  selected 
one  of  the  illustrations  of  his  great  work  on 
“ The  Pictorial  Arts  of  Japan.” 

School  of  Seigai. 

Seigai  Kanshichi  was  an  artist  who  shone 
towards  the  end  of  the  17th  century;  he  ex- 
celled in  the  production  of  green  lac,  which  he 
was  fond  of  decorating  with  conventional 
waves.  I have  no  specimen,  and  know  of  none 
in  Europe.  One  is,  I believe,  in  the  possession 
of  Mr.  Wakai,  which  formerly  belonged  to 
Yoyusai.  The  imitators  of  Kanshichi  were 
not  very  successful.  Zeshin,  who  still  lives 
but  has  ceased  to  work  owing  to  his  great  age, 
who  springs  from  the  school  of  Koma,  is  the 
most  marvellous  worker  in  coloured  lacs  since 
Kanshichi,  but  Zeshin  may  almost  be  con- 
sidered as  an  independent  master,  such  is  the 
variety  and  sometimes  the  eccentric  originality 
of  his  genius. 

The  School  of  Ritsuo. 

Ogawa  Ritsuo,  a samurai  of  Kuwana,  in  the 
province  of  Ici,  renounced  the  career  of  arms 
to  give  himself  up  to  art.  He  was  born  in 
1662,  and  died  at  Yedo  in  1746.  He  was  a 
painter,  sculptor,  faiencier,  and  lacquerer,  not 
to  mention  that  he  had  been  renowned  as  a 
tactician  and  swordsman.  The  lacs  of  Ritsuo 
are  from  his  own  designs,  while  most  of  the 
lacs  of  the  artists  whom  I have  mentioned, 
except  Korin,  have  habitually  worked  from 
designs  painted  by  pictorial  artists  more 
or  less  celebrated ; or  reproduced  from  well- 
known  celebrated  drawings  of  traditional 
renown  and  well-known  popularity.  The  lacs 


October  22,  1886.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


1239 


of  Ritsuo  frequently  have  incrusted  on  them 
decorations  in  relief,  in  faience,  ivory,  pearl, 
tortoise-shell,  metal,  and  gilded  wood.  It  is 
work  of  very  original  and  artistic  effect.  Like 
a true  artist,  he  scorned  precious  metals,  and 
produced  the  most  striking  decoration  with 
materials  which  had  no  intrinsic  value,  and 
owed  everything  to  their  artistic  merit.  This 
splendid  writing-box  and  manuscript  case, 
encrusted  with  an  elephant  and  other  decora- 
tion in  enamelled  faience,  does  not  belong  to 
me,  but  I am  enabled  to  show  it  to  you  by  the 
kindness  of  Mr.  Hayashi,  to  whom  it  has 
recently  been  forwarded  by  a Japanese  noble. 
I am  not  surprised  to  learn  that  these  two 
masterpieces  by  Ritsuo  are  valued  at  £230. 
In  my  collection  are  many  fine  but  smaller 
works  by  Ritsuo,  in  lac,  porcelain,  wood- 
carving, and  painting.  He  is  one  of  the 
epoch  - making  geniuses  of  Japan,  whose 
authentic  handiwork  serve  as  standards,  and 
form  the  land-marks  for  collection.  His  best 
disciple  was  Hanzan,  whose  brilliant  handi- 
work is  before  you,  and  since  him,  Kenya. 
(Appendix,  Lacs,  Nos.  10,  40,  71,  165,  176,  and 
various  Inros.) 

Description  of  the  Varieties  and 
Description  of  Technique. 

Nearly  all  the  objects  in  lac  shown  are  made, 
as  you  see,  by  the  use  of  lacquer  laid  on  in 
successive  layers,  and  hardened  in  damp  pres- 
sure, the  basis  of  these  objects  in  lacquer  is 
one  or  other  kind  of  selected  woods,  chosen  for 
their  capability  of  receiving  a finely  polished 
surface,  and  as  not  being  liable  to  warp.  The 
best  woods  are  the  woods  known  as  the  Honoki 
{^Chatnceroparis  obtusa),  the  Kiri  {^Paulownia 
ittiperialis),  the  Keyaki  {Planera  japonica). 
“The  first-named,”  says  Mr.  Audsley,  “ is  a 
favourite,  and  very  suitable  wood  for  boxes 
and  panels,  and  all  kinds  of  cabinet  work, 
chiefly  because  it  admits  of  a high  finish,  and 
is  not  liable  to  warp.  The  second  has  been 
almost  universally  used  for  lacquer  sword 
sheaths,  and  other  fine  works  requiring  tough 
wood.  The  third  is  a smooth-grained  light 
wood,  commonly  employed  in  the  construction 
of  large  boxes  ; and  the  last  is  most  suitable 
for  turning  and  other  ornamental  operations.” 
The  cabinet  work  is,  as  you  will  see,  in  itself 
marvellous.  In  centuries,  these  frail  medicine 
boxes,  made  in  small  compartments,  have  not 
warped ; and  they  are  made  with  such  per- 
fection that,  although  of  small  dimensions, 
and  oval- shaped,  in  many  of  the  finest  speci- 
mens the  parts  are  interchangeable,  and  one 


piece  will  glide  smoothly  on  to  another 
I either  back  or  front,  the  top  piece  fitting 
on  to  the  lowest  with  as  much  accuracy  as 
if  they  had  been  made  in  Mr.  Whitworth’s 
machines.  This  octagonal  cake  box,  which 
I show  you,  and  which  is  a piece  of  the 
17th  century,  illustrates  well  the  singular 
beauty  and  perfection  of  their  cabinet  wood- 
work. 

The  first  operation  is  to  make  the  surface 
perfectly  smooth  by  rubbing  it  down,  and 
sometimes  all  the  soft  wood  is  carefully  rubbed 
away  so  as  to  leave  the  hard  veining  of  the 
wood  apparent,  which  is  utilised  as  a natural 
decoration.  Of  this  you  will  find  in  this  collec- 
tion numerous  examples.  Successive  coats  of 
I perfectly  transparent  varnish  are  then  overlaid, 
and  on  this,  frequently,  decoration  in  raised 
gold  or  coloured  lacquers.  (The  smooth  sur- 
face is  obtained  by  priming.)  This  is  now 
dried  in  the  damp  press,  the  joints  are  filled, 
and  the  object  again  placed  to  dry.  The 
surface  is  once  more  rubbed  down  and  covered 
with  a thick  coating  of  moist  paste  made  with 
a fine  burnt-clay  powder.  Successive  layers 
of  varnish  are  then  laid  on,  time  being  allowed 
for  them  to  harden  and  dry,  and  each  in  turn 
being  carefully  rubbed  down  to  a glossy 
smooth  surface  by  the  aid  of  charcoal  powder 
and  other  polishing  processes.  In  all,  for  the 
production  of  a fine  piece  of  lacquer  ready  for 
artistic  decoration,  no  fewer  than  thirty-three 
distinct  and  successive  operations  are  carried 
out,  from  the  first  priming  to  the  final  polishing 
of  the  lacquer  with  horn  ash.  Sometimes  the 
number  of  distinct  operations  is  from  fifty-five 
to  sixty  ; thus  the  amount  of  time  necessary 
for  a fine  piece  of  old  lac  varies  almost  in- 
definitely from  weeks  or  months  to  over  a year. 
Mr.  Quin  estimates  roughly  the  total  minimum 
occupied  in  drying  a piece  of  ordinarily  good 
lacquer  in  the  damp  press  to  over  530  hours, 
divided  into  twenty  distinct  periods.  This, 
however,  is  a minimum,  and  it  is  impossible  to 
fix  any  limit  other  than  that  of  the  varied 
exigencies  for  the  workman’s  amount  of 
time  spent  on  some  of  the  finest  pieces. 
It  is  of  course  understood  that  the  cheap 
kinds  of  lac  habitually  put  on  this  market 
do  not  undergo  these  variety  of  processes  ; for 
instance,  in  the  lower  grade  of  black  lacquer 
work  habitually  sold  in  Europe,  the  article 
to  be  lacquered  receives  only  a single  coat  of 
diluted  lac  coloured  with  lamp  black,  and  a 
single  good  coat  of  the  kind  of  lac  known  as 
Johana  lac  ; while  in  many  of  the  cases  a coat- 
ing of  persimmon  juice  and  lamp-black,  or 
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glue  and  lamp  black,  is  altogether  substituted 
for  the  real  urushi  juice.  To  produce  colours 
in  lac,  various  pigments  are  of  course  added  to 
it,  such  as  vermilion,  chrome  yellow,  Prussian 
blue.  It  is  only  in  the  inferior  modern  lacs 
that  oil  is  freely  used,  and  the  introduction  of 
a liberal  per-centage  of  oil  greatly  facilitates 
the  manufacture ; but  in  lac  work,  as  in  oil 
painting,  it  is  the  oil  which,  as  the  medium  of 
the  colour,  is  the  great  enemy  of  the  work  in 
respect  to  its  durability,  for  the  oil  with  age 
hardens  and  contracts,  and  the  lac  perishes, 
and  the  beauty  of  the  work  is  destroyed.  You 
know  that  the  process  of  what  is  called  restora- 
tion of  pictures  largely  consists  in  nourishing 
the  picture  with  oil.  The  great  enemy  of 
lac,  as  of  oil  pictures,  is  the  oil,  and  it  is 
lamentable  that  the  use  of  oil  has  been  so 
largely  introduced  to  aid  rapidity  of  the 
production  of  modern  lac  work.  In  the  pro- 
duction of  inlaid  lacs  of  variegated  colour  the 
ancient  artists  of  Japan  were  highly  skilled, 
but  owing  to  the  extreme  difficulty  of  working 
with  the  pure  urushi  juice,  mixed  with  the  varie- 
gated colour  (an  exceeding  intractable  material, 
and  one  which  required  infinite  patience  and 
skill  to  build  up,  layer  after  layer,  a transparent 
fabric  of  really  artistic  effect)  the  specimens 
were  rare  and  excessively  costly,  and  the  art 
but  little  practised.  The  difficulty  was  the 
greater  because  the  urushi  juice  blackens  by 
exposure  to  light  in  the  first  instance,  and 
when  employed  the  artist  could  only  judge  by 
special  skill  and  experience  of  what  would  be 
the  precise  effect  of  colour  when,  by  repeated 
polishingofsuccessivelayers,theultimate  colour 
would  be  developed  after  drying  in  the  damp 
press  and  exposure  to  sunlight — a difficulty 
such  as  that  which  is  well  understood  by 
European  workmen  in  the  treatment  of  enamels. 
An  attempt  was  made  about  twenty  years  ago  to 
revive  fine  inlaid  lac  in  these  variegated  colours. 
Zeshin,  one  of  the  oldest,  perhaps  the  last,  of  the 
lacquer  workers  of  the  old  school  of  whose 
boxes  and  albums  I have  here  some  specimens, 
produced  some  of  this  work.  Here  is  a plate 
made  in  the  old  style  from  the  finest  branch  lac 
by  Zeshin,  and  bearing  his  signature.  You 
will  see  that  he  has,  with  infinite  cunning, 
imitated  the  colour  and  patina  of  old  bronze, 
and  this  plate  is  one  which  is  particularly 
interesting  as  being  perhaps  the  last  work  of 
the  last  worker  of  the  good  old  school.  Not 
that  it  is  impossible  to  go  on  producing  such 
work,  but  that  the  modern  demand  is  for  some- 
thing which  shall  look  like  this,  and  be  super- 
ficially painted  to  resemble  it,  without  the  need 


of  going  through  these  laborious  processes, 
but  also  without  their  permanency.  At  the  end 
of  a hundred  years  we  may  prophecy  that  this 
plate  will  retain  its  pristine  beauty.  It  would  be 
hard  to  predict  that  of  more  than  a small  pro- 
portion of  the  work  which  is  now  being  pro- 
duced. Here  also  is  a large  box  of  which  the 
interior  is,  as  you  see,  composed  in  a variegated 
lac,  giving  the  effect  of  finely  coloured  varie- 
gated marble,  and  externally  its  panels  are 
chiefly  in  green  lac,  inlaid  with  decorated 
patterns  in  lac  of  various  colours.  This  is  a 
work  of  the  same  school.  The  Minister  of 
Commerce  of  Japan,  who  is  one  of  the  few  who 
is  filled  with  patriotic  enthusiasm  for  the  per- 
fection of  the  ancient  work  of  his  countrymen, 
and  who  desired  to  find  the  means  of  per- 
petuating it,  employed  lor  the  last  Inter- 
national Exhibition  at  Paris  surviving  workmen 
trained  in  the  old  traditions,  who  had  been  at 
work  prior  to  the  revolution  of  1868,  and  who 
were  willing,  for  the  modest  payments  then 
current,  to  continue  to  carry  out  works  of  art 
on  the  ancient  principle.  This  is  one  of  their 
productions.  It  is,  perhaps,  not  surprising 
that,  even  at  a great  sacrifice— at  a price  far 
below  its  actual  cost  of  production— it  found 
no  purchaser,  for  alongside  of  much  more 
showy  modern  work  it  seemed  excessively 
dear.  I have,  happily,  secured  it  for  my  col- 
lection, and  with  the  history  which  I give  you 
of  it,  it  will  perhaps  attract  your  interest.  It 
is  the  work  of  an  artist  named  Notomi,  who 
still  lives,  and  who  is  of  the  highest  skill.  Mr. 
Notomi  was  paid  for  his  labour  for  making 
this  box  300  yen,  or  What  is  generally 

known  as  gold  lacquer  is  that  which  is  most 
highly  appreciated  in  Europe.  In  the  finest 
varieties  of  the  old  gold  lacquer,  the  basis  is 
prepared  in  the  same  way  as  that  described  ; 
first  is  built  up  the  Honji,  or  original  lacque 
base,  by  its  twenty  or  thirty  processes  of 
successive  overlaying  of  varnish,  polishing  and 
drying ; then  begins  the  decoration  in  successive 
layers  in  lac ; to  produce  the  desired  effect  a 
great  variety  of  powders  or  scales,  or  thin  leaf 
of  gold,  alloys,  and  silver  are  employed.  Mr. 
Quin  enumerates  twelve  sizes  of  powder ; and 
it  is  to  be  observed  that  the  Japanese  artist 
used  gold  not  as  we  value  it  so  much,  for  its 
glitter,  but  for  its  colour.  He  used  pure  gold, 
or  an  alloy  of  gold  with  silver ; a gold  com- 
pound known  as  shakudo  dust,  which  con- 
tained seven  parts  of  pure  gold,  with  three 
of  fine  copper  powder,  giving  a metallic  effect 
having  a tint  of  pure  copper ; or  gold  mixed 
in  various  proportions  with  vermilion,  giving 
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the  red  tints  or  chestnut  tints  ; or  a black- 
coloured  gold  mixed  with  finely  - powdered 
camellia  charcoal.  Sometimes  scales  of 
carefully  selected  green  or  crimson  mother- 
of-pearl  are  incrusted.  A panel  shown  at 
Kew  by  Mr.  Quin  has  on  it  no  specimens 
of  these  varieties  of  compound  colours.  In 
making  thepolished  lacs,  Hira-makiye  orTogi- 
dashi,  the  preliminary  stages  of  the  manu- 
facture of  the  lac  base  or  Honji  are  gone 
through,  and  the  design  to  be  produced  on  the 
lac  is  then  drawn  on  tough  paper  prepared 
with  a size  of  glue  and  alum,  and  then  with  a 
fine  rat’s  hair  brush,  charged  with  lacquer,  the 
.nrtist  goes  over  all  the  ink  outlines  on  the 
reverse  side  of  the  paper.  The  paper  is  then 
laid  with  the  lacquer  design  downwards  on 
the  article  to  be  decorated,  and  rubbed  with  a 
whale  bone  spatula,  so  that  the  outlines  are 
transferred  to  the  lacquer  surface.  Then 
begins  the  process  of  gilding.  Those  parts 
of  the  design  which  are  to  be  brightest  are 
gone  over  with  a stiff  lacquer,  and  sprinkled 
with  fine  gold  powder  ; when  the  lacquer  is 
fully  charged  with  the  powder  and  superfluous 
gold  dust  removed,  the  object  is  put  into  the 
press,  the  other  outlines  which  are  intended  to 
to  have  a duller  tint  are  then  dealt  with  and 
again  hardened.  A new  coat  of  urushi  is  now 
applied  and  again  hardened.  The  whole 
design  then  appears  in  flat  gold  with  the 
details  first  painted  on  with  .stiff  lacquer 
in  slight  relief,  for  they  have  been  twice  coated 
and  twice  dusted.  In  drawing  in  the  delicate 
designs,  the  fine  brush  charged  with  lac  and 
gold  for  colour  is  held  firm  and  steady,  and 
the  object  to  be  lacquered  moved  with  unerring 
accuracy,  so  as  to  produce  the  desired  lines  or 
shadings.  This  is  a necessity  of  the  stiffness 
of  the  urushi  with  which  the  pigments  are 
mixed,  and  requires  singular  skill  of  hand. 
A further  coat  of  urushi  is  applied  and 
hardened,  then  the  whole  varnished  surface 
is  carefully  ground  down  with  fine  char- 
coal. The  surface  is  watched  and  treated 
during  this  polishing  and  grinding  process 
to  prevent  the  gold  being  accidentally 
reached  and  injured  by  the  charcoal.  It 
is  once  more  coated  with  the  urushi  and 
once  more  hardened  and  dried,  and  this  pro- 
cess continued  until  the  final  result  is  attained. 
This  whole  process  is  described  in  detail  by 
Mr.  Audsley,  from  whom  I have  taken  this 
summary,  and  specimens,  showing  the  prin- 
cipal stages  of  the  manufacture,  are  to  be  seen 
at  Kew.  The  greatest  skill  and  care  are  re- 
quired in  the  powdering,  in  the  gradation  of  the 


effect,  and  in  the  colour  of  the  powders,  so  as  to 
give  the  perfectly  pictorial  effect  in  different 
coloured  golds  at  different  depths,  which  is 
attained  in  the  finest  of  the  old  gold  lacs ; and 
it  is  worth  your  while  examining  carefully 
some  of  these  fine  polished  lacs  of  the  17th 
century,  such  as  the  manuscript  box  No. 
183,  the  despatch  box  No.  148,  and  the 
inros  of  Shunsho  and  Shlomli  in  my  collec- 
tion, in  order  to  study  the  exquisitely  artistic 
effect  which  is  attained  by  these  truly  pic- 
torial and  artistic  uses  of  gold  as  a means 
of  tender  colour  in  decoration,  combined  with 
durability  and  unequalled  brilliancy  of  the 
cheap  kinds  of  gold  lac  now  made  by  thin 
dustings  of  gold  on  mixtures  of  lac,  liquidi- 
fied  by  the  aid  of  camphor,  and  coloured  with 
red  oxide  of  iron.  You  will  find  abundant 
examples  in  all  the  shops,  and,  unfortunately, 
in  many  collections.  The  chief  aim  of  most 
of  the  makers  in  the  production  of  these 
modern  lacs  is  to  use  as  thin  a lac  as  possible, 
as  rapid  processes,  and  as  thin  a layer  of  gold. 
To  the  eye  superficially  beautiful  effects  are 
produced,  though  the  false  glitter  and  coppery 
lustre  reveals  itself  to  the  educated  eye,  even 
while  the  pieces  of  modern  lac  are  for  the  most 
part  like  the  fancy  Sheffield  razors,  “ made  to 
sell,  but  not  to  last.”  I am  sorry  to  say  that 
the  gold  now  largely  used  is  a cheap  compound 
imported  largely  from  Germany,  known  as  gold 
powder ; and  even  fine  tin  and  zinc  powders 
are  used  in  coloured  powdered  alloys,  and  a 
deceptive  appearance  is  given  by  covering 
with  lac  to  which  colour  is  imparted  by 
gamboge  and  other  pigments,  so  that  the 
tin  and  zinc  seen  through  this  medium  have, 
to  the  uneducated  eye,  the  appearance  of  gold. 

In  the  gold  lacs  in  which  the  pattern  is 
in  relief  the  skill  of  the  artist  is  shown 
in  the  perfection  with  which  he  gets  the 
varieties  of  relief,  and  in  the  accuracy  with 
which  he  obtains  definition  of  outline  and 
perfection  of  curve.  In  the  sake  cups,  for 
instance,  which  I show  you  of  the  School  of 
Koma,  with  whirlpools  of  weaves,  of  the  17th 
century.  No.  ito3,p.i8,  and  in  the  writing-box 
signed  by  Shunsho,  of  the  17th  century,  with 
a landscape  and  fir-trees  in  gold  relief,  and  in 
this  long  dispatch-box  entirely  in  gold  lac 
with  a raised  landscape,  you  will  notice  that 
every  line  is  drawn  with  the  utmost  clearness, 
and  that  the  surfaces  and  curves  are  as  per- 
fectly rendered  in  modelling  as  if  the  material 
were  of  a kind  most  easily  worked,  or  as  if 
they  had  been  chased  out  of  the  solid  instead 
of  having  been  built  up  and  polished  in  the 
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manner  described.  This  perfection  of  draw- 
ing and  absolute  sharpness  of  outline  in  all 
the  lines  and  minute  details  is  one  of  the  best 
tests  of  the  skill  Oi  tne  artist.  In  most  of  the 
showy  modern  lacs  you  will  find  a “gumminess,” 
a want  of  definition  in  the  modelling  of  the 
fine  lines,  and  a clumsiness  of  outline  and 
•obliquity  of  edge,  which  indicates  rapidity  of 
work  and  want  of  that  conscientious  fidelity 
which  characterises  the  finest  old  work,  large 
pieces  intended  for  merely  decorative  purposes, 
us  to  expect  to  have  screens  or  huge  bowls 
made  in  work  as  difficult  and  costly  as  the 
necklaces  and  bracelets  which  constitute  the 
work  of  the  jeweller  in  Europe. 

But  I must  now  turn  from  the  fascinating 
subject  of  lacs  to  speak  of  the  old  Japanese 
porcelain  and  faience. 


Miscellaneous. 

♦ 

CARRIER  PIGEON  CONTEST  AT  TURIN. 

The  result  of  the  carrier  pigeon  contest  which 
took  place  lately  has  just  been  published.  The 
birds  were  set  at  liberty  in  two  batches,  the  first 
consisting  of  280  pigeons,  belonging  to  Florence, 
Collegara,  Modena,  and  Reggio ; and  the  second  of 
130  birds,  from  St.  Ilario,  Parma,  Cremona,  Piacenza, 
and  Casalpusterlengo.  The  distances  in  straight 
line  from  Turin  to  these  towns  are  as  follows  : — 


Kilometres. 

English  Miles. 

Florence  , . 

318 

I97I 

Collegara  . . 

265 

164I 

Modena  , , 

262 

i62| 

Reggio 

238 

I47I 

St.  Ilario  . . 

222 

i37f 

Parma 

211 

131 

Cremona  . . 

185 

115 

Piacenza  . . 

160 

99? 

Casalpusterlengo  . . 

156 

96I 

In  the  first  group,  the  gold  medal  was  awarded  to 
a pigeon  from  Modena,  which  had  attained  a speed 
of  56,073  metres  (34'82  English  miles)  per  hour,  a 
silver  medal  to  a bird  belonging  to  the  same  town, 
which  had  attained  a speed  of  55,830  metres  (34'67 
English  miles).  A higher  average  rate  was  attained 
by  the  pigeons  of  the  second  group,  the  first,  to 
which  a gold  medal  was  awarded,  a speed  of  62,337 
metres  (38‘7i  miles),  and  the  second  (a  silver  medal; 
a speed  of  56*814  metres  (35’28  miles).  Diplomas 
of  merit  were  awarded  to  the  City  of  Modena,  as 
showing  the  largest  number  of  pigeons  which  had 
attained  a rate  of  flight  exceeding  35  kilometres  per 
hour  (21*73  English  miles),  and  another  to  the  Club 
of  Pigeon  Fanciers  of  the  same  town  for  the  largest 
per-centage  of  birds  which  had  returned  home  by  7 
p.m.  the  same  evening. 


AGRICULTURE  IN  MAURITIUS. 

For  supplies  of  cattle  and  sheep  Mauritius  is 
entirely  dependent  on  other  countries,  notably 
Madagascar,  the  Cape,  and  India ; but  fish  abound 
in  the  surrounding  seas. 

So  much  of  the  agricultural  area  of  the  island  is 
taken  up  with  sugar  growing,  that  small  room  remains 
for  other  branches  of  farming,  hence  much  of  the 
grain  consumed  by  the  inhabitants,  especially  rice,  is 
imported.  The  raising  of  cereals,  such  as  maize, 
millet,  gram,  dhal,  and  rice  is  attempted  on  a small 
scale,  and  yams,  manioc,  and  sago  have  been  pro- 
duced in  trifling  quantities,  but  the  total  local  supply 
of  vegetable  food  stuff's  is  inconsiderable.  Fruits,  on 
the  other  hand,  are  cultivated  to  a large  extent,  and 
embrace  apples,  avocado  pears,  bananas,  custard- 
apples,  figs,  guavas,  the  litchi  (Nepheliiwi  Utchi), 
a delicious  pulpy  fruit  from  China,  the  maholo 
{Diospyros  discolor)  of  exquisite  flavour  but  objection- 
able odour,  mangoes,  pine-apples  of  the  choicest 
kinds,  shaddocks,  and  tamarinds.  Mention  must 
also  be  made  of  the  papaw  fruit,  from  which,  in  this 
island  and  Bourbon,  a passable  compote  is  made. 
Spices,  raised  in  small  quantities,  comprise  betel, 
cloves,  ginger,  nutmeg,  pepper,  pimento,  turmeric, 
and  vanilla,  pods  of  the  last-named  being  sometimes 
exported.  The  date  palm  has  become  well  estab- 
lished ; so  also  has  the  coconut,  whose  oil  is  now 
shipped  in  thousands  of  gallons  annually.  Sugar  is 
the  all-absorbing  object  of  culture,  engaging  the 
whole  population,  and  affording  an  export  value  of 
about  ^3,000.000  a year. 


General  Notes. 


King’s  College,  London. — Special  courses  of 
lectures,  commencing  on  October  25th,  will  be 
given  at  King’s  College  during  the  ensuing  winter 
session  of  the  evening  classes.  The  subjects  will 
chiefly  be  treated  with  a view  to  assisting  independent 
study,  and  the  lectures  have  a similar  scope  to  those 
delivered  at  the  Universities.  Each  course  will  con- 
sist of  not  less  than  eight  lectures,  to  be  given  on 
the  same  evening  in  consecutive  weeks.  Tickets, 
price  one  guinea  for  each  course,  may  be  obtained 
at  the  office  of  King’s  College,  Strand,  or  will  be 
forwarded  on  application  to  the  secretary,  J.  W. 
Cunningham,  Esq.  I.  “ The  History  of  French 
Literature,”  from  1815  to  1848,  by  Professor 
Moriarty,  B.A. ; Mondays,  7 to  8 p.m.  II.  “Iron 
and  Steel,”  by  Walter  G.  McMillan,  F.C.S.,  (De- 
monstrator of  Metallurgy,  King’s  College,  London)  ,* 
Tuesdays,  7 to  8 p.m.  III.  “The  Geometry  of 
Newton,”  by  Professor  W.  H.  H.  Hudson,  M.A. ; 
Wednesdays,  7 to  8 p.m.  IV.  “ The  Roman, 
Etruscan  and  Graeco-Roman  Monuments  in  the 
British  Museum,”  by  Professor  G.  C.  Warr,  M.A. ; 
Fridays,  6 to  7 p.m.  V.  Lectures  on,  and  Read- 
ings from,  the  “ Nibelungenlied,”  by  Professor  C.  A. 
Buchheim,  Ph.D.  ; Fridays,  7 to  8 p.m. 
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CANTOR  LECTURES. 

FRICTION. 

By  Professor  H.  S.  Hele  Shaw. 
Lecture  III.— Delivered  February  ist,  1886. 

The  Mechanical  Applications  of 
Friction. 

The  difficulty  of  treating  in  a satisfactory 
manner  the  subject  of  the  mechanical  appli- 
cations of  friction,  even  when  all  consideration 
is  excluded  of  those  cosmical  phenomena  in 
which  friction  plays  a part,  arises  not  from 
any  want  of  material  but  from  the  vast  array 
of  examples  which  present  themselves.  The 
numerous  and  divers  purposes  for  which 
friction  is  employed,  and  the  impossibility  of 
dealing  in  this  one  lecture  with  more  than  a 
comparatively  few  examples,  render  it  neces- 
sary to  consider  the  nature  of  those  applica- 
tions with  a view  of  arriving  at  some  con- 
venient kind  of  classification. 

In  the  first  lecture,  we  saw  that  the  resist- 
ance of  friction  existed  not  only  when  the 
surfaces  were  actually  moving  over  each 
other  but  when  there  was  a tendency  to 
motion  Now  the  objects  for  which  frictional 
resistance  is  employed  are  either  (i)  to  prevent 
the  relative  motion  of  the  surfaces,  or  (2)  to 
take  advantage  of  the  results  of  frictional 
resistance  when  such  relative  motion  actually 
takes  place.  Thus  we  have  two  classes  into 
which  the  applications  of  friction  are  naturally 
divided ; — 

I.  Where  the  resistance  is  sufficiently  great 


to  prevent  the  surfaces  from  sliding  over  each 
other,  or  where  there  is  statical  contact. 

2.  Where  the  resistance  is  accompanied  by 
a sliding  of  the  surfaces,  or  where  there  is 
contact  of  motion. 

These  two  classes  of  applications  may  be 
sub-divided.  The  first  includes  (i)  the  case 
where  friction  appliances  merely  act  to  fasten 
or  lock  two  surfaces  of  appreciable  extent,  and 
so  prevent  their  relative  motion  ; and  (ii)  that 
in  which  the  motion  is  transmitted  from  one 
surface  to  another  by  means  of  a point  or  line 
of  contact.  The  second  may  be  subdivided 
according  to  the  objects  in  view.  These  may 
be : — 

(i.)  To  produce  the  molecular  effects  of  heat 
and  electricity. 

(ii.)  To  obtain  vibrations,  such  as  occur  in 
musical  instruments,  fog  horns,  &c. 

(iii.)  To  effect  a change  of  the  surfaces  in 
contact,  as  in  the  case  of  grinding  and 
polishing. 

(iv.)  To  absorb  energy,  such  as  takes  place 
in  the  action  of  brakes,  regulators,  and  appli- 
ances for  measuring  power. 

The  applications  may,  therefore,  be  stated 
thus  ; — 

(i.)  Resistance  to  friction  (statical  contact) — 
(i.)  The  prevention  of  motion. 

(ii.)  The  transmission  of  motion. 

(2.)  Resistance  with  friction  (sliding  con- 
tact)— 

(i.)  Production  of  heat  or  electricity, 
(ii.)  Production  of  vibrations. 

(iii.)  Abrasion  of  surfaces. 

(iv.)  Absorption  of  energy. 

I(i.)  Statical  Contact. 

(i)  The  prevention  of  motion  by  means  of 
frictional  resistance  is  effected  in  a very  large 
number  of  appliances  used  in  everyday  life. 
This  is  the  case  not  only  in  the  ingenious  con- 
trivances which  mark  the  progress  of  the 
mechanical  arts,  and  upon  which  we  now 
depend  in  a variety  of  ways,  but  in  the  clothes 
we  wear  and  the  dwellings  we  inhabit. 

It  might  seem  that  in  the  numberless  appli- 
cations of  statical  friction  there  were  a variety 
of  principles  involved,  which  admitted  of 
classifications,  such,  for  instance,  as  used  by 
Professor  Willis,  who  made  a distinction 
between  butting  and  jamming  or  twisting 
friction.  In  reality  the  only  conditions  which 
have  to  be  fulfilled  are,  that  the  surfaces  in 
contact  are  sufficiently  rough,  and  the  normal 
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reaction  between  them  sufficiently  great,  so 
that  the  relations  expressed  in  the  equation — 
F = R 

shall  be  satisfied. 

It  is  true  that  the  normal  reaction  between 
the  surfaces  in  contact  may  be  obtained  in  a 
variety  of  ways.  I shall  not,  however,  attempt 
to  make  any  arbitrary  subdivisions,  but  pro- 
ceed to  consider  such  applications  as  are  of 
novelty  and  importance. 

The  utility  of  nails  and  screws  depends  upon 
the  frictional  resistance  which  is  due  to  the 
elastic  nature  of  the  materials,  and  without 
which  no  nail  or  screw  would  retain  its 
hold.  Where  the  screw  is  employed  in  con- 
tact with  metal  surfaces,  as,  for  instance,  in 
the  case  of  a bolt  and  nut,  the  elastic  reaction 
is  frequently  not  sufficient  to  cause  the  hold  to 
be  retained  when  jarring  action  or  vibrations 
occur.  The  vast  quantity  of  bolts  and  nuts 
employed  under  such  circumstances,  where 
human  life  and  property  depend  upon  their 
retaining  their  relative  positions,  as,  for 
instance,  in  the  permanent  way  of  a railroad, 
have  led  to  a large  number  of  ingenious 
devices  for  increasing  the  frictional  resistance 
of  the  nut  upon  the  bolt.  It  will  be  sufficient 
to  explain  one  of  these.  Fig  42  represents 


Fig  42. 


the  gripper  lock  nut,  in  which  the  nut,  N,  is 
turned  to  fit  a conical  recess  in  a washer,  ww, 
(shewn  in  section).  When  the  nut  is  screwed 
home  upon  the  bolt,  B,  the  saw  cut  in  the  nut 
allows  the  sides  of  the  conical  portion  to  close 
together  upon  the  bolt,  and  grip  it  with  a force 
depending  upon  the  tension  brought  to  bear 
upon  it.  In  some  devices  a spring  is  inter- 
posed between  the  bottom  of  the  nut  and  the 
surface  against  which  it  is  screwed,  so  as  to 
always  cause  a pressure  against  the  sides  of 
the  screw  thread,  and  thus  obviate  the 
injurious  tendency  of  any  jarring  action,  which 
is  specially  felt  when  the  nut  and  bolt  do  not 
fit  each  other  in  a proper  manner. 


In  a large  number  of  contrivances,  the 
requisite  normal  reaction  of  the  surfaces  is 
brought  to  bear  by  the  very  tendency  of  the 
external  forces  to  overcome  the  frictional  re- 
sistance of  those  surfaces,  the  resistance  in- 
creasing with  the  increase  of  the  external 
force.  An  example  of  this  kind  is  the  invention 
known  as  the  “Jockey”  rein-holder.  This 
ingenious  contrivance  (shown  in  Fig.  43) 


Fig.  43. 


enables  the  reins,  D D,  to  be  held  by  the 
frictional  resistance  resulting  from  the  pressure 
between  the  excentric  block.  A,  and  the  frame. 
The  action  is  easily  understood,  for  it  is  only 
necessary  to  insert  the  reins  sideways  under 
the  block,  A,  which  is  previously  lifted.  When 
the  block  falls  it  grips  the  upper  surface  of 
the  rein  in  such  a manner  that,  the  harder  the 
horse  pulls,  the  more  firmly  the  reins  are  held. 
The  whole  contrivance  is  fixed  to  the  dash- 
board, B,  by  simply  screwing  up  the  set 
screw,  C. 

Another  device  of  this  kind  is  the  valuable 
clip  drum  of  Fowler  (Fig.  44),  which  is  much 


Fig.  44. 


Fowler’s  Clip  Drum. 


used  in  towing  and  agricultural  operations.  In 
this  appliance,  of  which  a section  through  the 
rim  of  the  drum  is  shown,  the  wire  rope,  B,  is 
pressed  between  two  clips,  A A,  pivotted  at  D D, 
the  surfaces  of  which  are  excentric  with  the 
pivots.  The  greater  the  tension  in  the  rope, 
the  greater  will  be  the  downward  force  pressing 
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it  between  the  clips,  and  consequently  the 
greater  will  be  the  frictional  resistance  which 
acts  to  prevent  it  from  slipping. 

There  are  a great  number  of  contrivances  in 
which  “jamming”  friction,  as  it  is  called,  is 
employed ; such  is  the  case  in  tying  of  ‘ ‘ knots  ’ ’ 
in  rope.  The  only  difference  between  the 
efficient  “reef  knot,”  which  I now  make,  and 
the  inefficient  “ granny  ” is,  as  you  see,  simply 
relative  position  of  the  coils,  which  in  the 
former  case  “jam,”  and  in  the  latter  do  not. 
A number  of  jamming  friction  contrivances 
were  long  ago  described  by  Willis,  in  his 
“Principles  of  Mechanism.”  He  there  men- 
tions and  gives  an  illustration  of  the  “ scheme  ” 
of  Dr.  Hooke,  proposed  200  years  ago,  to  “ stop 
great  weights  falling,”  and  which  was  the 
forerunner  of  numerous  “safety”  appliances 
now  in  use.  Time  does  not  permit  an  account 
to  be  given  of  the  modern  devices  of  this  kind, 
or  of  the  many  other  contrivances,  such  as  the 
“ silent  feed  ” for  replacing  ratchet  wheels  in 
which  jamming  friction  is  adopted. 

One  of  the  most  important  features  in  the 
use  of  statical  friction  must  now  be  pointed 
out.  In  a large  number  of  cases  it  is  required 
to  lock  together  surfaces  which  have  initially 
a motion  relatively  to  each  other.  A certain 
amount  of  energy  of  motion  must  be  absorbed 
before  this  can  take  place,  and  the  required 
uniform  condition  of  rest  or  motion  must  be 
brought  about  gradually.  By  means  of  fric- 
tional contact,  this  can  take  place  with  the 
only  injurious  result  of  a certain  amount  of 
abrasion  and  heating  of  the  surfaces.  Thus 
there  is  a class  of  contrivances  in  which  this 
important  property  is  taken  advantage  of. 

A simple  and  well-known  application  is  in 
the  case  of  coil  friction.  A rope  which  takes 
half  a turn  round  a post  will  enable  a force  on 
one  side  to  resist  or  sustain  another  force  three 
times  as  great  on  the  other.  For  every  half 
turn  the  resisting  power  is  multiplied  three 
times.  Thus  a man  pulling  with  a force  of 
only  30  lbs.  could,  with  five  complete  turns 
round  a post,  oppose  a resistance  of  no 
less  than  657  tons.  But  although  this 
large  force  is  available,  it  is  clear  that, 
by  reducing  the  number  of  turns,  or  diminish- 
ing the  pull,  the  resistance  may  be  re- 
duced to  any  required  extent,  and  may  be 
brought  to  bear  as  gradually  as  required. 
Thus  it  is  clear  why  a large  ship  can  be  brought 
to  rest  by  one  man,  or  a luggage  train  set  in 
motion  by  a small  revolving  steam  or  hydraulic 
capstan,  without  involving  any  sudden  shocks. 

Brakes  act  upon  the  foregoing  principle, 


but  these  will  be  alluded  to  later  on,  and  we  must 
also  pass  over  other  contrivances,  such  as  the 
injector,  which  really  acts  on  this  principle,  and 
conclude  the  first  subdivision  of  statical  friction 
with  the  consideration  of  one  kind  of  applica- 
tion of  great  importance,  viz.,  friction  clutches. 

Friction  clutches  serve  to  connect  revolving 
shafts  either  with  other  lengths  of  shafting,  or 
with  machines,  and  offer  the  great  advantage  of 
enabling  the  shaft  or  machine  at  rest  to  be 
connected  with  the  revolving  shaft  without 
previously  bringing  the  latter  to  rest,  as  must 
in  many  cases  be  done  when  clutch  couplings 
or  similar  modes  of  connection  are  employed. 
Well  known  examples  of  this  kind  of  appliance 
are  the  friction  clutches  of  Brown,  Addyman 
(American),  and  Stephenson. 

It  will  be  sufficient  to  show  and  explain  illus- 
trations of  these  and  other  clutches,  but  through 
the  courtesy  of  Messrs.  Mather  and  Platt,  I 
am  able  to  exhibit  to  you  a model  of  their  fric- 
tion clutch,  which  is  extremely  simple,  and  at 
the  same  time,  most  efficient  in  its  action. 

Accounts  of  the  foregoing  clutches  have 
appeared  in  various  papers  and  journals,  but 
I will  now  describe  to  you  a fricrion  clutch 
invented  by  my  brother,  Mr.  Edward  Shaw,  of 
Bristol,  of  which  a published  description  has 
not  hitherto  appeared,  and  which  is  in  many 
respects  a very  beautiful  invention.  Fig.  45 
(p.  1246)  shows  this  clutch  in  sectional  eleva- 
tion, and  Fig.  46  (p.  1246)  in  side  elevation. 
The  frame,  B B,  is  attached,  by  means  of  a 
feather,  to  the  shaft,  and  thus  turns  with  it. 
The  outside  shell,  C,  carries  the  driving  belt 
and  is  free  to  revolve  on  the  shaft.  Between 
the  bosses  of  B and  c is  a spiral  spring  whose 
action  is  to  force  them  apart.  The  inside  of  the 
pulley  c,  is  conical,  the  arms,  B B (see  Fig. 
46),  carry  sliding  surfaces,  which  before 
being  turned  up  concentric  with  the  shaft,  are 
sprung  out  at  the  free  ends  by  means  of  the 
nuts,  K K,  the  pressure  being  transmitted  from 
one  side  to  the  other  by  means  of  a cylindrical 
frame,  M,  with  screwed  parts  carrying  the 
nuts.  After  being  turned,  the  nuts  are  screwed 
back,  and  thus  the  blocks,  w w,  which  work 
on  these  faces  must  move  outwards  or  in- 
wards as  they  slide  in  one  direction  or  the 
other,  the  small  spiral  springs  tend  to  pull 
them  in  such  a direction  as  to  move  them 
inwards.  On  the  outer  faces  of  w w are  fixed 
oak  blocks,  which  fit  the  inside  face  of  c. 
When  the  clutch  is  not  required,  a lever  forces 
B along  the  shaft  towards  C,  thus  separating 
the  conical  faces  on  c and  w w.  When  the 
lever  is  released,  the  spring,  s,  separates  B and 
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C,  bringing  the  conical  surfaces  into  contact, 
the  frictional  resistance  between  them  causing 
a grip  between  w w and  C,  and  thus  the 
revolving  frame,  B B,  moves  on,  leaving  w w 
behind.  Thus  the  pressure  between  the 
conical  surfaces  is  increased  to  any  desired 
amount.  The  action  of  the  clutch  may  briefly 
be  described  thus  : a small  pressure  along  the 
shaft  is  sufficient  to  make  the  conical  surfaces 
touch,  directly  they  do  so,  the  driving  power 
causes  the  blocks,  w w,  to  slide  on  B,  so  as  to 
increase  the  grip.  The  resolved  pressure 
between  the  conical  surfaces  is  rather  less  than 
the  angle  of  friction,  hence  there  is  little  resist- 
ance to  throwing  the  clutch  out  of  gear. 

Fig.  45. 


Friction  Clutch,  invented 


(ii.)  The  transmission  of  motion  by  statical 
contact  occurs  in  the  case  of  rolling  friction,  but 
(as  we  have  seen  in  Lecture  I.)  actual  statical 
contact,  even  with  the  smallest  forces,  in 
reality  never  occurs.  For  practical  purposes, 
however,  we  may  usually  neglect  the  amount 
slipping  which  occurs  when  the  surfaces  in 
contact  are  hard,  and  consider  that  they  simpl}'' 
roll  upon  each  other.  When  this  is  the  case, 
although  the  points  of  each  surface  in  actual 
contact  have  no  relative  motion,  yet  every  other 
point  in  one  surface  is  moving  relatively  to  all 
points  in  the  other. 

The  primary  object  in  the  use  of  two  rolling 
surfaces  may  be  either  the  transmission  of 


BY  Mr.  Edward  Shaw. 


force,  or  the  transmission  of  a definite  motion, 
and  we  will  consider  these  two  applications  in 
succession. 

I have  already  mentioned  the  transmission 
of  power  by  belt  and  rope  gearing,  which  are 
examples  of  rolling  friction  ; in  these  cases  the 
contact  occurs  over  an  appreciable  area,  but 
in  the  large  class  of  what  is  specially  called 
“friction  gearing,”  the  contact  occurs  over  a 
very  much  smaller  area  of  surface. 

Friction  gearing  has  the  great  advantage, 
already  pointed  out,  of  obviating  sudden  and 
injurious  shocks  by  a momentary  slipping  of 
the  surfaces,  and  for  this  reason  is  largely 
and  increasingly  employed  in  cranes  and 
hoists.  It  has  also  the  advantage  of  being 
nearly  noiseless  in  action,  and  has  thus  been 
adopted  for  driving  dynamo-electric  machines. 
The  disadvantage  which  attends  its  use,  but 


which,  as  I shall  show,  has  been  considerably 
exaggerated,  is  due  to  the  fact  that,  in  order 
to  obtain  the  necessary  normal  reaction  of  the 
surfaces,  the  pressure  on  the  bearings  has  to 
be  correspondingly  increased.  Attempts  have 
been  made  from  time  to  time  to  obviate  this 
objection.  The  late  Professor  Fleeming  Jenkin 
invented  what  he  termed  “nest  gearing  ” for 
this  purpose,  the  principle  of  which  will  be 
made  clear  by  means  of  the  annexed  figures 
(Figs.  47  and  48,  p.  1247). 

Fig.  47  shows  that  the  reactions,  R R,  at 
the  point  of  contact  cause  equal  reactions  on 
journals  at  F F,  of  the  shafts  A and  H.  Fig. 
48  shows  the  principle  of  “nest  gearing.” 
Three  idle  wheels,  C C C,  are  interposed 
between  the  inside  of  the  driving  wheel,  B,  and 
the  driven  wheel,  A.  It  will  be  seen  that  not 
only  is  the  necessary  friction  at  the  points  of 
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contact  (and  consequently  the  normal  reactions 
r,  r,  r)  reduced  to  one-third  of  the  former 
amount,  but,  what  is  more  important  still,  the 
three  reactions  balance  each  other,  and  con- 
sequently there  is  no  journal  pressure  at  all. 
This  idea  was  not,  however,  new,  and  Professor 


Fig.  47.  Fig.  48. 


Rolling  Friction  and  Journal  Pressure. 


Jenkin  mentions  in  his  paper  on  the  subject 
before  the  British  Association,*  that  Mr. 
Foster  had,  in  1882,  patented  one  form  of  nest 
gearing,  and  Mr.  Tibbits,  another  one  earlier 
still.  The  idea  is,  I have  found,  much  older 
than  any  of  these  inventors  seemed  to  have 
been  aware,  for,  in  1842,  Mr.  Elijah  Galloway 


proposed  an  arrangement  somewhat  similar 
to  one  form  described  by  Professor]  Jenkin 
in  his  paper  as  having  been  applied  to 
a telpherage  locomotive.  Galloway’s  con- 
trivance was  designed  for  the  purpose  of 
driving  a screw-propeller  shaft,  in  the  days 
when  high-speed  engines  were  not  considered 
possible,  and  intermediate  gearing  was  always 
used  between  the  engine  and  the  screw 
shaft.  He  proposed  to  fix  a double  coned  cast- 
iron  drum  upon  the  engine  shaft,  the  cones 
being  formed  upon  the  inner  edges  of  the 
flanges  of  the  drum.  Between  these  flanges 
were  placed  two  much  smaller  cones,  one  being 
keyed  to  the  screw-shaft,  and  the  other  to  an 
idle  shaft.  The  idle  shaft  was  pushed  towards 
the  drum  by  a spring,  and  so  the  cones  were 
always  kept  in  contact  with  each  other  and 
with  the  drum.  The  drum,  upon  being  turned, 
actuated  the  cones,  and  thus  gave  motion  to 
the  screw-shaft  by  frictional  contact,  the  neces- 
sary normal  pressure  for  which  was  obtained 
without  causing  any  pressure  upon  the  bearings 
of  the  shaft. 


Fig.  49. 

A 


Fig.  50. 


It  is  clear  that,  with  the  arrangement 
shown  in  Fig.  48,  some  device  is  necessary 
to  keep  all  the  wheels  in  frictional  contact, 
and  the  idea  that  Professor  Jenkin  had  for 
doing  this  was  to  place  the  centre  wheel  (a) 
■eccentrically  to  the  driving-wheel  (b),  and  to 
have  one  of  the  idle  wheels  (c)  smaller  than 
the  two  others,  the  necessary  tightening  being 
effected  by  forcing  one  of  the  larger  idle 
wheels  into  the  narrower  portion  of  the  space 
between  A and  B.  This  had  been  previously 
suggested,  he  afterwards  found,  by  Mechwart, 


• Report  of  British  Association,  1883,  p.  387. 


though  not  for  friction  gearing.  A large  winch 
was  made  on  this  principle,  which  was  not 
altogether  w’ell  designed  ; and  although  it  was 
said  to  have  an  efficiency  of  8o  per  cent.,  it  did 
not,  so  far  as  could  be  seen,  do  justice  to 
the  nest  gearing  of  Professor  Jenkin.  Perhaps 
it  was,  from  this  cause  that  he  was  led  to 
express  an  opinion  that  the  eccentric  method  of 
tightening  would  prove  less  convenient  than 
certain  other  plans.  As  far,  however,  as  I am 
aware  the  eccentric  method  is  the  only  one 
now  in  successful  operation,  and  is  employed 
in  the  combined  Armington-Sims  engine  and 
dynamo.  Figs.  49  and  50  (for  which  I am 
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indebted  to  the  courtesy  of  Messrs.  Green- 
wood and  Batley)  give  views  respectively  in 
side  and  fr«nt  sectional  elevation. 

From  these  views  it  is  seen  that  the  engine 
shaft,  S,  has  attached  to  it  the  large  wheel,  A, 
upon  the  inner  surface  of  which  roll  the  three 
idle  wheels,  c C C,  all  of  different  sizes,  which 
are  driven  by  frictional  contact,  and  in  turn 
drive  the  wheel,  B,  which  is  attached  to  the 
spindle,  T,  of  the  dynamo,  D — carried  upon  the 
framing,  F F. 

The  adjustment  is  effected  by  three  curved 
slots  G,  G,  G,  in  ribbed  plate  supported  on 
the  frame.  Fig.  50  shows  how  the  spindles,  D, 
of  the  idle  wheels  are  constructed  and  fixed, 
and  also  the  ingenious  device  by  which  a con- 
stant supply  of  lubricant  is  ensured,  the  spindle, 
Q,  being  attached  to  a heavy  weight  which  rests 
upon  the  lubricating  material,  and  forces  it 
along  the  hollow  spindle  to  the  bearing  in  the 
boss  of  the  wheel,  C. 

Although  the  advantages  of  nest  gearing  are 
undeniable,  there  are  certain  objections  which 
are  likely  to  be  overlooked,  the  chief  of  these 
being  that  there  is  such  a thing  as  rolling 
friction.  Thus,  by  comparing  Figs  47  and  48, 
it  is  evident  that  the  number  of  points  of  con- 
tact, and  consequently  of  points  of  rolling 
friction,  is  six  times  as  great  in  the  case  of 
nest  gearing.  This  does  not,  since  the 
pressures  are  much  reduced,  involve  a cor- 
responding increase  in  rolling  friction,  but 
still  there  is  a decided  increase.  Secondly, 
the  frictional  resistance  of  the  bearings  under 
heavy  pressures  is  much  exaggerated,  and 
arises,  as  we  have  seen,  from  a misapplication 
of  Coulomb’s  laws  ; in  a properly  constructed 
and  lubricated  bearing  the  friction  does  not 
increase  directly  with  the  pressure,  or  in  any- 
thing like  that  proportion.  Thus,  considering 
the  extra  complication  entailed  with  nest  gear- 
ing, there  are  evident  reasons  why  it  has  not 
yet  been  very  widely  adopted. 

We  now  come  to  an  important  advantage 
which  the  method  of  transmitting  motion  by 
the  frictional  contact  of  surfaces  has  over  any 
other.  This  advantage  is  the  possibility  of 
varying  in  any  way  the  relative  speeds  of 
rotation  of  the  driving  and  the  driven  bodies. 
In  the  case  of  belts,  this  is  done  by  employing 
a pair  of  conical  frustra,  the  larger  ends  of 
which  are  turned  in  opposite  directions.  The 
frustra  are  keyed  upon  two  parallel  shafts,  and 
by  causing  the  belt  to  move  along  them,  the 
relative  speeds  or  velocity  ratio  can  obviously 
be  varied  in  any  required  manner.  In  the 
.wfill-knowu  disk  and  roller,  the  roller  is  caused 


to  slide  sideways  across  the  disk,  which  drives 
it  by  frictional  contact,  and  thus  velocity  of 
rotation  is  varied  relatively  to  the  disk.  In 
both  these  cases,  however,  the  surfaces  in 
frictional  contact  are  made  to  slide  over  each 
other,  and  this  it  requires  considerable  force  to 
effect,  and  causes  no  little  wear  of  the  surfaces. 
About  two  years  ago,  I was  led  to  attempt  to 
solve  the  problem  of  varying  the  velocity  ratio 
without  introducing  any  sliding  action  at  all. 
The  solution  at  which  I arrived  is  fully  described 
elsewhere,*  and  I will  only  briefly  describe  the 


Fig.  51- 


Sphere  AND  Rollers. 

general  principle  of  action.  Figs.  51  and  52 
represent  the  plan  and  elevation  of  a sphere 
supported  by  two  sets  of  rollers.  One  of  these 
sets,  A a',  b b',  is  in  frictional  contact  round  the 
horizontal  great  circle  or  equator.  The  other, 
C C',  D d',  is  in  contact  round  a circle  made 
by  the  intersection  of  some  vertical  plane. 
The  latter  set  are  carried  in  a movable  frame, 
F F,  which  can  turn  about  a pivot,  E E. 
The  former  set  are  carried  in  a fixed  frame,  I,  l. 
Suppose  the  wheel  or  roller.  A,  be  turned,  then 
the  sphere  must  also  turn  ; but  as  it  can  only 
roll  about  an  axis  in  the  plane  of  the  axis  of  A 
{i.e.,  in  the  horizontal  plane),  and  as  it  also 
can  only  roll  in  the  plane  of  the  axes  of 
C C',  D d',  it  is  clear  there  is  only  one  axis 

* “ Phil.  Trans.  Royal  Society,”  Part  ii.,  1885,  p.  367. 
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about  which  it  can  roll,  viz.,  the  intersection 
of  these  two  planes.  Thus,  by  turning  -the 
movable  frame,  the  axis  of  rotation  can  be 
made  to  take  any  position,  and  the  relative 
velocity  of  the  roller  A to  that  of  the  roller  B 
can  be  varied  in  any  required  manner  by 
an  action  which  involves  merely  the  rolling  of 
the  wheels  upon  the  surface  of  the  sphere, 
mcithout  any  sliding  friction.  My  brother, 
Mr.  Edward  Shaw,  has  since  developed  and 
applied  this  mechanism  for  transmitting  as 
much  as  2 h.p.,  and,  although  the  practical 
difficulties  were  very  considerable,  they  have, 
to  a great  extent,  been  successfully  overcome. 

So  far  we  have  merely  considered  the  trans- 
mission of  appreciable  forces,  but  there  are  a 
class  of  instruments  in  which  the  forces  are 
not  appreciable,  the  only  object  in  view  being 
to  transmit  a definite  motion.  Friction  is 
sometimes  used  to  transmit  simple  rolling, 
but  it  is  for  variable  velocity  ratios  that  the 
application  is  specially  valuable.  An  example 
of  the  former  class  is  the  odometer,  which 
appears  to  be  a very  ancient  instrument, 
having  been  mentioned  by  Vitruvius  as 
applied  to  carriages.  This  instrument  merely 
consists  of  a wheel  which  is  rolled  along  a 
curve  or  line  whose  length  is  required.  The 
periphery  of  the  wheel  being  known,  and  the 
number  of  revolutions  of  the  wheel  recorded 
by  a suitable  train  of  wheels,  the  calculation  is 
easily  made,  or,  as  is  more  usually  the  case, 
the  result  is  at  once  recorded  upon  a dial. 

The  most  important  instruments  in  which 
the  velocity  ratio  or  relative  speed  of  the 
rolling  surfaces  is  varied,  are  called  “me- 
chanical integrators.”  These  instruments  mul- 
tiply together  two  variable  quantities,  such  as 
the  length  and  breadth  of  an  irregular  figure, 
or  the  pressure  of  steam  and  corresponding 
distance  moved  by  the  piston  in  a steam- 
engine,  and  perform  operations  which  would 
be  scarcely  possible  if  the  frictional  contact 
of  two  surfaces  rolling  upon  each  other  were  not 
employed.  All  mechanical  integrators  may 
be  divided  into  two  classes,  in  which  either — 

I.  Both  slipping  and  rolling  of  the  surfaces 
take  place ; 

II.  The  correct  action  depends  upon  the 
surfaces  rolling  without  slipping  each  other. 

I.  The  former  class  has  only  been  success- 
fully employed  where  the  motion  is  not  con- 
tinuous, and  not  very  rapid  This  is 
the  case  in  the  use  of  “ planimeters,”  by 
which  the  area  of  a figure  drawn  upon  paper 
can  be  obtained  by  merely  passing  round  the 
perimeter  a pointer,  connected  in  a suitable 


manner  with  one  or  more  wheels,  rolling 
over  the  surface.  The  only  planimeter  which 
can  be  said  to  have  come  into  general 
practice  is  that  of  Professor  Amsler,  invented 
in  1856.  Other  instruments  of  this  kind  had 
previously  been  suggested,  as,  for  instance,  in 
1814  by  Hermann,  of  Munich  ; by  Oppikofer, 
of  Berne,  in  1827;  and  by  Gonella,  of  Florence, 
in  1828.  The  planimeter  of  Oppikofer  obtained 
a prize  at  Paris,  in  1836  ; but  Wettli,  of  Zurich, 
in  1849,  seems  to  have  been  the  first  to  pro- 
duce an  instrument  of  practical  import- 
ance. The  planimeter  of  Amsler  is,  how- 
ever, so  beautifully  simple,  and  so  marvellously 
exact  in  its  operation,  that  it  is  little  to  be 
wondered  at  that  it  has  practically  superseded 
all  others,  since  its  invention  no  less  than 
12,400  having  been  made  and  sent  out  from  the 
works  at  Schaff hausen.  All  the  previous 

planimeters  had  been  “linear,”  that  is,  the 
motion  which  must  be  possible  in  every  direc- 
tion over  the  surface,  was  obtained  by  com- 
pounding two  motions  at  right  angles  to  each 
other,  whereas  that  of  Amsler  was  “polar,” 
the  motion  being  obtained  by  two  arms,  one 
turning  about  a fixed  centre,  and  the  other 
jointed  to  it. 

Planimeters  have  a variety  of  forms,  and 
have  been  the  subject  of  many  inventions, 
but  it  is  a curious  fact  that  in  all  plani- 
meters of  the  class  we  are  now  considering, 
that  is,  in  which  both  sliding  and  rolling 
take  place,  the  principle  of  action  is  the 
same.  I have  elsewhere  proved  this  point, 
and  given  an  account  of  different  kinds  of 
planimeters.* 

It  is  clear  that  any  relations  of  the  nature  of 
a product  between  two  varying  quantities  may 
be  represented  by  a drawing.  This  is  so, 
not  merely  in  the  case  of  the  superficial  con- 
tents of  an  area,  such  as  a field  or  tract  of 
land,  but  also  in  a case  such  as  that  of  an 
indicator  diagram  representing  the  work  done 
in  the  cylinder  of  a steam-engine  or  other 
prime  mover.  It  is  in  many  cases  much  more 
convenient  to  obtain  the  required  product 
directly,  without  previously  making  a diagram 
or  drawing,  and  to  do  this  several  integrators 
have  been  invented,  in  which  the  roller  or 
measuring  wheel  slides  as  well  as  rolls,  such 
as  the  integrators  of  Poncelet,  Moseley, 
Ashton  and  Storey,  and  others.  Since,  however, 
the  accuracy  of  the  instrument  depends  upon 
the  rim  of  the  roller  being  a circle  of  an  exact 

• " Mechanical  Integrators,”  Minutes  of  Proceedings  of 
Inst.  Civil  Engineers,  Vol.  Ixxxii.  p.  75,  to  which  paper  the 
reader  is  referred  for  further  information  on  the  subject. 
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size,  and  since  some  appreciable  pressure  is 
necessary  to  obtain  sufficient  frictional  con- 
tact, the  unavoidable  wearing  of  surfaces  in 
contact  which  takes  place,  has  hitherto  proved 
one  insuperable  objection  to  their  permanent 
employment.  Other  integrators  of  the  slipping 
class  might  be  considered  did  time  permit, 
such  as  the  beautiful  “ precision  planimeters  ” 
of  Coradi  and  Hohmann,  and  the  “ Moment  ” 
integrators  of  Amsler  ; but  we  must  pass  on  to 
those  of  the  purely  rolling  class. 

__  Fig  53. 


Fig  54. 

Sphere  and  Roller  Integrator. 

(II.)  Integrators  in  which  there  is  no  slip- 
ping have  not  been  introduced  to  any  extent 
for  merely  finding  the  area  of  a surface,  that  is 
as  planimeters.  They  have  even  for  this 
purpose  certain  advantages  over  those  of 
the  previous  class  which  do  slip,  but  these 
are  not  sufficiently  marked  to  counter- 
balance the  fact  that  they  are  not  so  simple  V 
in  construction,  and  consequently  cost  more. 
Examples  of  these  are  the  integrators  of 
Abdank-Abakanowicz  and  Mr.  C.  V.  Boys. 

It  was  in  the  endeavour  to  invent  a non- 
slipping integrator  that  I devised  the 


sphere  and  roller  mechanism  which  I have 
previously  explained.  Fig  53  shows  in  eleva- 
tion, and  Fig  54  in  plan,  the  first  model  of  an 
integrator  made  on  this  principle,  which  can 
be  more  easily  explained  than  some  of  the 
later  forms  of  instruments.  A sphere  of  box- 
wood, G,  is  held  in  a frame  simply  formed  by 
bending  round  suitably  shaped  sheet  brass, 
which  thus  caused  the  rollers  to  grip  the 
sphere.  The  rollers,  A A,  b b,  were  discs  of 
boxwood,  and  merely  had  common  red  elastic 
bands  cemented  upon  their  peripheries.  The 
paper  on  which  is  the  area  to  be  integrated  is 
folded  round  a cylinder  M,  and  held  there  by 
two  indiarubber  bands.  The  cylinder  is  turned 
by  means  of  a milled  wheel,  N,  with  one  hand, 
and  the  pointer  P,  v^hich  is  connected  with  the 
movable  frame  of  centres,  is  kept  on  the  curve 
with  the  other.  The  roller.  A,  works  in  contact 
with  the  surface  of  the  paper,  and  communi- 
cates its  motion  by  frictional  contact  of  the 
indiarubber  to  the  sphere.  The  motion  of  the 
pointer  connected  with  the  axis  of  B is  regis- 
tered on  a suitable  dial.  The  reading  of  the 
dial  gives  the  required  area  of  the  figures. 

Though  the  results  with  the  early  forms 
of  the  sphere  and  roller  integrator  were  as 
accurate  as  could  be  expected,  yet  there  was 
always  a certain  mysterious  error  in  these 
instruments,  even  when  made  by  the  very 
ablest  mechanicians,  the  cause  of  which  I could 
not  discover  for  a long  time,  but  which  I 
have  at  last  traced  to  a certain  property  of 
surfaces  which  roll  upon  each  other,  and  are 
at  the  same  time  subjected  to  a force  not 
in  the  plane  of  rotation.  I will  not  now, 
however,  say  more  upon  this  point. 

Although  not  much  employed  as  plani- 
meters, integrators  of  this  class  have 
advantages  which  those  of  the  slipping  class 
cannot  possibly  possess.  One  of  these  advan- 
tages is  the  possibility  of  their  being  employed 
to  trace  curves  representing  the  result  of  in- 
tegration. Instruments  which  do  this  are 
called  “ integraphs,”  and  both  Mr.  Boys  and 
Mr.  Abdank-Abakanowicz  have  devised  instru- 
ments of  this  kind.*  Fig.  55  (p.  1251)  represents 
the  latest  form  of  integraph  devised  by  the  latter 
gentleman.  The  iron  straight  edge  at  the 
lower  end  of  the  figure  serves  as  a guide 
upon  which  run  certain  rollers  in  the  movable 
frame  of  the  instrument.  This  frame  carries 
a pointer,  A,  which  is  passed  round  the 
curve  the  area  of  which  is  required.  Another 
pointer,  B,  between  two  other  rollers  at 

* Integraphs  trace  the  curve  V = f f {x)  dx  -{-  c from  any 
iven  curve  of  the  form  j’  = <?’  (.r). 
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the  same  time  traces  the  integral  curve 
(a  portion  of  which  is  shown,  though 
not  very  clearly,  on  the  shaded  portion 
of  the  sheet  of  paper.  The  area  of  the  first 
curve  is  measured  by  the  height  to  which 
pointer  B rises  in  drawing  the  second  curve.* 
Another  advantage  possessed  by  this  class  of 
integrators  is  that  they  can  be  employed 
where  continuous  motion  is  required,  as  for 
instance,  in  steam  - engine  integrators,  for 
since  the  measuring  wheel  only  rolls  and  does 
not  slide,  it  is  not  liable  to  lose  its  initial  form. 
In  spite  of  this  obvious  advantage  of  non- 
slipping integrators,  they  have  not  yet  been 


Fig.  55- 


Integraph  for  tracing  Integral  Curves. 


successfully  introduced  for  such  purposes, 
though  it  would  not  perhaps  be  a rash  thing 
to  predict  an  important  future  for  them  in  this 
direction. 

(2.)  Sliding  Contact. 

(i.)  The  production  of  heat  for  the  purpose 
of  obtaining  fire  was  probably  one  of  the 
earliest  mechanical  applications  of  friction, 
and  it  has  been  conjectured  that  the  fire-drill 
for  doing  this  was  the  earliest  case  of  machinal 
motion.  At  the  present  day  every  lucifer 
match  testifies  to  the  fact  that  we  are  de- 
pendent for  fire  upon  the  same  source.  The 
conversion  of  mechanical  energy  into  mole- 
cular motion  is  not,  however,  a very  profitable 
mode  of  obtaining  heat  upon  any  large  scale', 
since  i lb  of  water  can  only  be  raised  i® 
in  temperature  by  the  expenditure  of  energy 
sufficient  to  raise  772  lbs.  one  foot  high,  so 

• This  instrument  is  fully  described  in  the  “ Comptes 
rcndus  de  I’Academie  des  Sciences,”  vol.  ci.,  1885,  p.  592. 


that  to  boil  a pint  (initially  at  the  average 
temperature  of  62°  Fahr.)  would  require  an 
amount  of  work  capable  of  raising  no  less 
than  144,000  lbs.  to  the  same  height;  and 
heat  when  produced  by  friction  generally  takes 
place  as  a loss  of  energy  which,  as  we  shall 
see  in  the  next  lecture,  has  specially  to  be 
guarded  against.  A recent  invention  which 
employs  the  conversion  of  work  into  heat  has, 
however,  been  made  which  is  of  considerable 
interest,  and  must  be  mentioned. 

The  “friction  still”  of  Mr.  Lionel  Pearce  is 
an  invention  for  converting  sea  water  into 
fresh,  by  means  of  a machine  so  simply  con- 
structed, that  to  pour  in  sea  water  and  to  turn 
a handle  are  all  that  are  necessary  in  order 
to  obtain  a supply  of  pure  drinkable  water. 
The  invention  was  recently  described  in  The 
Engineer  somewhat  as  follows  : — 


Fig.  56. 


•Fig.  56  shows  a friction  still,  fixed  to  and  let 
through  the  seat  or  after  thwart  of  a ship’s 
boat ; above  that  seat  is  the  condensing  or 
domed  part,  and  below  is  the  malleable  iron 
framing.  The  machine  may,  of  course,  be 
fixed  to  the  most  convenient  place  in  a boat. 
The  framing  may  be  said  to  consist  of  two 
parts,  one  fixed  and  the  other  movable,  the  fixed 
frame  being  bolted  through  the  seat,  fixes  the 
part  above  the  seat  to  that  below.  The  metal 
supporting  the  boiler  must  be  understood  to 
be  part  of  this  fixed  frame,  though  the  section 
does  not  clearly  show  it.  The  movable  frame 
is  capable  of  a sliding  motion  in  three  bear- 
ings, one  above  the  pressure  screw,  F,  and 
another  to  each  side  of  friction  wheel,  A.  It  is 
single  where  shown  in  section,  and  branches 
off  to  each  side  of  the  wheel  to  form  bearings 
for  the  spindle.  This  frame  brings  the  friction 
wheel.  A,  in  contact  with  the  boiler,  c,  with 
any  desired  pressure,  regulated  by  the  pressure 
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screw,  F.  The  inequalities  which  may  occur  in 
the  periphery  of  the  friction  wheel  are  com- 
pensated for  in  the  elasticity  of  the  packing. 
Either  side  of  the  spindle  may  be  fitted  with  a 
handle,  B,  and  the  same  still  can  be  worked 
effectively  within  the  range  of  power  from  that 
of  a lad  of  fourteen  years  of  age  to  4-man 
power.  The  boiler,  C,  is  held  in  a hard  "wood 
block,  to  prevent  heat  being  readily  conducted 
to  the  metal  frame  supporting  it.  The  upper 
part  of  the  machine  is  hinged,  and  may  be 
thrown  open,  leaving  boiler  and  friction  wheel 
exposed  ; the  inner  domes  also  hinge  open  or 
take  out  for  any  attention  that  might  be 
required.  The  overflow  tank  is  pivotted  so  as 
to  be  easily  released  from  the  boiler.  The 
manner  in  which  it  is  fed  and  the  action  is  as 
follows  : — It  will  be  seen  that  the  upper  tank,  H, 
is  full  of  sea  water.  From  this  tank  the  water 
is  made  to  pass  at  intervals  down  small  pipes 
shown  in  the  centre,  and  feeds  or  saturates  the 
flannel  with  which  the  two  domes  are  covered. 
The  seawater,  after  it  has  left  the  coverings,  as 
it  is  collected  by  its  trough,  runs  through  a 
pipe  into  the  overflow  tank,  which  tank  is 
connected  with  boilers  in  keeping  that  fed  with 
sea  water  to  the  height  allowed  by  overflow 
tank ; the  overflow  from  the  middle  dome  is 
allowed  to  run  away  as  cooling  water,  because 
that  from  the  inner  dome  is  sufficient  feed  for 
the  boiler,  and  being  hotter  than  that  from  the 
other  dome  is  preferred.  The  water  enters  the 
boiler  at  the  bottom,  as  shown  by  the  arrow. 
The  heat  result  of  the  friction  of  the  wooden 
wheel.  A,  against  the  steel  on  the  boiler,  causes 
the  sea  water  to  boil  in  about  half  a minute. 
The  steam  then  rising  is  trapped  in  the  dome, 
E,  and  condensing  upon  its  inner  surface, 
drains  away  into  its  trough,  then  from  that  to 
outlet  pipe,  K.  The  condensed  steam  or 
distilled  water  may  be  traced  throughout  the 
engraving  indicated  as  drops.  The  heat 
given  up  by  the  steam  condensed  upon 
the  inner  surface,  E,  will  be  imparted  to 
the  sea  water  held  in  the  saturated  flannel 
covering  the  dome ; this  water  is  freely  vaporised 
at  a lower  temperature  than  that  required  for 
the  boiler,  its  vapour  being  condensed  upon 
the  inner  surface  of  dome  enclosing  it.  The 
action  of  vaporising  and  condensing  goes  on 
in  the  next  compartment,  as  just  described, 
but  at  a lower  temperature ; the  product  from 
the  three  condensing  surfaces  can  be  traced  as 
drops  all  flowing  into  and  out  of  outlet  pipe,  K. 
The  feed  water  in  the  tank  will,  when  the 
machine  is  in  full  work,  reach  a temperature 
that  a delicate  hand  cannot  bear  by  heat  im- 


parted to  it  from  the  vapour  which  condenses 
upon  the  domed  bottom  of  the  tank. 

It  was  known  to  the  ancients  that  on  rubbing 
amber,  light  bodies  in  the  vicinity  were  attracted 
to  it.  This  effect  was  ascribed  by  Thales  of 
Miletus  to  an  inherent  soul  or  essence,  which 
being  aroused  by  friction,  went  forth  and 
brought  back  these  substances  to  the  excited 
amber.  We  do  not  know  much  more  at 
present  about  the  nature  of  electricity,  although 
we  do  not  quite  believe  that  the  attraction  is 
due  to  this  cause.  We  have,  however,  gone 
far  beyond  rubbing  pieces  of  amber  by  hand, 
and  there  have  been  a variety  of  machines 
invented  during  the  last  150  years,  culminating 
in  the  large  Wimshurst  machine  for  the  pro- 
duction of  electricity  on  a large  scale  by 
friction.  We  are  not  certain  that  the  so-called 
current  electricity  produced  by  the  dynamo 
electric  machine  is  not  produced  by  some 
action  of  the  nature  of  friction,  or  whether 
friction  is  not  the  cause  of  the  resistance 
in  a wire  to  the  passage  of  an  electric  current, 
which  resistance  results  in  the  production 
of  heat,  just  as  obtained  by  the  expenditure 
of  mechanical  energy  in  friction.  But  I am 
afraid  others  far  more  competent  to  discuss 
this  question  than  I,  are  yet  unable  to  throw 
much  light  upon  it. 

(ii.)  Concerning  the  production  of  sound  by 
friction,  I need  only  point  out  that  to  this  effect 
we  owe  the  action  of  most  of  our  stringed  and 
wind  musical  instruments.  In  wind  instru- 
ments, such  as  organs,  the  friction  of  the  air 
in  passing  over  the  edge  of  the  orifice  in  the 
pipes  sets  the  column  of  air  in  vibration,  and 
so  produces  a musical  note.  In  stringed  instru- 
ments, such  as  the  violin,  the  bow  being  drawn 
across  the  string,  draws  it  to  one  side,  its  elas- 
ticity bringing  it  back,  and  thus  setting  up 
musical  vibrations,  rosin  being  applied  to  in- 
crease the  frictional  resistance.  Other  sounds 
are  produced  in  this  manner  by  friction,  which, 
though  useful,  are  not  always  musical,  such  as 
those  of  the  fog  horn  and  steam  siren,  and  it 
must  be  remembered  that  all  sound  is  more  or 
less  modified  by  the  friction  of  the  air,  without 
which  the  aerial  waves  could  scarcely  either  be 
generated  or  dissipated. 

(iii.)  The  grinding  and  polishing  of  surfaces 
by  means  of  friction,  as  performed  by  the  forces 
of  nature,  is  a well-known  effect.  Buildings 
and  monuments  which  have  resisted  all  other 
forces  have  been  defaced  and  changed  in  ap- 
pearance by  sand  carried  by  the  wind,  and  it  is 
well-known  that  the  windows  of  houses  exposed 
to  the  action  of  wind  carrying  sand  become 
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dull  from  this  cause.  I cannot  attempt  even 
to  enumerate  all  the  applications  of  this 
kind  in  the  mechanical  arts.  To  produce 
effects  upon  the  hardestbodies  friction  has  been 
employed  from  the  earliest  times,  and  is  still 
used  with  the  most  astonishing  results,  by 
some  savage  tribes.  Thus,  Mr.  Wallace,  in 
his  “Travels  in  America  and  Rio  Negro,” 
tells  of  holes  four  to  eight  inches  bored  through 
hard  quartz  ornaments  by  the  agency  of 
the  friction  of  sand  with  water,  applied  by 
means  of  a flexible  leaf-shoot,  one  hole  being 
probably  the  work  of  years,  and,  in  some  cases, 
possibly  of  generations. 

Mechanical  science  has  found  a way 
to  expedite  the  process  of  cutting  hard 
materials  by  frictional  effects,  and  I will 
allude  to  one  such  process,  which  is 
the  application  of  the  sand-blast  by  Mr. 
Tilghraan,  for  an  account  of  whose  work  1 am 
indebted  to  the  columns  of  T/ie  Engineer. 
IVIr.  Tilghman  has  applied  the  capability  of 
fast  moving  sand  to  cut  the  hardest  materials. 
The  process  was  matured  by  him,  and  first 
used  to  cut  stone  for  building  and  other  pur- 
poses, the  sand  being  impelled  by  steam  at  a 
pressure  varying  from  60  lbs.  to  325  lbs.  per 
square  inch.  The  process  consists  in  pro- 
jecting sand  at  a great  velocity  by  a jet  or 
jets  of  air  or  steam  against  any  hard  surface, 
by  which  means  the  hard  substance  is  slowly 
or  rapidly  worn  away  according  to  the  velocity 
of  the  current  or  blast  of  sand.  With 
quartz-sand,  driven  with  high-pressure  steam, 
granite  crumbles  away  like  a pile  of  sand  under 
a falling  stream  of  water,  and  even  corundum 
can  be  drilled  or  grooved  with  ease.  Diamond, 
the  hardest  of  all  substances,  cannot  with- 
stand its  action.  With  the  steam-blast,  cast- 
iron  stencils,  ;^in.  to  iin.  in  thickness,  are 
used  to  protect  the  surface  which  is  not 
required  to  be  cut  away.  The  blast  is  then 
directed  at  right  angles  to  the  surface,  and 
moved  by  suitable  mechanism  regularly  over 
the  whole  surface.  With  a jet  using  6-horse 
power  of  steam,  at  60  lbs.  to  70  lbs.  pressure 
per  square  inch,  and  cubic  feet  of  sand  per 
hour,  to  10  cubic  inches,  according  to  the 
hardness  of  the  stone,  may  be  cut  away  per 
minute. 

This  process  has  many  interesting  applica- 
tions, such  as  the  ornamenting  (by  frosting)  of 
glass,  the  cleaning  of  castings,  ornamenting 
buttons,  and  marking  glue,  but  one  of  con- 
siderable importance  must  be  described.  Files, 
when  newly  cut,  have  a burr  or  ridge,  as  at 
a a a.  Fig.  57.  This  burr  is  a considerable 


evil,  as  it  causes  the  teeth  to  be  broken  at  the 
points  when  used.  To  propose  to  sharpen  the 
file  by  the  abrading  action  of  a sand  blast 
would  appear  altogether  unreasonable  ; yet 
an  effect  is  actually  produced  which  make  the 
points  of  the  teeth  take  a shape  somewh  at  as 
shewn  at  3 3 3,  Fig.  58. 


Fig.  57 


Teeth  on  File  before  and  after  the 
Sand  Blast. 

The  two  jets  of  steam  are  blown  in  the 
direction  of  the  arrows,  D D,  Fig.  59.  A 
mixture  of  sand  and  water  comes  along  the 
pipes,  c C,  and  is  met  and  carried  by  the 
steam  upon  the  file,  b,  in  the  manner  shown 
at  s S ; the  jets  are  regulated  by  the  screws, 
E E.  A rest  (not  shown)  serves  the  double 
purpose  of  holding  the  file  in  position,  and 


Fig.  59. 


Sharpening  Files  by  Friction  of  Sand. 


enabling  the  operator  to  tell,  by  moving  the 
file  to  and  fro  upon  it,  when  the  teeth  have 
reached  a good  cutting  edge.  The  kind  of 
sand  used  is  exceedingly  fine,  and  is  the 
waste  material  obtained  in  the  process  of 
grinding  plate  glass . The  Tilghman  Company 
have  recently  made  further  improvement  in 
the  sand  blast  process. 

In  practice,  the  most  simple  and  in- 
expensive way  of  giving  the  necessary 
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velocity  to  the  sand  has  been  by 
steam.  Notwithstanding  these  advantages, 
the  difficulty  of  manipulating  the  articles  to 
be  frosted,  engraved,  perforated,  &c.,  in  a 
chamber  full  of  steam  or  vapour,  the  difficulty 
of  finding  a suitable  resisting  material  which 
will  not  be  affected  by  either  heat  or  moisture, 
the  danger  of  breaking  in  the  case  of  glass  by 
the  heat  of  the  steam,  the  danger  of  the 
stencil  getting  clogged  with  sand,  has  pre- 
cluded its  use  in  many  manufactures.  In 
consequence  of  these  objections,  an  air  blast 
was  used  instead  of  steam.  In  the  new 
arrangement,  steam  is  used  to  give  velocity  to 
the  sand,  which  passes  along  after  being  freed 
from  steam  and  cooled.  This  new  sand  blast 
has,  therefore,  the  advantage  of  the  steam 
blast  without  its  objections.  The  force  of  the 
blast  can  be  easily  regulated,  from  the  low 
blast  required  to  engrave  table  glass  to  the 
strong  blast  required  to  perforate  sheet  glass. 

(iv.)  The  last  application  which  we  must 
consider  is  the  absorption  of  energy,  and  this 
alone  might  form  the  subject  of  a lecture. 
The  use  of  brakes  makes  ordinary  conveyances 
safe  and  railway  travelling  possible.  In  the 
revolving  fly  of  striking  clocks  and  musical 
boxes  we  have  an  application  of  frictional 
resistance  for  regulating  speeds  which  finds 
its  development  in  some  of  the  most  beautiful 
devices  of  governors  for  marine  engines,  such 
as  those  of  Silver,  Huntoon,  Thomson, 
Siemens  and  others,  while  the  principle  of  the 
cataract  of  the  old  Cornish  engine,  which 
regulates  speed  by  varying  the  size  of  an 
orifice  through  which  liquid  is  made  to  flow, 
has  been  applied  in  the  well-known  service 
buffer,  and  has  its  latest  application  in  regulating 
the  number  of  shots  fired  in  a given  time  by 
the  Maxim  gun.  Again,  the  use  of  friction  is 
employed  to  absorb  the  energy,  and  thereby 
measure  the  pow’er,  of  prime  movers  in  machines, 
as  in  the  dynamometers  of  Prony,  Armstrong, 
Egen,  Cadiat,  and  others,  where  the  friction 
of  solid  surfaces  is  used,  and  in  thatof  Froude, 
where  liquid  friction  is  employed. 

The  above  are  a few  cases  in  which  the 
friction  of  solids,  liquids,  and  gases  are 
employed  to  absorb  energy  for  useful  purposes, 
and  these  examples  must  suffice. 

I have  endeavoured,  in  the  brief  space  of  a 
lecture,  to  give  some  account  of  the  useful 
applications  of  friction,  but  it  is  not  by  these 
applications  that  the  important  part  it  plays  in 
the  economy  of  the  world  is  most  strikingly 
seen.  It  is,  indeed,  scarcely  possible  to 
picture  the  results  that  would  follow  the  cessa- 


tion of  the  action  of  friction.  The  whole  face 
of  nature  would  be  at  once  changed,  rivers 
and  winds  would  flow  with  incredible  velocity, 
though  their  effect  would  be  very  different 
from  what  it  is  at  present ; the  latter,  for 
instance,  would  raise  no  ocean  waves,  and  na 
tides  would  flow  up  estuaries  and  channels  ; 
much  of  the  dry  land,  and,  even  more  rapidly, 
most  of  our  buildings,  would  disappear 
beneath  the  sea.  Such  inhabitants  as  re- 
mained for  a short  time  alive  would  not  only 
be  unable  to  provide  themselves  with  fire 
or  warmth,  but  would  find  their  very 
clothes  falling  back  to  the  original  fibre 
from  which  they  were  made,  and  if  not  de- 
stoyed  in  one  of  the  many  possible  ways,  such 
as  by  falling  meteors,  no  longer  dissipated  by 
friction  through  the  air,  or  by  falling  masses, 
of  water,  no  longer  retarded  by  the  atmosphere 
and  descending  as  rain,  would  be  unable  to- 
obtain  food  from  inability  to  move  themselves 
by  an  ordinary  method  of  locomotion,  or,  what 
would  be  equally  serious,  having  once  started 
into  motion,  from  being  unable  to  stop  except 
when  they  came  into  collision  with  other  un- 
happy beings  or  moving  bodies.  Before  long 
they,  with  all  heavier  substances,  would  dis- 
appear for  ever  beneath  the  waters  which 
would  now  cover  the  face  of  a lifeless  world. 


ADDITIONAL  LECTURES, 
JAPANESE  ART  WORK. 

By  Ernest  Hart. 

Lecture  III. — Delivered  May  i8,  1886. 

Part  I. 

In  Japanese  art,  the  painting  is  that  which 
offers  perhaps  the  highest  degree  of  beauty,, 
and  at  the  same  time,  needs  the  greatest  in- 
dulgence ; and  before  entering  on  any  study 
of  the  schools  of  Japanese  painting,  it  would 
be  well  to  premise  some  preliminary  considera- 
tions. Japanese  critics  have  always  insisted 
that  painting  is  a manifestation  of  the  senti- 
ment which  the  observation  of  nature  inspires 
in  man,  and  the  older  critics  insisted  that  a 
picture  is  but  the  reflection  of  the  image  im- 
pressed upon  the  heart  of  the  artist.  They 
use  the  word  “ heart  when  we  should  use  the 
word  “brain.”  It  was,  with  them,  another 
form  of  poetry,  with  this  difference — the  poet 
describes  the  sentiment,  and  the  painter  draws 
the  subject  of  his  inspiration.  When  the 
painter  could  communicate,  by  his  image,  to 
others,  “ the  sensation  imprinted  on  his  heart,” 
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then  he  had  attained  his  object.  The  earlier 
artists  made  many  experiments.  They  were  of 
opinion  that  merely  to  copy  what  the  eye  saw 
was  insufficient,  and  they  endeavoured  to 
reflect  the  soul  of  nature,  even  more  than  the 
outline.  They  esteemed  drawings  in  black 
and  white,  which  they  called  light  and  shadow, 
much  more  highly  than  we  do  ; and  it  is  one 
result  of  their  theories  that  no  class  of  work 
was  more  highly  esteemed  than  purely  im- 
pressionist and  rapid,  cursive,  and  caligraphic 
drawings  in  Chinese  ink.  Their  most  im- 
pressionist painters,  however,  did  not  think 
that  they  could  arrive  at  reflecting  the  soul  of 
nature  without  first  carefully  studying  the  form, 
and  they  passed  their  early  life  in  training  them- 
selves to  minute  copies  of  external  forms.  In 
their  later  life  they  arrived  at  that  point  which, 
in  their  theory,  enabled  the  artist  who  had 
already  achieved  technical  skill  to  express 
the  impression  on  his  mind,  or  what  he  would 
i call  the  soul  of  natural  objects,  by  drawing 
' them  without  a model,  and  as  long  habit  of 
observ^ation  and  memory  had  impressed  their 
I essence  and  sentiment  upon  his  mind.  Thus 
j nothing  was  more  naturalistic  and  minute 
1 than  the  earlier  work  of  men  such  as  Tanyu 
I and  Korin  ; nothing  more  ideally  impressionist 
^ than  their  later  work.  But  this  impressionism 
: is  not  an  attempt  at  copying  the  thing  itself, 

1 but  at  reproducing  concentrated  inspiration 
I which  years  of  study  has  imprinted  on  the 
1 mind.  Indeed,  you  will  find  that,  judged 
! without  direct  reference  to  Greek  or  European 
1 canons  of  art,  these  rapid  drawings  in  ink, 

I these  shadowy  and  almost  shapeless  outlines 
I or  blots  of  colour,  differ  wholly  from  the  photo- 
i graphic  school  of  art  not  only  in  being  tech- 
I nically  almost  shapeless,  but  in  that,  even  in 
I their  vagueness,  and  perhaps  you  will  say  in 
I the  deformity  of  some  of  them,  they  speak  to 
I the  educated  eye  in  language  which  you  recog- 
j nise  as  that  of  true  sentiment,  and  they  have 
j an  enduring  fascination  for  the  student  who 
I is  capable  of  resisting  coarser  impulses,  and 
of  rejecting  art  products  which  have  a standard 
which  is  not  that  of  our  own  schools.  To  the 
Japanese  the  impressionist  school  which  I 
shall  have  to  introduce  to  you,  represented 
by  Kanaoka,  Takuma,  Chodensu,  Shiubun 
Sesshiu,  Kano,  and  especially  by  Koyetsu, 
Korin,  and  Tanyu,  was  essentially  an  intel- 
lectual school  ; while  the  naturalistic  school 
which  started  with  the  Chinese  school  of 
Ming,  and  the  Japanese  school  of  Maruyama 
Okio  and  his  followers  of  the  Shijo  academy, 
was  recognised  as  a physical  school  of  art. 


The  first  artist  recorded  in  Japanese  annals 
is  a Chinese  Nanriu  in  the  middle  of  the  5th 
century.  Of  his  works,  and  those  of  his  im- 
mediate successors,  there  are  no  known 
examples.  It  was  in  the  6th  century  that  we 
have  the  first  district  evidence  of  the  establish- 
ment of  a school  of  Japanese  art,  which  was 
then  mainly  dedicated  to  the  mural  decoration  of 
the  temples  raised  in  honour  of  Buddha,  whose 
religion  was  introduced  into  Japan  at  about 
this  time.  A wall  picture  in  the  temple  of 
Horiuji,  at  Nara,  said  to  date  from  607,  is  still 
in  existence,  and  a tracing  of  it  has  been  pre- 
sented to  the  British  Museum  by  Mr.  Satow. 
This  Buddhist  art,  which  was  introduced  into 
Japan  by  the  Chinese  and  the  Coreans,  drew 
its  first  inspirations  from  India  and  China 
direct,  and  through  the  Corea ; and  inasmuch  as 
Indian  art  was  influenced  by  Greek  examples,, 
it  is  not  surprising  that  we  can  trace  a certain 
Greek  influence  in  the  earliest  Japanese  works 
of  painting  as  well  as  of  sculpture,  and  the 
comparison  of  the  works  of  the  early  Japanese 
painters  with  those  of  the  earliest  Italian 
painters  who  worked  under  Byzantine  influence,, 
will  readily  suggest  a common  inspiration  in 
the  work  of  both  schools  with  that  of  the  great 
fountains  of  Greek  art.  You  will  notice  this 
Greek  influence  not  only  in  the  great  pictorial 
work  of  Kanaoka,  which  hangs  behind  me,  but 
also  in  this  grandly  sculptured  statue  of  Buddha 
of  the  9th-ioth  century,  to  which  I have 
already  called  your  attention,  and  which  is 
Greek  in  its  draperies  and  diapers,  and  its 
grace  and  dignity.  The  histor}^  of  Japanese 
painting  from  the  6th  to  the  9th  centuries  is 
more  or  less  clouded  with  doubt.  Various 
names  are  mentioned  in  the  early  books,  and 
stories  are  told  of  the  skill  in  portraiture  of  the 
artists  of  the  Chinese  and  Corean  schools  who- 
chiefly  practised  them.  The  arts  generally,  as 
you  have  already  gathered  from  the  sketch  which 
I have  been  able  to  give  you  of  the  progress  of 
sculpture,  of  metal  work,  of  wood  carving,  of 
lacquer  and,  I may  add,  of  architecture,  reached 
a high  degree  of  development  in  the  interval 
between  the  6th  and  the  7th  centur}’’,  and  the 
sciences  had  made  corresponding  progress* 
Music,  medicine,  mathematics,  philosophy, 
and  astronomy  all  flourished  in  the  7th  century 
in  Japan,  and  the  Buddhist  scriptures  were 
printed  in  the  middle  of  the  8th  century.  Two 
of  the  greatest  poets  of  Japan,  whose  portraits 
you  will  find  frequently  repeated  in  the  bronzes, 
lacquer  work,  and  picture  books  of  my  collec- 
tion, were  already  numbered  with  the  worthies 
ofthepast.  Hitomaro died 724;  Nakamaro,7i6 ; 
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Narihira,  880  ; and  Ono-no  Komachi  was  still 
living  in  the  9th  century.  You  see  their  portraits 
in  this  picture  by  Ritsuo.  In  this  9th  century 
the  Mikados,  with  their  court,  were  devoting 
themselves  to  the  spread  and  study  of  Buddhism 
as  a religious  system,  to  the  extension  and  the 
decoration  of  its  temples,  and  to  art  and  letters, 
leaving  the  cares  of  government  and  the 
strife  of  battle  to  the  military  governors,  the 
shoguns,  and  their  subject  nobles,  the  daimios 
and  princes.  Thus  it  is  not  surprising  that  in 
the  first  great  Japanese  artist  with  whose 
works  we  are  authentically  acquainted  in  the 
9th  century,  we  find  pictorial  art  already  far 
advanced,  and,  indeed,  attaining,  in  the  works 
of  Kanaoka,  a degree  of  perfection  which  has 
not  been  surpassed,  or  even  equalled,  by  any 
of  the  later  artists  of  the  Buddhist  school.  The 
very  few  pictures  which  remain  known  to  us  as 
the  authentic  works  of  Kanaoka  are  entirely 
Buddhistic  portraitures  of  deities,  and  although 
there  are  extant  traditions  deeply  implanted 
in  Japanese  literature  of  his  surpassing  skill 
in  the  portraiture  of  animals,  and  as  a land- 
scape painter,  there  are  no  existing  examples. 

The  picture,  unique  in  shape,  which  I am 
able  by  rare  good  fortune  to  show  you  by 
Kanaoka  is  from  the  collection  of  Mr.  Wakai. 
It  has  survived  the  destructive  influences  of 
time,  and  still  shows  qualities  of  colour  and 
design,  which  I do  not  need  to  eulogise. 

As  to  the  artistic  merits  of  the  venerable 
master,  the  oldest  and  greatest  of  his  school 
of  whom  we  have  any  example,  I prefer  to 
quote  the  opinions  of  Paul  Mantz,  one  of  the 
most  eminent  of  French  art  critics.  He 
says  of  his  pictures,  that  they  are  still 
superb  in  their  warm  harmony,  which  is 
dominated  by  rich  browns,  soft  red,  and 
sober  tones  of  gold.  The  modelling  is 
simple,  large,  and  even  subtle  ; the  colour- 
ing is  advisably  toned  slightly  with  yellow, 
which  recalls  to  our  mind  a clear  bronze  of 
tranquil  beauty,  which  proves  to  us  that  we 
arc  here  in  presence  of  a form  of  art  which 
has  attained  to  almost  complete  maturity.  The 
robust  school  of  colour — recognisable  from 
afar  in  the  predominance  of  the  brown  note 
appears  characteristic  of  the  early  school  of 
Japanese  paintings.  Passing  from  Kanaoka 
through  the  paintings  of  the  Takuma  school, 
which  are  here  before  you— the  Meitshio  in  the 
17th  century— you  will  see  that  the  traditions 
and  the  principles  which  Meitshio  applies  are 
the  same  that  prevailed  in  the  school  of 
Kanaoka.  It  is  a serious  art,  and  Meitshio  is 
the  contemporary  and  homologue  of  the  fol- 


lowers of  Giotto.  It  is  curious  that,  after 
having  learned  to  admire  the  15th  century 
work  of  Italy  and  of  Flanders,  we  have  now  to 
learn  to  love  the  work  of  the  same  period  in 
Japan.  Masaccio  and  Van  Eyck,  Van  der 
Weyden  and  Ghirlandaio,  had  contemporary 
brethen  in  the  far  East— brothers  in  art  whose 
existence  they  did  not  suspect.  The  example 
which  I possess  in  my  own  collection,  and 
which  is  attributed  to  Kanaoka,  has  suffered 
more. 

Among  the  stories  of  Kanaoka’s  skill,  which 
are  most  popular,  is  one  which  relates  that 
the  peasants  of  the  province  of  Omis  much 
disturbed  at  night  by  the  nocturnal  ravages  of 
some  creature  which  trod  down  their  gardens, 
destroyed  their  flowers,  and  ate  the  herbs,  laid 
wait  for  him  one  night,  giving  chase  to  the 
intruder  who  proved  to  be  a wild  horse.  They 
chased  him  till  he  disappeared  into  the  temple. 
Entering  the  temple  he  had  disappeared,  but 
as  they  stood  wondering  in  the  hall,  drops  of 
moisture  fell  upon  their  heads,  and  looking  up 
they  found  that  they  were  falling  from  one  of 
the  horses  in  a picture  by  Kanaoka ; so  life- 
like was  he  that  he  had  escaped  from  the 
canvas  and  had  only  just  resumed  his  place, 
and  was  still  sweating.  This  belongs  to  a 
type  of  story  which  is  familiar  in  Chinese 
traditions,  and  Kanaoka  is  not  the  only  artist 
to  whose  genius  this  childlike  supernaturalism 
pays  a like  tribute.  The  evidence  of  our 
own  eyes  suffices  to  show  that  the  genius  of 
Kanaoka  justified  something  like  hero  worship. 
From  his  time  painting  was  not  only  the 
pursuit  of  academies  and  schools  of  artists 
of  the  Buddhist  and  lay  type,  but  the 
favourite  and  highly  esteemed  accomplish- 
ment of  nobles  and  of  princes.  One 
of  the  most  celebrated  artists  of  the  imme- 
diately succeeding  generations,  Tadahira, 
is  said  to  have  painted  a cuckoo  upon  a fan 
which  uttered  its  characteristic  note  whenever 
the  fan  was  opened,  and  Tsunenori  to  have 
drawn  a lion  so  life-like  that  other  beasts  fled 
from  it  (Anderson).  In  the  collection  of  stories 
and  sketches  in  a famous  romance  of  the  loth 
century,  there  is  an  account  of  a competition  of 
painting  before  the  Emperor,  carried  out  with 
much  ceremony,  and  in  which  the  pictures 
shown  are  described  in  the  following  words  : — 

“ Look  for  another  instance  at  the  eminence  which 
has  been  attained  by  several  of  the  artists  of  the 
Imperial  College  of  Painting.  Take  the  case  of 
draughtsmen  in  black  ink  pictures  indeed,  such  as 
those  of  Mount  Hcrai  (P’eng-lai)  which  has  never  been 
beheld  by  mortal  eye,  or  of  some  raging  monstrous 
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fish  in  a rough  sea,  or  of  a \\fild  animal  of  some  far 
off  countr)’,  or  of  the  imaginary  face  of  a demon, 
which  are  often  drawn  with  such  striking  vividness 
that  people  are  startled  at  the  sight  of  them.  These 
pictures,  however,  are  neither  real  nor  true.  On  the 
other  hand,  ordinary  scenery  of  familiar  mountains  or 
calm  streams  of  water,  and  of  dwellings  just  before 
our  eyes,  may  be  sketched  with  an  irregularity  so 
charming,  and  wth  such  excellent  skill,  as  almost  to 
rival  nature.  In  pictures  such  as  these  the  prospect 
of  gentle  mountain  slopes  and  sequestered  nooks 
surrounded  by  leafy  trees  are  drawn  with  such 
admirable  fidelity  to  nature  that  they  carry  the 
spectator  in  imagination  to  something  beyond  them. 
These  are  the  pictures  in  which  is  mostly  evinced  the 
spirit  and  effectiveness  of  the  superior  hand  of  a 
master,  and  in  these  an  inferior  artist  would  only 
show  dulness  and  inefficiency.” 

In  the  books  there  are  long  lists  of  Buddhist 
masters  of  the  loth  century  down  to  the  14th 
century,  but  of  their  work,  or  rather  of  what  is 
known  of  them,  I cannot  further  speak  to  you 
to-night  in  this  short  available  hour.  The 
greatest  name  next  to  that  of  Kanaoka  in  the 
history  of  Buddhist  painting  in  Japan,  is  that 
of  Meicho,  in  the  latter  part  of  the  14th  centur>q 
better  known  as  Cho-Densu  (Cho,  the  priest.) 
In  life,  therefore,  as  in  date,  and  in  the  style  of 
his  work,  Cho-Densu,  of  whose  brush  I show 
you  a fine  work,  may  be  compared  with  his 
contemporaiy^  priest.  Fra  Angelico.  (Cat., 
Kakemonos,  No.  4.)  I need  not  say  that  such 
examples  are  excessively  rare.  Meicho  is 
represented  by  fine  examples  in  the  Anderson 
collection  at  the  British  Museum. 

He  lived  a simple  and  devout  life,  and  his 
genius  can,  it  is  said,  be  only  rightly  estimated 
by  a study  of  the  great  series  of  pictures  by 
him,  still  extant,  of  the  500  disciples  of  Buddha, 
in  the  Temple  of  Kioto.  “ Here  the  artist’s 
strength  has  had  full  play,  and  he  has  achieved 
a veritable  triumph  in  the  striking  individuality 
which  he  has  impressed  upon  each  of  the 
multitude  of  figures,  while  preserving  the 
common  link  of  intellectual  dignity  which  binds 
them  together  as  the  arhat  or  the  men  who  merit 
worship  ’ ’ (Anderson).  The  Buddhist  school  of 
painting  continued  to  a recent  date,  but  fire 
and  war,  and  the  decadence  of  religious  senti- 
ment, have  brought  about  gradually  the  ex- 
tinction of  the  school,  and  the  destruction  of 
a large  proportion  of  its  best  productions. 
The  Japanese  Government  are  becoming  alive 
to  the  importance  of  preserving  the  traditional 
treasures  of  the  past,  and  the  conservation  of 
those  which  are  still  extant  may  be  looked  for. 
The  few  works  extant  of  the  earliest  and  greatest 


masters  are  already  regarded  wdth  an  almost 
religious  veneration.  Tothis  it  maybe  hoped  will 
be  added  an  intelligent  historical  sense  of  the 
importance  of  collecting  and  preserving  them 
as  artistic  monuments.  When  we  contrast  the 
Buddhist  school  with  the  secular  paintings  of 
the  Japanese  academies,  to  which  I shall  now 
pass,  you  will  at  once  notice  that  the  Buddhist 
paintings  are  characterised  by  the  lavish  use 
of  gold,  and  a rich  combination  of  strong 
body  colour,  without  any  trace  of  chiaroscuro ; 
such  a combination  of  gold  and  black  with 
strong  primary  colours  required  all  the  sense 
of  colour  which  the  Oriental  artists  possessed, 
to  prevent  their  effects  from  being  harsh, 
crude,  and  glaring.  You  must  judge  of  the 
Buddhist  art,  not  by  the  European  standard  or 
by  comparing  it  with  any  other  school  than  its 
own  ; you  must  remember  its  materials,  its 
limitations,  its  want  of  science,  and  its  strictly 
limited  traditions.  Under  any  circumstances 
you  will  admire  the  solemnity  and  sincerity 
and  the  religious  sentiment  of  Kanaoka  and 
Cho-Densu. 

Yamato  and  Tosa  Schools. 

The  essentially  native  school  of  Japanese 
painting,  known  as  the  Yamato  school,  is  a 
Japanese  modification  of  Chinese  art,  and  its 
earliest  and  most  prominent  founder  is  named 
as  Kasuga  Motomitsu,  at  the  beginningof  the 
nth  century,  but,  as  we  have  seen,  Kanaoka 
himself,  in  the  9th  century,  drew  horses  and 
landscapes,  as  well  as  sacred  subjects,  and  it 
is  certain  that  Motomitsu  learnt  painting  from 
the  followers  of  Kanaoka.  In  the  13th  century, 
one  of  the  most  famous  artists  of  this  Yamota 
school,  Fujiwara  No-Tsunitaka,  assumed  the 
title  of  Tosa.  This  native  or  Yamato  Tosa 
school  is  one  which  resembled  in  its  main 
characteristics  the  Chinese  school,  but  they 
painted  with  finer  brush  ; they  adopted  a con- 
ventional, stiff,  and  very  incorrect  rendering 
of  the  human  form.  The  majority  of  their 
pictures  have  much  of  the  character  of 
Missal  paintings,  and  are  harmonious  and 
elaborate  in  drawing,  and  very  rich  in 
colour,  but  with  few  exceptions.  I cannot 
profess  to  feel  myself  in  sympathy  with  the 
work  of  this  school  of  artists,  and  in  show- 
ing you  some  of  their  productions  I do  so  as  a 
matter  of  at  least  as  much  archaeological  as 
purely  artistic  merit.  You  will  recognise 
delicacy  of  brush,  richness  of  colour,  and  some 
power  of  characterisation,  but  the  court  cere- 
monials, with  pictures  of  wearisome  and  un- 
natural stiffness,  and  absence  of  freedom  of 
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design,  force  of  attitude,  or  depth  of  sentiment, 
testify  only  too  strongly  to  the  heavy  fetters 
which  a strict  conventionalism  imposed  upon 
a school  of  artists  which  certainly  possessed 
great  skill  of  brash  and  sense  of  colour,  and 
skill  in  drawing  details. 

Chinese  School. 

The  Chinese  school  was  undoubtedly  the 
first  of  the  pictorial  schools  of  Japan,  and  as 
I have  mentioned,  it  was  the  impulse  of 
Nan-riu  and  the  study  of  the  pictures  of  the 
earliest  Chinese  painters  which  originated  the 
secular  school  of  Kanaoka,  as  well  as  the 
Buddhist  pictures.  But  the  Japanese  diverged 
from  the  Chinese  traditions,  and  developed, 
through  the  original  genius  of  Kanaoka,  and 
in  the  style  of  the  native  or  Yamato-Tosa 
school,  qualities  which  obscured  the  characters 
of  Chinese  painting;  nevertheless,  from  the  9th 
to  the  14th  century,  there  were  many  of  the 
Japanese  artists  who  preserved  the  Chinese 
traditions.  In  the  15th  century  Mosetsu,  a 
priest  of  Kioto,  established  an  academy  for  the 
study  of  the  works  of  the  artists  of  the  Sung 
and  Yuen  dynasties  of  China.  It  is  doubtful 
whether  he  was  of  Japanese  or  Chinese  origin. 
Of  his  pictures,  examples  are  rare,  and  I have 
never  seen  any,  and  am  not  aware  that  there 
are  any  in  Europe  ; but  three  of  his  pupils, 
Shiubun,  Sesshiu,  and  Kano  Masanobu,  became 
renowned,  and  two  of  them,  Sesshiu  and 
Masanobu,  founded  schools  which  have  had 
enduring  influence  and  original  character  of 
their  own.  You  will  find  authentic  ex- 
amples of  these  masters  in  the  collection. 
To  appreciate  the  works  of  this  school, 
it  is  necessary  to  remember  that  they  are 
to  be  judged  from  quite  a special  stand- 
point. They  belong  in  their  origin  to  what  is 
known  as  the  caligraphic  school.  Among 
their  favourite  subjects  are  landscapes  ideal- 
ised, frequently  painted  in  monochrome, 
vigorously  outlined  with  a free  brush,  destitute 
of  perspective,  and  wholly  opposed  to  any 
naturalistic  rendering  of  landscape  effects ; 
nevertheless,  the  effects  of  distance  and 
of  atmosphere  are  produced  by  delicately 
graduated  washes  of  diluted  Chinese  ink. 
The  favourite  subjects  of  Chinese  story  and 
mythology,  the  Rishis,  the  sages,  the 
mythical  trees,  the  dragons,  the  tortoises, 
the  moon  and  plum  blossom,  the  peacock 
and  peony,  or  the  lion  and  the  peony  (king 
of  beasts,  and  king  of  flowers  or  of  birds), 
the  Buddhist  saints ; the  revelry  of  the  red- 
headed shojos  and  imps  of  alcohol ; the  tiger 


with  the  bamboo  in  whose  jungles  it  hid  ; ! 
birds  and  flowers  ; anthropoid  metamorphoses  i 
of  the  fox ; the  shokei  or  demon  queller;  thej 
eagle  and  the  hawk ; the  crane ; the  wild  | 
goose ; the  carp  incessantly  returning  to  its  j 
task  of  jumping  the  falls  (emblem  of  undaunted 
courage),  destined  sometimes  to  be  rewarded 
by  success,  and  by  transformation  into  the 
dragon  shape  and  assumption  to  the  clouds : 
the  mandarin  duck  who  pines  to  death  for  a lost 
mate  and  is  the  emblem  of  conjugal  fidelity ; 
Daikoku  (god  of  wealth)  striking  the  earth,  with 
whose  hammer  strokes  the  bag  fills  with  rice  ; 
Jurojin  with  his  supernaturally  elongated  head 
significant  of  his  vast  wisdom  ; Hotei  ruling 
in  vagabond  jollity  with  his  lucky  bag  and 
attendant  group  of  playful  children.  These  are  ; 
all  subjects  which  recur  again  and  again  in  the 
pictures  of  the  Chinese  school,  all  of  which  : 
have  their  mystic  symbolism  and  their  attrac-  t 
tive  appeal  to  religious  sentiment,  to  traditional 
sympathies,  or  to  associated  ideas  of  poetry, 
of  natural  beauty,  or  of  quaint  humour.  Like  ^ 
subjects  are  found  in  the  other  schools  of 
painting.  In  the  Chinese  school  they  interest 
us  especially  as  being  portrayed  in  the  style  ■ 
of  the  artists  of  the  middle  empire  who  first 
originated  most  of  these  traditions  and  ideas,  : 
and  whose  caligraphic  style  was  particularly 
adapted  to  render  them  with  unforced  felicity. 

Sesshiu,  who  founded  a school  known 
specially  by  his  own  name,  was  strictly  a 
follower  of  the  Chinese  school  of  Tang 
revived  in  the  15th  century  in  Japan.  It  is 
told  of  Sesshiu  that  the  priest  under  whom: 
he  was  placed  vainly  endeavoured  to  give  an ! 
adequate  religious  training,  and  insisted,  fruit-  ' 
lessly,  on  his  abandoning  his  artistic  tastes.: 
One  day,  however,  he  tied  him  to  the  temple 
pillar,  his  hands  fastened  behind  him,  as  a| 
punishment  for  idleness.  On  returning,  hei 
found  he  was  gone,  and  on  the  floor  were  frag-i 
ments  of  the  rope  and  a number  of  rats,  which 
scampered  away.  The  explanation  which  the- 
young  Sesshiu  was  able  to  give,  was  that  he 
had  beguiled  his  weariness  by  drawing  pictures 
of  rats  on  the  ground  with  his  toe,  and  that 
these  had  presently  started  into  life,  and  had 
gnawed  the  cord  with  which  he  was  bound. 
After  so  distinct  an  indication  of  the  artistic 
vocation,  Sesshiu  was  of  course  left  free  to 
follow  his  inspiration.  He  became  a pupil  o 
Yosetsu,  and  then  passed  into  China,  where 
he  studied  Chinese  painting  and  its  source. 
His  work  is  celebrated  for  its  freedom,  breadth 
of  design,  and  poetic  suggestion.  There  is  a 
famous  group  by  him  of  children  at  play. 
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which  was  exhibited  last  year  in  London  to  the 
few  who  are  interested  in  ancient  Oriental  art. 
It  is  reproduced  by  M.  Gonse.  I have  no 
specimen  of  Sesshiu’s  work,  but  I can  show 
you  here  a landscape  by  Keishoki,  a pupil  of 
Sesshiu,  who  flourished  at  the  end  of  the  15th 
century,  and  whose  landscapes  greatly  re- 
sembled those  of  Sesshiu,  and  are  almost 
-equally  celebrated ; and  there  is  here  before 
you  his  picture  of  the  Shoki,  or  demon  queller, 
which  is  interesting  as  being  intermediate  in 
style  between  that  of  Sesshiu  and  of  Kano 
Masanobu,  fellow-pupil  of  Sesshiu,  who  became 
the  founder  of  a new  school,  of  which  I have 
now  to  speak  to  you,  and  which  has  been 
known,  from  the  15th  century  to  the  present 
time,  as  the  Kano  school. 

The  Kano  School. 

The  Kano  school  was  founded  by  Kano 
Masanobu,  born  about  1424  — a pupil,  it  is  said, 
of  Skurbun  and  Sotan.  His  son,  Motonobu, 
became  the  actual  head  of  the  school.  He  was 
born  1477,  and  has  been  ever  since  recognised 
in  Japan  as  the  greatest  of  the  Japanese 
painters  of  the  15th  century,  and  as  the  chief 
founder  of  the  vast  reputation  of  the  school. 
He  was  the  friend  of  Goto  Yujo,  the  Benvenuto 
Cellini  of  the  15th  centur}'’,  of  whose  metal 
work  you  find  specimens  below.  He  was 
married  to  the  daughter  of  Mitsushige,  and 
his  fame  then  and  since  spread  throughout  the 
country.  He  received  the  honorary  title  of 
Hogen,  and  is  habitually  referred  to  as  the 
Ko-Hogen  or  ancient  Hogen,  to  distinguish  him 
from  the  numerous  artists  who  later  received 
the  like  honorary  title.  In  Motonobu  we  see 
the  highest  development  which  Japanese 
genius  attained  while  working  in  the  chains  of 
the  Chinese  caligraphic  style.  His  work  is 
dashed  in  with  the  free  brush  and  firm  rapidly 
drawn  outline,  which  were  thought  to  be  the 
highest  achievements  of  artistic  skill  by  the 
painters  of  this  school ; but  in  this  picture  of  the 
Rishi  Tekhai  exhaling  his  soul  (his  spiritual 
essence),  (Cat.,  Kakemono,  No.  14,  reproduced 
in  Anderson’s  “ Pictorial  Glyptic  Arts  of 
Japan  ”)and  in  these  delicate  paintings  of  birds 
and  flowers.  Kakemonos  11-16,  yDu  will  recog- 
nise a true  artistic  genius  which  illuminates  his 
figure  sketches  with  life  vigour,  and  which  gives 
to  his  landscapes  and  flower  pictures  a tender 
sentiment  far  removed  from  any  merely  arti- 
ficial school.  Travellers  in  Japan  ascending 
mountains  and  hill  tops,  whence  beautiful  views 
are  described,  come  frequently  to  monumental 
stones,  beneath  which  is  said  to  be  buried  the 


pencil  of  Motonobu  ; for  so  much  was  his  pic- 
torial genius  venerated  in  Japan,  that  in  many 
spots  celebrated  for  the  natural  beauties  of  the 
view  the  tradition  long  lingered  that  Motonobu 
standing  there  had  endeavoured  to  depict  the 
natural  beauties  of  the  landscape,  and  im- 
patient at  the  difficulties  which  even  his  genius 
felt  in  fixing  on  the  paper  the  evanescent 
beauties  of  the  scene,  had  thrown  to  the 
ground  his  pencil,  which  was  buried  beneath 
this  monument.  The  prevalence  of  this  fanciful 
tradition  in  various  localities  testifies  of  course 
only  to  the  wide-spreading  fame  of  Motonobu 
and  to  the  traditional  veneration  for  his 
talent.  I am  fortunate  in  being  able  to  show 
you  several  authentic  specimens  of  the  rare 
work  of  the  great  artist  who  is  known  as 
"the  Raphael  of  Japan.”  Next  to 
Motonobu  in  talent,  in  this  school,  ranked 
Tanyu,  in  the  17th  century.  Tanyu  was  the 
grandson  of  Eitoku  in  the  i6th  century,  who 
was  himself  the  grandson  of  Motonobu.  Tanyu 
was  one  of  three  orphan  brothers,  and  in  his 
childhood  the  fame  of  the  school  of  Kano  had 
greatly  declined.  All  three  of  the  brothers, 
Tanyu,  Naonobu,  and  Yasunobn  showed 
great  pictorial  genius.  The  story  runs  in 
great  detail  that  they  were  brought  up  and 
carefully  trained  by  their  grandfather,  Eitoku, 
in  the  traditions  of  the  school  of  Kano 
Monotobu,  but  in  order  that  they  might  not 
fall  into  servile  imitation,  they  were  trained 
apart  from  each  other.  They  were  taught  to 
go  direct  to  nature  for  their  inspiration,  and 
lest  they  should  become  too  strictly  imitative, 
they  were  not  even  allowed  to  see  each  other’s 
work.  Tanyu  was  the  most  famous  of  the 
three  and  rose  to  the  highest  honours  of 
the  State  to  which  a painter  could  aspire. 
He  received  the  title  of  Kunikuo  Hogen, 
equivalent  to  that  of  minister  of  the  imperial 
household,  and  to  a higher  grade  than  that 
of  Hogen.  His  generosity  was  equal  to  his 
fame  and  wealth,  and  many  stories  are  told  in 
illustration  of  it.  His  ablest  pupil  was 
Morikuni,  who  was  very  dissolute  and  untrust- 
worthy, and  acquired  the  bad  habit  of  not 
only  skilfully  imitating  his  master,  but  of 
forging  his  signature.  To  wean  him  from  this 
habit  of  too  close  imitation,  Tanyu  dispatched 
him  to  a distant  province,  with  ample  means 
for  spending  time  in  original  study  direct  from 
natural  sources.  After  a year  or  two  he  visited 
the  district,  and  on  arriving  he  made  himself 
known  as  Tanyu  to  the  innkeeper  at  whose 
house  he  stayed.  This  statement,  however, 
was  received  with  derision.  Tanyu,  they  said. 
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is  already  here ; we  have  one  of  his  paintings 
in  the  house,  and  he  is  too  well-known  and  is 
too  highly  esteemed  in  this  district  for  an 
impostor  to  have  any  chance  of  imitating  him. 
Brought  in  front  of  this  picture,  Tanyu  recog- 
nised the  work  of  his  errant  pupil,  but  rather 
than  expose  him  he  endured  the  humilation  of 
a supposed  impostor,  and  at  once  returned 
home.  The  early  work  of  Tanyu  is  that  almost 
of  a miniaturist,  so  minute  was  his  drawing 
and  so  careful  his  study,  and  his  earlier 
pictures  are  said  to  be  very  much  in  the  manner 
of  the  Chinese  artists.  His  later  pictures, 
however,  are  impressionist  in  the  highest 
degree,  and  an  album  which  I have  in 
my  possession  painted  by  Tanyu  shows  an 
extraordinary  power  of  brush,  in  giving,  by 
a few  almost  shapeless  blotches  and 
strokes,  impressions  of  mountain  scenery 
shrouded  in  mist,  of  lakes  on  which  float 
shadowy  boats,  and  defiles  across  which  pass 
processions  of  travellers.  One  of  the  drawings  is 
reproducedby  Anderson.  Examined  closely,  they 
are  nothing  but  rapidly  touched-in  blotches  of 
Chinese  ink,  sometimes  a thin  wash  and  some- 
times a rapid  and  heavy  blot ; but  looked  at 
from  a distance,  there  are  poetic  eifects  of 
mountain,  lake,  cloud  with  the  most  poetic 
impressionism,  which  artists  skilled  in  the 
brush  will  recognise — a work  only  possible  to 
a man  thoroughly  skilled,  in  the  first  instance, 
in  a minute  knowledge  of  natural  form,  and 
perfectly  sure  of  himself,  and  secure  in  the 
results  which  he  could  produce  by  the  slightest 
means.  It  is  impressionism  carried  to  the 
extreme:  one  which  our  latest  19th  century 
artists  here  and  in  France  recognise  and  some- 
times reproduce  without  always  possessing 
a perfect  knowledge  of  artistic  effect,  and  the 
security  which  Tanyu  acquired  by  elaborate 
drawing  and  persevering  study  in  his  early 
life.  There  are  many  fine  examples  of 
Kakemonos  by  Tanyu  in  the  collection  of  the 
British  Museum. 

School  of  Matahei  (Popular). 

Early  in  the  i6th  century  Matahei,  apupil  of 
Mitsushige,  one  of  the  masters  of  the  Toza 
school,  set  himself  free  from  the  formal  influence 
of  that  academy,  and  began  a school  of  popular 
painting  purely  Japanese,  which  is  most 
habitually  recognised  in  Europe  as  cha- 
racteristic of  the  genius  of  the  people.  De- 
parting from  the  traditions  which  confined  an 
artist  to  depicting  ancient  traditional  subjects, 
court  ceremonials,  historic  and  legendary 
Dersonages,  he  became  interpreter  of  the 


national  life  of  the  people,  and  of  the  figures 
which  he  saw  around  him.  The  specimens  of 
his  work  at  this  later  period  of  his  art  are  as 
rare  as  they  are  refined,  and  are  highly  prized,  t 
I have  been  able  to  obtain  the  example  which  | 
I show  you,  than  which  it  is  generally  ad-  H 
mitted  no  finer  exists  (engraved  in  Anderson’s 
“ Pictorial  Arts  ”). 

In  this  picture  of  the  i6th  century  by  , 
Matahei,  you  will  recognise  a delicate  ) 
draughtsmanship  and  a vivid  and  life-like  ! 
characterisation ; while  the  harmony  and  | 
delicacy  of  colour  are  equal  to  anything 
which  contemporary  art  has  produced.  Two 
of  his  most  famous  followers  are — Moronobu,  . 
of  whose  works  I have  no  specimen,  and 
Choshun,  to  whose  brush  we  owe  the  brilliant  1 
but  harmonious  and  graceful  picture  of  the 
Japanese  lady  in  full  costume  which  hangs 
before  you,  and  which  has  been  beautifully 
reproduced  in  coloured  chromolithograph  by 
Mr.  Audsley  in  the  fourth  part  of  the  “ Orna- 
mental Arts  of  Japan.”  Moronobu  was  the 
first  artist  of  repute  who  made  a speciality  of 
book  illustration,  and  the  first  signs  of  the 
great  powers  of  the  Japanese  engravers  are 
found  in  the  illustrations  of  numerous  books  of 
Moronobu  interpreting  the  life  of  the  Japanese 
gentlemen  and  gallants  of  his  time,  as  well  as 
in  the  illustration  of  poems,  scenes  of  Japanese 
story,  and  drawings  of  beautiful  women.  I 
shall  have  presently  to  refer  again  to  this 
school  of  illustrators,  but,  meantime,  I must 
complete  the  outline  which  I have  to  give 
to  you  of  some  of  the  leading  painters  of 
kakemonos. 

School  of  Korin. 

Korin  was  the  outcome  of  the  school  of 
Koyetsu.  Koyetsu  was  a man  of  original  1 
genius  belonging  to  the  Tosa  school,  born 
at  the  end  of  the  i6th  century,  and  whol 
died  in  the  middle  of  the  17th  century.  He: 
was  at  once  a pictorial  artist  bred  in  the 
traditions  of  the  Tosa  academy,  a man  of' 
letters,  an  eminent  expert  in  what  was! 
then  a special  department  of  knowledge, 
the  forging  of  sword  blades,  and  the  deter-! 
mination  of  a history  of  the  ancient  swords ; 
a great  chajin,  or  master  and  expert  in  the  tea 
ceremonial,  and  skilled  to  a high  degree  ini 
the  decoration  of  lacquer.  I have  spoken  of 
Koyetsu,  in  speaking  last  week  of  lacquer,  in 
which  he  originated  a new  and  bold  school  of 
decoration,  in  which  Korin,  on  the  one  hand, 
and  Sotatsu  on  the  other,  his  two  most  dis- 
tinguished pupils,  became  accomplished 
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masters,  and  founders  of  a distinctly-original 
and  masterly  school  of  decoration.  Ogata  Korin, 
who  died  in  1716,  at  the  age  of  fifty-six,  was 
essentially  a decorative  artist,  remarkable  for 
the  vigorous  adoption  of  an  internationally  flat 
and  conventional  style  of  drawing,  audaciously 
impressionist,  but  possessing  great  resource  of 
colour  and  striking  originality.  I show  you 
three  kakemonos  from  his  hand,  the  one  a 
strictly  decorative  design  of  peonies  and  leaves, 
and  the  other  of  birds  and  flowers  (26-29). 
is  as  unnecessary  as  it  would  be  difficult  to 
describe  a style  so  purely  original  and  conven- 
tional as  that  of  Korin,  and  of  which  a merely 
casual  inspection  leaves  a permanent  im- 
pression upon  your  mind.  This  screen,  in 
which  the  whole  background  is  in  skilfully 
varied  tones  of  yellow  gold,  with  masses  of 
white  chrysanthemum  flowers,  formally  treated 
and  raised  in  low  relief,  enriched  with  spring- 
ing  green  leaves  treated  with  consummate 
firmness  of  line  and  decorative  skill,  is  one  of 
the  finest  known  specimens  of  the  style  of 
Korin  as  a decorative  artist,  and  is  a noble 
work  characteristic  of  the  sense  of  colour  and 
design  peculiar  to  the  Japanese  genius.  Of 
Korin’s  work  as  an  artist  in  lac,  and  the  school 
which  he  founded,  you  will  find  numerous  ex- 
amples in  this  collection,  and  I have  already 
referred  to  his  influence  in  founding  a school 
in  lacquer  as  in  painting.  His  brother  Kenzan, 
the  famous  artist  in  pottery,  came  under  his 
influence  as  a painter  and  as  a lacist.  I have 
shown  you  some  of  the  rare  specimens  of  his 
lac,  and  much  of  his  work  as  a potter. 
The  Kakemono  representing  dogs  at  play 
(Kakemono,  No.  29)  is  a good  example  of 
Kenzan’s  highly  impressionist  style  as  a 
painter,  and  perhaps  you  will  think  it  is  carried 
to  too  great  an  extreme,  but  studied  with  some 
sympathy,  and  at  a distance  at  which  its 
qualities  can  be  appreciated,  no  one  can  deny 
its  masterly  skill.  A contemporary  of  Korin 
was  Sotatsu,  whose  delicate  brush  work  is 
exemplified  in  this  picture  of  street  mummers 
maskinganddancing(No. 22).  Accordingto  the 
traditions  of  the  records  of  the  school  of  Kano, 
Sotatsu,  and  indeed  Korin  belong  to  the  teach- 
ings of  that  academy,  and  were  pupils  of  Kano 
Yasanobu.  It  is  a tradition  ot  the  Japanese 
books,  and  it  is  the  theory  to  which  Mr. 
Fenalosa  following  the  Wakusho-gwa-shiu- 
ran  maintains,  and  to  which  he  gives  his 
critical  adherence.  I would  by  no  means  enter 
into  the  lists  with  Mr.  Fenalosa,  whose  know- 
ledge of  the  practice  and  history  of  the  historic 
schools  of  Japanese  art  is  profound,  and  based  1 
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upon  long  continued  studies  and  the  examina- 
tion of  an  immense  number  of  examples  of  the 
works  of  the  Japanese  artists  in  his  own  collec- 
tion, and  studied  on  the  spot  in  various  localities 
in  Japan,  but  I confess  that  in  the  work  of 
Sotatsu  I can  discover  no  similarity  whatever 
to  any  of  the  works  of  the  Kano  school,  and 
no  trace  of  the  influence  of  their  style.  That, 
however,  is  an  academic  discussion  into  which 
you  will  not  care  to  enter.  The  school  of 
Korin  had  but  few  followers  among  the 
painters,  but  it  was  revived  by  Hoitsu  at  about 
the  beginning  of  the  present  century,  who  pub- 
lished collections  of  the  designs  of  Korin,  and 
established  in  the  beginning  of  the  century  a 
new  Korin  academy,  which  rescued  from  com- 
parative oblivion  this  original  andcharacteristic 
branch  of  Japanese  pictorial  art.  I show  you 
three  works  of  Hoitsu  (Nos.  43-45),  in  which 
you  will  recognise  the  decorative  style,  and  the 
rich  instinct  of  colour  little  inferior  to  that  of 
the  master. 

The  Naturalistic  Shijo  School  (School 
OF  Okio). 

The  naturalistic  school  of  Japanese  art  may 
be  said  artistically  to  commence  with  Okio 
(born  in  1732).  Of  the  work  of  this  most 
famous  master  you  will  be  able  to  judge  by 
the  picture  which  I put  before  of  the  three 
puppies  at  play  (No.  32);  by  this  picture  of  the 
winter  flight  of  Tokiwa,  mother  of  the  two  lads, 
Yoritomo  and  Yoshitsune,  destined  to  become 
the  founders  of  a great  dynasty  of  shoguns 
(No.  33) ; while  by  the  landscape  (No.  34),  and 
in  a less  degree  by  the  fox  (No.  35),  you  will  see 
how  far  he  departed  from  the  traditions  of  the 
Chinese  school  in  which  he  was  probably  bred  ; 
how  true  to  nature ; how  perceptive  of  the 
grace  of  animal  forms  ; how  refined  and  har- 
monious in  colour,  and  how  just  in  balance. 
I think  no  picture  in  my  collection  attracts 
more  general  admiration  from  the  quite  un- 
initiated observer  than  do  these  products  of 
the  brush  of  the  great  founder  of  the  natural- 
istic school.  It  is  recorded  of  Okio  that  his 
faithful  study  of  nature  led  him  habitually  to 
consult  peasants  and  unlearned  persons  as  to 
the  impression  produced  on  them  by  his 
pictures,  and  there  are  many  curious  traditions 
of  his  sacrificing  some  of  his  best  works  to  the 
pointed  criticisms  of  merely  peasant  critics. 
Among  the  mass  of  more  or  less  clever  imita- 
tions of  Okio,  which  the  popularity  of  his  style, 
and  the  attractiveness  of  his  subjects  has  pro- 
duced, it  is  not  always  easy  to  discern  true 
from  false  Okios.  There  are  probably  as  many 
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spurious  Okios  and  Sosens  in  existence  as 
there  are  sham  Rembrandts  and  Vandykes, 
and  before  paying  a large  price  for  a kake- 
mono, either  of  Okio  or  Sosen,  it  is  well  to 
refer  them  to  an  expert  in  order  to  be  sure 
that  you  are  not  acquiring  a merely  clever 
imitation.  His  seal  is  unscrupulously  forged, 
and  his  style  is  still  dexterously  reproduced.  I 
have  mentioned  here  incidentally  the  name  of 
perhaps  the  most  celebrated  master  of  the 
naturalistic  school  in  animal  painting  next  to 
Okio,  Sosen.  Sosen  was  born  in  the  year  1746, 
and  died  in  1821,  He  was  an  animal  painter 
of  wide  range,  but  his  favourite  subject  was 
the  ape,  and  he  is  especially  noted  for  his 
drawings  of  monkeys.  He  has  two  styles  : 
the  one  delicate  and  sometimes  elaborate,  the 
other  rough  and  impressionist.  The  pane- 
gyric of  Sosen  is  in  the  mouth  of  every  one 
now.  His  original  works  are  sought  after  by 
all  collectors  of  Japanese  painting,  and  they 
speak  directly  to  every  eye.  He  approaches 
more  nearly  to  the  European  standard  of 
naturalistic  painting  than  perhaps  any  other 
Japanese  artist;  the  humour  and  malice,  the 
human  passions  of  affection,  greed,  and 
maternal  love,  the  quaint  attitudes  and 
anthropoid  characteristics  of  the  monkey 
have  never  been  depicted  with  equal  fidelity 
and  sympathy  (36  to  39).  The  pictures 
I put  before  you  speak  for  themselves,  but 
here  also  you  must  be  aware  of  the  in- 
numerable forgeries  with  which  the  demand 
for  Sosen’s  work  has  flooded  the  European 
market.  His  son  Sosetsu  rivalled  his  father, 
but  never  equalled  him.  There  is  an  artist, 
Gansen,  of  the  highest  talent,  who  imitated 
Sosen  with  the  utmost  skill,  and  it  is  unfortunate 
that  he  should  have  carried  his  imitation  to  the 
extent  of  habitually  applying  Sosen’s  seal  to 
his  own  work,  which  has  quite  sufficient  merit, 
as  this  picture  signed  by  himself  in  his  own 
name  will  show  you,  to  stand  on  its  own  merits. 
'I'here  is  one  little  characteristic  which  will 
assist  you,  apart  from  study  of  the  brush  work 
of  Sosen,  to  distinguish  the  imitations  from  the 
originals,  and  that  is  that  Sosen  recognised  very 
•clearly  the  peculiar  angularity  of  the  joints  in  the 
ape,  and  you  will  find  it  always  well  marked  and 
defined.  His  imitators  failed  in  this  respect, 
and  in  most  of  the  imitations  you  will  find  a 
roundness  of  the  articulations  of  the  arm  and 
leg  which  is  untrue  to  nature,  but  which  is 
very  general  in  all  forgeries  which  I have  seen. 
So,  for  instance,  in  the  admirable  reproduction 
in  chromolithograhpy  in  Mr.  Audsley’s  last 
beautiful  work  on  the  “Ornamental  Arts  of 


Japan,”  it  is  quite  easy  for  the  expert  to  see, 
even  in  the  chromolithograph,  that  that  is  a 
reproduction  of  a clever  forgery  of  Sosens  and 
not  of  an  original  work.  I am  drawing  now  to 
the  close  of  the  pictorial  line.  Next  to  Sosen 
must  be  placed  Ippo,  celebrated  for  his  draw- 
ings of  birds  and  flowers ; an  artist  of  the 
early  part  of  this  century,  whose  picture 
of  a bird  and  cherry  blossoms  (No.  55) 
you  will  admire  as  belonging  to  the  most 
successful  efforts  of  the  school.  Hoyen,  also 
a bird  and  flower  painter,  of  consummate  skill, 
whose  son  is  still  doing  very  good  work,  but 
of  a more  degenerate  character  (52-53),  and 
Keibun,  whose  bird  drawings  are  excellent,  but 
of  him  I cannot  show  you  at  present  an 
example.  There  is  one  original  artist,  a con- 
temporary of  Okio,  who  founded  a school 
which  is  known  by  his  name,  Ganku.  The 
style  of  Ganku  is  in  its  origin  essentially 
Chinese,  imitating  the  artists  of  the  Sung 
dynasty.  His  powerful  drawing  and  specialties 
of  colouring  gave  him  a great  reputation 
(especially  in  the  drawings  of  tigers),  and 
established  him  as  the  head  of  an  academy  at 
Kioto,  in  which  he  had  some  noted  followers 
who  adopted  the  first  part  of  his  name,  accord- 
ing to  the  Japanese  custom,  and  were  known 
as  Gantai,  Gantoku,  and  Ganrio.  I come  now 
to  the  school  described  as  the  artisan  or 
Ukiyo  school. 

The  Ukiyo  School. 

This  school  shone  most  especially  in  its 
engravings  and  illustrated  books.  As  was  the 
case  in  other  branches  of  Japanese  art,  the 
first  engravings  of  Japan  were  Buddhic  images 
accompanying  short  prayers,  engraved  on 
wood,  and  hand-printedon  paper.  The  Buddhist 
Bibles  are  often  accompanied  by  illustrations, 
but  in  later  days  the  glory  of  the  great  school 
of  Japanese  book  illustration  belongs  princi- 
pally to  the  popular  school,  and  to  the  school 
of  Kano.  In  the  popular  school,  Hishikawa 
Moronobu  illustrated  a number  of  works  which 
were  delicately  printed  with  fine  black  ink, 
between  1670-1700.  Copies  of  these  are  rare, 
and  highly  valued. 

The  pupils  of  Moronobu  developed  this 
branch  of  art  in  Yedo,  and  towards  1700 
Torii-Kiyonobu  and  Okumura-Masanobu  ex- 
tended the  renown  of  this  school. 

At  Osaka,  an  artist  of  Kano,  Tachibana- 
Morikuni,  published  successively  a series  of 
about  twenty  works,  which  appeared  in  more 
than  100  volumes. 

At  Kioto,  Nishikawa  Sukenobu  illustrated 
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books  of  poetry.  His  drawings  are  studies 
of  manners  remarkable  for  their  grace. 
Fashion  and  the  rivalry  between  the  three 
great  cities  tended  to  help  to  raise  the  xylo- 
graphic  art  of  Japan  of  this  period  to  a pitch 
of  great  perfection. 

An  artist  of  Yedo,  Suzuki  Harunobu,  who 
had  already  published  illustrated  books  of  the 
most  exceptional  talent,  occupied  himself  with 
perfecting  colour  printing ; a process  which 
had,  however,  been  employed  at  least  as  early 
as  1695,  though  it  is  not  known  by  whom  it 
was  originated.  Some  documents  ascribe  the 
credit  to  Moronobu,  others  to  Tori-i  Kiyonobu. 
and  others  to  Nishimura.  These  illustrated 
sheets,  which  were  usually  coloured  red  and 
powdered  with  gold,  are,  however,  of  a some- 
what primitive  character.  Much  study,  and 
many  experiments,  had  prepared  Harunobu  to 
take  advantage,  in  1675,  of  an  opportunity 
which  occurred  at  the  great  Shintoist  festival 
which  took  place  at  the  temple  of  Yushima,  at 
Yedo.  Two  young  girls  performed  on  that 
occasion  in  the  sacred  dance  in  the  temple 
with  great  success,  and  Harunobu  published 
coloured  wood  engravings  of  these  dancers 
which  were  much  in  advance  in  the  perfection 
of  colouring  and  drawing  of  anything  which 
had  been  seen,  and  achieved  great  fame.  He 
then  successively  published  a series  of  coloured 
works,  which  opened  a new  period  in  the 
history  of  this  popular  Japanese  art.  Soon 
his  contemporaries  began  to  use  to  advantage 
the  new  invention,  and  among  these,  Kita-wo- 
Shigemasa  and  Katsukawa  Shunsho  dis- 
tinguished themselves.  They  published  a 
magnificent  series  of  books  illustrated  with 
coloured  engravings,  preserving,  in  the  first 
instance,  the  format  of  Harunobu. 

An  artist  of  the  Tori-i  school  struck  out  a 
new  line,  and  made  further  progress.  This 
was  Seki  Kiyonaga.  He  enlarged  the  size, 
and  issued  plates  composed  of  three  sheets. 
In  the  work  of  Kiyonaga  the  design,  colour, 
and  grace  of  line  leave  little  to  desire,  and  the 
form  which  he  adopted  in  1775  has  remained 
the  classic  model  for  the  subsequent  schools  of 
Japanese  engravers  and  colour  printers.  The 
tone  and  colour  of  Kiyonaga  was  continued  by 
the  great  draughtsman  who  followed  him,  and 
who  produced  the  most  remarkable  works, 
such  as  Kita-o  Masayoshi  and  Kita-o  Masanobu 
(both  of  the  school  of  Shigemasa),  Hosoda 
Yeishi,  Korusai,  Kitagawa  Utamaro,  Utagawa 
Toyokuni. 

Shunsho  adopted  a special  form  in  his  colour 
drawing,  long  and  narrow,  and  in  this  form  he 


published  a long  series  of  representations 
of  dramatic  scenes  and  celebrated  actors. 
His  pupils,  Shunko  and  Shunyei,  were  almost 
as  skilful  as  their  master.  During  this  period 
the  school  of  Tori-i  continued  to  publish  flying 
sheets  of  coloured  engravings  of  theatrical 
scenes,  and  portraits  of  actors  in  the  old  form, 
with  inferior  colouring,  and  on  paper  of 
secondary  quality.  Kiyomitsu,  however,  a 
master  of  this  school,  has  produced  very 
graceful  drawings,  notwithstanding  these  de- 
fects. An  artist  named  Ippitsusai  Buncho 
adhered  to  the  colouring  of  Harunobu,  and 
ihe  format  of  Tori-i.  His  drawings  of  actors 
push  the  affectation  of  grace  even  to  feeble- 
ness, but  there  is  something  exceedingly  re- 
fined both  in  colouring,  and  style,  which  is 
peculiar  to  Buncho. 

A young  artist,  who  became  the  pupil  of 
Shunsho,  and  whose  first  career  was  that  of  a 
man  of  letters,  showed  quickly  extraordinary 
artistic  talent,  and  renouncing  the  literary 
career,  became  the  popular  artist  of  his  time, 
and  has  left  a reputation  which  has  over- 
shadowed that  alike  of  his  predecessors  and  of 
those  who  followed  him.  This  was  Hokusai. 
He  published  a long  series  of  illustrated  books 
and  coloured  sketches  towards  the  end  of  the 
1 8th  century,  which  produced  an  extraordinary 
sensation  in  the  artistic  world  of  Japan  from 
the  individuality  of  design.  The  marvellous 
fertility  of  his  imagination,  and  the  power 
which  he  possessed  of  representing  every 
variety  of  subject  in  the  range  of  ordinary  life 
and  of  nature,  with  truthfulness,  humour,  and 
unerring  accuracy  of  design  which  have  never 
been  surpassed. 

The  works  of  Hokusai  have  achieved  so 
world  wide  a reputation,  and  have  been  the 
object  of  such  careful  study  by  nearly  every 
one  who  has  written  in  the  pictorial  and 
xylo graphic  art  of  Japan,  that  I needly  only 
refer  you  to  the  monographs  of  M.  Duret,  to 
the  chapters  of  M.  Gonse,  and  to  the  pages  of 
Mr.  Anderson  for  his  eulogium.  Mr.  Whistler, 
in  the  peroration  of  his  address  on  art  last 
year,  spoke  of  Hokusai  as  the  greatest 
pictorial  Japanese  whom  the  world  has  seen 
since  Vandyke.  His  drawings  form  the  staple 
of  the  illustrations  of  Reed,  Alcock,  and  others 
in  their  chapters  on  pictorial  arts.  I put  before 
you  not  only  a number  of  his  surimonos  and 
sketch  books,  hand-printed  from  his  drawings, 
but  I am  also  able  to  show  you  a remark- 
able specimen  of  his  hanging  pictures  or 
kakemonos,  in  his  picture  of  the  Oukumi  ex- 
pelling the  house  demon  on  New  Year’s-day 
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with  a shower  of  beans.  This  has  been 
admirably  reproduced  by  Mr.  Audsley  in  a 
chromolithograph  in  the  “ Ornamental  Arts 
of  Japan.”  I am  further  able  to  show  you 
this  unique  collection  of  upwards  of  forty 
drawings  made  by  Hokusai  for  a work  which 
he  had  projected,  but  of  which  only  a part  was 
published,  illustrating  “ Extracts  from  the  One 
Hundred  Poets  of  Japan.”  The  existence  of 
these  drawings  was  unknown  either  in  Japan 
or  Europe,  and  they  constitute  an  unique 
treasure.  They  came  into  my  possession 
quite  recently,  with  documents  absolutely 
confirming  their  authenticity,  which,  however, 
requires  no  confirmation.  You  have  only  to  look 
at  the  marvellous  accuracy  and  rapidity  of  the 
draughtsmanship  which  is  visible  in  every  line 
of  them,  the  certainty  and  delicacy  of  touch,  the 
infinite  fancy  and  the  genius  whichthey  display, 
to  satisfy  yourselves  that  they  are  from  the 
hands  of  an  unsurpassable  master — one  in 
whom  the  vis  comica  is  often  carved  to  the 
point  of  caricature,  but  who  is  quite  unique 
in  his  fancy,  his  skill,  and  his  method  of 
execution,  and  who  largely  deserves  the 
enthusiasm  which  is  lavished  on  him.  These 
drawings,  like  most  of  Hokusai’s  w'orks, 
were  intended  to  be  cut  in  wood,  and  were 
drawn  upon  thin  paper  for  this  purpose.  Had 
the  work  been  completed,  they  would  have 
been  destroyed,  as  have  been  the  others  of  the 
series  which  were  published.  The  process  of 
the  Japanese  wood  engraver  was  to  affix  the 
original  drawing  to  the  blocks,  so  that  the 
original  drawing  was  destroyed  in  the  act  of 
cutting  the  block.  It  is  only  owing  to  the 
circumstances  that  the  intention  of  completing 
the  work  (of  which  the  first  half  has  been  pub- 
lished) was  abandoned,  that  these  drawings 
still  exist  in  their  original  state  as  a pre- 
cious memento  of  the  handiwork  of  this 
great  master.  I have  been  applied  to  by 
M.  Gillot,  of  Paris,  to  allow  them  to  be  repro- 
duced by  one  of  the  modern  photographic  pro- 
cesses, which  will,  of  course,  in  no  way  injure 
the  originals  ; and  as  I think  it  will  be  churlish 
not  to  facilitate  the  reproduction  and  publica- 
tion of  these  delightful  and  hitherto  unknown 
series  of  sketches,  I have  with  pleasure  con- 
sented. Many  of  the  most  exquisite  produc- 
tions of  Hokusai  are  coloured  sheets  known  as 
surimonos.  Surimonos  correspond,  only  in  a 
more  artistic  fashion,  to  our  New  Year’s  cards. 
They  are  flying  sheets  of  illustrations,  the 
production  sometimes  of  an  accomplished 
artist,  sometimes  of  an  amateur,  carefully 
printed  by  hand  in  colour,  and  were  sent  to 


friends  on  the  occasion  of  the  New  Year’s-day.  L 
Hokusai  was  distinguished  above  all  others  in 
the  production  of  these  surimonos,  and  some 
of  his  most  exquisite  and  artistic  designs  are 
in  this  form.  Some  of  them  are  delicately  pro- 
duced in  M.  Gonse’s  book.  The  year  1804  1 
was  a year  of  general  festival  in  Japan,  and  || 
New  Year’s-day  was  celebrated  with  great  || 
pomp  on  that  occasion,  for  in  the  lunar  j 
calendar  of  Japan  the  ages  are  divided  by  a 
series  of  sixty  years,  and  1804  was  the  first 
year  of  a series  corresponding  in  the  Zodiac  to 
Kinoye-Ne,  an  emblem  of  Daikoku,  the  god  of 
prosperity,  and  this,  therefore,  was  looked  for-  1 
ward  to  as  a good  year,  which  would  bring 
happiness  and  fortune.  Surimonos  were  largely 
produced  this  year,  according  to  the  fashion  1 
which  had  commenced  in  the  i8th  centur)q  i 
as  a sort  of  luxurious  visiting  card  ex- 
changed on  the  New  Year’s-day,  andj 
Hokusai  put  forth  his  greatest  efforts  to 
meet  the  demands  of  his  patrons.  The, 
surimonos  of  Hokusai  are  among  the  most 
exquisite  products  in  colour  printing  which  are 
known  to  artists.  Hokusai’s  surimonos  have 
been  collected  with  great  avidity  at  high  prices, : 
and  although  he  produced  a considerable, 
number,  they  are  now  very  scarce  and  difficult! 
to  obtain.  The  pupils  of  Hokusai,  such  as 
Hokkei  and  Gakutei,  also  issued  exquisitei 
surimonos. 

From  this  date  the  large  format  which 
Kiyonaga  had  introduced  passed  into  handsi 
of  the  popular  artists,  and  became  universally' 
adopted  through  the  efforts  of  Toyokuni  andj 
his  school.  They  were  skilful  draughtsmen,! 
and  produced  remarkable  coloured  sheets,! 
but  the  great  demand  for  them  and  the  low 
price  at  which  they  were  sold,  brought 
about  a gradual  decadence  both  in  colour 
and  finish,  Hokusai  produced,  in  additioni 
to  these  coloured  engravings,  a considerable! 
number  of  book  illustrations  either  in  black, 
or  black  slightly  coloured,  and  a selection! 
of  his  works  is  an  illustration  of  the  wholei 
life  and  nature  of  Japan  in  his  days.  The! 
whole  list  of  the  works  of  Hokusai  is  hardly  yelj 
authoritatively  made  out.  To  understand  fullji 
the  genius  of  Hokusai  it  is  necessary  to  follow 
the  whole  range  of  his  most  fertile  genius. 

Ichirusai  Hiroshige  was  an  artist  who  pub-i 
lished  some  interesting  series  of  coloured  wood 
engravings,  among  which  especially  are  z 
series  of  studies  of  landscape  on  the  route  0;, 
the  Tokaido,  which  are  much  esteemed  b} 
reason  of  his  having  introduced  better  elementJ 
of  perspective  than  his  contemporaries. 
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The  school  of  Toyokuni  was  continued  by 
Kunisada,  an  able  artist,  who  adopted  the  same 
name.  An  artist  who  also  greatly  distinguished 
himself  as  an  engraver  in  colours  at  the  be- 
ginning of  this  century  was  Kuniyoshi.  Hase- 
gawa  Settan  was  a designer,  who  illustrated, 
among  other  things,  the  twenty  volumes  of 
Yedo-meisho  with  talent.  Of  many  of  these 
you  will  find  examples  in  the  collection  which 
I have  placed  in  the  Library. 

Illustrated  books  and  coloured  engravings 
have  faHen  into  a state  of  great  decadence 
in  Japan  for  the  last  twenty  years,  and  the 
specimens  which  are  now  produced  are  very 
apt  to  be  crude  and  violent  in  colour,  rough  in 
execution,  and  imperfect  in  drawing. 

(To  he  continued) . 


CANTOR  LECTURES, 
ANIMAL  MECHANICS. 

By  B,  W.  Richardson,  M.A.,  M.D.,  F.R.S. 

Lecture  /. — Delivered  May  )^rd,  1886. 

Animal  and  Ordinary  Mechanisms 
Considered  and  Compared. 

( A bsUact.) 

After  a brief  introduction,  in  which  the 
lecturer  defined  as  natural  or  vital  mechanics 
those  mechanisms  which  are  produced  by 
nature  without  the  interposition  of  man  or  any 
animal  inferior  to  man,  he  showed  on  the 
screen  a series  of  photographic  and  diagram- 
matic illustrations  of  numerous  natural  me- 
chanical parts  — the  valve,  the  lever,  the 
camera,  the  pouch,  the  screw,  the  tube,  the 
vesicle,  the  column,  the  cord,  the  pulley,  the 
muscle,  and  the  joint.  He  then  drew  a com- 
parison bearing  on  originality  of  design 
between  natural  and  human  genius  for  inven- 
tion. On  this  subject  there  are  two  views  : 
one,  that  natural  and  human  inventive  skill  are 
independent  of  each  other,  though  alike  in 
character ; the  other,  that  human  inventive 
skill  is  an  imitation  or  copy  from  the  natural — 
an  idea  which  even  men  of  scientific  attain- 
ment had  supported. 

Dr.  Richardson,  in  treating  on  these  two 
hypotheses,  while  admitting  that  man  could 
not  be  said  to  have  invented  anything  that  did 
not  exist  in  nature,  and  therefore  only  re- 
created the  created,  and  while  also  admitting 
that  in  many  mechanical  works  of  nature  man 


might  find  many  copies,  maintained,  neverthe- 
less, that  the  human  faculty  for  mechanical 
invention  is  quite  independent,  and  that  man, 
in  invention,  as  often  re-copied  from  himself 
without  intention  as  he  did  from  nature,  also 
without  intention.  As  an  artist,  man  is  an 
imitator ; as  an  inventor,  he  is  original ; the 
phenomena  included  in  mechanical  problems 
being  to  him  abstractions,  like  good  and  evil, 
space  and  time.  In  support  of  this  view  Dr, 
Richardson  urged  the  following  reasons  : — i. 
That  if  man  in  his  inventions  were  a mere 
copyist,  he  would  rank  lower  in  this  respect 
even  than  insects,  which  were  mechanics,  but 
certainly  from  no  studied  imitation  from 
natural  objects.  2.  That  if  man  had  learned 
all  his  inventions  from  the  inventions  of  nature, 
he  would  have  been  a naturalist  first  and  a 
mechanician  afterwards  ; but  in  fact,  he  is  a 
wretched  naturalist;  a splendid  mechanic. 
3.  That  the  attempts  of  man  to  copy  from 
nature  in  mechanical  work  had  been  amongst 
the  least  successful  of  his  mechanical  re- 
sults, as  shown  in  his  attempts  from  and 
even  before  the  time  of  Borelli  to  make 
a flying  machine.  4.  That  the  skill  of 
man  in  all  his  great  mechanical  results  is 
cumulative,  has  its  origin  in  the  smallest 
beginnings,  and  progresses  step  by  step  on- 
wards by  human  skill  alone.  This  was  illus- 
trated in  the  development  of  electricity,  from 
the  first  experiment  of  children  rubbing  pieces 
of  amber  up  to  the  telephone  and  microphone, 
in  the  whole  of  which  mighty  development, 
although  the  phenomena  and  their  causes 
might  be  found  in  nature,  man  stood  alone  as 
the  inventor,  without  going  to  nature  for  any 
copy  of  her  designing.  5.  That  if  man  had 
been  a direct  copyist  from  nature,  in  his 
mechanical  work,  he  would  not  have  produced 
such  perfect  mechanisms  as  those  which  he 
has  constructed,  since  it  is  one  of  the  most 
remarkable  of  facts  that  many  of  the  most  im- 
portant natural  instruments  (for  example,  the 
eye-ball)  are  imperfect  in  details  of  construc- 
tion, unfinished,  to  use  a workman’s  term,  and 
liable  to  deviation  in  action.  On  the  whole, 
the  evidence  is  in  favour  of  the  belief  that  man 
is  endowed  with  independent  powers  of  in- 
vention. This,  however,  does  not  take  away 
from  the  study  of  nature  as  a teacher.  Her 
apparent  errors  may  be  guides ; she  may 
reveal  secrets  if  she  be  carefully  followed; 
she  may  certainly  suggest  economy  of  power 
and  of  adaptation  ; and  she  is  ever  deserving  of 
consultation  as  the  omnipresent  and  primitive 
mechanical  organiser  and  worker. 
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Lecture  II. — Delivered  May  lo,  1886. 

Materials  for  Construction. 

( A bstract.J 

The  materials  used  by  nature  in  her 
mechanical  works,  are  so  distinctive  that  we 
might  from  them  form  a fair  conception  of 
the  physical  condition  of  the  planet  at  the 
time  when  natural  mechanics  began  to 
have  an  existence.  The  number  of  parts 
entering  into  the  natural  constructions— fewer 
than  those  used  by  the  man  in  his  works 
— were  considered  first  from  their  elemen- 
tary forms  and  afterwards  from  the  com- 
pounds produced  by  the  elemental  com- 
binations. The  elements  used  by  nature  were 
divided  into  four  groups  : — [a)  The  gases  : 
o.xygen,  hydrogen,  nitrogen.  {b)  The  non- 
metallic  solids : carbon  and  sulphur,  (c)  The 
metals  : calcium  and  iron,  [d)  The  metalloid: 
phosphorus.  The  respective  uses  of  these 
elements  were  briefly  defined,  with  the  ex- 
planation of  an  experiment  made  by  Dr. 
Richardson  in  1869,  in  which  all  the  elements, 
except  the  carbon,  that  formed  the  body  of  an 
animal,  a smelt,  were  dispersedby  the  immersion 
of  the  dead  animal  under  molten  lead.  The 
carbon  remained  intact,  and  floated  to  the 
surface  of  the  molten  lead  in  the  precise  form 
of  the  animal,  as  its  mechanical  elementary 
skeleton,  the  solid  basis  of  its  construction. 
The  uses  of  the  elements  are  fairly  known, 
except  in  regard  to  the  metal  iron.  Iron,  the 
lecturer  said,  is  essential  to  some  vital  pur- 
pose, but  what  that  purpose  is  he  could  not 
venture  to  state.  It  had  been  thought  that 
iron  had  some  relation  to  the  colour  of  the 
•chief  fluid  of  animal  organisms,  the  blood  ; iron 
had  been  supposed  to  be  carrier  of  oxygen  ; he 
had  himself  supposed  that  it  might  be  a con- 
ductor of  an  electrical  current ; but  against  each 
and  all  of  these  views  there  were  objections 
which  at  present  were  unanswerable. 

h'rom  the  elements  Dr.  Richardson  passed 
to  tlic  compound  structures  formed  by  elemental 
combinations  and  used  by  nature  in  her  me- 
chanics. He  classified  such  compounds  for 
study  into  seven  great  groups  : (i)  The  gela- 
tinous ; (2)  the  resistant  or  bony ; (3)  the  con- 
tractile— muscular;  (4)  the  transparent  — 
lenses  and  humours;  (5)  the  receptive  — 
nerv'ous  centres,  screens,  and  cords  ; (6)  the 
elastic— elastic  tissue,  wherever  distributed ; 
and  (7)  the  aqueous— blood,  fluid  secretions, 
fluid  excretions.  The  organs  and  mechanisms 
made  or  formed  from  the  compounds  thus 
specified  were  passed  under  review,  and  by 


the  electric  light  there  was  shown  on  the 
screen  a large  number  of  illustrative  designs,  1 
many  of  them  direct  photographs  from  the 
natural  parts  themselves.  Under  the  first 
division  of  compound  structures  the  mem- 
branous structures  were  surveyed  as  in- 
vestments, as  valves,  as  tubes,  and  as  ' 

basements ; they  were  followed  by  views  ji 

of  ligaments,  cartilages,  tendons,  and  L 
fasciae,  and  so  on  through  the  other  li 

groups,  osseous,  muscular,  lenticular,  ner-  . 
vous,  and  elastic.  The  lecturer  indicated  j 

how  the  character  of  a structure  might  be  || 
changed  by  the  introduction  into  it  of  even  one  1' 
new  element,  such  as  sulphur  or  phosphorus.  jl 

He  dwelt  also  on  what  may  be  called  the  1 

natural  choice  or  selection  of  elements  for 
particular  objects,  as  the  light,  malleable, 
strong  metal  calcium  for  the  composition  of  ' 
the  solid  resistant  structure  of  bone.  He  ex- 
hibited a table  in  which  the  elements  used  by 
man  in  his  mechanical  inventions  were  shown 
to  exceed  in  number  those  of  nature,  while 
including  all  that  she  uses  in  her  work.  Then, 
dwelling  on  the  notion  of  the  ancient  philoso- 
phers, that  natural  mechanisms  were  made 
out  of  four  elements — air,  water,  earth,  and 
fire— he  explained  that  in  a general  sense  the 
ancients  were  correct : for  air  yielded  oxygen 
and  nitrogen;  water  yielded  oxygen  .and 
hydrogen  ; the  earth  yielded  oxygen,  calcium, 
sulphur,  phosphorus,  iron,  and  carbon — 
altogether  the  material  elements  most  wanted; 
while  fire,  or  the  motion  which  puts  these 
elements  into  work,  completes  the  series,  and 
yields  that  endowment  of  vital  property  which 
leads  to  structure,  form,  independent  action, 
motion  of  dead  matter,  life  itself  as  manifested 
in  its  varied  and  infinite  phenomena. 


General  Notes. 


Native  Industries  in  South  Africa. — The 
Zulu  Kaffirs  make  a variety  of  pots  and  jars,  some  of 
very  large  size,  out  of  clay,  which  they  bake,  and 
employ  for  holding  their  native  beer,  milk,  and  water. 
Some  of  the  native  boats  at  Delagoa  Bay  are  built 
on  the  European  model,  with  lateen  sails ; but  the 
most  singular  are  the  boats  made  by  the  natives  on 
the  Usutu,  and  which  are  brought  down  to  Lorenzo 
Marques  by  river.  They  are  sewn  together  through- 
out, and  approach,  more  or  less,  the  European  model, 
being  straight  or  curved,  as  the  planking  permits. 
They  have  a flat  stem  and  peaked  prow,  and  leak 
considerably,  despite  a plentiful  plugging  of  clay ; 
yet  the  natives  perform  voyages  of  100  miles  in  them 
by  sea  with  safety.  The  oars  are  merely  long  poles, 
with  a round  piece  tied  on  to  represent  the  blade. 
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NOTICES. 

♦ 

SECTION  OF  APPLIED  CHEMISTRY 
A AD  PHYSICS. 

The  Council,  after  careful  consideration,  have 
arrived  at  the  conclusion  that  the  work  for  the 
promotion  of  which  this  Section  was  originally 
founded  in  1874,  is  now  so  efficiently  carried 
on  by  the  Societies  specially  established 
for  the  purpose  (The  Institute  of  Chemistry 
and  the  Society  of  Chemical  Industry),  that 
the  necessity  for  a separate  Section  of  the 
Society  of  Arts  no  longer  exists.  They  have, 
therefore,  decided  to  discontinue  this  Section, 
under  the  belief  that  the  resources  and  the 
influence  of  the  Society  may  now  be  better 
applied  in  other  directions. 

H.  Trueman  Wood, 

Sccrefaty. 


ARRANGEMENTS  FOR  THE 
SESSIONS 

The  First  Meeting  of  the  One  Hundred  and 
Thirty-third  Session  of  the  Society  will  be  held 
on  Wednesday  evening,  the  17th  November, 
when  the  Opening  Address  will  be  delivered  by 
Captain  Douglas  Gallon,  C.B.,  D.C.L., 
LL.D.,  F.R.S.,  Chairman  of  the  Council. 
Previous  to  Christmas  there  will  be  four 
Ordinar}’’  Meetings,  in  addition  to  the  Open- 
ing Meeting.  The  following  arrangements 
have  been  made:  — 

November  24. — “ Purification  of  Water  by 
Agitation  with  Iron  and  by  Sand  Filtration.”  By 
William  Anderson,  M.Inst.C.E. 

December  i. — Adjourned  Discussion  on  the 
paper  read  by  Dr.  C.  Meymott  Tidy,  on  “Sewage 
Disposal.”  (Read  April  14,  i!^86.) 


December  8. — “ Glow  Lamps,  their  Use  and 
Manufacture.”  By  Major-General  C.  E. 
Webber,  R.E.,  C.B. 

December  15. — 


Papers  for  which  no  dates  have,  as  yet,  been 
fixed : — 

“ Development  of  the  Mercurial  Air-pump.”  By 
Prof.  Silvanus  P.  Thompson,  D.Sc. 

“ Photographic  Lenses.”  By  J.  Traill  Taylor. 
“Machinery  and  Appliances  used  on  the  Stage.” 
By  Percy  Fitzgerald. 

“Recent  Advances  in  Sewing  Machinery.”  By 
John  W.  Urquh.art. 

“Textile  Fibres  in  the  Colonial  and  Indian  Exhi- 
bition.” By  C.  F.  Cross. 

“ Irish  Industries.”  By  Rev.  Canon  Bagot. 

“ Cameo  Cutting  as  an  Occupation.”  By  J.  B. 
Marsh. 

“Adulteration  of  Beer.”  By  A.  Gordon  Salomon. 
“ Miners’  Safety  Lamps.”  By  Edward  H. 
Liveing. 


Foreign  and  Colonial  Section. 

The  meetings  of  this  Section  will  take  place 
on  the  following  Tuesday  evenings  at  Eight 
o’clock:  — 

January  25;  February  15;  March  i,  29;  April  19; 
]May  17. 


Indian  Section. 

The  meetings  of  this  Section  will  take  place 
on  the  following  Friday  evenings,  at  Eight 
o’clock : — 

Januaiy  21;  February  25  ; March  il ; April  i,  29; 
May  27. 


Cantor  Lectures. 

The  First  Course  will  be  on  “ Principles  and 
Practice  of  Ornamental  Design.”  By  LEWIS 
Foreman  Day.  Four  Lectures. 

November  29;  December  6,  13,  20. 

The  Second  Course  will  be  on  the  “ Diseases 
of  Plants,  with  special  reference  to  Agriculture 
and  Forestry.”  By  T.  L.  W.  Thudichum, 
M.D.  Three  Lectures. 

January  24,  31  ; February  7. 

The  Third  Course  will  be  on  “ Building 
Materials.”  By  W.  Y.  Dent,  F.C.S.,  F.LC. 
Four  Lectures. 

February  14,  21,  28  ; March  7. 

The  Fourth  Course  will  be  on  “ Machines 
for  Testing  Materials,  especially  Iron  and 
Steel.”  By  Prof.  W.  C.  Unwin,  F.R.S. 
Three  Lectures. 

March  21,  28  ; April  4. 
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The  Fifth  and  Concluding  Course  will  be  on 
The  Structure  of  Textile  Fibres.”  By  Dr. 
Frederick  H.  Bowman,  F.L.S.,  F.G.S. 
Five  Lectures. 

April  25 ; May  2,  9,  16,  23. 


Juvenile  Lectures. 

Two  Juvenile  Lectures  on  “ Soap  Bubbles,” 
by  Prof.  A.  W.  Reinold,  F.R.S.,  will  be 
given  on  Wednesday  evenings,  January  5th 
and  i2th,  1887,  at  Seven  o’clock.  Special 
tickets  will  be  issued  for  these  lectures. 


Proceedings  of  the  Society. 


ADDITIOJVAL  LECTURES, 

JAPANESE  ART  WORK. 

By  Ernest  Hart. 

Lectu7'e  III.  — Delivered  May  iSlk,  1886. 

(Part  II.) 

The  Old  Japanese  Porcelain  and 
Faience. 

By  the  common  consent  of  the  students  of 
keramic  art,  the  Japanese  were,  and  are,  the 
most  accomplished  and  artistic  potters  that 
the  world  has  seen.  In  some  departments 
they  were  excelled  as  artistic  makers  by  the 
Chinese,  their  original  masters.  The  fire  and 
the  brilliancy  of  the  vitrified  enamels,  and  the 
lustrous  glazes  of  the  old  Chinese  porcelain 
works  have  never  been  equalled.  The  mono- 
chrome porcelain  of  the  Ming  and  Kienlong 
periods,  the  ruby,  sang  die  bceicf,  imperial 
yellow,  crushed  strawberry,  peach  bloom, 
moonlight  blue,  camellia  green,  apple  green, 
and  other  rare  enamel  porcelain  of  old  China 
always  have  been,  and  still  remain,  inimitable. 
They  arc  as  much  admired,  and  even  more 
liighly  prized,  to  this  day  in  Japan  than  even 
in  China  or  in  Europe.  Yet,  strangely  enough, 
it  was  to  the  quality  of  the  porcelain  of  Japan 
that  its  great  artistic  fame  was  chiefly  due  in 
I-iurope  during  the  17th  and  i8th  centuries. 
The  peculiar  kind  of  porcelain  known  in  this 
country  as  old  Japan  ware,  and  described  by 
Jacquemart  as  the  “ chrysanthemo  - paeon- 
ienne  ” ware,  was  imported  in  great  quantities 
through  the  Dutch  monopolies  of  Deshima, 
and  formed  the  delight  of  patrician  buyers  for 
upwards  of  200  years.  It  was  chiefly  the  pro- 


duct of  the  province  of  Hizen,  and  still  forms 
the  basis  of  the  great  collections  of  Dresden, 
and  of  most  of  the  great  houses  and  palaces 
of  Europe.  Ic  is  not  to  be  undervalued. 
In  some  of  the  fine  specimens,  paste, 
glaze,  colour,  and  decoration  are  alike 
admirable.  The  passion  for  it  proved  a mine 
of  wealth  to  Dutch  traders  ; but  it  was  at  the 
same  time  somewhat  gaudy  and  monotonous 
in  decoration.  It  was  always  a secondary 
product,  manufactured  exclusively  to  please  the 
European  taste,  and  in  European  sizes  and 
shapes;  the  huge  vases  garnitures ; the 
great  bowls,  and  the  long  series  of  plates  of 
this  old  Japan  ware  had  nothing  in  common 
with  the  Japanese  taste,  and  are  of  little  value 
now  beyond  their  traditional  interest,  and  the 
recollection  of  the  part  they  once  played  in  the 
decorative  and  domestic  history  of  Europe. 
The  glory  of  old  Japan  is  its  porcelain  ware, 
the  works  of  the  private  kilns  of  certain  of 
the  princes,  and  the  choicest  works  of  the  old 
makers  of  blue  and  white  and  of  Kakiyemon  and 
Imari,  which  were  little  seen  in  Europe  until  the 
last  thirty  years.  The  specialty  of  the  Japanese 
keramists  was  their  faience  and  hard  stoneware, 
the  Raku  ware,  Kutani,  Bizen,  Oribe,  and  old 
Satsuma.  Of  these  highly  characteristic  speci- 
mens of  the  work  of  the  old  Japanese  faience, 
few  specimens  were  seen  in  this  country 
till  after  the  downfall  of  the  Tycoons. 
Happily,  Mr.  Franks,  in  this  country,  early 
appreciated  the  importance  of  studying  the 
artistic  pottery  of  old  J apan . The  collections  at 
the  South  Kensington  Museum,  and  those  which 
he  has  just  presented  to  the  nation  at  the 
British  Museum,  are  of  great  value  in  illustrat- 
ing this  previously  almost  unknown  chapter  in 
keramics  ; his  excellent  catalogues  will  dis- 
pense me  from  the  necessity  of  much  detail  as 
to  the  individual  potters  and  marks.  I propose, 
therefore,  only  briefly  to  illustrate  to  you  this 
novel  and  interesting  subject  by  a running 
commentary  on  the  succession  of  the  chief 
schools  and  of  the  great  masters ; of  which 
I am  able  to  show  you  some  of  the  most 
brilliant  specimens. 

Blue  and  White  Porcelain.— Shonsui 
Gorudayu. 

To  speak  first  of  porcelain,  which  has,  by  a 
generally  accepted  European  convention,  re- 
ceived the  first  place  in  the  keramic  art,  I 
would  call  your  attention  to  some  examples  of 
the  blue  and  white  porcelain  of  Japan,  the 
beauty  of  which  is  insufficiently  appreciated, 
inasmuch  as  we  have  accustomed  ourselves 


November  5,  1886.] 


JOURNAL  OF  THE  SOCIETY  OF  AR2S, 


iztg 


exclusively  to  admire  the  blue  and  white  of  the 
old  Chinese  potters. 

The  first  introduction  of  the  manufacture  of 
porcelain  into  Japan  dates  back  not  earlier 
than  1530,  when  one  Gorodayu  Shonsui,  of  the 
province  of  Ise,  travelled  to  China  to  learn  some 
of  the  secrets  of  the  porcelain  makers  of 
Foochow,  and  brought  to  Arita  in  Hizen 
the  art  of  mixing  and  baking  porcelain, 
and  decorating  it  with  blue  under  the  glaze. 
He  brought  with  him  from  China  the  clay,  the 
glaze,  and  the  colour,  for  at  that  time  the  in- 
gredients of  porcelain  had  not  been  found,  nor 
were  the  secrets  of  compounding  it  known  in 
Japan.  Thus  he  was  limited  both  in  his 
methods  and  the  amount  of  his  product,  but  he 
showed  considerable  skill,  and  has  an  endur- 
ing fame  as  the  father  of  Japanese  porcelain. 
He  made  only  blue  and  white  porcelain  under 
glaze,  and  his  works  were  mostly  small  in  size. 
I show  you  here  an  authentic  specimen  of  the 
work  of  Gorodayu  Shonsui;  this  small  olddiaper 
perfume  pot  or  covered  tea  powder  jar.  It 
bears  his  full  signature,  and  is  authenticated 
by  the  best  critics  as  an  undoubtedly  original 
and  fine  specimen.  So  far  as  is  known,  it  is 
the  only  authentic  specimen  of  the  work  of 
the  father  of  Japanese  porcelain  existing  in 
Europe.  Two  pupils  of  Gorodayu  carried  on 
his  tradition,  Gorohachi  and  Goroshichi, 
but  for  want  of  material  the  fabric  languished, 
and  its  reputation  declined  until  about  1508, 
when  Risampei,the  Korean  potter,  was  brought 
by  Nabeshima  Naoshime,  the  ancestor  to 
Prince  Nabeshima,  one  of  the  Japanese 
generals  of  the  Taiko  to  Arita ; he  found,  on  the 
slopes  of  the  mountain,  the  feldspathic  material, 
which  was  needed  for  the  production  of  porce- 
lain. For  forty  years  blue  and  white  porcelain 
continued  to  be  made  here,  but  the  Japanese 
keramist  did  not  acquire  the  art  of  using 
vitrifiable  enamels,  which  required  the  second 
firing  over  the  glaze  at  a low  temperature — 
the  secret  of  the  Chinese  coloured  enamel 
porcelain  vases. 

Porcelain  Decorated  over  the  Glaze. 
Tokuzayemon  Kakiyemon. 

This  was  first  introduced  into  Japan  by 
a certain  Tokuzayemon  about  1647,  who  learnt 
the  Chinese  art.  He,  however,  was  not 
himself  a skilful  potter  or  artist,  and  it  was 
his  great  contemporary,  Kakiyemon,  who 
having,  it  is  said,  acquired  the  secrets 
of  Tokuzayemon,  freed  himself  from  the 
fetters  of  Chinese  traditions,  and  produced 
porcelain  decorated  with  designs  in  coloured 


enamel  which  created  a new  epoch  in  por- 
celain. Kakiyemon  attained  at  once  to  a 
degree  of  perfection  in  the  manner  of  decora- 
tion and  perfection  of  porcelain,  which  has 
never  been  surpassed.  His  porcelain  has  a 
fine  white  hard  base,  which  rings  with  clear 
bell-like  sound.  In  the  most  beautiful  speci- 
mens of  his  work,  such  as  I show  you  in  this 
basin  shaped  like  a chrysanthemum,  the  milk- 
white  glaze  is  sparsely  decorated  with  finely 
drawn  designs  of  the  bamboo  and  the  plum 
blossom.  Sometimes  his  ware  is  deco- 
rated here  and  there  with  corn  sheaves  and 
flowers,  and  here  and  there  with  a flutter- 
ing bird.  The  colouring  of  his  enamels 
is  characteristic  ; generally  it  is  in  dull  red,, 
pale  apple  green,  and  lilac  blue.  You  will 
recognise  this  basin,  for  example,  as  having 
been  the  parent  of  the  famous  ware  of  Dresden, 
of  Chantilly,  and  of  Chelsea — all  of  which  fac- 
tories, at  a later  date,  so  closely  imitated  the 
white  porcelain  and  the  decoration  of  Kaki- 
yemon that,  for  many  years,  specimens  of  his 
handiwork  being  unfamiliar  in  Europe,  it  was 
difficult  to  distinguish  the  originals  from  the 
copies.  I am  able  also  to  put  before  you  an 
exquisite  specimen  of  his  modelling  of  porce- 
lain statuettes.  This  statuette  of  Osugumo,  a 
contemporary  beauty  and  poetess,  the  friend 
of  Kakiyemon  and  of  Korin,  is,  as  you  will 
recognise,  a masterpiece  of  sculpture  in  clay, 
in  pose,  in  the  grace  of  the  draperies, 
and  the  life-like  movement  of  the  flgure,  in 
the  beauty  of  the  polychrome  decoration  and 
diapers  of  the  robes,  you  will  recognise  it  as 
a masterpiece— the  historic  forerunner  of  the 
famous  porcelain  statuettes  of  Dresden  and  of 
Chelsea.  An  original  type,  fresh  from  the 
hand  of  the  Japanese  who  created  it  for  the 
first  time,  it  has  been  reproduced  with  all  the 
modifications  of  European  taste  in  a thousand 
different  shapes,  but  has  never  been  excelled  ; 
for  the  lover  of  keramic  art  and  for  the  student 
of  its  history  it  has  an  undying  attraction  and  a 
priceless  value.  Kakiyemon  worked  also  in 
faience  and  terra  cotta,  but  of  this  I have  no 
specimens  to  show  you,  and  I know  of  none.  This 
figure  has  been  exquisitely  reproduced  by  Mr. 
Audsley  in  his  great  work,  in  a coloured  plate, 
which,  I believe,  is  one  of  the  best  pieces  of 
modern  chromo -lithography,  and  in  repro- 
ducing which  thirty-seven  stones  were  used. 

The  Porcelain  of  Kameyama,  Hirado, 
and  Nabeshima. 

Making  of  blue  and  white  porcelain,  deco- 
rated under  glaze  at  a single  firing,  continued 
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^0  flourish  at  Imari,  and  in  the  collection  you 
will  see  some  specimens  which  rival  in 
xiepth  of  transparency  and  in  graduation 
of  translucent  cobalt  blue,  the  fine  work 
of  the  Chinese  artists  so  much  valued  in 
their  hawthorn  pots.  The  artists  of  Kameyama 
and  of  Hirado  also  produced  in  the  i8th 
century  a blue  and  white  of  exquisite  beauty  ; 
especially  notable  is  the  blue  and  white 
porcelain  of  Hirado  ware.  A private  factory 
was  established  in  1740  by  Matsura,  a prince 
vof  Hirado,  who  watched  over  the  products  of 
his  factoiyq  and  reserved  them  for  presents  to 
the  Tokugawa  princes  and  his  private  friends. 
This  factorv  was  established  at  Mikawa-uchi, 
hence  was  often  called  Mikawa-uchi  ware.  The 
porcelain  was  never  in  commerce,  and  is  there- 
fore excessively  rare  ; in  Europe  it  is  justly 
highly  prized.  Capt.  Brinkley  calls  attention 
to  the  extreme  delicacy  of  the  body  of  the 
paste,  which  he  states  was  finely  powdered, 
5trained  and  purified,  while  the  glazes  were 
,orepared  with  long  and  most  minute  care.  The 
■ blue  is  pure  and  soft,  different  altogether  from 
the  intense  cobalt  of  old  Chinese  ware.  The 
delicacy  of  the  drawing  and  perfection  of  the 
firing  are  not  excelled,  and  by  many  considered 
to  be  unapproached,  by  any  porcelain  over  all 
Japan  or  China.  The  white  porcelain  animals, 
birds,  and  figures  of  Hirado,  and  the  sprays 
of  flowers,  all  of  this  period,  are  of  extreme 
• beauty  and  value,  representing  in  this  collec- 
.tion  as  you  see  in  them  the  direct  progenitors 
of  the  products  of  old  Dresden.  I show  you 
two  fine  specimens  of  Nabeshima  ware,  one 
cof  which  is  illustrated  in  the  work  of  M.  Gonse. 
Hirado  ware  is  still  produced,  but  it  is  now  of 
a purely  commercial  character.  The  pieces 
are  much  larger  and  have  excellent  qualities, 
but  they  are  wanting  in  delicacy  of  paste,  in 
the  beauty  of  the  milk-white  glaze.  Of  the 
pieces  which  I show  you  of  the  old  ware,  you 
will  notice  that  several  are  engraved  in  the 
biscuit  under  the  glaze,  and  that  in  delicate 
modelling  and  all  artistic  qualities,  they  are 
unsurpassable  by  any  Chinese  or  European 
originals,  while  in  general  taste  and  freedom 
of  design  they  are  far  superior  to  the  old 
(Ihincse  work. 

Kutani  Porcelain. 

Another  famous  school  of  porcelain  is 
the  variety  known  as  the  Kutani  ware. 
Porcelain  of  Kutani  was  made  at  the  village 
of  Kutani,  in  the  province  of  Kaga.  It  was 
commenced  by  Goto  Saijiro,  who  was  an 
artist  in  pottery  and  excelled  in  figures,  whom 


Prince  Mayeda  sent  in  1858  to  Arita  (Hizen) 
to  study  the  production  of  porcelain.  Saijiro, 
on  his  return,  made  only  small  pieces  with  the 
material  which  he  brought  Irom  Hizen.  The 
objects  of  this  period  are  pure  porcelain, 
decorated  in  red,  green,  3'ellow,  violet,  gold 
and  silver.  By  subsequent  experiments  he 
discovered  near  the  villlage  of  Kutani  a cla}" 
which  supplied  the  elements  of  success  to  the 
local  factory.  This  discovery  enabled  the 
pupils  of  Saijiro  to  produce  more  important 
works.  These  artisans  had  not,  however,  the 
artistic  skill  to  produce  finely-decorated  pieces. 
Kudzumi  Morikane,  the  eminent  pupil  of 
Tanjm,  came  to  Kaga  towards  the  end  of  the 
17th  centuiyq  and  gave  the  aid  of  his  brush. 
He  introduced  freedom  of  design  in  the  Kaga 
porcelain,  and  treated  a great  variety  of  sub- 
jects, as  well  as  the  Karako,  or  Chinese. 
These  specimens  of  Morikane’ s work  are 
highly  appreciated.  They  are  in  peculiar  tones 
of  green,  violet  and  yellow,  and  rarely  red. 
This  is  the  Ao-Kutani,  or  green  Kutani.  These 
were  pure  porcelain.  Later  in  the  i8th  centur}' 
the  material  degenerated,  and  the  Kutani  of 
this  period  is  almost  a failure,  and  the  earthy 
base  is  very  dark,  almost  black. 

Later,  Kutani  entered  on  another  period. 
In  1814,  a certain  Yoshidaya  rediscovered  in  a 
Chinese  work  the  technique  of  porcelain,  and 
learnt  the  art  of  decoration  wiih  red,  which 
Sayiro  had  discovered  a hundred  years  ago, 
but  which  had  been  lost.  He  made,  once 
more,  red  porcelain  decorated  with  gold,  which 
was  known  as  Hachiro-ye,  or  designs  of 
Hachiro,  the  name  of  the  designer  who  decor- 
ated these  objects.  In  1878,  Yeiraku  Zingoro, 
of  Kioto,  came  to  Kutani,  and  began  to  make 
red  porcelain  brilliantly  decorated  with  gold. 
The  gold  of  Yeiraku  was  applied  in  leaf,  and 
is  ver}^  brilliant,  and  its  red  very  clear;  that 
of  the  previous  period  is  darker,  and  the  gold 
is  applied  in  powder. 

Porcelain  of  Owari,  or  Seto  Porcelain. 

Seto,  in  the  province  of  Owari,  which  produced 
so  long  potter}^  and  porcelain,  that  it  came  to 
be  known  as  Seto-mono,  did  not  begin  to  pro- 
duce porcelain  till  1801,  when  a potter  named 
Kato-Tamekichi,  who  had  been  to  Arita, 
after  four  years  study,  returned  to  Seto  and 
discovered  porcelain  earth.  These  are  now 
the  potteries  which  are  the  great  sources  of 
modern  Japanese  porcelain,  and  wLich  are 
full  of  commercial  activity.  Its  products 
have  never  been  really  artistic,  although  the 
workers  were  admirable  artisans. 
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Porcelain  of  Kyomizu  (a  suburb  of 
Kioto). 

Unlike  Owari,  the  Kyomizu-yaki  is  an  artistic 
ware.  According  to  Mr.  Kurokawa  Mayor!, 
author  of  the  chapter  on  porcelain  in  the  work 
called  “ Koge  Shirio,”  published  by  the 
Museum  of  Tokio  in  the  year  1868,  Ninsei 
himself  made  porcelain  at  Kioto,  in  the  17th 
centur}^  and  later  this  branch  of  keramics  was 
continued  by  Otobaya-Kiirobe  (1751  to  1763). 
However,  the  blue  and  white  porcelain,  called 
Sometske  b}’’  the  Japanese,  was  commenced  at 
Kyomizu,  between  i8o4-i7,by  Takahashi  and 
Dohachi,  Wange,  Kite,  Midzukoshi- Yoche, 
are  after  the  style  of  the  porcelain  of  Hizen. 
These  are  highly  artistic,  but  are  not  rare ; 
and  these  are  what  are  usually  known  as  the 
Kyomizu-)mki.  The  signs  by  which  it  may 
be  recognised  are  the  relative  coarseness  of 
its  paste,  and  the  relative  blackness  of  the 
thicker  parts  of  its  blue  decoration.  Although 
Yeiraku  made  porcelain  at  Kyomizu,  it  is 
known,  not  as  Kyomidzu-yaki,  butby  his  name, 
and  is  distinguished  by  his  special  red  and 
gold  decoration. 

There  are  other  kinds  of  porcelain,  such  as 
porcelain  of  Imno,  Tozan,  Nakano,  &c.,  which 
are  objects  of  collection,  but  which  have  not 
the  same  importance  as  schools  and  varieties, 
as  those  of  which  I have  spoken. 

But  I must  pass  to  faience,  into  which  the 
Japanese  threw  all  their  genius  as  artists, 
potters,  and  decorators,  and  in  which  they 
knew  how  to  produce  subtle  and  surprising 
effects,  delicate  gradations  of  colour,  and 
quaint  forms,  which  give  to  Japanese  pottery 
a unique  place  in  the  history  of  keramics. 

Japanese  Pottery  and  Faience. 

The  Japanese  passion  for  Giogi  art  pottery 
dates  back  to  the  influence  of  Giogi  and  his  suc- 
cessors in  the  9th  century.  Japanese  amateurs 
have  for  centuries  cherished  the  richly-glazed 
celadon  known  as  Seiji,  copied  from  and 
rivalling  Chinese  originals;  and  in  the  12th 
century  Toshiro,  a potter,  of  Seto,  in  the 
province  of  Owari,. had  brought  back  from  his 
travels  in  China  some  of  the  famous  little 
enamelled  faience  tea  powder  jars  and  bowls 
which  excited  the  enthusiasm  of  the  Japanese, 
and  became  objects  of  a singular  and  almost 
idolatrous  veneration  by  the  Japanese  nobles 
of  successive  generations.  Traditions  of 
the  old  tea  ceremony,  its  slow  and  cere- 
monious customs,  its  political  and  social 
influence,  are  admirably  told  by  IMr.  Franks  in 
the  introduction  to  his  catalogues.  His  col- 


lection of  tea  jars  is  unsurpassed.  I show  you  a 
few  specimens  of  the  ancient  tea  jars  and  tea 
bowls,  one  of  them,  of  the  15th  century,  bear- 
ing the  description  of  Daibutsu-Hooji,  which 
has  the  traditional  fame  as  a cup  of  Taiko*' 
sama,  and  was  sent  to  Europe  with  a string  o-f 
unneeded  certificates.  It  is  undoubtedly  of 
the  15th  century,  and  is  a typical  speci- 
men of  the  somewhat  rustic  but  subtly 
coloured  enamels  which  pleased  the  Japanese 
taste,  and  which  were  traditional  with  this 
kind  of  ware.  In  the  other  specimens 
you  will  recognise  the  richness  and  depth  of  the- 
glaze,  and  the  subtle  play  of  colours,  but  you- 
will  probably  smile  when  you  hear  that  such 
choice  morsels  of  pottery  were  in  past  times  in 
Japan  the  choicest  gifts  of  a prince  and  the 
most  treasured  possession  of  a daimio  ; that 
they  have  been  the  cause  of  wars,  vendettas,, 
and  suicides;  and  have  been  sold  for  many  times- 
their  weight  in  gold — sometimes  as  much  as 
;,^500  was  given  for  a single  specimen  of  great 
traditional  fame.  They  come  to  Europe 
clothed  in  rich  brocades,  and  enclosed  even  in. 
more  than  one  rich  lacquer  box.  They  have 
not  for  us  the  special  historical  attraction  or 
peculiar  grounds  of  veneration  which  they  had 
for  the  old  Japanese,  but  they  are  interesting, 
as  examples  of  an  early  and  somewhat  super- 
stitious tasteand  of  political  and  socialfashions, 
rather  than  as  specimens  in  themselves  of  any 
supreme  beauty.  There  are  many  other varieties- 
of  Japanese  pottery,  of  which  you  will  find- 
examples  in  the  collection,  and  of  which  the- 
history  is  recorded  in  Mr.  Franks’s  catalogue,  but 
on  which  I must  not  linger.  You  will  find  here 
examples  of  the  early  Shigaraki  ware,  singularly 
rough,  but  showing  no  small  skill  in  potting,, 
and  a certain  primitive  beauty  in  glaze  of  the 
Soma  ware  with  its  impressed  horse,  the 
heraldic  emblem  of  the  Prince  of  Soma ; the 
Takatori  ware  with  its  lustrous  glaze,  of  which 
this  Hotei  is  a fine  specimen  ; the  old  Banka 
and  Higo  wares ; the  incised  Yatsushiro,  and 
the  Kinko  zan  ware,  with  its  rich  raised  blue 
enamels ; Toyosuke  in  characteristic  brown- 
and  white  reliefs ; the  brilliantly  coloured 
Oribe  with  flashes  of  mottle  glaze,  and  the  fine 
old  Imbe  or  Bizen  ware,  with  its  rich  reddish- 
brown  salt  glaze,  one  of  the  oldest  of  Japanese 
wares,  and  of  which  I show  you  some  exquisite 
specimens,  dating  back  at  least  from  400  ta 
500  years.  Mr.  Doulton  would  readily  acknow- 
ledge that  they  are  not  even  now  to  be  equalled 
by  his  accomplished  workmen,  with  all  the 
appliances  of  the  19th  century.  Of  the  blue 
and  vhite  Bizen  ware,  I show  you  also  some 
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rare  examples ; but  as  time  would  fail  me 
even  to  speak  in  outline  of  the  history  of  these 
ancient  art  potteries  and  their  founders,  I 
must  refer  you  to  my  printed  catalogue,  to  the 
works  which  I have  already  mentioned  by  Mr. 
Franks,  to  the  chapter  on  pottery  and  porce- 
lain in  M.  Gonse,  and  especially  to  the  great 
forthcoming  work  on  Japanese  porcelain  and 
pottery  by  Captain  Brinkley,  of  which  we  have 
a most  appetising  foretaste  in  the  admirable 
notes  included  in  the  catalogue  which  Mr. 
Edward  Greey,  of  New  York,  has  published  of 
the  Brinkley  collection  at  his  art  gallery.  This 
promises  to  be  by  far  the  most  complete  and 
valuable  work  on  the  subject,  and  will  be 
necessary  to  every  student  and  collector.  I 
have  time  only  to  dwell  upon  three  great  varie- 
ties of  faience,  which  are  the  masterpieces 
of  Japanese  keramic  art,  viz.,  Ninsei  ware, 
Kenzan  ware,  and  Satsuma  ware.  After 
Kakiyemon,  Ninsei  and  Kenzan  are  the  two 
great  dominant  names  in  the  history  of 
Japanese  pottery. 

'I'he  Works  and  Influence  of  Ninsei. 

Ninsei  flourished  from  1624  to  the  middle 
of  that  century.  He  was  a contempo- 
raiy'  of  Kakiyemon,  and  belongs,  there- 
fore, to  the  golden  age  of  Japanese  de- 
corative art.  He  was  an  artist  first,  and  next 
a potter.  He  acquired  the  secrets  which 
'J'okuzayemon  had  a few  years  previously 
imported  into  Hizen  of  the  Chinese  art  of 
working  with  enamels  over  glaze,  a secret 
which,  under  the  strictest  penalties,  Hirato 
factories  vainly  endeavoured  to  keep  to  them- 
selves. Ninsei  at  once  applied  this  art  to  the 
faience  of  Kioto  in  1653.  He  dealt  with  it 
in  thoroughly  Japanese  taste,  and  showed  an 
original  genius  in  decoration.  The  products 
of  Ninsei  were  a type  of  what  is  now  commonly 
known  as  the  buff  or  cream-coloured  wares  of 
Awata.  This  ware,  which  he  made  at  Omuro, 
Kioto,  is  of  hard  paste,  and  has  a very  fine  and 
uniform  crackle  like  the  roe  of  a fish;  it  is 
enamelled  on  a buff  ground  with  floral  designs 
in  blue  and  green  tints  heightened  with  gold. 
'Ihis  brilliant  enamelled  faience,  of  which  the 
authentic  specimens  bear  his  impressed  seal, 
laid  the  foundation  of  a new  national  school 
of  faience  which  spread  extensively  and  has 
been  ever  since  continued.  Soon  Kioto  was 
filled  with  kilns,  which  emulated  the  pro- 
ducts and  imitated  the  style  of  Ninsei.  The 
auth.cntic  old  ware  of  Ninsei,  of  which  I show 
you  a scries  of  specimens,  is  followed  only  at  a 
distance  by  his  successors,  and  most  of  the 


modern  Awata  ware  utterly  fails  in  glaze, 
crackle,  and  perfection  of  enamels,  even  to  re- 
semble the  works  of  the  master  whom  it  imitates. 
His  most  famous  follower  was  Kinko-zan,  who 
in  the  next  generation  and  in  the  early  part  of 
the  1 8th  century,  brought  to  great  perfection 
the  Awata  ware — a ware  resembling  that  of 
Ninsei,  and  enamelled  with  similar  colours, 
but  especially  with  a deep  purple  enamel 
raised  in  relief.  The  old  work  of  Kinko-zan  may 
be  recognised  by  the  fineness  and  uniformity 
of  the  crackle,  of  the  clearness  and  finish  of 
the  enamel  designs.  The  modern  Awata  imi- 
tations of  Ninsei  and  Kinko-zan  are  thin, 
cold,  and  dry  in  glaze,  and  the  enamels  are 
less  carefully  and  perfectly  applied.  I am 
sorry  to  see  the  names  of  Kinko-zan  and  of 
Ninsei  impressed  and  painted  in  gold  on  many 
obviously  inferior  modern  specimens  which 
have  lately  come  under  my  notice.  This 
system  of  forging  old  names  upon  worthless 
modern  pieces  is  much  to  be  deplored,  and 
adds  greatly  to  the  difficulties  of  collection. 
I have  accordingly  in  this,  as  in  all  depart- 
ments, excluded  from  my  collection  any 
specimens  which  have  not  passed  throuoh  the 
most  rigid  examination,  and  do  not  answer  al 
the  tests  of  the  educated  critic. 

Kenzan,  his  Work  and  Influence. 

Next  to  Ninsei  in  time,  but  not  less  in  fame 
or  genius,  or  in  the  great  influence  which  he 
exercised  on  Japanese  faience,  was  Kenzan, 
brother  of  the  celebrated  Ogata  Korin,  who 
lived  from  1663  to  1743.  He  was  a painter  of 
the  supremely  impressionist  style,  as  you  will  see 
from  examining  specimens  of  his  work  in  any 
collection  of  kakemonos.  In  moments  of  re- 
laxation he  was  also  a lacquerer,  as  you  have 
seen.  As  a potter  he  was  supreme,  and  intro- 
duced into  the  decoration  of  pottery  a new 
and  highly  original  style  of  decoration  of  sur- 
faces, with  free-hand  impressionist  drawings 
of  birds,  flowers,  grasses,  and  delicately 
suggested  landscapes  in  coloured  enamels. 
His  style  not  only  created  a new  school  in 
the  pottery  of  his  country,  but  still  influences 
in  the  highest  degree  all  our  modern 
European  decorated  porcelain.  Until  the 
time  of  Kenzan,  this  freely  sketched  floral 
decoration  was  unknown  on  porcelain  or 
china.  You  will  recognise  at  once  the  Kenzan 
style  on  the  series  of  pieces  which  I show  you, 
and  perhaps  your  first  impression  will  be  to 
say  at  once.  Yes,  but  this  is  in  many  respects 
like  what  we  see  now  on  modern  china,  andthere 
is  nothing  original  about  it.  That  is  the  obser- 
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vation  often  made.  It  is  just  the  same  naive 
tribute  to  his  genius  which  is  sometimes  paid 
by  the  uneducated  visitor  to  a representation 
of  one  of  Shakespeare’s  plays,  when  he  says 
all  this  cannot  be  new,  I have  heard  so  many 
of  these  lines  before.  Kenzan’s  delicately 
pencilled  flowers,  lightly  to.uched  landscape, 
his  tufts  of  grass,  this  view  of  Fusihama, 
displayed  as  through  a mist,  strike  you 
as  old  familiar  friends  in  the  decoration  of 
porcelain,  because  the  genius  of  Kenzan  gave 
the  cue  to  all  the  potters  of  Japan,  and  subse- 
quently to  all  keramic  decorators  of  the  world, 
when  they  became  acquainted  with  the  products 
of  his  genius.  These  are  the  originals  from 
which  our  modern  school  of  decoration 
chiefly  spring.  I recommend  them  to  your 
study,  and  especially  this  exquisitely  chased 
figure  of  the  mother  playing  with  her 
child,  which,  for  naturalistic  grace  and 
beauty  of  decoration  will  probably  strike  you 
as  being  in  itself  beautiful,  and  as  thoroughly 
accordant  with  modern  taste  as  with  the 
Oriental  notions  of  the  primitive  Japanese. 
Kenzan  was  a poet  also,  and  he  often  wrote 
his  verses  with  his  own  hand  on  his  land- 
scapes, as  you  see  in  some  of  these  specimens. 
All  his  pieces  are  signed  with  his  bold  mono- 
gram. I am  sorry  to  say  that  even  that  has 
lately  been  imitated  by  an  accomplished 
modern  potter,  Tanzan,  who,  however,  I 
believe,  had  no  intention  of  deceiving  when  he 
did  so,  but  intended  it  as  homage  to  the  old 
master,  of  which,  however,  unfair  advantage 
is  sometimes  taken  in  passing  off  the  pieces 
as  if  they  were  the  original  pieces  of  Kenzan. 
Kenzan  passed  a great  part  of  his  life  at 
Kioto ; later  he  went  to  Yedo,  where  he 
fnade  pottery  of  softer  paste.  His  pieces  belong 
to  two  periods,  Kenzan  ware  of  Imado  and 
Kenzan  ware  of  Kioto.  The  paste  of  his  Kioto 
ware  is  often  inferior,  but  its  decoration  is 
admirable.  There  is  about  the  work  of  Kenzan 
a certain  archaism  and  a masterly  roughness 
and  boldness  which  sometimes  shocks  the 
modern  eye.  They  must  be  looked  at  as  the 
products  of  an  impressionist  artist  of  the  17th 
century,  and  belonging  to  an  Oriental  who 
preferred  a suggestive  to  an  imitative  art. 
They  are  among  the  rarest  and  most  precious 
products  of  the  great  school  of  Japanese 
pottery,  and  as  such  I have  set  myself  the 
task  of  collecting  as  many  authentic  pieces  as 
possible,  and  for  that  purpose  have  secured 
for  this  collection  a considerable  number  of 
authentic  pieces,  such  as  can  never  again  be 
brought  together.  They  constitute  a part 
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of  the  collection,  in  which  I take  much  pride 
and  pleasure. 

The  Old  Satsuma  Faience.  . 

Finally,  I must  speak  to  you  of  Satsuma 
faience  of  Japan,  and  it  is  that  of  which  some 
bastard  varieties  produced  in  modern  times, 
have  a most  extended  popularity.  Undoubtedly 
the  old  Satsuma  ware,  of  a particular  period, 
viz.,  the  end  of  the  last  century,  was  the  most 
aristocratic,  the  most  delicately  decorated, 
and  the  most  perfect,  in  its  technical  qualities, 
of  any  faience  which  Japan  has  produced, 
and  it  has  an  artistic  as  well  as  historic 
interest.  But  there  are  many  fallacies  current 
concerning  Satsuma  ware  and  the  hard  facts 
do  not  at  all  harmonise  with  the  ordinary 
popular  opinion.  The  beginnings  of  the 
Satsuma  factory  date  back  to  1600,  when 
the  Daimio  Shimazu  Yoshihiro,  on  his  return 
in  1600  from  the  Korea,  brought  back  some 
Korean  potters  and  established  them  at 
Satsuma.  The  ware  of  this  period,  however, 
was  of  a quite  archaic  character,  and  chiefly 
in  a grey  glaze  on  hard  pipe  clay  base.  I 
show  you  an  authentic  specimen  of  it  with 
characteristically  simple  archaic  decoration 
scratched  into  the  base  beneath  a grey  glaze. 
It  has  a great  historic  interest  from  its  rarity 
and  its  place  in  the  history  of  the  Satsuma 
factory,  but  I do  not  expect  you  to  admire  its 
inartistic  character.  There  is  a tradition  firmly 
rooted,  and  which  I believe  to  be  well  founded, 
that  in  1670  coloured  enamelled  faience  of  a 
more  decorative  character  was  produced  in 
small  quantities  at  the  private  factory  of  the 
prince  by  Tangen,  the  pupil  of  the  famous 
Tanyu,  who  was  sent  for  to  Satsuma  to  decorate 
some  pieces  for  the  prince.  This  Satsuma- 
Tangen  ware  is  especially  described  by  the  late 
Captain  Brinkley  as  being  among  the  rarest 
treasures  of  the  collections  of  Japan.  No 
other  specimen  is  known  in  Europe  than  this 
flat  yellow  bottle  which  I present  to  your 
notice.  You  will  see  that,  unlike  any  other 
specimens  of  Satsuma  ware,  it  is  decorated 
with  figures  painted  in  brown  and  of  the  Kano 
school.  The  enamel  decoration  at  the  upper 
and  lower  edge  and  the  character  of  the 
paste  are  quite  decisive  of  its  origin.  But 
for  a careful  examination  of  the  paste  and  of 
this  enamel  border,  you  would  recognise  it  as 
of  Satsuma  ware.  This,  then,  must  be  con- 
sidered a unique  specimen  of  the  Satsuma 
Tangen  ware,  which  is  ol  the  utmost  rarity 
even  in  Japan.  In  the  17th  century  the 
kilns  of  Satsuma  were  little  employed  and 
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lost  their  fame;  but  about  the  year  1700  the 
Prince  Yeio  restored  the  fabric  by  employing 
Kin  and  Kuwabara,  who  created  the  peculiar 
hard  close  - grained  ware,  with  the  cream 
coloured  finely  crackled  glaze,  and  with  a paste 
dense  as  ivory;  with  limited  decoration  in 
enamalled  diaper  and  conventional  flowers  and 
dragons.  This  is  the  type  which  established  the 
unrivalled  reputation  of  Satsuma  for  the 
specialty  of  its  faience ; but  it  was  only  about 
the  year  1765,  cr,  as  some  people  say,  1785, 
that  this  perfected  and  characteristic  variety 
of  Satsuma  ware  which  we  know,  and  of  which 
I show  you  some  magnificent  specimens,  v^^as 
produced  under  the  patronage  of  Shimadsu 
Nawonobu  by  an  artist  named  Honda  Yenosuke, 
and  it  is  to  this  period  that  belongs  the  finest 
ware.  This  old  Satsuma  was  never  in  the 
market,  and  was  unprocurable  in  Europe  until 
quite  lately.  It  was  made  only  for  the  prince,  for 
his  friends  and  for  gifts  to  the  Court.  You 
may  judge  of  the  perfection  of  its  close- 
grained  ivory  base,  of  its  delicate  crackle,  of 
its  hard,  sharp  modelling,  of  its  perfectly 
brilliant  and  delicately  coloured  enamels,  of 
its  gilding,  which  is  like  jeweller’s  work,  by 
the  specimens  which  I show  you.  If  you 
compare  it  with  the  masses  of  modern  Satsuma 
ware,  decorated  at  Kioto  now-a-days  for 
the  European  market  with  designs  of  saints, 
deities,  warriors,  highly  gilded  and  often 
surcharged  with  ornament,  you  will  be  able  to 
distinguish  between  the  rare  original  products 
of  the  princely  factory  and  the  masses  of 
modern  Kioto,  so-called  Satsuma,  with  which 
the  market  is  now  flooded.  The  figure  which 
I show  you  (a  portrait)  was  a present  at  the 
beginning  of  this  century  from  the  Prince  of 
Satsuma  to  a great  dignitary,  from  whose 
collection  it  comes  direct  to  me.  This  Koro  is, 
both  in  incised  and  in  perfection  of  work,  an 
e.xample  of  unrivalled  importance.  You  have 
here  also  specimens  so  rare  that  you  will  hardly 
recognise  them  as  Satsuma  until  you  examine  the 
paste  of  this  old  monochrome  greenish-black 
Satsuma  vase  and  of  the  Jlambe  Satsuma  vase. 
In  this  screen,  the  tiger  among  the  bamboos, 
and  this  poeony,  you  will  recognise  other 
examples  of  old  varieties  of  Satsuma  no  longer 
produced,  but  of  great  rarity  and  relative 
perfection.  I would  recommend  you  to  study 
th"se  specimens  of  genuine  old  Satsuma 
to  note  the  extreme  solidity  of  the  ware,  its 
restrained  and  graceful  decoration,  its  ivory- 
like surface,  the  sharp  cutting  hardness  of  its 
edges,  the  perfection  of  its  gilding,  and  the 
unfailing  accuracy  of  outline  of  its  enamels : 


their  brilliant  and  yet  delicate  colour,  because 
there  is  nothing  as  to  which  so  many  delusions 
prevail  as  to  what  is  called  old  Satsuma. 
There  are  few  collections,  however  small, 
which  do  not  boast  something  which  is  called 
old  Satsuma.  From  my  experience  of  many  great 
collections,  I am  compelled  to  say  that  I do 
not  know  of  a dozen  specimens  in  this  country  ; 
and,  indeed,  while  there  is  nothing  so  abundant 
ashighly-decorated  modern  pieces  of  Satsuma, 
there  is  nothing  so  rare  as  fine  and  authentic 
specimens  of  the  real  old  ware.  There  are  no 
marks  by  which  Satsuma  may  be  known 
except  the  study  of  its  paste,  its  crackle,  its 
enamels,  and  its  gilding,  and  to  distinguish 
between  the  new  and  the  old  would  seem,  from 
the  numerous  deceptions  from  which  I have 
known  both  dealers  and  collectors  to  suffer, 
to  be  one  of  the  most  difficult  arts  for  the 
Japanese  collector  to  acquire.  I believe, 
however,  if  you  will  for  a half-an-hour  .care- 
fully compare  these  authentic  old  speci- 
mens with  any  modern  specimens  which  you 
choose  to  put  alongside  of  them,  you  will  be  able 
to  master  that  art;  and  to  help  comparison  here 
is  a vessel  in  old  Satsuma  ware  of  very  fine 
quality.  When  I say  old  Satsuma  ware,  I 
mean  as  old  as  characteristically  decorative 
Satsuma  was — that  is  to  say,  Satsuma  ware  of 
the  end  of  the  last  century  or  the  beginning 
of  the  present  century.  Notice  the  cover ; it  has 
been  made  probably  about  twenty  or  thirty 
years  ago,  also  at  Satsuma,  probably  to  replace 
one  which  was  broken,  and  carefully  to  imitate 
the  old  ware  : you  have  only  to  look  at  the 
blackness  of  the  reds,  at  the  imperfections  and 
relative  impurity  of  the  gold  employed  in  the 
gilding,  and  at  the  relative  feebleness  and 
want  of  edge  of  the  enamels,  and  at  the  dryness 
of  the  glaze  and  irregularity  of  the  crackle,  to 
see  the  difference  between  a fine  old  and  rare 
piece  from  the  kiln  of  the  Prince  of  Satsuma, 
and  of  the  careful  modern  imitation. 

Now,  gentlemen,  I must  take  leave  of  you, 
while  thanking  you  most  heartily  for  the  un- 
wearied attention  and  enthusiastic  kindness 
with  which  you  have  received  my  efforts  to 
unfold  to  you  the  history  of  some  of  these 
masterpieces  of  past  arts  among  the  most 
remarkable  of  Oriental  nations.  They  belong 
to  a chapter  in  the  history  of  the  world  which 
has  been  closed  for  ever.  The  Japanese  have 
entered  on  a new  phase.  They  have  become 
scientific  and  commercial.  Science  and  com- 
merce bring  with  them  so  many  blessings,  that 
we  must  be  content  to  see  pass  away,  with  a 
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sigh  of  pleasing  regret,  those  primitive  virtues 
and  that  original  phase  of  art  which  can  only 
be  found  among  a people  whose  inspirations 
are  drawn  direct  from  Nature,  and  are  un- 
adulterated by  European  admixture.  Japanese 
art  is  quaint,  original,  poetic,  fantastic.  It 
has  limitations  and  defects  obvious  to  the 
casual  eye,  and  more  likely  perhaps  to  strike 
the  uneducated  observer  than  its  beauties 
and  profound  meaning.  We  have  en- 
deavoured to  study  the  art  products  of  old 
Japan  sympathetically  and  with  under- 
standing, and  it  has  been  to  me  a source  of 
pleasure  which  I cannot  easily  forget,  to  find 
that  I have  been  able  to  interest  audiences  so 
crowded,  so  indulgent,  and  so  sympathetic,  in 
works  of  art  which  have  for  me  an  enduring 
attraction,  and  which  seem  to  me  to  deserve 
one  of  the  highest  places  in  the  history  of  art. 

I heartily  thank  you  for  the  indulgence  which 
)Ou  have  shown  to  me,  when  entering  on 
necessarily  dry  details  ; and  for  the  kindly 
enthusiasm  with  which  you  have  encouraged 
me  in  my  rather  difficult  task. 


CANTOR  LECTURES. 
ANIMAL  MECHANICS. 

By  B.  W.  Richardson,  M.A  , M.D.,  F.R.S. 

Lecture  III. — Delivered  May  ijth,  1886. 
Methods  of  Natural  Construction. 
f A bstract.) 

Natural  constructions  were  compared  with 
others  produced  by  man.  The  jointing  of 
bone  by  the  suture  was  compared  with  the 
dovetailing  of  mechanical  art ; the  fabrics 
woven  by  Nature  with  those  woven  by  man  ; 
the  vibrating  drum  of  natural  formation  in  the 
tympanum  with  the  drum  and  vibrating  screen 
of  human  design  ; the  natural  osseous  column 
with  the  column  erected  by  the  architect ; the 
tubular  system  of  the  arteries  with  the  tubular 
arrangements  of  human  invention  for  the  con- 
veyance of  water  and  otherfluids;  the  sacs  or 
pouches  in  some  animals  for  w’ater  carriage, 
as  in  the  camel,  with  the  water  holders  of 
human  make;  the  eye  as  a camera,  and  the 
common  camera  now  in  such  ordinary  use. 
These  were  all,  practically,  the  same  as  means 
for  particular  ends ; and  these  having  been 
illustrated,  the  subject  was  varied  in  order  to 
introduce  details  of  methods  of  construction, 
with  comparisons  and  distinctions  between  the 
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works  of  Nature  and  man.  i.  Nature  and 
man  go  to  the  same  markets  for  their  primary 
materials.  Neither  of  them  works  without  proper 
materials,  although  Nature  is  able  to  work  with 
fewer  than  man,  and  man  often  takes  structures, 
such  as  cotton,  which  Nature  has  prepared  for 
him,  and  applies  them  to  his  mechanical  pur- 
poses. Man  also  possesses  an  advantage  in 
that  he  can  bring  together  his  materials  from  a 
distance,  while  Nature  only  produces  at  points 
where  the  required  materials  are  at  hand  and 
ready  for  application.  2.  Nature  as  well  as 
man  requires  for  her  work  certain  preliminar}? 
conditions  for  construction  besides  material — 
that  is  to  say,  constructive  forces : proper 
attractions  and  repulsions,  correct  degrees  of 
moisture,  of  temperature,  of  pressure,  of  light. 
These  imperfect  or  unsuitable,  the  work  in 
both  cases  is  imperfect  or  wanting  in  adapt- 
ability. Even  Nature’s  crowning  work,  the 
highest  order  of  animal  construction,  the 
human  body,  is  rendered  imperfect  if  the 
required  conditions  are  not  duly  represented. 
3,  The  mechanical  works  of  Nature,  like  those 
of  man,  wear  out,  but  not  precisely  in  the 
same  way.  Some  parts,  those  which  are 
elastic,  wear  out  in  a manner  extremely 
similar,  but  Nature  seems  to  have  a more 
systematic  destiny  for  her  work  than  man  has 
for  his  contrivances.  Nature  has  five  succes- 
sive stages  : one  of  development,  a second  cf 
maturity,  a third  of  maintenance,  a fourth  c f 
decline,  and  a fifth  of  dissolution.  These 
stages  were  traced  out,  and  the  theory  of 
Flourens,  indicating  the  period  of  maturity 
in  animals  and  the  multiplication  of  that 
period  by  five  for  the  period  of  dissolution, 
was  described— man,  who  had  assigned  to 
him  twenty-one  years  as  his  period  of 
maturity,  having  105  years  as  his  period  of 
dissolution,  or  completed  anatomical  age  for 
death,  the  death  taking  place,  under  the 
fulfilled  ordination,  from  failure  at  the  breath- 
ing surface  and  from  a process  of  anaesthetic 
sleep.  The  works  of  Nature  thus  grow  out  of 
existence,  while  those  of  man  shake  or  vibrate 
out.  4.  Natural  works  as  well  as  human  are 
subject  to  wear  and  physical  accidents,  and 
both  are  made  to  undergo  repair,  in  which 
work  of  repair  Nature  is  often  most  skilful, 
though  (she  may  require  directing),  as  in  the 
case  of  a broken  bone,  where  she  brings 
together  the  broken  ends,  and  for  a time  sup- 
ports them  by  an  extra  deposit,  called  by  the 
surgeon  the  callus,  which,  when  it  has  served 
its  purpose,  becomes  reduced  or  passes  away 
altogether.  In  treating  of  the  wearing  out  of 
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natural  parts,  Dr.  Richardson  was  not  in 
favour  of  the  common  idea  that  every  part  of 
the  body  is  renovated  and  replaced  by  abso- 
lutely new  material  in  a limited  number  of 
periods— say  of  seven  years  — during  life.  5.  In 
her  mechanism  Nature  never  traverses  laws 
which  man  may  not.  She  is  not  kinder  to 
herself,  not  less  exacting  to  herself,  than  to  man. 
She  acts  in  regard  to  her  own  mechanism  as  if 
she,  like  man,  were  obeying  a primary  power 
which  had  provided  materials  and  laid  out  the 
conditions.  Hence  Aristotle  had  speculatedas  if 
in  the  natural  mechanism  two  powers  had  been 
at  work,  one  to  give  and  command,  the  other  to 
use  and  carry  out  by  mechanical  skill  the 
details  of  mechanical  art.  6.  In  all  the  above 
particulars  the  works  of  Nature  and  of  man 
present  much  that  is  in  common.  When, 
however,  we  come  to  method  of  work,  the 
difference  is  as  wide  as  it  can  be.  Nature 
works  from  a centre,  man  works  towards  a 
centre;  Nature  distributes,  man  concentrates; 
Nature  strikes  out  or  evolves,  man  brings  in 
and  founds  or  builds.  If  we  could  out  of  the 
primary  elements  used  by  Nature  construct  a 
cell  that  would  accrete  to  itself  and  give  out 
another  cell,  the  first  step  of  natural  con- 
struction by  evolution  would  be  attained. 
Without  assuming  this  to  be  attainable  or 
not,  the  lecturer  passed  to  a brief  description 
of  some  recent  experiments  of  his  own  in 
micro-electroscopy,  from  which  he  explained 
that  by  electric  decompositions  of  organic 
fluids,  like  blood,  he  had  produced  construc- 
tions which  in  many  particulars  resembled 
various  organic  tissues ; and  concluded  with 
illustrations  relating  to  what  he  designated 
“ the  growth  of  form  ” in  natural  and  human 
combinations. 


Lcclnre  IV. — Delivered  May  2i\th,  1886. 
Mechanics  of  the  Circulation. 

( A hstract.) 

The  description  of  the  circulating  apparatus 
was  commenced  from  the  venous  side  of  the 
circulation.  A drawing,  of  life  size,  from 
\ esalius,  was  thrown  on  the  screen  in  order  to 
illustrate  the  entire  venous  system  as  in  a 
transparency.  The  faithfulness  of  this  work 
of  the  great  anatomist  was  exhibited  in  this 
figure,  and  was  followed  by  another  in  which 
the  main  trunks  of  the  veins  were  indicated  as 
the  receiving  trunks  of  what  Dr.  Richardson 
designated  the  true  river  of  life.  The  circula- 


tion of  blood,  in  it  primary  movement,  begins, 
he  contended,  in  the  veins,  in  a venous  current 
which  does  not  depend  in  the  first  instance  on 
the  stroke  of  the  heart,  but  which  has  its 
origin  in  the  digestive  tract,  and  which  sup- 
plies the  heart,  as  from  a vast  surface  of 
absorption,  with  fluid,  from  food  and  drink,  and 
from  the  lymph  formed  in  the  drainage  surface 
of  the  body.  The  great  venous  channels,  the 
rivers  of  life,  thus  supplied,  run,  guided  by  the 
valvular  arrangements,  into  the  right  side  of  the 
heart  and  form  the  primary  force  of  the  circu- 
lation. The  rivers  charged,  the  right  auricle 
of  the  heart  needs  but  a moderate  pumping 
power  to  deliver  the  blood  it  receives  to  the 
right  ventricle  for  distribution  to  the  lungs, 
and,  by  comparatively  easy  stroke  over  the 
lesser  or  pulmonic  circuit,  to  the  left  auricle, 
and  so  on  to  the  left  ventricle  for  arterial 
pulsating  circulation.  The  part  which  pulsa- 
tion plays  in  the  arterial  system  was  made 
matter  of  comment,  in  which  it  was  suggested 
that  the  pulsating  motion  is  necessary  for  all 
secreting,  excreting,  and  nutritive  functions, 
since  by  it  a period  of  rest  from  propulsion  is 
secured  after  each  systole,  during  which  period 
of  rest  the  required  changes  can  be  carried 
out.  Quicken  the  pulsations  until  the  current 
is  exalted  into  an  almost  continous  course,  as 
in  fever,  and  then  with  the  generation  of  heat 
there  is  reduced  secretion,  excretion,  and 
nutrition.  Reduce  the  pulsation,  so  as  to 
leave  long  periods  between  each  stroke, 
and  then  with  a reduction  of  temper- 
ature there  is  obstruction,  accumulation,  and 
impaired  restoration  of  function.  From  this 
description  of  the  course  of  the  circulation, 
the  lecturer  passed  to  that  minute  circulation 
of  the  blood,  in  the  capillary  system,  in  which 
the  chemical  part  of  the  vital  actions  is  carried 
out.  From  two  of  Rudinger’s  photographic 
plates  of  dissected  structures  he  showed  the 
centres  of  the  nerves  of  organic  life,  and  having 
indicated  how  these  and  their  ramifications 
differ  from  the  centres  and  nerves  of  the 
cerebro-spinal  system,  he  traced  the  organic 
nerves  through  their  distribution  along  the 
course  of  the  arteries  to  the  capillaries,  and 
explained  how,  by  their  controlling  influence, 
the  supply  of  blood  to  different  organs  is 
modified.  The  influence  of  emotion,  through 
the  organic  nervous  system,  upon  the  vascular 
system,  and  upon  the  colour  of  some  parts  of 
the  body,  such  as  the  cheeks,  was  indicated 
in  the  acts  of  blushing  and  the  paling 
of  the  cheeks  under  excitements  from  joy, 
surprise,  or  fear — an  exposition  which  led 
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to  a suggestion  by  Dr.  Richardson,  that 
the  absorption  of  the  vibration  incident  to 
arterial  pulsation  is  probably  elfected  by  and 
through  this  nervous  arrangement.  The 
picture  of  the  arterial  system  as  a whole,  from 
Vesalius,  was  thrown  on  the  screen,  and  the 
mechanism  of  the  arterial  tubes  was  shown,  as 
in  transparency,  of  life-size.  This  vast  series 
of  tubes  from  root  to  minute  branch  up  to  the 
commencement  of  the  capillary  tubes  is  all 
through  life,  in  waking  and  in  sleeping,  in  one 
continued  swing  of  balancing  pulsation  ; and 
yet  in  health  we  are  unaware,  by  any  sensation 
of  so  strange  a fact,  and  of  the  part  which  the 
central  heart,  or  pump,  itself  plays  in  it. 
There  must,  therefore,  be  an  absorption  of  the 
vibration  somewhere,  and  the  lecturer  thought 
it  most  probable  that  this  was  by  and  through 
the  organic  nervous  fibres.  The  vibrations  are 
conducted  back  to  the  nervous  centres,  and 
transmitted  from  them  to  other  organic  parts 
to  be  disposed  of  in  work,  physical  and  mental. 
So  when  the  heart  is  beating  very  strongly,  we 
feel  the  reflex  back  into  the  great  ganglionic 
centres  of  the  stomach  in  sensations  varying 
from  a pleasant  glow  to  spasm  or  acute  pain. 


Lecture  V. — Delivered  May  31st,  1886. 

Mechanism  of  the  Heart. 
f A bstract.) 

The  circulation  through  the  heart  itself  was 
first  noticed,  and  the  provision  by  which  it  is 
secured  that  the  heart  shall  be  fed  with  blood 
permanently,  as  the  primary  organ  of  the  cir- 
culation, and  in  that  sense  the  organ  which 
requires  to  be  served  before  any  muscle  of  the 
body,  voluntary  or  involuntary.  In  the  second 
part  of  the  lecture  Dr.  Richardson  described 
the  movements  of  the  auricles  and  the  ven- 
tricles, the  diastoles  and  systoles,  and  the  val- 
vular actions  during  each  series  of  movements. 
In  this  part  he  explained  that  he  had  seen  the 
heart  working  under  two  distinct  tensions, 
which  he  designated  as  the  high  or  full  vital 
tension  and  the  low  or  syncopal  tension. 
Under  the  high  or  full  tension,  the  volume 
of  the  heart  is  large  and  the  stroke  so 
powerful  as  to  distend  the  whole  of  the 
arterial  trunks;  under  the  low  tension,  the 
volume  of  the  heart  is  reduced  to  fully  half 
that  of  the  high  tension,  and,  although  the 
motion  of  the  auricles  and  ventricles  is  still 
in  correct  order  as  to  time  and  method,  the 
propulsion  is  so  feeble  that  the  arteries  are  not 
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distended.  In  this  minor  condition  of  action 
the  circulation  is  sustained,  as  during  syncope 
and  catalepsy,  but  in  a passive  or  negative 
state,  from  which  the  revival  is  sometimes  all 
but  instantaneous,  owing  to  a sudden  return 
of  the  heart  to  its  full  power.  In  an  experi- 
mental observation  under  anaethesia,  the 
lecturer  had  witnessed  in  a lower  animal  this 
transition  in  the  work  of  the  heart  from  the  low 
to  the  high  tension.  It  was  the  work  of  a 
moment,  was  attended  with  phenomena  re- 
sembling a restoration  from  temporary  death 
to  active  life,  and  was  due  probably  to  a 
restored  balance  of  the  nervous  supplies  by 
which  the  heart  is  naturally  maintained  in 
equilibrium  of  motion. 

The  observation  on  the  equilibrium  of  motion 
led  to  a description  of  the  nervous  supplies  of 
the  heart ; the  propelling  from  the  sympathetic 
source  ; the  controlling,  through  the  pneumo- 
gastric,  from  the  cerebro-spinal  source.  Here 
Rudinger’s  dissections  of  the  cardiac  nerves 
were  thrown  on  the  screen.  The  number  of 
the  pulsations  of  the  heart  in  different  animals 
— in  fish,  frog,  bird,  rabbit,  cat,  dog,  sheep, 
horse — was  described,  and  a few  comments 
made  on  the  remarkable  slowness  of  the  heart 
— 40  strokes  per  minute— in  the  horse.  Then 
the  number  of  pulsations  in  man  at  various 
periods  of  life,  and  at  different  levels,  from  the 
level  of  the  sea  up  to  4,000  feet  above  sea 
level,  was  brought  under  review,  and  was 
followed  by  a computation  of  the  average  work 
performed  by  the  heart  in  a healthy  adult 
man.  The  work  was  traced  out  by  the  minute, 
the  hour,  and  the  day,  and  was  shown  to 
equal  the  feat  of  raising  5 tons  4 cwts.  one  foot 
per  hour,  or  125  tons  in  twenty-four  hours.  The 
excess  of  this  work  under  alcohol  in  varying 
quantities  formed  a corollary  to  the  history  of 
the  work  of  the  heart,  Parkes’  calculation 
showing  an  excess  of  24  foot-tons  from  the 
imbibition  of  eight  fluid  ounces  of  alcohol. 
The  facts  relating  to  the  work  of  the  heart  by 
the  weight  of  work  accomplished  was  supple- 
mented by  a new  calculation,  in  which  the 
course  of  calculation  was  explained  by  mileage. 
Presuming  that  the  blood  was  thrown  out  of 
the  heart  at  each  pulsation  in  the  proportion 
of  69  strokes  per  minute,  and  at  the  assumed 
force  of  9 feet,  the  mileage  of  the  blood  through 
the  body  might  be  taken  at  207  yards  per 
minute,  7 miles  per  hour,  168  miles  per  day, 
61,320  miles  per  year,  or  5,150,880  miles  in  a 
lifetime  of  84  years.  The  number  of  beats  of 
the  heart  in  the  same  long  life  would  reach  the 
grand  total  of  2,869,776,000. 
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In  the  next  part  of  the  lecture  the  sounds 
of  the  heart  were  described  and  imitated, 
and  the  muscular  construction,  with  special 
reference  to  the  spiral  character  of  the 
cardiac  action,  was  illustrated  on  the  screen 
from  Pettigrew’s  series  of  photographs  of 
dissections  of  the  heart.  The  effect  of  the 
ventricular  contraction  on  the  arterial  pulses 
was  also  illustrated  by  a series  of  sphygmo- 
graphic  tracings,  showing  the  natural  pulse 
tracings  and  the  various  deviations  from  the 
natural  under  the  effects  of  alcohol,  tobacco, 
opium,  and  exposure  to  extreme  cold.  The 
resistance  produced  by  cold  was  illustrated 
from  the  tracing  of  the  pulse  of  Mr.  Fleuss 
after  his  immersion  for  an  hour  in  water  at  35° 
Fahrenheit. 

[Professor  H.  S.  Hele  Shaw's  fourth  lecture  on 
“ Friction  ” will  be  printed  in  next  week’s  JournalP^ 


Miscellaneous. 

^ 

INTERNATIONAL  CONGRESS  OF 
AMERICANISTS  AT  TURIN. 

The  Sixth  International  Congress  of  Americanists 
was  held  recently  at  Turin,  under  the  patronage  of 
H.M.  the  King  of  Italy,  wFo  was  represented  at  the 
inaugural  meeting  by  H.R.H.  the  Duke  of  Aosta. 
The  object  of  this  association  is,  as  its  name  infers, 
to  promote  the  study  of  all  relating  to  the  history, 
archaeology,  &c.,  of  that  country  previous  to  its 
discovery  by  Columbus.  The  meetings  were  held  in 
the  Palazzo  Carignano,  under  the  presidency  of 
Professor  Ariodante  Fabretti,  Director  of  the  Museum 
of  Antiquities  of  Turin.  Several  countries  w’ere 
represented  officially,  amongst  which  Spain  by  the 
Senator  Fabie  and  Senor  Jimenez  de  la  Espada ; 
Belgium  by  M.  Dognee ; France  by  M.  Desire 
Cliarnay,  the  explorer  of  the  ruined  cities  of 
Central  America ; Denmark  by  Professor  Waldemar 
Schmidt,  of  the  University  of  Copenhagen;  Brazil 
by  his  Excellency  Lopez  Netto,  the  Brazilian 
.Minister  at  Rome.  Other  countries,  though  not 
officially,  were  also  represented — the  United  States, 
Germany,  Portugal,  Russia,  Egypt,  Uraguay, 
I’araguay,  Columbia,  the  Argentine  Republic  and 
Liberia.  The  majority  of  the  foreign  members  were 
French  and  Spanish  ; England  was  not  represented  a^ 
this  congress.  The  subjects  to  be  discussed  were 
divided  into  four  .sections,  the  1st  comprising 
geography,  history,  and  geology ; the  2nd, 
archeology  ; the  3rd,  anthropology  and  ethnography, 
whilst  the  4th  was  devoted  to  paleography  and 
philology. 

I he  inaugural  meeting  was  held  on  September  15th, 
and  the  Syndic  welcomed  the  foreign  visi'.ois  to 


Turin  in  the  name  of  the  Municipality.  The  Presi- 
dent then  declared  the  meeting  open  in  a short 
address,  in  which  he  alluded  to  the  part  taken  by 
Italy  in  the  discovery  of  America,  to  the  fame  of  the 
Genoese  and  Venetians  as  navigators  during  the 
Middle  Ages,  and  of  Christopher  Columbus,  the 
great  Genoese,  to  whose  courage  and  perseverance 
the  scientific  discovery  of  the  New  World  is  due. 

Professor  Waldemar  Schmidt  (who  was  the  chief 
organiser  of  the  last  congress  which  was  held  at 
Copenhagen,  in  1883),  said  that  if  the  Italians  claimed 
the  discovery  of  America  for  their  fellow-countryman 
Columbus,  within  historic  times,  its  discovery  in 
pre-historic  times  was  no  less  due  to  his  (the  Danes), 
and  alluded  to  the  voyages  of  the  early  Scandinavian 
navigators,  and  the  probable  emigration  of  the  Celtic 
tribes  to  America. 

Senor  Fabie,  the  Spanish  delegate,  observed  that 
if  the  Italians  claim  the  discoveiy  of  America  for 
their  countrymen,  it  was  to  Spanish  enterprise,  and 
to  a Spanish  king  that  the  little  expedition  under 
Columbus  was  fitted  out,  and  the  vessels  were 
manned  by  Spanish  seamen. 

M.  Desire  Charnay  deplored  the  indifference 
towards  the  study  of  ancient  American  civilisation, 
and  especially  with  regard  to  ancient  Mexican  art, 
which  is  ignored  by  the  public  in  general,  whilst 
the  classic  art  of  the  East  alone  is  considered  as 
worthy  of  study. 

A “ conversazione  ” was  held  in  the  rooms  of  the 
Geographical  Society  of  Turin.  The  programme  of 
the  second  day’s  meeting  related  chiefly  to  the  history 
and  geography  of  America,  and  particularly  to  the 
voyage  of  the  Venetians,  the  brothers  Leno,  to  the 
Northern  Ocean  towards  the  end  of  the  14th  century. 
Two  papers  w'ere  read,  one  by  the  General  Secretary, 
Professor  Cora,  on  this  subject,  and  another  by  M. 
Beauvois.  With  regard  to  the  voyage  of  these 
Venetian  sailors,  there  can  be  no  doubt  that  they 
did  reach  the  shores  of  Greenland,  and  the  chart 
published  at  Venice,  illustrating  their  journey,  is, 
without  doubt,  of  great  value,  as  the  position  of  the 
Northern  Seas  are  correctly  indicated. 

To  Christopher  Columbus,  however,  is  due  the 
honour  of  having  scientifically  discovered  the  new 
continent.  Other  navigators  previous  to  him,  as  the 
Scandinavians,  Basques,  Irish,  &c.,  may  by  some 
strange  chance  have  reached  the  shores  of  America, 
but  no  navigator  previous  to  Columbus  had  de- 
liberately set  sail  from  a European  port  wdth  the 
fixed  purpose  of  seeking  Eastern  shores  by  steering 
West,  or,  in  the  words  of  Herrera,  buscando  el 
leva?zte  ^er  el  poniente — “a  thing  more  divine  than 
human” — as  was  said  at  the  Court  of  King  Henry 
VII.,  when  the  first  tidings  of  the  discovery  of 
Columbus  reached  England. 

The  third  meeting  was  held  on  the  17th,  under 
the  presidency  of  Senor  Fabie,  wffio,  in  the  name 
of  the  Academy  of  Madrid,  presented  a large 
collection  of  important  works  relating  to  Americar> 
archaeology  and  antiquities.  Several  papers  were 
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read  by  Professor  Cora,  amongst  which  a mono- 
graph on  the  origin  of  the  name  “America,” 
on  “ Danish  Explorations  in  Greenland,”  by 
Professor  Schmidt.  Professor  Vincenzo  Grossi,  the 
Orientalist,  contributed  a memoir  on  the  literature 
a.nd  folk-lore  oi  the  primitive  populations  of  America. 
M.  Desire  Charnay  read  a paper  on  “ The  Pyramids 
of  Izamal  and  the  Ruins  of  the  Temple  of  Kab-ul,” 
which  was  followed  by  a memoir  by  Professor  Grossi 
on  “The  Pyramids  of  the  Old  and  New  Worlds.” 
Among  the  other  papers  maybe  mentioned  on  “ The 
Kjokkenmoddings  of  America,”  by  Senor  Gimenez 
de  la  Espada,  which  gave  rise  to  a discussion,  in 
which  Dr.  Pigorini,  director  of  the  Prehistoric 
IMuseum  of  Rome,  and  Prof.  Schmidt  took  part. 
^I.  de  Baye  read  a paper  on  “An  Idol  recently  dis- 
covered in  Guatemala.” 

At  the  last  day’s  meeting  it  was  decided 
that  the  next  congress  should  be  held  at  Berlin. 
Amongst  the  various  papers  read  was  one  by  Pro- 
fessor Grossi  on  “ The  Mummies  of  the  Old  and  of 
the  New  Worlds;”  a note  by  M.  De  !Monclar  on  “ A 
trepanned  skull  found  in  the  basin  of  the  Amazon  ; ” 
Professor  Schmidt  read  a memoir  by  M.  H.  Rink  on 
“ The  Eskimo  Tribes  of  the  East  and  of  the  West  ; ” 
Professor  Cora  read  a paper  on  “ The  Ancient  Maja 
Language ; ” Herr  E.  Seller,  of  the  Royal  Ethnological 
Museum  of  Berlin,  read  a paper  on  “ The  Ancient 
Mexican  Picture  Writing,  and  especially  the  Codex 
Borgia  and  the  Codex  Vaticanus  B ; ’ Senor  Gimenez 
de  la  Espada  contributed  two  memoirs  on  “ The 
Guippos,”  the  other  on  “ The  Caribe  Dialect.” 

The  members  of  the  Congress  left  for  Genoa,  which 
claims  to  be  the  birth-place  of  Christopher  Columbus. 


SH'EET  POTATO  /A  THE  WEST  INDIES. 

The  sweet  potato  (Bitatas  edulis)  is,  according  to 
the  European  Mail,  the  main  food  crop  at  Barbadoes, 
where  the  yam  is  little  known,  whereas  at  Jamaica 
the  converse  is  the  case,  the  yam  {Dioscored)  being 
very  largely  grown  all  through  the  interior  hills, 
while  the  cultivation  of  the  sweet  potato  is  confined 
to  a few  places  in  the  lowlands.  The  following  in- 
formation was  obtained  by  the  editor  of  the  European 
Mail  from  Mr.  D.  Morris,  late  Director  of  the  Public 
Gardens,  Jamaica,  and  now  of  the  Royal  Gardens, 
Kew.  Since  the  large  emigration  of  negroes  to  the 
Isthmus  of  Panama  there  has  arisen  a considerable 
trade  in  yams  between  Jamaica  and  Colon,  to  the 
manifest  advantage,  in  present  cash  returns,  of  the 
former  country.  Unfortunately,  the  cultivation  of 
5’ams  entaifs  the  cutting  down  of  forest  year  by  year, 
as  good  yams  seldom  do  well,  in  the  manner  culti- 
vated at  Jamaica,  except  by  the  “rotation  of  land” 
— a peculiar  negro  mode  of  interpreting  the  European 
idea  of  “rotation  of  crops.”  Hence  it  is  not  very 
desirable,  from  a general  economic  point  of  view, 
to  extend  or  encourage  the  cultivation  of  yams. 


With  the  sweet  potato,  however,  it  is  different. 
This  can  be  grown  without  the  sacrifice  yerr 
by  year  of  valuable  virgin  forest,  and  it  is,  in  many 
respects,  a crop  well  adapted  to  all  the  lowlands, 
not  only  of  Jamaica,  but  also  of  the  West  Indies 
generally. 

Besides  being  utilised  directly  for  food  purposes, 
it  would  appear  that  a new  demand  is  likely  to  arise 
for  the  tubers  of  the  sweet  potato  in  connection  with 
the  production  of  alcohol.  The  first  notice  of  the 
sweet  potato  being  utilised  in  this  manner  appeared 
in  a report  to  the  Foreign  Office  given  by  Consul 
Hertslet  on  the  trade  and  commerce  of  the  Azores 
for  the  year  1884. 

Owing  to  a variety  of  causes,  it  appears  that  culti- 
vators at  St.  Michael’s  and  other  islands  of  the 
Azores,  who  had  hitherto  looked  upon  oranges  as 
their  staple  production,  were  so  disheartened  by  low 
prices  and  the  diminished  crops  yielded  by  their  trees, 
that  they  resolved  to  clear  their  land  of  everything 
and  plant  it  afresh  with  sweet  potatoes.  The  whole 
of  the  crop  thus  raised  was  used  in  the  preparation  of 
alcohol.  During  the  year  1884,  1,826  pipes  of  alcohol, 
of  the  value  of  ^40,518,  made  from  sweet  potatoes, 
were  exported  from  the  Azores  to  Lisbon,  and  sub- 
sequently, the  trade  assumed  still  larger  propor- 
tions. 

Encouraged  by  the  success  of  the  enterprise  at  the 
Azores,  it  appears  that  a French  chemist.  Monsieur 
A.  Ralu,  having  much  experience  in  chemistry,  as 
connected  with  distillation,  and  possessing  axtensive 
relations  with  the  West  Indies  (Martinique),  has 
taken  out  patents  : — i.  For  utilising  as  a commercial 
and  industrial  substance  sweet  potatoes  and  yams,  by 
means  of  desiccation  and  conversion  into  flour ; and, 
2,  for  distilling  alcohol  from  the  above  flour. 

In  relation  to  the  ordinary  or  Irish  potatoes,  white 
beetroot,  and  maize  flour,  sweet  potatoes  possess  an 
alcoholic  richness  of  15*50  per  cent.,  as  compared 
with  8 and  9 per  cent,  of  the  Irish  potato,  and  4 and 
5 per  cent,  in  the  beetroot.  The  value  of  raw  sweet 
potato  for  distillation,  and  its  superiority,  both  as  to 
quantity  and  quality,  over  other  substances,  has  been 
for  some  time  known  and  recognised.  The  difficulty 
has  been  in  extracting  the  alcohol  on  the  spot ; added 
to  this,  there  is  the  danger  attending  its  exportation, 
for  it  is  impossible  to  prevent  leakage,  and  the  vapour 
of  alcohol  at  95®  Fahr.  in  hot  climates  is  said  to  be 
inflammable.  Alcohol,  therefore,  is  assumed  to  be  a 
dangerous  cargo.  As  alcohol  cannot,  it  is  supposed, 
be  made  on  the  spot  and  exported  to  Europe,  Mons. 
Ralu’s  patents  aim  at  the  preparation  of  sv/eet  potato 
flour  in  the  West  Indies,  from  which  afterwards  the 
alcohol  may  be  distilled  and  utilised  in  Europe. 

As  already  noted,  one  establishment  for  distilling 
alcohol  from  raw  sweet  potato  exists  at  the  Azores, 
and  since  it  began  work  it  is  said  to  have  doubled 
its  plant,  and  all  the  alcohol  it  produces  is  sold  in 
advance  at  Lisbon,  where  it  is  used  for  the  fortifi- 
cation of  wines.  M.  Ralu  says:  — “The  alcohol  of 
which  we  have  specimens  is  superior  in  quality  to  the 
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best  marks  of  France.  The  distillery  obtains  12  per 
cent,  {i.e.,  12  litres  of  alcohol  at  100"'  per  100  kilog. 
of  sweet  potato)  of  alcohol.  We  have  experimented 
with  the  sweet  potato  of  Algeria.  They  give 
13  4' 10  litres  of  alcohol  per  100  kilog.  The  sweet 
potato  of  Martinique  and  Brazil  have  given  15  litres. 
There  is  here,  therefore,  a very  rich  material  for 
distillation.  Ordinary  potatoes  yield  only  3 litres  of 
alcohol  per  100  kilog.” 

The  objects  sought  by  Mr.  Ralu’s  patent  involve 
the  extensive  cultivation  of  the  sweet  potato  in  the 
West  Indian  Islands,  its  desiccation  by  means  of 
fruit  driers,  its  reduction  into  a meal,  and  its  export 
to  Europe,  where  an  almost  unlimited  demand  exists 
for  sweet  potato  meal  for  distilling  purposes.  The 
alcoholic  richness  of  the  sweet  potato  is  shown  by 
the  following  Table  : — 


Francs. 

Litres. 

Wheat 

1975  to  21-50 

28  to  30 

Rye 

15-50  to  16-25 

22  to  23 

Barley ; 

17-75  to  20-00 

24  to  25 

Oats 

17-25  to  19-50 

20  to  21 

Buckwheat 

16-00  to  17-00 

24  to  24 

!Maize 

14-00  to  14-50 

28  to  30 

Rice 

18-00  to  19-00 

32  to  33 

Sweet  potato  flour. . . . 

14-00  to  15-00 

38  to  39 

!Maize,  it  will  be  seen,  is  the  only  cereal  which  is 
as  cheap  as  the  potato  flour,  but  it  requires  324 
kilog.  (714  lbs.)  of  maize  to  make  one  hectolitre  (22 
gallons)  of  pure  alcohol,  whilst  it  requires  only  235 
kilog.  (519  lbs.)  of  the  flour  to  make  the  same 
amount  of  alcohol.  There  is  a great  saving  of  time 
and  combustibles  when  distilling  from  the  flour,  as 
compared  with  the  maize.  Alcohol  from  maize  costs 
10  francs  per  hectolitre  more  to  make,  and  when 
made  sells  at  from  8 to  10  francs  less  than  the 
alcohol  made  from  the  sweet  potato  flour. 

The  sweet  potato  at  present  cultivated  in  Jamaica 
is  mostly  intermingled  with  other  plants  in  the  pro- 
vision grounds  of  the  negroes.  Hardly  any  is  culti- 
vated by  Europeans.  No  definite  area  is  returned  as 
exclusively  devoted  to  this  cultivation,  and  no  returns 
of  yield  per  acre  are  available  from  authentic  sources. 
A negro  in  the  same  ground  will  have  yam  (Dios- 
corea),  corn  (maize),  sugar  cane,  and  possibly,  also, 
two  or  three  other  plants,  such  as  bananas,  plantains, 
cocos  (Colocasia). 

vSwcet  potatoes  thrive  best  in  rich  friable  soil  free 
from  clay. 

At  the  foot  of  the  Liguanea  hills,  and,  indeed,  in 
most  localities  with  the  soil  indicated  above,  they  are 
found  to  thrive.  They  are  easily  propagated  by  slips 
or  portions  of  the  stem  planted  in  rows  or  in  hills. 
The  roots  come  to  maturity  in  three  or  four  months, 
and  the  cultivation  is  continued  by  covering  up  the 
stems  when  digging  up  the  more  perfect  roots  for 


use.  The  crop  coraes  in  practically  all  the  year 
round.  There  is  no  regular  season  for  it,  and  hence 
it  can  be  best  harvested  by  examining  the  state  of  the 
roots,  and  taking  out  those  that  are  found  perfectly 
ripe.  The  crop  may  be  gathered  at  least  three  or 
four  times  in  the  year,  but  as  to  the  amount  or  value 
of  each  cropping  no  data  are  immediately  available. 

If  the  cultivation  were  undertaken  by  sugar  planters, 
and  large  areas  were  planted  with  sweet  potatoes, 
there  is  little  doubt  that  in  Jamaica  they  might  be 
grown  as  advantageously  and  as  successfully  as  any- 
where. 


Correspondence. 


EAST  AFRICAN  DRUGS. 

In  an  article  on  the  above  in  your  issue  of  Octob» 
15th,  p.  1217,  mention  is  made  of  a creeping  plant 
“with  bean-like,  hairy  S-shaped  pods,  having  severe 
stinging  powers ; it  is  about  four  inches  long,  of 
yellowish  brown  colour,  and  is  called  upupul^  From 
this  description,  I think  it  is  doubtless  identical  with 
the  Mucuna  pruriens,  D.C.,  which  is  found  in  i 
the  locality  mentioned,  and  is  well  known  on  account 
of  the  irritant  hair  which  envelop  the  pod.  In  the 
same  article  reference  is  also  made  “ to  the  muavi,  or 
poisonous  decoction  of  the  bark  of  a tree,  employed 
in  the  trial  by  ordeal  of  the  natives  of  the  Nyassa 
and  Zambesi  valley.”  This  is  evidently  the  Erythro- 
phlcEum  guineense,  Don.,  or  sassy  bark  of  Sierra 
Leone,  which  is  known  to  be  used  as  an  ordeal  in 
Nyassa.  The  bark  is  powerfully  poisonous,  and  is 
administered  by  native  tribes  in  widely- remote  regions 
of  Tropical  Africa  as  an  ordeal. 

John  M.  Hillier. 

Museum,  Royal  Gardens,  Kew. 


Notes  on  Books, 


English  Glees  and  Part  Songs:  An  Inquiry 
into  their  Historical  Development.  By  William 
Alex.  Barrett,  Mus.Bac.,  Oxon.  London  : Long- 
mans, Green,  and  Co.  1886.  Sm.  8vo. 

This  book  has  grown  out  of  a course  of  lectures 
delivered  by  Mr.  Barrett  at  the  City  of  London 
College,  under  the  auspices  of  the  “ Society  for  the 
Extension  of  University  Teaching.”  After  dealing 
with  the  origin  of  vocal  harmony  from  the  early 
times  to  the  fifteenth  century,  the  author  proceeds  to 
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his  particular  subject,  and  traces  the  history  of  the 
glee  and  of  the  madrigal.  He  writes  : — “ From  the 
time  of  Henry  HI.,  to  whose  reign  belongs  the  early 
piece  of  music,  ‘ Sumer  is  icumen  in,’  to  the  days  of 
Queen  Elizabeth,  the  round,  catch,  or  canon  was  a 
favourite  form  of  musical  diversion.”  The  earliest 
publication  of  madrigals  in  England  was  the  “ Musica 
Transalpina,”  published  by  N.  Yonge,  in  1588.  This 
w’as  followed  by  the  collections  of  Thomas  Watson, 
John  Wilbye,  Thomas  Weelkes,  Thomas  Morley, 
and  others.  Troublous  times  came  for  musicians 
when  the  civil  wars  broke  out,  and  it  was  not  until 
after  the  Restoration  that  they  regained  the  position 
they  had  lost.  Then  musical  clubs  and  meetings 
became  the  vogue.  The  earliest  catches  of  Purcell 
were  printed  in  a new  edition  of  “ Catch  that  Catch 
Can,”  in  1685.  Mr,  Barrett  says,  “The  genius  of 
Purcell  embraced  with  equal  felicity  every  species  of 
composition,”  and  adds,  “ the  study  of  the  works  of 
Henry  Purcell  would  be  found  to  be  among  the  most 
profitable  preparations  for  a complete  and  lasting 
foundation  that  a young  musician  could  enter  upon.” 
With  the  opening  of  the  eighteenth  century,  appear 
the  names  of  Dr.  William  Croft,  John  Blow,  and 
Dr.  Maurice  Greene.  A chapter  is  devoted  to  Dr. 
Ame,  and  then  follow,  among  many  lesser  lights, 
Samuel  Webbe,  John  Stafford  Smith,  Reginald 
Spofforth,  Dr.  Callcott,  Richard  J.  S.  Stevens,  Dr. 
Horsley,  Samuel  Wesley  the  elder,  Samuel  Arnold, 
and  Thomas  Attwood.  AVith  the  nineteenth  century 
arose  Henry  Rowley  Bishop,  who  was  born  in  1785, 
and  commenced  his  musical  career  with  a piece  per- 
formed in  1804.  The  last  chapter  contains  a notice 
of  the  glee  in  the  nineteenth  century,  with  mention 
of  Sir  John  Goss,  Pearsall,  Smart,  Hatton,  and 
Macfarren.  The  author,  in  concluding,  writes  that 
the  statement  of  the  deficiency  of  musical  capacity 
in  England  should  be  strenuously  opposed  with 
counter  statements  in  vindication  of  facts. 


Practical  Mercantile  Correspondence. 

English-French  and  French-English.  By  Chr. 

Vogel.  London  : Whitaker  and  Co.  2 vols.,  8vo. 

These  volumes  contain  a collection  of  forms  for 
business  letters  arranged  under  twenty  headings,  and 
a “ Dictionary  of  Commercial  Terms.”  Each  volume 
is  a complement  of  the  other,  the  same  letters  being 
given  in  each,  in  English  in  the  one,  and  in  French 
in  the  other. 


A Pocket  Cyclopaedia  of  Useful  Knowledge 
ON  a Thousand  Subjects.  By  Henry  Grey. 
London : Griffith,  Farren,  Okeden,  and  Welsh, 
1886. 

This  little  book  contains  a short  account  of  such 
points  of  useful  information  as  may  be  required  by 
the  general  reader.  It  is  illustrated  with  a series  of 
coloured  diagrams. 


Obituary. 

— 

George  Clowes. — By  the  death  on  the  3rd  inst., 
of  Mr.  George  Clowes,  the  Society  of  Arts  has  lost 
a member  of  thirty- five  years’  standing,  he  having 
joined  the  Society  in  1851.  Hewasbornin  i8i4,and 
was  the  last  surviving  son  of  AVilliam  Clowes,  the 
founder  of  the  house  of  William  Clowes  and  Sons, 
the  well-known  printers.  He  was  educated  at  Tooting, 
and  at  University  College,  London.  It  was  originally 
intended  that  he  should  become  a barrister,  but  from 
the  increasing  responsibilities  of  his  father’s  printing- 
office  he  was  induced  to  adopt  that  business  instead 
of  the  legal  profession.  He  married,  in  1837,  the 
eldest  daughter  of  Charles  Knight,  in  whose  schemes 
for  the  diffusion  of  knowledge  he  personally  took  the 
greatest  interest,  and  he  was  invariably  consulted  by 
his  father-in-law  in  all  his  large  undertakings.  He 
was  for  many  years  auditor  to  the  Guild  of  Literature, 
a scheme  started  by  the  late  Lord  Lytton,  and  he 
assisted  the  Bar  Committee  for  Law  Reporting  in 
the  business  portion  of  their  undertaking.  Mr. 
Clowes  took  a prominent  part  in  the  production  of 
the  catalogues  and  other  official  publications  of  the 
1851  Exhibition.  He  took  an  active  part  in  the 
printing  business  till  within  the  last  year. 

Professor  Guthrie,  F.R.S. — Dr.  Frederick 
Guthrie,  who  died  on  October  21st,  was  born  at 
Bayswater,  in  October,  1833,  and  was  educated  at 
University  College,  London.  At  the  age  of  nineteen 
he  graduated  B.A.  of  the  University  of  London, 
taking  honours  in  animal  physiology.  In  1854,  he 
went  to  Heidelberg,  and  afterwards  to  Marburg,  con- 
tinuing the  chemical  studies  which  he  had  com- 
menced at  University  College  under  Thomas 
Graham,  Williamson,  and  Henry  Watts.  In  1856, 
he  was  acting  as  assistant  to  Dr.  Frankland  at  Owens 
College,  Manchester.  Three  years  after  he  was 
assistant  to  Dr.  (now  Sir  Lyon)  Playfair,  then 
Professor  of  Chemistry  at  Edinburgh.  He  was 
appointed  Professor  of  Chemistry  and  Physics  at  the 
Royal  College  of  Mauritius,  in  1861,  and  in  1867  he 
returned  to  England.  He  contributed  numerous 
papers  to  scientific  societies  and  journals.  From 
1855  to  about  1864  these  were  chiefly  on  chemical 
subjects,  and  from  1864,  downwards,  chiefly  on 
physical  subjects.  In  1869,  he  was  appointed 
Lecturer  in  Experimental  Physics  at  the  Royal  School 
of  Mines,  a post  which,  with  modified  title  and 
extended  duties,  he  held  until  his  death.  He  sub- 
sequently proposed  the  formation  of  the  Physical 
Society,  the  meetings  of  which  commenced  in  1874. 
Dr.  Guthrie  was  elected  a Fellow  of  the  Royal 
Society  in  1873,  and  a member  of  the  Society  of 
Arts  in  the  present  year.  In  February  and  March 
last,  he  delivered  a course  of  Cantor  Lectures  before 
the  Society,  his  subject  being  “ Science  Teaching.” 
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General  Notes. 


Edinburgh  Exhibition.— The  Edinburgh  Inter- 
national Exhibition  closed  on  Saturday,  October 
30th.  The  total  number  of  visitors  to  the  Exhibition 
was  2,769,632,  or  an  average  per  day  of  19,233,  per 
week  of  115,401,  per  month  of  461,605. 


THE  LIBRARY. 

The  following  works  have  been  added  to  the 
Library  since  the  last  announcement : — 

Abel  and  Imray. — Patents,  Designs,  and  Trade 
Marks.  British  and  Foreign.  (London,  1886.) 
Presented  by  Oliver  Im.ray. 

Barrett,  William  Alexander,  Mus.  Bac. — English 
Glees  and  Part  Songs.  (London  : Longmans,  Green, 
and  Co.,  1886.)  Presented  by  the  Publishers. 

Bartholomeusz,  Oliver. — Minicoy  and  its  People. 
(London:  1885.)  Presented  by  Sir  James  N. 

Douglass. 

Benson,  Charles.— Records  of  the  Saidapet  Ex- 
perimental Farm.  (Madras,  1885.) 

Berly,  J.  A.— Universal  Electrical  Directory  for 
1886.  (London  : William  Dawson  and  Sons,  1886.) 
Presented  by  the  Publishers. 

Commissioners  of  Patents  for  Inventions,  Reports 
1852-83.  Presented  by  H.  Reader  Lack. 

Grant,  Robert,  F.R.S. — History  of  Physical 
Astronomy.  (London  : Henry  G.  Bohn,  1852.) 
Purchased. 

Grey,  Henry. — A Pocket  Encyclopaedia  of  Useful 
Knowledge.  (London:  Griffith,  Farren,  and  Co., 
1886.)  Presented  by  the  Publishers. 

Ilambleton,  G.  W. — What  is  Consumption.? 
-(London  : J.  & A.  Churchill,  1886.)  Presented  by 
the  ,A.uthor. 

Jago,  William. — The  Chemistry  of  Wheat,  Flour, 
and  Bread,  and  Technology  of  Breadmaking, 
(lirighton:  William  Jago,  1886.)  Presented  by  the 
Author. 

Lock,  C.  G.  Warnford. — AVorkshop  Receipts. 
(Third  Series.)  London:  C.  and  F.  N.  Spon,  1884.) 
Presented  by  the  Publishers. 

London  (Illustrated)  : a complete  Guide  to  the 
I Maces  of  Amusement,  &c.  (London,  1885,  J.  P. 
Segg  and  Co.) 

Melbourne  International  Exhibition,  1880- 1, 

Official  Record.  (Melbourne : Mason,  Firth,  and 
M’Ciitcheon,  1882.)  Presented  by  Edmund  Johnson. 

Memorial  of  Alexander  Lyman  Holley,  C.E., 
LL.D.  (New  York  : American  Institute  of  Mining 
Engineers,  1884.)  Presented  by  William  Whitaker. 

Miller,  Fred. — Pottery  Painting.  (London  : Wy- 
man and  Sons.)  Presented  by  the  Publishers. 
Muspratt,  Dr.  Sheridan. — Chemistry  ; Theoretical, 


Practical,  and  Analytical,  as  applied  and  relating  to 
the  Arts  and  Manufactures.  2 vols.  (Glasgow  : 
William  Mackenzie.)  Purchased. 

Notizblatt  des  Vereins  fiir  Erdkunde  zu  Darmsla  It 
und  des  mittelrheinschen  geologischen  Vereins. 
Herausgegeben  von  R.  Lepsius.  (Darmstadt, 

1884. )  Presented  by  Carl  A.  Thimm. 

Parnell,  Edward  A.,  F.C.S.— The  Life  and 
Labours  of  John  Mercer,  F.R.S.  (London  : Long- 
mans, Green  and  Co.,  1886.)  Presented  by  the 
Publishers. 

Peter,  Richard,  and  Otho  Bathurst  Peter. — The 
Histories  of  Launceston  and  Dunlieved.  (Plymouth  : 
AV.  Brendon  and  Son,  1885.)  Presented  by  O.  B. 
Peter. 

Philipson,  John. — The  Technicalities  of  the  Art  of 
Coach-body-making.  (London:  John  Kemp  and  Co., 

1885. )  Presented  by  the  Author. 

Plasse,  L’Abbe. — Le  Clerge  Fraii9ais  refugie  en 
Angleterre.  2 vols.  (Paris : Societe  Generale  de 
Librarie  Catholique,  1886.)  Presented  by  the 
Author. 

Post-Office  Telegraphs.  Connections  of  Telegraph 
Apparatus  and  Circuits.  (General  Post-Office,  1886.) 
Presented  by  the  Secretary  of  the  General  Post- 
Office. 

Raffles,  Lady. — Memoir  of  the  Life  and  Public 
Services  of  Sir  Thomas  Stamford  Raffles,  F.R.S. 
(London:  John  Murray,  1830.)  Purchased. 

Report  on  Lighthouse  Illuminants.  Part  II. 
(London,  1885.)  Presented  by  Sir  James  N. 
Douglass. 

Rockstro,  AV.  S. — A General  History  of  Music. 
(London:  Sampson  Low  and  Co.,  1886.)  Pre- 
sented by  the  Author. 

Rogers,  James  E.  Thorold,  M.P. — Six  Centuries  | 
of  AVork  and  Wages.  2 vols.  (London:  AV.  Swan  , 
Sonnenschein  and  Co.,  1884.)  Purchased.  I 

Schellen,  Dr.  H. — Spectrum  Analysis  in  its  I 
application  to  Terrestrial  Substances,  edited,  with  ; 
notes,  by  Capt.  W.  de  W.  Abney,  R.E.,  F.R.S.  \ 
(London:  Longmans,  Green,  and  Co.)  Presented  i 
by  the  Publishers.  i 

Stone,  T.  W. — Simple  Hydraulic  Formulae.  I 
(London  : E.  and  F.  N.  Spon,  1881.)  Presented  by  j 
the  Author.  | 

The  Hotels  of  Europe.  (London  : J.  P.  Segg  | 
and  Co.)  Presented  by  the  Publishers.  ‘ 

The  Theory  and  Practice  of  Hydro-AIechanics. 
(London,  1885.)  Presented  by  the  Institution  of 
Civil  Engineers. 

Vogel,  Chr.,  Ph.D. — English-French  and  French- 
English  Practical  Mercantile  Correspondence.  2 vols. 
(London : AVhittaker  and  Co.)  Presented  by  the 
Publishers. 

AVanklyn,  J.  Alfred. — The  Gas  Engineer’s 
Chemical  Manual.  (London : Scientific  Publishing 
Co.,  Limited,  1886.)  Presented  by  the  Author. 

AVeavers’  Company,  Facsimile  of  the  Ancient 
Book  of  the.  (London.)  Presented  by  T.  O. 
Hutton. 
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A -V  communtcaftons  for  the  Society  should  he  addressed  to 
the  Secretary,  John-street,  Adelpht,  London,  W.C. 


NOTICES. 


ARRAzVGEMEiVTS  FOR  THE 
SESSION. 

The  First  Meeting  of  the  One  Hundred  and 
Thirty-third  Session  of  the  Society  will  be  held 
on  Wednesday  evening,  the  17th  November, 
when  the  Opening  Address  will  be  delivered  by 
Captain  Douglas  Gallon,  C.B.,  D.C.L., 
LL.D.,  F.R.S.,  Chairman  of  the  Council. 
Previous  to  Christmas  there  will  be  four 
Ordinary  Meetings,  in  addition  to  the  Open- 
ing Meeting.  The  following  arrangements 
have  been  made: — 

November  24. — “Purification  of  Water  by 
Agitation  with  Iron  and  by  Sand  Filtration.”  By 
William  Anderson,  M.Inst.C.E. 

December  i. — Adjourned  Discussion  on  the 
paper  read  by  Dr.  C.  Meymott  Tidy,  on  “Sewage 
Disposal.”  (Read  April  14,  1886.) 

December  8.  — “ Glow  Lamps,  their  Use  and 
Manufacture.”  By  Major-General  C.  E. 
AVebber,  R.E.,  C.B. 

December  15. — “Cameo  Cutting  as  an  Occupa- 
tion.” By  J.  B.  Marsh. 


Papers  for  which  no  dates  have,  as  yet,  been 
fixed : — 

“ Development  of  the  Mercurial  Air-pump.”  By 
Prof.  Silvanus  P.  Thompson,  D.Sc. 

“ Photographic  Lenses.”  By  J.  Traill  Taylor. 

“Machinery  and  Appliances  used  on  the  Stage.” 
By  Percy  Fitzgerald. 

“Recent  Advances  in  Sewing  Machinery.”  By 
John  W.  Urquhart. 

“Textile  Fibres  in  the  Colonial  and  Indian  Exhi- 
bition.” By  C.  F.  Cross. 
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“ Irish  Industries.”  By  Rev.  Canon  Bagot. 
“Adulterationof  Beer.”  By  A.  Gordon  Salomon. 
“ Miners’  Safety  Lamps.”  By  Edward  H. 
Liveing. 


Foreign  and  Colonial  Section. 

The  meetings  of  this  Section  will  take  place 
on  the  following  Tuesday  evenings  at  Eight 
o’clock  : — 

January  25;  February  15;  March  i,  29;  April  19; 
jNIay  17. 


Indian  Section. 

The  meetings  of  this  Section  will  take  place 
on  the  following  Friday  evenings,  at  Eight 
o’clock : — 

January  21 ; February  25  ; March  ii ; April  i,  29;, 
May  27. 


Cantor  Lectures. 

The  First  Course  will  be  on  “ Principles  and 
Practice  of  Ornamental  Design.”  By  Lewis 
Foreman  Day.  Four  Lectures. 

November  29;  December  6,  13,  20. 

The  Second  Course  will  be  on  the  “ Diseases 
of  Plants,  with  special  reference  to  Agriculture- 
and  Forestry.”  By  T.  L.  W.  Thudichum,. 
M.D.  Three  Lectures. 

January  24,  31 ; February  7. 

The  Third  Course  will  be  on  “ Building 
Materials.”  By  W.  Y.  Dent,  F.C.S.,  F.I.C. 
Four  Lectures. 

February  14,  21,  28  ; March  7. 

The  Fourth  Course  will  be  on  “ Testing; 
Materials  of  Construction,  especially  Iron  and 
Steel.”  By  Prof.  W.  C.  Unwin,  F.R.S] 
Three  Lectures. 

March  21,  28  ; April  4. 

The  Fifth  and  Concluding  Course  will  be  on, 
“ The  Structure  of  Textile  Fibres.”  By  Dr. 
Frederick  H.  Bowman,  F.L.S.,  F.G.S, 
Five  Lectures. 

April  25 ; May  2,  9,  16,  23. 


Juvenile  Lectures. 

Two  Juvenile  Lectures  on  “ Soap  Bubbles, 
by  Prof.  A.  W.  Reinold,  F.R.S.,  will  be 
given  on  Wednesday  evenings,  January  5tli 
j and  12th,  1887,  at  Seven  o’clock.  Special 
I tickets  will  be  issued  for  these  lectures. 
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CANTOR  LECTURES. 

FRICTION. 

By  Professor  H.  S.  Hele  Shaw. 

Lecture  IV — Delivered  Fehrtcary  St/i,  1886. 

The  Methods  of  Reducing  the 
Resistance  of  Friction. 

Extensive  and  numerous  as  are  the  useful 
applications  of  friction,  and  indeed  absolutely 
necessary  to  our  very  existence,  we  have  only 
to  remember  that  no  motion  of  material  things 
can  take  place  without  causing  friction,  and 
that  all  friction  not  directly  useful  is  directly 
prejudicial,  and  therefore  represents  a waste 
of  power,  to  realise  that  the  question  of  its 
reduction  may  be  almost  as  important  and  wide 
as  that  of  its  utilisation. 

The  earliest  device  employed  to  reduce 
the  resistance  of  friction  probably  resulted 
from  the  discovery  that  it  was  easier  to  roll 
than  drag  those  bodies  which  otherwise  were 
difficult  to  move.  The  next  step  would  be 
made  when  it  was  found  that  the  more  closely 
a body  approached  the  circle  in  section  the 
easier  it  was  to  roll,  and  that  heavy  bodies 
which  could  not,  from  the  nature  of  their  shape, 
be  themselves  rolled  along,  might  be  made  to 
move  more  easily  when  placed  upon  rollers. 
Tlie  body  itself,  under  these  circumstances, 
moves  faster  than  the  rollers  beneath,  and  we 
find  tliat  Vitruvius  attributes  to  Ctesiphon  the 
invention  of  large  hollow  rollers,  within  which 
the  body  itself  was  placed,  a device  employed 
long  afterwards  in  our  own  times  to  launch 
the  Cleopatra  needle. 

Long  before  the  invention  of  Ctesibius  an  im- 
portant modification  in  the  mode  of  employing 
the  roller  had  no  doubt  taken  place.  This 
modification  consisted  in  transferring  the 
jioint  of  support  from  the  upper  surface  of  the 
roller  to  its  axis  in  such  a manner  as  to 
entirely  change  the  nature  of  the  contrivance, 
'flic  efficiency  of  the  simple  roller  had  been 
due  to  the  fact  that  motion  was  imparted  by 
means  of  what  I have  in  the  previous  lecture 
called  “ statical  contact.”  The  modification 
in  question,  which  was  rendered  necessary  in 
order  to  connect  the  roller  with  the  body  to  be 
moved,  by  means  of  what  really  corresponded 
to  the  frame  of  an  ordinary  vehicle,  involved  a 


certain  amount  of  “sliding  contact.”  But 
although  sliding  contact  was  thus  employed, 
not  only  was  its  extent  considerably  reduced 
by  the  device  of  the  wheel,  but  the  progress 
which  had  been  made  in  mechanical  arts 
enabled  the  surfaces  between  which  this 
sliding  took  place  to  be  selected  and  pre- 
pared, so  that  the  resistance  of  friction  was  as 
small  as  possible. 

References  to  the  use  of  wheels  frequently 
occur  in  the  earliest  books  ; there  are 
many  such  in  the  Scriptures,  and  in  Assyrian, 
Egyptian,  and  Chinese  writings.  Reuleaux 
quotes  from  the  earliest  Indian  literature 
of  the  Vedas,  1700  years  before  Christ, 
in  which  mention  is  made  of  wheels  in 
such  a way  as  to  show  that  the}"  must  even 
then  have  been  of  great  antiquity.  In  Homer 
the  heroes  ride  to  battle  in  chariots  ; and  my 
colleague.  Professor  Rendall,  tells  me  that  in 
archaic  Greek  writings  the  three  distinct  stages 
of  the  growth  of  the  wheel  can  be  traced,  from 
the  solid  disc  to  the  rude  wheel  built  up  of 
planks  with  its  rough  axle,  such  as  may  still 
be  seen  in  various  parts  of  the  world  at  the 
present  day,  culminating  in  the  elaborate 
arrangement  of  spokes  and  tyre,  the  construc- 
tion of  which  forms  the  subject  of  such  an 
elaborate  description  as  to  prove  that  the 
wheel  had,  even  in  the  early  days  of  Greece, 
been  brought  to  a state  of  great  perfection. 

Now,  in  the  wheel  we  have  two  distinct 
principles,  by  the  application  of  which  the 
resistance  of  friction  is  reduced,  these  being — 

1.  The  substitution,  as  far  as  possible,  of 
statical  for  sliding  contact. 

2.  The  preparation  and  choice  of  suitable 
materials  of  contact. 

This  is  so,  not  only  in  the  wheel  as  applied 
to  purposes  of  locomotion,  but  in  its  countless 
applications  in  the  arts,  from  the  fly-wheel 
of  the  largest  engines  to  the  scape-wheel 
of  the  smallest  watch.  Not  only  is  this  so 
where  the  wheel  is  employed,  but  in  all  cases 
where  the  friction  of  moving  parts  has  to  be 
reduced.  Thus  we  see  the  same  two  principles 
employed  in  the  most  delicate  balance,  where  a 
keen  knife  edge  of  the  finest  steel  rests  upon 
an  agate  bearing,  as  well  as  in  the  massive 
machine  for  testing  the  strength  of  metals, 
where  a force  of  300  tons  has  to  be  sustained 
by  a knife  edge  which,  though  of  increased 
proportions,  acts  in  a similar  way  to  that  of  the 
chemical  balance. 

These  are  the  two  principles  in  the  applica- 
tions of  which  heavy  structures  are  made  to 
1 rotate  easily  by  being  placed  upon  a “ pivot.” 
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The  annexed  figure  represents  the  pivot  of  the 
swing  bridge  over  one  portion  of  the  floating 
harbour  at  Bristol.  When  the  bridge,  A A,  is 
required  to  be  turned,  the  hydraulic  ram,  R, 
working  in  the  cylinder,  C,  is  raised,  and  the 
weight  of  the  bridge,  which  usually  rests  upon 
other  supports,  is  thus  brought  upon  the  pivot. 
The  actual  pivot  is  the  steel  hemisphere,  B, 


Fig.  60. 


which  turns  in  a socket  made  in  the  top  of  the 
ram  R (which  ram  does  not  itself  turn).  With 
olive  oil  as  a lubricant,  the  bridge  weighing 
about  150  tons  is  easily  and  rapidly  made  to 
rotate. 

But  in  a variety  of  more  homely  examples 
we  see  these  principles  employed ; thus  in 
the  hinge  of  every  door  or  cupboard  we  have 
a simple  but  beautiful  contrivance  by  which 
the  sliding  contact  is  reduced  to  a minimum, 
the  most  suitable  surfaces  being  at  the  same 
time  used  where  such  contact  is  unavoidable. 

In  this  way,  examples  might  be  multiplied 
indefinitely,  and  we  should  find  that  in  all 
attempts  to  reduce  the  friction  of  solid  bodies, 
and  in  all  contrivances  for  doing  so,  either  one 
or  both  of  these  two  principles  are  universally 
employed ; and  I shall,  therefore,  deal  with 
the  subject  of  this  lecture  under  two  heads, 
corresponding  to  methods  depending  upon 
their  respective  application. 

It  is  well  to  remember  that,  in  all  cases,  the 
reduction  of  the  reaction  between  the  surfaces 
tends  to  reduce  the  friction  between  them,  and 
this  reduction  of  pressure  is  naturally  ensured 
as  far  as  possible.  Thus  the  pressure  on  the 
pivot  of  a Fourneyron  turbine  is  diminished  by 
the  employment  of  a shield  or  plate,  suspended 
by  a hollow  cast-iron  tube  enclosing  the 
vertical  shaft,  so  that  the  full  weight  of  water 
does  not  act  upon  the  revolving  turbine. 
Again,  the  slide  valve  of  a steam-engine  is 
often  partially  “balanced”  by  means  of  a 


ring  which  is  fixed  upon  its  back,  the  interior 
of  which,  communicating  with  the  condenser 
or  with  the  external  air,  prevents  the  pressure 
of  steam  acting  over  the  whole  valve  area,  and 
thus  obviates  a large  portion  of  the  waste  in 
friction  which  would  otherwise  occur.  The 
reduction  of  the  weight,  or  whatever  may  be 
the  cause  of  the  pressure  which  causes  sur- 
face reaction,  is,  however,  such  an  obvious 
step,  that  I need  say  no  more  about  it. 

Before  proceeding  to  consider  in  detail  the 
mechanical  contrivances  for  reducing  the 
friction  of  solid  bodies,  I may  point  out 
that  the  reduction  of  fluid  friction  does  not 
need  special  consideration  in  this  lecture. 
It  is,  of  course,  highly  important  to 
bear  in  mind  the  facts  and  laws,  con- 
cerning fluid  friction,  which  have  already  been 
set  forth  in  the  second  lecture,  in  order  to 
ensure  the  minimum  resistance  in  such  cases  as 
the  flow  of  water  through  pipes  or  the  motion 
of  a vessel  through  the  water.  As  a rule, 
however,  no  special  devices  or  mechanical  con- 
trivances are  employed  to  reduce  liquid  friction, 
which  is  in  fact  relatively  so  small  compared 
with  that  of  solid  bodies  as  to  be  applied,  as 
we  have  seen,  under  the  form  of  lubricants, 
between  surfaces  of  the  latter  to  reduce  their 
sliding  friction.  In  the  case  of  gases  the 
friction  is  still  less,  and  is  neglected  to  an 
extent  which  may  not  always  be  expedient. 
Thus  M.  Ricour,  chief  engineer  of  the  rolling 
stock  on  the  French  railways,  gives  an  account 
of  shields  for  the  engine,  applied  with  the  object 
of  reducing  the  resistance  of  the  air,  and 
also  of  coverings  for  the  spaces  between  the 
carriages  fitted  for  the  same  purpose,  and 
when  we  remember  that  the  effect  of  the  wind 
upon  a fast  train  is  an  inportant  item  in  the 
gross  resistances,  we  may  yet  see  such  devices 
more  generally  adopted. 

(i.)  The  Substitutiox  of  Statical  for 
Sliding  Contact. 

We  have  already  noticed  that  a body  resting 
upon  rollers  travels  faster  than  the  rollers 
themselves,  and  therefore  continually  changes 
its  position  relatively  to  them.  When  the 
motion  takes  place  in  a straight  line,  the  body 
must  ultimately  leave  the  rollers  behind,  and 
thus,  as  we  are  all  aware,  in  moving  a load 
in  this  way  it  is  usual  to  carry  the  rollers 
to  the  front  as  fast  as  the}’’  are  released 
behind.  If,  however,  the  body  is  of 
cylindrical  form,  and  the  rollers  are  sufficient  in 
number  to  encircle  the  cylinder,  it  is  easy  to 
understand  that,  by  arranging  a suitable  case 
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or  frame  to  keep  the  rollers  in  position,  con- 
tinuous rotation  of  the  body  may  take  place. 
If,  instead  of  a ring  of  rollers,  one  or  more 
rings  of  balls  be  used,  with  a suitable  con- 
trivance to  prevent  their  lateral  motion,  the 
same  result  is  attained,  and  we  thus  see  the 
principle  upon  which  roller  bearings  and  ball 
bearings  act. 

Now,  before  proceeding  to  discuss  these 
two  classes  of  bearings  separately,  we  must 
notice  a theoretical  defect  common  to  both 
classes,  which,  when  they  are  subjected  to 
heavy  pressures,  becomes  of  practical  im- 
portance, though  otherwise  it  does  not  seem, 
from  actual  experiment,  to  be  worth  taking 
into  consideration.  Fig.  6i  represents  an  end 


Fig.  61. 


Diagram  op  Ball  or  Roller  Bearings. 

view  of  a portion  of  a roller  or  ball  bearing, 
showing  three  rollers  or  balls,  S S S,  between 
the  two  surfaces.  If  these  rollers  or  balls  all 
turn  in  one  direction,  their  sides  in  contact 
must  move  in  opposite  directions,  as  will  be 
seen  from  an  examination  of  the  arrows  in  the 
figure.  Two  methods  have  been  adopted  of 
remedying  this  defect,  (i)  by  keeping  the 
balls  or  rollers  apart,  (ii)  by  making  the  dia- 
meter of  every  other  ball  or  roller  smaller  than 
the  others.  The  effect  of  this  latter  device 
is  seen  in  Fig.  62  ; here  the  middle  roller  or 
ball,  .S2,  not  being  pressed  between  the  two 
surfaces,  is  free  to  roll  by  contact  with  the 
sides  of  the  full-sized  rollers  or  balls,  Sj,  and  S3, 
on  either  side,  and  now  turns  in  the  opposite 
direction  to  that  which  it  formerly  did,  as 
shown  by  the  arrow  in  the  Figure,  consequently 
there  is  no  sliding  contact  of  the  balls  or 
rollers  against  each  other. 


It  must  be  noted  that  the  term  “roller”  is 
applied  to  what  are  really  small  wheels,  such 
for  instance  as  are  placed  under  the  outer  ends 
of  dock  gates  to.  relieve  the  pressure  upon  the 
vertical  hinge  post,  as  well  as  to  circular  bodies 
where  the  surfaces  which  are  moving  relatively 
to  each  other  are  in  contact  at  the  tw’o  ex- 
tremities of  a diameter.  Now  it  is  true  that  in 
both  cases  rolling  takes  place,  but  the  use  of 
the  same  word  to  signify  what  are  in  reality 
two  different  things  is  objectionable,  and  I 
therefore  venture  to  suggest  the  use  of  the 
word  “ roller  wheel  ” for  a small  solid  wheel 
supporting  a load,  and  “roller  bearing”  for 
an  arrangement  of  rollers  such  as  I am  about 
to  describe. 

Roller  Beari?tgs.— The  roller  bearing  is  a 
very  old  device,  but  though  brought  forward 
from  time  to  time  variously  modified  in  detail, 
it  has  never  come  into  general  use,  at  any  rate 
for  continuous  wear,  with  heavy  pressures. 
George  Stephenson  tried  an  invention  of  this 
kind  by  a Mr.  Brandreth  during  the  construc- 
tion of  the  Liverpool  and  Manchester  Railwa3% 
but  without  any  satisfactory  result.  In  1859, 
M.  Brussault,  of  Paris,  described  before  the 
Institution  of  Civil  Engineers  a form  of  roller 
bearing,  the  title  of  his  paper  being  “ On  a 
new  system  of  axle-boxes  not  requiring  lubri- 
cation and  without  liability  to  heating.  ” The 
axle-box  of  this  inventor  w’as  specially  designed 
for  railway  carriages,  and  the  main  feature  was 
the  use  of  indiarubber  bands  for  the  purpose  of 
keeping  apart  the  rollers.  Models  worked  very 
well,  and  these  bearings  w^ere  actually  tried 
for  a time  in  several  mills,  in  one  case  to  the 
shaft  of  a steam  engine  of  12  horse-power 
making  from  450  to  500  revolutions  per 
minute,  in  which  instance,  though  no  grease  or 
lubricant  was  used,  the  bearing  remained  cool 
and  worked  so  freely  that  the  shaft  continued 
to  revolve  for  three-quarters  of  an  hour  after 
the  motive  pow'er  was  withdrawn.  M.  Brussault 
recounts  a list  of  various  other  unsuccessfu 
roller  bearings,  dating  from  1825,  and  explains 
the  reason  of  their  failure,  but  as  nothing  more 
was  heard  of  his  own  bearing,  that  must  now  be 
added  to  the  list. 

For  certain  purposes,  where  the  motion 
is  slow  or  intermittent,  and  the  pressures 
are  great,  roller  bearings  are  often  used. 
Thus  Fig  63  (p.  1287)  represent  the  door  of  a 
cotton  press  weighing  5 tons  ; A is  the  door  and 
B B,  the  vertical  axis,  round  which  two 
rings  of  roller  bearings  (r  R,  R r)  are  placed, 
it  was  found  that  it  took  four  men  to  turn 
it  round.  The  weight  was,  however,  partiall 


13  I8S6.]  JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


1287 


supported  upon  the  collar  shown  in  the  Figure, 
and  it  was  decided  to  place  a ring  of  balls 
(S  S)  to  assist  in  reducing  the  friction  due 
to  the  weight  of  the  heavy  door.  The  re- 
sult was  that  a weight  of  35  lbs.,  suspended 
over  a pulley,  was  found  quite  sufficient  to  keep 
the  door  moving,  and  one  man  could  work  it 
easily  by  himself. 

It  is  obvious  that,  though  a ring  of  cylindrical 
rollers  could  not  have  been  used  beneath  the 
door  in  Fig.  63,  conical  rollers  might  have 
been  employed.  Such  conical  rollers  were  at 
one  time  extensively  employed  in  the  United 
States  to  support  the  pivots  of  swing  bridges 
and  also  for  railway  turn-tables.  A cast-iron 
disc  had  a circular  groove  turned  in  it  to  receive 
a number  of  steel  rollers,  each  turned  to  the 
frustra  of  a double  cone.  A circular  railway,  30 
feet  in  diameter,  was  laid  round  the  pivot  for  a 
turn-table  48  feet  in  diameter,  this  railway  only 


Fig  63. 


Roller  and  Ball  Bearings. 


coming  into  operation  when  the  table  is  not 
balanced  on  the  pivot  which  is  supported  by 
the  conical  rollers.  With  a weight  of  14  tons 
balanced  upon  one  of  these  bearings,  the  whole 
was  revolved  by  a weight  of  three  a?id  a half 
Aoimds  hung  over  a pulley  by  a cord  attached 
to  the  periphery  of  the  turn-table.  The  table 
is  turned  with  heaviest  engines  upon  it  by  the 
mere  pressure  of  the  hand,  and  without  gear- 
ing of  any  kind.  Pivots  of  the  same  design 
were  fitted  to  two  bridges  each  230  feet  long, 
and  covering  two  openings  of  100  feet  each, 
one  at  Galena,  and  the  other  at  Chicago. 

Roller  bearings  have  had  a most  important 
application  in  bicycles  and  tricycles,  where  the 
pressures  are  comparatively  light  and  the 
motion  continuous.  Though  they  have  been  to*^ 
a great  extent  superseded  by  ball  bearings,  I 
will  briefly  describe  a few  of  the  more  im- 
portant forms,  for  an  account  of  which  and 
also  of  the  ball  bearings  for  this  purpose,  I am 
indebted  to  the  “ Bicyclist’s  Handbook,”  by 
Mr.  Henry  Sturmey,  which  contains  illustra- 
tions of  many  different  kinds  of  such  bearings. 


The  action  of  the  rubbing  of  the  rollers  against 
each  other  has,  as  I have  already  said,  been 
found  to  detract  to  only  a very  slight  extent 
from  their  effective  action,  but  when  wearing 
of  the  rollers  takes  place,  it  becomes  an  evil  of 
a very  serious  kind,  and  hence  various  modes 
of  adjustment  have  been  adopted. 

The  simple  device  of  having  the  case  or 
framing  in  which  the  rollers  are  held  made  in 
two  halves  is  not  a satisfactory  means  of  ad- 
justing for  wear,  since  the  circular  form  of 
the  case  is  soon  lost,  as  the  two  halves  are 
screwed  closer  together,  and  this  is  also 
the  case  with  the  Hughes  roller  bearing,  in 
which  a flexible  split  steel  case,  which  can  be 
adjusted  by  means  of  a set  screw,  is  inserted 
in  the  outer  frame  so  as  to  contain  the  balls. 

The  entry  of  dust  and  grit  into  bearings  is  a 
serious  evil,  as  will  be  seen  from  some  results 
hereafter  given,  and  special  devices  are  em- 
ployed to  prevent  this,  as  far  as  possible,  from 
taking  place;  thus  in  Plowright’s  “ dust-proof” 
bearing  the  rollers  are  contained  in  a steel  box 
with  collars  at  each  end,  the  whole  being 
enclosed  in  an  outer  casing  of  steel.  The 
dust  is  kept  out  upon  the  hub  side  of 
the  bearing  by  this  casing,  which  runs  in 
a recess  in  the  flange  of  the  hub  of  the 
wheel,  while  on  the  crank  side  a second 
steel  casing  is  fitted  over  the  outside  of  the 
first,  which  forms  a cap,  and  covers  the  boss  of 
the  crank. 

Gubbins’s  cone  and  ring-bearing  has  high 
testimony  in  its  favour.  Coned  rollers  are 
used,  and  both  axle  and  axle-box  are 
plain,  as  for  ordinary  roller  bearings,  and 
an  outside  cap  screws  on  laterally.  Inside  the 
case  are  two  rings  of  round  steel,  one  being 
on  each  side,  and  the  rollers  between  ; the 
outer  cap  is  screwed  up  in  order  to  adjust  the 
bearing,  and  thus  the  rollers  are  pushed  tighter 
against  the  axle  and  the  outer  ring.  The 
rollers  bear  the  friction  at  one  point  of  their 
coned  ends,  and  thus  the  rubbing  which  would 
take  place  on  account  of  varying  velocity 
ratios  is  avoided.  The  dust  is  excluded  by 
means  of  a flange  between  the  axle-box  and 
screw-cap. 

Silbert,  Gadsby,  Starling,  and  others  have 
roller  bearings  of  more  or  less  efficient 
design.  In  that  of  the  last  mentioned 
maker,  the  axle  is  provided  with  a wide  steel 
collar  turned  upon  it.  The  rollers  are  of 
two  kinds,  the  first  being  long  and  narrow, 
having  the  ends  nearly  twice  as  great  in 
diameter  as  their  central  position  ; these  roll, 
with  their  larger  portions,  upon  the  axle  itself, 
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and  at  the  same  time  touch  with  their  smaller 
portion,  both  the  turned  steel  collar  and  the 
case,  the  smaller  rollers  are  placed  between 
the  larger  and  keep  them  apart,  and  the  fric- 
tion is  thus  considerably  reduced. 

There  are  few  cases,  if  any,  where  balls 
cannot  be  substituted  with  advantage  for 
rollers,  which  latter,  however  carefully  made, 
cannot  be  so  satisfactorily  hardened  as 
always  to  wear  uniformly,  and  when  worn  un- 
equally are  apt  to  get  “across”  instead  of 
remaining  parallel  to  each  other,  and  soon 
destroy  the  bearing  in  spite  of  all  contrivances 
for  their  adjustment. 

Ball  Bearinos. — Although  ball  bearings 
have  in  some  cases  been  applied  where  heavy 
pressures  have  to  be  sustained,  their  most 
extensive  and  important  application  is  in  con- 
nection with  bicycles  and  tricycles.  As  in  the 
case  of  roller  bearings,  the  two  great  diffi- 
culties originally  encountered,  viz.,  that  of 
adjustment  and  dust-proof  properties,  com. 
bined  with  ease  of  lubrication,  seem  to  have 
been  most  satisfactorily  overcome.  There  are 
a variety  of  forms  of  ball  bearings,  but  pro- 
bably that  best  known  and  most  popular  is  the 
“.^olus”  bearing  of  Bown.  Fig.  64  shows 


“ Bolus’’  Ball  Bearings. 

the  external  appearance  of  this  admirable 
invention.  Figs.  65  and  66  are  respectively 
end  and  front  sectional  views.  From  Fig.  66 
it  will  be  seen  that  twelve  balls  are  fitted  side 
by  side,  and  rest  upon  a conical  groove  in  a 
steel  collar  which  fits  the  axle,  the  collar  being 
fastened  to  the  axle  by  means  of  a set  screw, 
of  which  the  point  is  shown  in  the  figure. 
From  Fig.  64  it  will  be  seen  that  a collar  is 
screwed  into  the  main  body  of  the  case,  having 
a coned  end  corresponding  to  the  coned  portion 
in  the  case,  and  the  ring  of  balls  is,  by  the 
action  of  the  two  cones,  forced  closer  to  the 
axle,  and  thus  adjusted  in  any  required  manner. 
In  Fig,  64  is  seen  the  milled  or  toothed  edge 
of  the  collar  by  which  this  adjustment  is  made 
by  hand,  the  teeth  of  this  edge  at  the  same 
time  enabling  the  adjustable  portion  to  be 
locked  in  its  place  by  means  of  another  set 
screw  shown  upon  the  side  of  the  bearing. 


Fudge’s  bearing  is  very  similar  to  Bown’s, 
but  there  are  only  nine  balls,  and  the  set 
screw  which  holds  the  adjusting  plate  or  collar 
in  its  place  is  fastened  to  that  collar.  White- 
house’s  and  the  Stanley  bearing  are  similar  in 
principle  to  the  foregoing;  the  Club  bearing, 
in  addition  to  the  use  of  two  coned  surfaces, 
is  adjusted  by  means  of  a set  screw,  which 
draws  together  the  two  sides  of  a division 
made  in  the  otherwise  solid  case.  Hough, 
Green,  and  Granger  are  all  inventors  of  ball 
bearings  which  are  chiefly  remarkable  for 
their  simplicity  and  cheapness,  in  which,  as  in 
all  the  bearings  previously  mentioned,  there  is 
only  one  ring  of  balls,  known  as  single  ball 
bearings.  Double  ball  bearings  are  now 
much  in  request,  from  the  additional  steadi- 
ness thus  secured  in  running.  Humber’s 
bearing  is  an  example  of  the  latter  kind,  the 
balls  being  kept  from  rubbing  against  each 
other  by  means  of  a light  frame  in  which  they 
are  placed,  this  frame  simply  consistingof  a thin 
cylindrical  collar  pierced  with  holes,  in  which 
the  balls  just  fit,  and  which  is  carried  round 
with  the  latter.  There  are  many  other  forms 
of  double  ball  bearings,  such  as  Hillman’s,  the 
Sandringham,  the  Club,  the  Rapid,  &c.,  each 
form  having  some  special  points  of  interest 
and  ingenuity. 

It  would  take  too  long  to  treat  this  interest- 
ing subject  with  anything  like  the  fulness  it 
deserves,  for  not  only  are  ball  bearings  em- 
ployed for  the  main  wheel  of  the  bicycle,  which  is 
the  purpose  of  all  those  to  which  I have  alluded, 
but  for  the  smaller  back  wheel,  for  the  pedals, 
and  even  for  the  bearing  between  the  head  and 
the  solid  portion  connecting  the  forks  and 
handle.  To  illustrate  the  extent  to  which  ball 
bearings  have  been  applied,  I may  mention 
that  in  the  parts  directly  connected  with  one 
wheel  of  a small  bicycle  of  the  Safety  type 
(which  together  with  the  others  in  the  room,  I 
am  enabled  to  show  you  through  the  kindness 
of  Mr.  P.  Louis  Renouf),  there  are  no  less  than 
144  hardened  steel  balls  for  diminishing  the 
frictional  resistance  of  the  various  parts. 

That  a very  small  amount  of  wear  takes 
place  when  ball  bearings  are  properly  managed 
is  well  known,  but  this  subject  has  only  been 
actually  investigated  a short  time.  Mr.  C. 
V.  Boys  has  recently  given  the  results  of 
some  measurements  made  by  him  upon  the 
actual  wear  due  to  friction  taking  place  in 
such  ball  bearings.  At  the  end  of  every  200 
miles  run  he  cleaned  the  balls,  and  then 
weighed  them  with  all  the  possible  care  and 
accuracy  that  the  resources  of  a physical 


Fig.  64.  Fig.  65.  Fig,  66. 
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laboratory  would  permit.  The  set  of  twelve 
when  new  weighed  25*80400  grammes,  and 
after  running  i ,000  miles  they  weighed  25*80088 
grammes,  the  loss  being  3*12  milligrammes,  or 
less  than  of  a grain — that  is  to  say,  each 
ball  in  running  1,000  miles  lost  only  of  a 
grain.  This  corresponds  to  a wear  of  onl}^ 
T-5^Voo  of  3.n  inch  on  the  surface.  Thus,  at 
this  rate  of  wear  the  balls  would  lose  less  than 

of  their  weight  when  in  use  in  travelling  as 
far  as  from  the  earth  to  the  moon.  Further 
experiments  have  been  since  made  by  Mr. 
Boys,  in  which  the  balls  were  not  taken  out 
for  the  whole  distance  of  1,000  miles.  The 
balls  actually  showed  only  of  the  wear  above 
mentioned,  from  which  it  would  appear  that 
the  wear  due  to  such  grit  and  dirt  as  cannot 
be  entirely  excluded  at  first,  but  which  does 
not  get  in  after  the  bearing  is  properly  screwed 
up,  does  not  continue  after  the  dirt  is  ground  up, 
after  which  the  balls  literally  do  ?iot  Tjoearat  all. 

These  astonishing  results  point  to  the  fact 
that  ball  bearings  have  a high  mechanical 
efficiency,  and  it  is  e.xtremely  probable  that  as 
the  cost  of  their  production  becomes  less,  and 
the  mode  of  accuracy  and  quality  of  their  manu- 
facture improves,  they  will  be  employed  not 
merely  as  now  for  the  occasional  use  in  such 
cases  as  for  the  foot  of  crane  posts,  but  for 
many  other  purposes  on  a large  scale,  such, 
for  instance,  as  in  the  thrust  bearing  of  screw 
steamers,  and  possibly  even  to  carry  the  shaft- 
ing itself.* 

The  rubbing,  or  friction  of  sliding  contact, 
which  occurs  in  the  various  examples  of  roller 
and  ball  bearings  that  I have  mentioned,  takes 
place  either  from  the  mutual  contact  of  the 
balls  or  rollers,  or  from  their  contact  with  some 
other  portion,  such  as  the  cylindrical  frame  in 
the  Humber  ball  bearing.  In  these  cases, 
although  true  rolling  takes  place  between  the 
surfaces  transmitting  the  actual  pressure  of  the 
load,  sliding  contact  is  an  unavoidable  accom- 
paniment. One  principle  of  the  wheel,  as  I have 
already  explained,  consists  in  the  reduction  of 
slidingcontactbetween  surfaces  which  transmit 

• Smce  delivering  this  lecture  I have  seen,  for  the  first  time, 
an  account  of  the  actual  application  of  ball  bearings  to  this 
purpose  ^Engineering,  Aug.  6th,  1886,  p.  132).  Mr,  Wells, 
of  Northwich,  Cheshire,  more  than  18  months  since,  applied 
a ball  thrust  bearing  to  the  steam  launch  Delatuare,  the 
speed  of  the  engines  being  in  consequence  increased  from  177 
to  187  revolutions,  with  the  same  boiler  pressure  and  grade  of 
expansion.  A ball  bearing  was  afterwards  fitted  to  the  steam 
tug  Volunteer  •w'xXh  very  satisfactory  results.  With  a 5-inch 
shaft  there  are  two  concentric  circles  of  balls  employed,  one 
pair  for  going  ahead  and  one  pair  for  going  astern,  and  it  is 
stated  that  the  bearing  requires  little  oil,  that  the  wear  is 
very  slight,  that  there  is  in  consequence  no  end  play  on  the 
shaft,  and  that  the  first  cost  is  moderate. 


the  pressure  of  the  load.  Now  this  sliding 
contact,  which  must  always  exist,  may  be 
reduced  to  as  great  an  extent  as  desired  by 
increasing  the  diameter  of  the  wheel.  The 
size  of  the  wheel  is,  however,  in  most  cases 
limited  for  reasons  of  a practical  nature, 
but  the  same  principle  can  be  applied  to  an 
indefinite  extent  in  the  following  manner. 
Suppose  that  the  practical  limit  of  the  diameter 
of  the  wheel  be  reached,  and  that  its  axle  be 
made  as  small  as  possible.  Instead  of  allow- 
ing this  to  rest  in  a bearing  of  the  ordinary 
type  where  sliding  contact  would  occur,  let  it 
rest  upon  the  upper  portion  of  the  circumfer- 
ence of  two  wheels  whose  axes  are  parallel  to 
each  other  and  are  in  the  same  horizontal 
plane  but  do  not  coincide.  The  axle  of  the 
first  wheel  will  now  roll  upon  the  circumference 
of  the  other  two,  and  the  sliding  contact  will 
be  less  than  what  it  otherwise  would  be  in  the 
proportion  of  the  circumference  of  the  pair  of 
wheels  (in  which  the  axle  now  rolls)  to  twice 
that  of  their  axles  (because  there  are  two  of 
them).  Thus  suppose  the  sliding  contact 
reduced  to  3'oth  of  its  amount  by  the  first  wheel, 
and  that  the  axles  of  the  so-called  “ friction  ” 
wheels  are  half  the  size  of  the  axle  of  the  first 
(for  there  are  two  to  sustain  the  load)  while 
their  diameters  are  the  same  as  that  of  the 
first.  Then  the  amount  of  sliding  contact 
which  finally  occurs  is  only  -5^  X 5V  or  asVoth 
of  the  amount  which  would  take  place  if  no 
wheels  were  employed.  This  principle  is 
employed  in  the  well  known  Attwood  machine, 
and  it  has  also  been  used  for  supporting  the 
crank  shaft  of  small  foot  lathes,  but  it  has  not 
been  found  suitable  for  application  to  heavy 
machinery.  In  the  latter  case,  if  the  lubrication 
of  the  axles  of  the  “friction”  wheels  is 
neglected,  and  the  axle  of  the  primary  wheel 
cannot  turn  the  former  by  the  frictional  upon 
their  peripheries,  then  at  their  common  point 
of  contact  there  is,  as  in  an  ordinary  bearing, 
sliding  contact,  and  when  once  the  groove, 
which  is  certain  to  result  from  this  action,  is 
cut  in  the  peripheries  of  the  friction  wheels, 
their  successful  action  becomes  altogether  im- 
possible, and  they  must  be  replaced.  Thus 
although  the  principle  is  a beautiful  one,  its 
application  is  confined  to  philosophical 
apparatus  and  purposes  where  the  working 
pressures  are  not  great. 

(2.)  The  Preparation,  Choice,  and  Use 
OF  Suitable  Surfaces. 

The  previous  preparation  of  surfaces  which 
have  to  work  in  frictional  contact  with  each 
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other  is  a far  more  important  matter  than  many 
people  are  aware.  It  is  frequently  regarded 
as  a correct  thing  to  allow  the  result  of  the  bad 
fitting  of  parts,  which  causes  the  imperfect 
contact  of  such  surfaces,  to  come  right  in  the 
course  of  time  by  wear,  and  to  leave 
such  surfaces  imperfectly  prepared  to  be 
worn  smooth  in  this  manner.  I cannot  do 
better  than  quote  the  opinion  upon  this  subject 
of  an  eminent  Belgian  engineer,  which  recently 
appeared  in  the  columns  of  T/ze  Engineer, 
November  6th,  1885.  M.  Van  den  Kerchove 
had  his  attention  directed  to  this  subject  by 
the  action  of  a large  planing  machine  made  by 
Sir  J.  Whitworth  & Co.  This  machine  has 
been  doing  good  service  in  M.  Van  den 
Kerchove’s  works  for  the  last  fifteen  years, 
and  IS  still  giving  the  greatest  satisfaction, 
without  ever  having  undergone  the  slightest 
repair.  In  the  driving  gear  of  this  machine 
there  is  a shaft  which,  whilst  planing,  runs  at 
375  revolutions  per  minute,  and  which  makes 
more  than  1,000  revolutions  per  minute  during 
the  return  of  the  table  carrying  the  work;  and 
although  this  shaft  runs  in  solid  cast-iron 
bearings  of  small  length  without  bushes,  there 
is  not  the  least  sign  of  wear  in  these  parts. 
“ It  would  almost  lead  one  to  suppose,”  says 
M.  Van  den  Kerchove,  “that  these  surfaces 
are  so  perfect  that  they  slide  over  each 
other  without  coming  into  contact.  Indeed, 
as  is  well-known,  when  one  examines 
into  the  action  of  two  correctly  made 
surfaces,  properly  lubricated,  sliding  one 
upon  the  other,  it  follows  that  if  they  are 
well  proportioned  to  the  load  they  have  to 
carry,  they  do  not  touch,  since  the  lubricant  is 
constantly  interposed  between  them ; and  if 
perfect  lubrication  is  assured,  there  naturally 
results  an  exceptional  preservation  of  the 
rubbing  surfaces,  especially  if  one  can  protect 
them  from  du5t,  and  by  careful  cleaning  from 
time  to  time  prevent  the  formation  of  dried 
oil.”  The  results  obtained  with  his  machine 
tools  M.  Van  den  Kerchove  has  striven  to 
realise  in  his  engines.  In  doing  this,  he 
arrives,  as  he  states  in  a small  pamphlet  he 
has  distributed,  at  a durability  of  the  various 
working  parts  of  his  engines  equal  to  that 
observed  in  the  Whitworth  machine  tools,  and 
thus  he  has  considerably  enhanced  the  value 
of  his  engines. 

A steam-engine,  says  The  Engineer,  is 
as  much  a machine  capable  of  being 
made  with  accuracy  as  a lathe  or  a plane, 
and  should  be  so  made ; and  M.  Van  den 
Kerchove  holds  that  those  who  have  not 


had  practical  experience  of  what  minute 
accuracy  will  accomplish  have  no  idea  of 
the  benefit  it  confers.  Take,  for  example, 
the  boring  of  cylinders  : in  nine  cases  out  of 
ten  cylinders  are  neither  bored  truly  round  nor 
quite  parallel.  “A  conicite,”  says  M.  Van 
den  Kerchove,  “ of  one-fiftieth  of  an  inch  in  a 
cylinder  will  suffice  to  ruin  a piston.  To  give 
an  example.  It  is  not  unusual  to  have  to 
replace  piston  rings  once  a year.  This  is  due 
simply  to  the  fact  that  the  rings  do  not  fit  the 
cylinder  all  round.  They  w’ear  where  they 
rub.  Then  they  cease  to  be  true  circles,  and 
so  does  the  cylinder,  and  fretting  begins ; 
whereas,  if  the  surfaces  were  what  they  ought 
to  be,  they  would,  so  to  speak,  float  over  each 
other.”  With  perfect  workmanship,  M.  Van 
den  Kerchove  has  had  one  set  of  piston  rings 
last  for  sixteen  years  in  daily  work,  and  at  the 
end  of  that  time  the  piston  was  quite  tight.  In 
another  case,  a horizontal  engine  piston  w’orked 
for  twelve  years,  at  66  strokes  per  minute,  and 
at  the  end  of  that  time,  the  greatest  inac- 
curacy caused  by  wear  did  not  exceed  ^^th 
of  an  inch.  “These  are  incontestable  ex- 
amples which  prove  that  good  workmanship, 
aided  by  continual  care  on  the  part  of  the 
engineer  in  charge,  are  able  to  augment  the 
life  of  these  parts  of  a steam-engine  which 
have  most  to  do,  to  an  extent  almost  in- 
credible.” 

I have  recently  come  across  results  from  two 
entirely  different  sources  which  illustrate  in  a 
striking  manner  the  importance  of  well-fitting 
parts  and  well-prepared  surfaces.  Avery  able 
and  experienced  mechanical  engineer  expressed 
his  objection  to  the  use  of  the  w^orm  and 
ordinary  cast-iron  worm-wheel,  for  transmitting 
power,  unless  they  are  very  carefully  made  and 
fitted,  and  told  me  the  result  of  an  experiment 
he  had  made  with  such  a worm  and  worm-wheel 
in  combination  with  a nut  and  screw,  in  which 
the  loss  was  actually  more  than  of  the  whole 
;power  transznitted,  that  is,  the  efficiency  of 
the  mechanism  was  only  3 ;per  cent.  It  is 
true  the  gearing  was  raw  and  new,  but  still 
such  a loss  is  striking,  especially  as  the  makers 
of  the  gear  are  a firm  well  known  for  high  class 
work. 

In  contrast  to  the  above  result,  I will  now 
give  the  results  of  a series  of  experiments  made, 
and  kindly  furnished  to  me  by  Mr.  Reckerzaum, 
upon  the  worm  and  worm-wheel.  In  these 
experiments  a dynamo-electric  motor  was  em- 
ployed to  drive  the  worm,  which  was  keyed 
upon  the  shaft  of  the  motor.  Upon  the  shafts 
both  of  the  motor  and  of  the  worm-wheel  were 
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attached  the  pulleys  of  ordinary  Prony  brake 
dynamometers.  The  worm  was  of  steel,  and 
turned  with  a treble  thread  and  pitch  of  six 
inches,  the  diameter  of  pitch  line  being  also 
six  inches.  The  diameter  of  the  worm-wheel 
at  pitch  line  was  15^  inches,  the  angle  of  the 
teeth  being  18°.  Calling  the  shaft  of  the 
worm-whed  A,  and  that  of  the  motor  B,  then 
the  following  is  a Table  of  the  results  actually 
obtained  : — 


Table  of  Experiments  upon  the  Friction  of 
Worm  and  Worm-wheel. 


1 

Weight 

on 

Brake 
in  kilos. 

Revolu- 
tions 
per  1 
minute,  j 

1 

Current 

amperes 

E.M.F. 

volts. 

Kilogram- 
metres 
per  minute 
on  brake. 

Efficiency. 

A 1 

27 

38 

30 

56 

4504-14 

1 -843 

B ’ 

1 

4 

304 

30 

55 

5338-24 

28 

86 

30-48 

I01'2 

10571  12 

[ -896 

B 

4 

672 

30  48 

I0I-2 

11800-32 

A 

22 

06 

26-4 

I02‘8 

9271-68 

i -916 

B 

3 

768 

26-4 

102'8 

10114-56 

1 ) 

A 

15 

114 

1 

1 1992 

105-2 

7520-99 

^ -954 

B 

2 

i 896 

j 20- 16 

105-2 

7881-24 

The  worm  was  kept  in  gear  the  whole 
time  with  the  worm-wheel,  and  if  they  had 
been  thrown  out  of  gear  the  efficiency  would 
have  been  lower,  also  the  pressures  transmitted 
are  not  very  great,  still  these  figures,  which 
give  an  average  efficiency  for  the  combination 
of  90  Jcr  cent.,  show  in  a very  significant 
manner  what  may  be  done  by  careful  work- 
manship and  the  proper  fitting  and  preparation 
of  working  parts. 

We  now  come  to  the  last  two  points  in  my 
lecture,  viz.,  the  choice  and  use  of  the  most 
suitable  surfaces  for  frictional  contact,  and  I 
may  at  once  say  that  the  experience  of  the 
lait  fifty  years  has  only  conformed  the  view 
enunciated  by  Morin,  and  which  has  some- 
times been  called  the  fourth  law  of  friction, 
that  when  lubricants  are  used,  the  extent  of 
frictional  resistance  depended  almost  entirely 
upon  the  nature  of  the  lubricant,  and  not  upon 
the  nature  of  the  surfaces  of  the  solid  bodies 
between  which  it  is  interposed.  Astonishing 
instances  might  be  quoted,  such  as  that  men- 
tioned previously,  by  M.  Van  den  Kerchove,  of 
the  wear  of  such  surfaces  as  cast-iron  upon 
each  other*  when  the  lubrication  is  efficiently 


maintained,  and  what  I have  now  to  say  is, 
therefore,  chiefly  concerning  the  choice  and  use 
of  lubricants.  I will  first  remark  that  although 
lubricants  of  some  kind  or  other  are  always 
used  where  sliding  contact  takes  place,  their 
use  does  not  appear  to  diminish  the  resistance 
to  the  rolling  of  two  surfaces  over  each  other, 
and  to  secure  the  least  amount  of  frictional 
resistance  to  rolling  contact  the  surfaces  must 
be  as  hard  and  smooth  as  possible. 

In  the  choice  and  application  of  lubricants,  a 
great  advance  has  been  made  in  recent  years. 
A vast  number  of  substances  have  been  care- 
fully examined  with  reference  to  their  lubri- 
cating properties,  among  them  being  lard  and 
the  oils  of  sperm,  neat’s  foot,  fish,  olive,  cotton 
seed,  rape  seed,  cocoa  nut,  elaine,  castor, 
linseed,  &c.,  as  well  as  mineral  oils  of  all 
kinds,  and  the  properties  of  solid  substances, 
such  as  graphite,  asbestos,  and  soapstone. 
Fluid  lubricants  have  been  tested  for  density, 
specific  gravity,  viscosity,  gumming,  and  dry- 
ing ; by  fire  tests,  by  means  of  “ oleography,” 
and  by  specially  constructed  testing  machines. 

I have  recently  given  a brief  sketch  of  what 
has  been  done  in  this  direction,*  and  have 
shown  how  carefully  lubricants  are  now  pre- 
pared and  tested. 

It  may  be  necessary  to  ascertain  what  an  oil 
or  lubricant  actually  is,  but  it  is  much  more 
frequently  required  to  know  whether  it  is  pure 
or  not,  and  the  work  of  the  above-mentioned 
chemists  and  others  has  resulted  not  only  in  a 
knowledge  of  facts,  such,  for  instance,  as  that 
chlorine  turns  animal  oils  brown  and  vegetable 
oils  white,  but  also  in  certain  systematic 
methods  of  test.  The  first  step  is  to  place  the 
lubricant  in  one  or  other  of  certain  defined 
classes  ; next,  by  other  tests,  to  place  it  in  its 
proper  sub-divisions,  and  finally  to  analyse  it, 
with  a view  to  the  determination  of  its  con- 
stituent parts.  It  must  be  remembered  that 
by  far  the  greater  proportion  of  lubricating 
oils  are  ostensibly  mixtures,  vendors  of  such 
oils  holding  (as,  for  instance,  Mr.  Veitch 
Wilson  in  the  paragraph  previously  quoted) 
that  such  mixtures  produce  the  best  results. 

sheaves,  which  have  been  running  constantly  for  twelve  or 
thirteen  years  without  requiring  the  slack  to  be  taken  up, 
their  surface  velocity  being  coo  feet  a minute,  repre- 
senting in  thirteen  years  a distance  of  at  least  100,000 
miles  passed  over  by  the  surfaces.  I'his  result,  the  author 
remarks,  being  due  to  the  thoroughly  good  system  of  lubri- 
cation adopted. 

'*  “ Proceedings  of  the  Idverpool  Engineering  Society,  Oct. 
28th,  1885.”  The  reader  is  referred  for  the  most  complete 
collection  of  facts  concerning  lubricants  to  the  new  work  of 
I’rofessor  Thurston,  “ Friction  and  Lost  Work,”  Wiley  and 
Sons,  New  York. 


* Mr.  Goodman,  in  the  paper  I have  already  referred  to  in 
Lecture  L,  states  that  on  the  Brighton  Railway  there  are 
many  cast-iron  eccentric  straps  working  on  cast-iron 
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Thus  chemical  tests,  though  sometimes  em- 
ployed for  examining  the  actions  of  lubricants 
on  metals,  chiefly  tell  what  the  lubricant  is, 
and  are  of  little  practical  importance  com- 
pared with  physical  and  mechanical  tests, 
which  tell  rather  what  the  lubricant  does. 

The  chief  physical  tests  are  the  determina- 
tion of  (i)  density,  (2)  the  effect  of  heat, 
(3)  the  gumming  and  drying  properties  of  a 
lubricant. 

(i.)  The  density  or  specific  gravity  of  an  oil 
is  sometimes  an  important  matter,  as  there  is 
a considerable  difference  between  various  oils, 
but  the  determination  is  easily  affected  by 
ordinary  methods. 

(2.)  The  effect  of  heat  on  the  nature  of  a 
lubricant  must  not  be  confounded  with  the 
effect  of  rise  of  temperature  on  frictional 
resistance.  The  application  of  heat  is  im- 
portant rather  in  connection  with  mineral  oils 
which  vaporise,  and  compounds  into  which 
mineral  oils  largely  enter,  than  with  animal  aud 
vegetable  oils  which  thicken  and  decompose. 

There  are  two  points  for  consideration  in 
connection  with  the  former  class  of  oils,  one 
being  the  amount  of  evaporation  taking  place 
at  temperatures  not  exceeding  the  boiling  point 
of  water,  the  other  the  actual  point  at  which 
the  ignition  of  the  vapour  gives  off  takes  place. 
Mr.  Wilson,  in  his  paper,  states  that,  though 
many  oils,  considered  good,  lost  5 per  cent., 
and  one  or  two  samples  10  per  cent.,  in 
a lo-hours’  test  at  212°  F.,  yet,  on  the  other 
hand,  many  oils  lost  nothing  at  all.  The 
second  point  is,  however,  much  more  im- 
portant, and  there  are  strong  reasons  for 
attributing  several  recent  conflagrations  and 
consequent  destruction  of  mills  to  the  ignition 
of  the  lubricants  used  in  them.  The  “ fire- 
test  ” thus  becomes  an  important  one.  There 
are  several  pieces  of  apparatus  for  the  purpose, 
the  principle  of  them  all  being  simply  to  heat 
the  oil  until  the  vapour  given  off  ignites  on  the 
application  of  a light,  the  temperature  of 
ignition  or  “flash  point”  being  observed  by 
means  of  a thermometer.  The  neatest  instru- 
ment for  the  purpose  is  that  of  Bailey,  in 
which  the  oil  is  heated  in  a copper  vessel 
about  three  quarters  full,  the  vapour  from 
which,  issuing  laterally,  comes  in  contact  with 
the  flame  of  the  heating  lamp  or  Bunsen 
burner.  This  is  a more  satisfactory  arrange- 
ment than  the  application  at  intervals  of  a 
light  to  the  orifice.  There  are  many  oils 
which  flash  at  180°  F.,  some  at  150°  F.,  but  an 
oil  should  never  be  used  for  lubricating  pur- 
poses which  flashes  at  a point  below  250°  F., 


some  of  the  best  mineral  oils  vapouring  at 
600®  F. 

(3.)  The  gumming  and  drying  properties  of 
oils  may  be  simply  tested  by  allowing  samples  to 
flow  down  an  inclined  plane,  when  the  nature 
of  the  oil  becomes  manifest  by  the  rate  at 
which  it  travels  and  the  distance  it  moves. 

Other  modes  of  physical  tests  are  employed, 
but  which  I need  not  refer  to. 

I will  now  very  briefly  explain  the  action  of 
such  of  the  various  testing  machines  as  I am 
able  to  exhibit  to  you,  which  machines  really 
show  what  the  working  properties  of  a lubricant 
are,  by  running  a portion  of  it  under  various 
conditions  of  pressure,  velocity,  and  tempera- 
ture with  results  such  as  I have  already 
referred  to  in  my  second  lecture. 


Fig.  68. 


Oil  Bath  Bearing. 

Time  compels  me  to  treat  in  a brief  manner 
the  last  point  I have  to  bring  before  you,  viz., 
the  manner  of  using  lubricants  and  the  various 
kinds  of  lubricators,  of  which  there  are  now 
so  many  varieties,  and  in  the  design  of  which 
much  ingenuity  has  been  expended. 

The  great  advantages  of  a continuous  supply 
of  lubricant  were  fully  proved  by  Mr.  Beauchamp 
Tower’s  experiments  with  the  oil  bath  bearing. 
Fig.  68  shows  an  elevation,  and  Fig.  69  a plan, 
of  an  oil  bath  bearing  designed  by  Mr.  Edward 
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Shaw  for  a journal  3"  diameter  by  wide,  in 
which  a pressure  of  1,200  lbs.  acts  in  the 
direction  of  the  arrow  (Fig.  68).  F F is  the 
frame  of  the  machine,  of  cast  iron,  against 
which  the  cast  iron  shaft,  S S,  works,  the 
lubricant  being  contained  in  the  box,  o,  and 
prevented  from  escaping  along  the  shaft  by 
the  adjustment  of  the  sides  of  the  box  at  C C. 
This  shaft  has  been  working  for  several  months 
with  neat’ s-foot  oil,  at  a surface  velocity  of 
150  feet  per  minute,  and  does  not  show  any 
signs  of  "wear. 

As  a rule,  however,  oil  bath  bearings  are  not 
possible,  and  arrangements  must  be  made  to 
supply  the  lubricant  either  continuously  or  at 
regular  intervals.  A number  of  “ sight-feed  ” 
lubricators  have  been  introduced,  in  which  the 
amount  of  the  supply  can  be  watched.  Figs. 
70  and  72  shows  two  views  of  one  of  the 
simplest  lubricators  of  this  kind  for  marine 
engine  bearings.  This  lubricator  in  which  the 
falling  drops  of  oil  can  be  seen  as  they  pass 
through  the  glass  tube  in  the  neck  is  the  in- 
vention of  Mr.  Baird,  and  is  manufactured  by 
Messrs.  W.  H.  Bailey  and  Co.,  to  whose 
illustrated  catalogue  I am  indebted  for  the 
figures  of  the  various  lubricators.  Fig.  71 
shows  the  way  in  which  these  lubricators  are 
used,  four  of  the  lubricators  being  shown  on  a 
small  scale  fixed  to  the  main  shaft  bearing, 
two  above  them  being  used  to  lubricate  the 
crank-pin  bearing. 


Fig.  70.  Fig.  71.  Fig.  72. 


Sight  Feed  Marine  Engine  Bearings. 


The  “ Oleojector  ” (Fig.  73)  is  a very 
ingenious  lubricator,  the  invention  of  Mr. 
Royle.  The  principle  of  action  is  that  a small 
jet  of  steam  taken  from  any  high  pressure  part 
of  the  engine  is  allowed  to  play  into  the 
cylinder,  into  which  it  carries  the  lubricant 
even  against  considerable  pressure. 

A is  the  body  or  injector  portion  provided 
with  the  cones,  b and  C,  which  are  fixed 
in  position  and  require  no  adjustment.  The 
inlet  cone,  B,  is  connected  to  the  main  steam 
pipe  or  other  source  of  steam  supply,  and 


the  rear  of  the  outlet  cone  communicates 
with  the  engine  cylinder  about  the  middle 
in  horizontal  engines,  and  the  upper  end 
in  the  case  of  vertical  engines.  The  suction 
produced  by  the  small  jet  of  steam  passing 
these  cones  as  the  piston  reciprocates  on 
the  cylinder  is  utilised  to  draw  the  lubricant 
into  the  cylinder,  which  falls  on  to  the  cup,  O,  in 
a measured  quantity.  A valve,  F,  is  arranged 
to  prevent  the  return  of  the  oil.  G is  a cistern 
or  receiver  for  containing  the  lubricant,  and 
which  is  provided  with  a loose  cover,  i.  The 


Fig.  73- 


regulator,  L,  controls  the  quantity  of  lubricant 
(falling  drop  by  drop  out  of  the  cistern,  G,  on 
to  the  cup,  o)  to  the  greatest  nicety.  At  each 
successive  period  of  low  pressure  in  the  cylinder 
a jet  of  steam  passes  through  the  cones,  B and 
c,  and  the  effect  thereby  produced  opens  the 
valve,  F,  and  draws  in  any  oil  or  other  lubricant 
that  has  been  fed  to  the  cup,  O,  and  carries  it 
into  the  cylinder  in  the  form  of  a fine  spray. 
At  the  period  of  high  pressure  in  the  cylinder, 
the  valve,  F,  closes,  and  so  prevents  the  oil 
returning. 

Figs.  74  and  75  (p.  1294)  represent  two 
cylinder  lubricators  of  Mr.  W.  H.  Bailey. 

In  Fig.  74  the  oil  reservoir  V communicates 
with  an  upright  glass  gauge  tube,  G,  by  means 
of  two  passages,  one  at  the  top  and  one  at 
the  lower  end.  A passage  leads  through  the 
neck,  s,  of  the  lubricator  and  terminates  inside 
the  reservoir  near  the  top,  in  the  form  of  a 
tube,  which  widens  out  to  a slight  extent. 
The  screw  plug,  J,  is  for  filling  the  lubricator, 
and  H is  for  regulating  the  supply  of  oil 
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through  the  neck,  S.  The  oil  floats  on  top  of 
the  water  in  the  lubricator,  and  the  gauge 
glass,  G,  shows  the  level  of  the  division. 


Fig.  74. 


Cylinder  Lubricator. 


Fig.  75  shows  a slight  feed  lubricator,  which 
is  used  to  supply  oil  to  the  main  steam  pipe. 
This  lubricator  consists  of  a main  reservoir, 
communicating  at  the  bottom  with  a glass 
tube,  through  which  the  oil  passes  upwards 
on  its  way  to  the  steam.  A steam-pipe,  on 
which  is  a hollow  globe  (shown  on  right  hand 
of  figure),  leads  to  the  lower  end  of  the 


Fig.  75. 


Sight  Feed  Lubricator. 


lubricator,  and  the  oil  by  this  means  forced 
out  of  the  reservoir  up  the  glass  tube,  in  the 
form  of  drops,  the  rate  of  supply  of  which  is 
regulated  by  the  small  stop-cock,  shown  in 
the  right-hand  lower  corner  of  the  figure.  The 
value  of  a lubricator,  such  as  the  above,  in 
which  the  oil  supply  can  actually  be  seen,  is 
too  obvious  to  need  explanation. 

Fig.  76  represents  Threlfall’s  lubricator  for 
motion  bars  of  locomotives. 


The  oil  reservoir,  O,  O,  has  an  inner  chamber 
containing  a brass  valve,  R,  which  fits  on  a 
concave  seating.  Leading  from  the  oil  re- 
servoir to  the  inner  chamber  is  a passage, 
terminating  in  the  centre  of  the  ball  valve 
seating.  From  the  inner  chamber  another 
passage  leads  through  the  shank  of  the 
lubricator.  The  pipe  running  from  the  valve 
chamber  through  the  lid  is  for  the  purpose  of 
admitting  air,  and  for  flushing  the  lubricator 
and  oil  passages  when  the  machinery  is  at  a 

Fig.  76. 


K 


Lubricator  for  Locoaiutive  INIotion  Bars. 

standstill.  The  aperture  in  the  lid  at  C is  for 
filling  the  lubricator  with  oil,  both  this  and  the 
pipe  mouth  being  protected  by  the  hinged 
slide,  K,  so  that  dust,  ashes,  or  other  deleterious 
substances  cannot  get  into  the  lubricator. 
The  valve,  B,  regulates  the  supply  of  oil  pass- 
ing from  the  reservoir  into  the  valve  chamber. 
When  the  locomotive  is  in  motion,  the  ball 
rolls  loosely  on  its  seating,  thus  allowing  oil 
to  pass  down  the  shank,  P,  of  the  lubricator, 
and  so  passes  on  to  the  part  which  is  to  be 
lubricated. 


Fig.  77. 


Method  of  Lubricating  Foot-step. 


A form  of  bearing  used  in  a cotton  mill  at 
Darwen,  in  Lancashire,  is  shown  in  Fig.  77. 
The  mill  is  six  or  seven  storeys  high,  and,  like 
most  of  the  mills  in  that  country,  was  geared 
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with  massive  gearing,  a vertical  shaft  being 
employed  with  a pair  of  bevel  wheels  at  each 
floor.  This  shaft  was  9"  diameter  at  bottom, 
and  finished  with  a 5-inch  shaft  at  top. 
Altogether  the  weight  of  shaft  and  gears  was 
very  excessive.  They  tried  several  plans  to 
make  a foot-step  that  would  not  heat,  and 
finally  adopted  this  one.  The  idea  was  to  get 
a hydraulic  pressure  on  the  bottom  of  the 
shaft  by  means  of  hydraulic  pumps  and  accumu- 
lators, and  provide  a stream  of  cold  water  in 
the  annular  space,  so  as  to  cause  circulation 
and  cool  the  bearing.  Whatever  pressure  was 
needed  on  the  end  of  the  shaft  was  got  by 
regulating  accumulator  and  pumps,  the  shaft 
being  relieved  from  the  bearing  to  that  extent. 
The  use  of  the  discs  of  different  metals  was, 
as  will  be  understood,  to  prevent  the  surfaces 
from  cutting,  and  at  the  same  time,  if  one 
disc  should  cut,  any  one  of  the  others  could 
begin  to  operate.  Mr.  Walker,  who  is  a 
member  of  the  American  Society  of  Mechanical 
Engineers,  described  this  bearing,  and  says, 
“ I know  of  no  bearing  of  this  kind  so  large, 
and,  at  the  same  time,  so  successfully 
applied.” 

Fig.  78  shows  a bearing  described  by  Mr. 
Durfee  before  the  American  Society  of  Me- 


Fi;j. 


Method  of  Lubricating  Foot- step. 


chanical  Engineers.  The  bearing  and  footstep 
are  supposed  to  be  formed  of  cast  iron,  with 
an  oil  well.  Directly  through  the  centre  of 
the  support,  B,  on  which  the  shaft,  S,  revolves, 
a vertical  hole,  H,  is  drilled,  intersecting  a 
horizontal  hole,  I.  On  the  end  of  the  vertical 
revolving  shaft,  s,  there  is  a groove,  F,  cut 
right  across  the  centre  of  the  shaft.  The  oil 
well  being  full  of  oil,  as  the  shaft,  S,  revolves, 
the  centrifugal  force  tends  to  throw  every 
particle  of  oil  out  of  the  groove,  F.  The  con- 
sequence is,  that  there  is  a continual  circula- 


tion of  oil  through  the  holes,  H,  I,  and  the 
groove,  F,  being  cut  across  the  shaft,  distri- 
butes the  oil  over  the  upper  surface  of  the 
shaft  support,  B,  at  every  revolution. 

The  brief  sketch  I have  given  of  the  subject 
of  lubricants,  and  their  mode  of  application, 
does  not,  I am  afraid,  do  justice  to  its  im- 
portance, but  no  general  treatment  of  the 
question  of  “Friction”  would  be  complete 
without  some  attempt  to  show  the  advance 
which  has  been  made  towards  raising  the 
subject  of  lubrication  to  the  dignity  of  a 
science. 

Indeed,  in  bringing  this  course  of  lectures 
to  a close,  I must  confess  that,  so  far  from 
having  exhaused  the  subject,  I have  only  been 
led  to  realize  its  magnitude,  and  if  I am  en- 
couraged to  think  that  the  labour  bestowed 
upon  the  preparation  of  these  lectures  has 
been  of  any  value,  I am,  at  the  same  time,  led 
to  realize  how  imperfect  my  treatment  of  the 
whole  subject  has  been.  My  thanks  are  due 
to  a number  of  gentlemen  for  assistance  of 
various  kinds,  which  I have,  in  the  course  of 
the  lectures,  endeavoured  to  acknowledge. 
But  I wish  specially  to  thank  Mr.  Lionel 
Pearce,  for  enabling  me  to  exhibit  to  you  his 
friction  still,  and  for  illustrations  of  it ; Mr.  P. 
Louis  Renouf,  for  procuring  various  samples 
of  bicycle  and  tricycle  ball  bearings  ; and 
my  students,  Mr.  A.  Simms  and  Mr.  Robert 
Holt  (Whitworth  Scholar)  for  their  kind  and 
valuable  aid. 


Miscellaneous. 


COLONIAL  AND  INDIAN  EXHIBITION. 

The  Exhibition  was  finally  closed  on  Wednesday 
night,  loth  instant,  at  eleven  o’clock.  Owing  to  the 
wetness  of  the  day,  the  number  of  visitors  was  small, 
not  amounting  to  more  than  10,409.  The  grand 
total  of  visitors  amounts  to  5’550j749>  or  an 
average  of  33,846  per  day.  The  figures  in  respect 
to  the  previous  Exhibitions  were  as  follows ; — 
1885,  Inventions,  3,760,581,  an  average  of  23,071 
per  day  ; 1884,  Health,  4,153,390,  27,505  per 

day;  1883,  Fisheries,  2,703,051,  18,387  per  day. 
To  the  record  of  these  numbers  may  be  added 
the  attendances  at  the  Liverpool  and  Edinburgh 
Exhibitions  of  the  present  year.  The  Liver- 
pool Exhibition  was  opened  by  the  Queen  on 
the  iith  May,  and  closed  on  Monday,  8th  instant. 
The  attendance  on  the  closing  day  numbered  over 
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52,000  persons,  and  the  total  number  of  visitors  since 
the  opening  has  been  2,682,516.  The  total  number 
of  visitors  to  the  Edinburgh  Exhibition  was  2,769,632- 

A meeting  of  a Committee  of  Agents -General,  and 
of  the  Executive  Commissioners  of  the  Colonial  and 
Indian  Exhibition,  was  held  on  October  24th, 
when  the  following  resolution  of  thanks  to  his  Royal 
Highness  the  Executive  President  and  the  Executive 
Secietary  were  passed.  It  was  moved  by  Sir  Charles 
Tapper  and  unanimously  agreed  to  : — 

“ That  the  Executive  Commissioners  here  present 
desire  to  return  their  dutiful  thanks  to  the  Prince  of 
Wales  for  his  address  ; to  offer  their  congratulations 
to  his  Royal  Highness  upon  the  complete  attainment 
of  the  high  purpose  for  which  he  called  the  Exhibi- 
tion into  existence ; to  express  the  deep  obligations 
of  their  Governments  for  his  constant  exertions  for 
the  advancement  of  the  best  interests  of  India  and 
the  colonies ; and  to  assure  his  Royal  Highness  that 
the  gracious  interest  he  has  shown  in  the  success  of 
the  Exhibition  from  first  to  last  has  been  witnessed 
with  grateful  appreciation  by  her  Majesty’s  Colonial 
and  Indian  subjects.” 

It  was  also  moved  by  the  High  Commissioner  of 
Canada  (who  is  acting  as  chairman  of  the  committee 
by  his  Royal  Highness’s  request)  and  likewise  unani- 
mously agreed  to  : — 

“ That  the  best  thanks  of  the  Executive  Commis- 
sioners are  due  to  Sir  Philip  Cunliffe-Owen,  for  the 
able,  courteous,  and  considerate  manner  in  which  he 
discharged  his  onerous  duties  as  secretary  to  the 
Royal  Commission,  and  for  the  cordial  assistance  he 
has  ever  given  to  his  colleagues ; and  that  the  chair- 
man be  requested  to  express  to  the  Prince  of  Wales 
their  unanimous  opinion  that  to  the  exertions  of  Sir 
Philip  Cunliffe-Owen  and  his  staff  is  in  a large 
measure  due  the  signal  success  which  has  been 
attained.” 


A DEL  AIDE  JUBILEE  INTER  NA  TLONAL 
EXHIBITLON. 

The  Queen  has  appointed  a Royal.  Commission  in 
connection  with  this  Exhibition,  to  be  held  at 
Adelaide  in  1877,  to  consist  of  H.R.H.  the  Duke  of 
Cambridge,  the  Duke  of  Manchester,  the  Marquis  of 
Xormanby,  the  Earl  of  Rosebery,  the  Earl  of 
Carnarvon,  the  Earl  of  Dunraven,  Earl  Granville, 
Viscount  Cross,  Lord  Thring,  Hon.  Edward 
Stanhope,  Sir  James  Fergusson,  Sir  Henry  T. 
Holland,  Sir  John  Rose,  Hon.  C.  W.  Fremantle, 
Sir  Frederick  Leighton,  Sir  Richard  Owen,  Sir 
Philip  Cunliffe-Owen,  Sir  Joseph  D.  Hooker,  Sir 
John  Gilbert,  Sir  James  D.  Linton,  and  Colonel 
Donnelly. 

The  first  meeting  of  the  Royal  Commission  took 
place  at  the  Horse  Guards  on  Monday,  8th  inst.,  the 
President,  the  Duke  of  Cambridge,  in  the  chair. 
It  was  resolved  that  the  Secretary,  Sir  Herbert  Bruce 


Sandford,  should  proceed  to  Adelaide  in  March  next, 
as  the  official  representative  of  the  Commission,  and 
remain  throughout  the  whole  period  of  the  Exhibi- 
tion ; and  as  in  the  case  of  the  Melbourne  Exhibition 
of  1880-81,  watch  over  the  interests  of  British 
exhibitors,  particularly  in  connection  with  the  appoint- 
ment of  jurors  and  the  making  of  awards.  The 
offices  of  the  Royal  Commission  for  the  Exhibition 
are  at  II,  Henrietta-street,  Covent-garden.  Appli- 
cations for  information  and  for  forms  for  space  should 
be  made  by  intending  exhibitors  to  the  Office  of  the 
Adelaide  Exhibition  Committee,  at  the  Agent- 
General’s  for  South  Australia,  8,  Victoria-chambers, 
Westminster. 


MLNING  LN  SPAIN. 

The  soil  and  rock  of  the  Peninsula  abound  in 
mineral  wealth,  and  her  Majesty’s  Secretary  of 
Legation,  at  Madrid,  in  his  last  report  to  the  Foreign 
Office,  says  that,  were  capital  and  enterprise  forth- 
coming, Spain  would  have  no  occasion  for  importing 
either  ores  or  manufactured  metals.  The  following 
is  a comprehensive  list  of  minerals  common  to  Spain. 
Iron  and  argentiferous  iron,  arsenical  pyrites,  ochres, 
lead  and  argentiferous  lead,  copper  and  argentiferous 
copper,  silver,  gold,  tin,  zinc,  copperas,  alkaline 
salts,  quicksilver,  antimony,  cobalt,  manganese, 
coprolitic  earths,  sulphate  of  baryta,  alum,  graphite, 
amber,  anthracite,  bitumen,  common  salt,  sulphate 
of  soda,  topaz,  phosphate  of  lime,  lithographic 
limestone,  fluorspar,  steatite,  kaolin,  asbestos, 
argillite  or  plastic  clay,  sulphur,  coal,  lignite, 
peat,  bitumenous  shale,  asphaltum,  petroleum  (traces 
of),  naphtha,  and  a variety  of  mineral  waters. 
According  to  the  latest  statistics  of  the  Director 
General  of  Agriculture,  Industry,  and  Commerce,  the 
following  additions  were  made  in  1882  to  the  re- 
gistered mining  properties,  viz.,  539  concessions  of 
all  kinds,  embracing  an  area  of  24,435  acres.  On 
the  31st  December  of  that  year  there  was  a registered 
total  of  17,346  mines,  96  partly  worked  or  temporarily 
abandoned  mines,  13  slag  refuse  heaps,  and  35  mines 
under  examination,  over  a total  area  of  1,299,345 
acres.  The  operatives  employed  by  the  remunerative 
concessions  amounted  to  61,068  men,  2,404  women, 
and  10,933  boys,  making  a total  of  74,405, 
being  8,211  more  than  in  1881.  The  steam 
power  was  represented  by  11,387  horse-power. 
The  mines — as  distinct  from  the  total  concessions — 
in  activity,  employed  11,205  men,  804  women,  and 
2,127  boys;  total,  14,136  operatives.  In  these 
mines  were  working  67  hydraulic  and  2,218  horse- 
power respectively.  In  1881,  there  was  an  increase 
of  production  of  the  following  minerals,  viz., 
1,223,612  tons  of  iron  ore,  9,442  tons  of  silver  ore, 
264,901  tons  copper  ore,  14,442  tons  zinc  ore,  3,118 
tons  quicksilver  ore,  26  tons  antimony  ore,  9,325  tons 
sulphate  of  soda  ore,  1,109  tons  phosphate  of  lime 
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ore,  1,405  tons  alum  ore,  7,346  tons  sulphur  ore,  and 
387  tons  of  asphaltum  ore.  Sulphate  of  baryta 
remained  stationary’,  and,  as  regards  gold  and  silver 
ores,  as  well  as  that  of  tin,  a slight  increase  was 
observable.  On  the  other  hand,  there  was  a falling 
off  in  the  following  minerals,  viz.,  1,120  tons  of  lead 
ore,  2,230  tons  of  argentiferous  lead  ore,  30  tons  of 
lead  and  zinc,  30  tons  of  argentiferous  copper,  120 
tons  of  nickel,  62  tons  of  cobalt,  2,539  tons  of 
manganese,  37,897  tons  of  common  salt,  5,893  tons 
of  coal,  734  tons  of  lignite,  400  tons  of  peat,  and  366 
tons  of  kaolin.  The  increase  of  raw  metals  was  as 
follows; — 5,670  tons  of  pig  iron,  1,961  tons  of 
wrought  iron,  22  tons  of  silver,  282  tons  of  zinc,  8 
tons  of  antimony,  671  tons  of  cry’stallised  sulphate  of 
soda,  56  tons  of  alum,  1,189  tons  of  sulphur,  256 
tons  of  asphaltum,  and  8,368  tons  of  hydraulic 
cement.  The  production  of  sulphate  of  baryta 
remained  unchanged.  The  decrease  in  the  pro- 
duction of  raw  metals  in  1881  was  as  follows  : — 1,942 
tons  of  lead,  391  tons  of  argentiferous  lead,  629  tons 
of  copper,  107  tons  of  quicksilver,  and  1,800  tons  of 
crushed  alabaster.  The  total  value  of  the  production 
was  ^^4,553,677,  showing  an  increased  value  over  the 
previous  year  of  ^233,666.  In  addition  to  the 
above,  old  rails  were  exported  to  the  following 
countries  : — England,  Italy,  Morocco,  Portugal,  and 
the  United  States,  in  all  27,908  tons,  valued  at 
j!^79,8i6.  Te  Ceuta,  France,  Cuba,  the  United 
States,  Mexico,  and  the  Philippine  Islands,  about 
two  tons  of  steel  weapons  were  exported,  valued  at 
^1,126;  and  to  PTance,  Cuba,  Porto  Rico,  Ecuador, 
^le.xico,  Colombia,  St.  Domingo,  Uruguay,  Vene- 
zuela, the  Danish  West  Indies,  the  Dutch  Pos- 
sessions in  South  America,  and  to  the  Philippine 
Islands,  about  sixty  tons  of  firearms,  valued  at 
^70,892. 


WHEAT  CULTIVATION  IN  INDIA. 

The  United  States  Commissioner  of  Agriculture, 
in  a recent  report  on  the  wheat  cultivation  of  India, 
says  that  the  Indian  farmer  has  scarcely  any  tools, 
and  what  he  has  are  of  the  simplest  kind.  By  a very 
crude  implement  which  is  intended  to  perform  the 
work  of  a plough,  the  land  is  torn  up.  This  imple- 
ment consists  of  a triangular  piece  of  wood,  about 
18  inches  in  length  and  6 inches  in  diameter  at  the 
larger  end,  the  other  being  pointed.  On  the  flat 
side  of  this  piece  of  wood  a groove  is  made,  into 
which  a flat  piece  of  iron  a foot  in  length,  an  inch 
wide,  and  half-an-inch  thick,  is  inserted  and  held  in 
its  place  by  a staple.  The  staple  underneath  does 
not  interfere  with  the  rooting,  and  the  iron  bar, 
which  is  pointed,  serves  as  a nose  or  point  to  the 
plough.  The  larger  end  of  this  triangular  piece  of 
wood  is  fixed  into  an  upright  stick,  the  latter  about 
3 feet  in  length,  at  the  top  of  which  is  a wooden  pin 


for  a handle.  About  18  inches  from  the  ground  a 
strip  of  board  3 inches  wide,  an  inch-and-a-half  thick, 
and  8 feet  long  is  inserted  into  the  upright  stick, 
and  serves  as  a beam  and  tongue.  The  yoke  is  a 
straight  stick  6 feet  long,  3 inches  in  diameter,  with 
four  wooden  pins,  each  6 inches  long,  one  on  each 
side  the  neck  of  the  bullocks.  A small  hempen  rope 
or  grass  twine  goes  under  the  bullocks’  necks  to  keep 
the  yoke  in  its  place.  The  beam  of  the  plough  has 
a few  notches  under  it  near  the  end,  and  is  fastened 
to  the  yoke  by  a small  grass  rope  or  twine.  The 
plough  makes  no  furrow,  but  simply  roots  or  tears 
up  the  soil,  and  the  ploughman,  with  a whip  or  goad 
in  one  hand,  the  other  holding  the  wooden  pin 
in  the  upright  stalk,  walks  by  the  side  of  the  plough. 
The  utmost  that  can  be  done  with  this  rude  imple- 
ment is  to  tear  up  about  three-quarters  of  an  acre  a 
day,  and  the  land  has  to  be  ploughed  in  this  way  a 
number  of  times,  especially  for  the  more  substantial 
crops.  The  only  other  implement  used  is  a log  or 
slab  of  wood,  6 or  8 feet  long,  drawn  sideways  across 
the  field  by  one  or  two  pair  of  cattle,  to  crush  the 
clods  and  smooth  the  surface.  After  the  land  is 
broken  up  the  last  ploughing  takes  place,  when  a 
man  or  woman  sprinkles  the  seed  from  the  hand  into 
the  furrow.  The  reaper  consists  of  a blade  of  iron 
6 inches  in  length,  i inch  in  width,  and  curved  like 
an  old-fashioned  sickle,  with  a notched  edge  and  a 
short  handle.  The  harvester  sits  upon  his  heels,  cuts 
a handful  of  straw,  which  he  lays  down,  then  moves 
along  without  rising,  cutting  about  one-twelfth  of  an 
acre  a day.  After  him  comes  a binder,  who  gathers 
up  the  grain  and  binds  it  into  sheaves,  which  are  then 
carried  to  the  threshing  floor.  The  threshing  machine 
consists  of  a floor,  a stake,  a number  of  cattle,  and  a 
driver.  The  grain  straw  is  piled  round  the  stake  in 
the  floor,  the  cattle  are  connected  by  a rope  tied  to 
their  horns,  and  one  end  of  the  rope  fastened  to  the 
stake,  and  the  driver  keeps  them  moving  until  the 
straw  is  trampled  very  fine,  into  what  is  called 
hhoosa.  The  winnowing  machine  is  a scoop  about 
18  inches  wide,  made  of  reeds,  and  in  shape 
like  a large  dust-pan.  This  is  filled  with  grain 
and  chaff,  and  held  in  the  wind,  so  that  the 
chaff  falling  from  it  is  blown  from  the  grain.  If 
there  be  no  wind,  two  men  take  a blanket — one  at 
each  end — and  wave  it  between  them,  while  a third 
shakes  the  grain  from  the  scoop.  After  threshing, 
the  hhoosa  is  put  in  thatched  ricks  or  bins,  or  in  a 
corner  of  the  huts,  or  mud-walled  houses.  In  pre- 
paring the  fields  for  a crop  of  wheat,  care  is  taken  to 
manure  them  in  May  or  June,  previous  to  the  rains. 
After  the  field  has  been  ploughed,  a flock  of  sheep 
or  a number  of  cattle  are  herded  on  the  field  at  night. 
The  least  number  of  times  the  land  is  ploughed  is 
ten,  and  the  greatest  number  thirty.  After  the  end 
of  September  the  sowing  takes  place.  First,  a 
Brahmin  is  consulted,  if  the  farmer  is  a Hindoo,  to 
fix  the  auspicious  time,  and,  this  being  determined, 
he  appoints  a man  to  do  the  first  sowing,  after  which 
anyone  may  sow  the  seed,  but  not  before.  The 
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farmer’s  wife,  on  giving  out  the  seed,  reserves  a little, 
t ) which  she  adds  more  grain,  and  then  distributes  it 
to  the  officiating  Brahmin,  the  ploughman,  and  the 
labourers.  The  seed  is  carried  in  a basket,  and 
sprinkled  behind  the  plough  with  the  hand.  The 
average  amount  of  seed  for  an  acre  is  one  hundred 
and  fifty  pounds.  In  some  districts  the  wheat  is 
carefully  weeded,  the  weeds  serving  as  food  for  the 
people,  and  the  grass  as  fodder  for  the  cattle.  In 
many  places  the  fields  have  to  be  watered,  and  this 
has  to  be  done  usually  about  three  times — first,  after 
the  seed  germinates,  then  when  the  wheat  is  about 
to  blossom,  and  finally  when  the  wheat  is  in  the  ear. 
The  harvest  for  wheat  sown  in  October  takes  place 
in  INIarch,  but  usually  the  harvest  time  is  in  April, 
the  wheat  ripening  in  about  four  months. 


CULTIVATION  OF  TEA  IN  FORMOSA  AND 
CITEHiaA  NG. 

Tea  cultivation  in  North  Formosa  is  chiefly  con- 
fined to  the  hills,  and  though  a good  supply  is  grown 
within  three  miles  of  Tamsui,  the  main  centre  of  the 
production  is  in  the  hills  some  twenty  miles  to  the 
south.  The  soil  there  is  generally  a kind  of  reddish 
yellow  sticky  clay,  in  wet  weather  resembling  cream, 
and  extremely  slippery ; this  is  on  the  lower  and 
middle  slopes,  that  of  the  upper  is  inferior,  and  these 
slopes  are  often  so  steep  that  it  is  difficult  to  under- 
stand how  it  is  possible  to  till  them.  The  Com- 
missioner of  Customs  at  Tamsui  says  that  every- 
where one  is  struck  by  the  amount  of  new  ground 
whicli  is  being  broken  up  in  order  to  set  more  tea. 
The  first  thing  is  to  clear  away  the  long  grass  and 
brushwood,  cutting  down  the  trees,  digging  up  the 
roots,  burning  them,  and  planting  indigo.  When 
this  plant  has  run  for  some  little  time  it  is  replaced 
by  tea,  and  in  the  matter  of  planting,  the  plan 
adopted  in  Formosa  differs  very  considerably  from  that 
followed  in  many  of  the  other  tea  districts.  There  a 
large  quantity  is  produced  by  means  of  slips  or  cut- 
tings, as  well  as  by  seeds,  and  no  manure  is  used, 
while  in  the  Ningpo  and  Tientai  districts  seeds  alone 
are  employed.  In  the  latter  district  several  holes 
arc  made,  and  five  or  six  seeds  are  dropped  into  each 
and  covered  up,  and  liquid  manure  or  wood  ash  is 
then  applied.  During  the  following  three  years  the 
ground  is  carefully  weeded  and  manured,  at  the  end 
of  this  period  the  young  plants  are  separated  from 
the  older  ones.  If  carefully  tended  and  pruned  of 
the  old  wood,  a bush  will  last  many  years.  The  first 
picking  takes  place  generally  in  February,  and  the 
second  in  May.  The  soil  is  light  and  friable,  being 
composed  of  a mixture  of  sand  and  vegetable 
mould.  In  the  Ningpo  district  the  most  luxuriant 
tea  is  that  of  the  alluvial  plain,  and  is  grown 
between  rows  of  mulberries.  At  Tientai,  in  the 
province  of  Chehkiang,  Commissioner  Hancock 


states  that  the  finest  tea  is  grown,  the  soil  being 
light  and  sandy,  corresponding  in  a great  measure 
to  that  of  the  Bohea  mountains.  The  following  is  the 
method  of  cultivation  practised.  Pieces  of  bamboo 
about  six  inches  long  are  placed  in  holes  made  in  the 
ground,  and  about  fifteen  seeds  put  into  each  tube, 
the  tubes  are  then  filled  up  with  earth,  this  operation 
being  performed  in  the  month  of  September.  In  the 
following  June  some  of  the  seeds  having  germinated, 
appear  as  small  plants  at  the  top  of  the  bamboo 
which  is  then  removed.  The  growth  is  at  the  rate  of 
about  four  inches  a year,  and  the  first  picking  takes 
place  four  years  after  planting.  There  is  only  ore 
picking  each  year,  in  April,  but  lower  down  on  the 
mountains  the  first  takes  place  when  the  plants  are 
three  years  old,  and  there  are  as  many  as  three  in  the 
year.  The  plants  are  not  considered  to  have  attained 
maturity  until  they  are  ten  years  old;  they  are  never 
changed,  but  from  time  to  time  the  decayed  wood  is 
cut  away.  In  the  Formosa  tea  plantations  little 
attention  appears  to  be  paid  to  drainage  on  the 
steepest  slopes;  the  furrows,  instead  of  being  run  in  a 
slant,  are  generally  carried  horizontally,  in  conse- 
quence of  which  a more  direct  barrier  is  placed 
against  the  descent  of  water  during  heavy  rains,  so 
that  in  some  places  where  the  soil  is  stiff,  the  water 
remains,  while  in  others  the  soil  is  swept  away.  The 
distance  at  which  the  plants  are  set  apart  differs  very 
considerably,  according  to  district — in  some  places 
they  are  placed  at  intervals  of  thirty  inches,  which, 
allowing  for  the  spread  of  each  bush  and  the  neces- 
sary ploughing  between  the  rows,  is  as  close  as 
practicable.  In  Formosa  the  advantages  of  soil  and 
climate  are  so  great  that  there  are  often  no  less  than 
seven  pickings  in  the  course  of  the  year,  the  three 
first  being  the  best,  while  in  the  Ningpo  district  there 
are  never  more  than  three. 


ECONOMIC  PRODUCTS  OF  MADEIRA. 

Madeira  grows  beef  of  fair  quality,  but  the  mutton 
is  very  poor.  The  bulk  of  the  animal  food  consumed 
by  the  people  is  derived  from  the  sea.  In  fine 
weather  the  fisheries  engage  many  hands.  The 
common  table  fish  mostly  caught  embrace  herring, 
cod,  mullet,  mackerel,  horse  mackerel,  braise,  groper, 
and  tunny,  the  last-mentioned  sometimes  attaining 
a weight  of  300  lb.  Cod  is  largely  salted.  The 
common  eel,  found  in  a few  streams,  is  the  solitary 
representative  of  fresh  water  fishes.  Among  reptiles 
the  loggerhead  turtle  {Caouana  caretta)  is  captured 
for  conversion  into  soup,  but  is  far  inferior  to  the 
West  Indian  green  turtle. 

The  local  production  of  grain  (wheat,  maize,  and 
barley)  does  not  suffice  for  native  needs.  Amy- 
laceous foodstuffs  comprise  potatoes,  sweet  potatoes, 
chestnuts,  and  Colocasia  esculenta  ; other  vegetables 
are  beans,  cabbages,  carrots,  gourds,  onions,  «&c. 
Tropical  fruits  include  bananas,  and  pine  apples 
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(exported  to  England),  apples,  custard  apples,  figs, 
guavas,  mangoes,  peaches,  and  pears.  Dates 
grow  in  small  numbers,  but  are  very  inferior ; indeed 
the  quality  of  most  of  the  fruits  is  not  first- 
class.  The  sugar-cane  grows  well  below  1,000  ft., 
and  where  water  abounds,  and  the  product 
is  an  article  of  export.  The  combined  effects  of 
oidium  and  phylloxera  have  greatly  reduced 
the  once  flourishing  wine  industry.  Nevertheless, 
many  wines  are  cultivated  by  peasants,  who  sell  their 
must  to  a merchant,  who  is  also  a manufacturer,  and 
under  whose  care  the  preparation  of  the  wine  is  com- 
pleted. The  ordinary  wines  are  tinta  and  verdelho, 
from  black  and  white  grapes  respectively.  A mixture 
of  them  constitutes  the  full-bodied  wine,  of  excellent 
quality  and  bouquet,  known  in  this  country  as 
“Madeira.”  Other  varieties  of  grape  produce  the 
high-class  wines  called  bual,  se?'cial,  and  malmsey. 
Tobacco  is  grown  in  small  quantities,  and  made  into 
poor  cigars.  The  fuel  of  the  inhabitants  is  derived 
from  planted  tracks  of  Pinus  pinaster.  The  fine 
scented  cabinet  wood  of  Jiiniperus  oxycedrns  is  now 
almost  a thing  of  the  past.  The  archil  weed  (Roccella 
tinctoriaj  grows  on  the  rocks,  and  is  exported  for 
dyers’  use. 


Obituary. 

♦ 

James  Gibbs,  C.S.I.,  C.I.E. — Mr.  Gibbs,  whose 
death  occurred  last  week,  was  the  son  of  the  late 
Alderman  Michael  Gibbs,  who  held  the  office  of 
Lord  Mayor  in  1845.  He  was  born  in  1826,  and 
was  called  to  the  Bar  by  the  Benchers  of  the  Inner 
Temple  in  1864.  Subsequently  he  held  several 
important  offices  in  India,  having  been  Assistant 
Judicial  Commissioner  and  Acting  Assistant  Political 
Commissioner  in  Scinde  under  Sir  Bartle  Frere, 
senior  Judge  of  the  High  Court  of  Bombay,  member 
of  the  Government,  and  Chancellor  of  the  University 
of  Bombay.  More  recently  he  was  senior  member 
of  the  Supreme  Government  of  India  under  the  last 
three  Viceroys.  At  the  request  of  the  Marquis  of 
Ripon,  Mr.  Gibbs  undertook,  in  addition  to  his  other 
duties,  the  management  of  the  Indian  Ecclesiastical 
Department.  Mr.  Gibbs  read  a paper  before  the 
Indian  Section  of  the  Society  of  Arts  on  April  2nd 
last,  on  “ The  History  of  Archaeology  in  India.”  He 
was  elected  a member  of  the  Society  in  the  present 
year. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Tuesday,  Nov.  16. ..Civil  Engineers,  25,  Great  George- street, 
S.W.,  8 p.ra.  Messrs.  Kinipple,  Kyle,  Carey, 
Strype,  Willett  and  Langley,  papers  on  “ Concrete- 
as  applied  in  the  Construction  of  Harbours  at 
Quebec,  Colombo,  Newhaven,  Wicklow,  Fraser- 
burgh, and  Lowestoft.” 

Statistical,  School  of  Mines.  Jermyn-street,  .S.W., 

71  p.m.  Mr.  J.  S.  Jeans,  “ Cost  and  Conditions  of 
Railway  Traffic.” 

Zoological,  II,  Hanover-square,W,,  8^  p m.  i.  Col. 
C.  Swinhoe,  “ The  Lepidoptera  of  Mhow,  in 
Central  India.”  2.  Dr.  R.  W.  Shufeldt,  “ Con- 
tributions to  the  Anatomy  of  Geococcyx  calt- 
forniajuis."  3.  ]\Ir.  R.  Lydekkcr,  “Description 
of  three  Species  of  Scelidotherium.'"  4.  i\Ir.  G. 

A.  Boulenger,  “ Two  European  Species  of  Bom- 
bin  a for." 

Wednesday,  Nov.  17. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Opening  Meeting  of  the 
Session.  Inaugural  Address  by  Captain  Douglas 
Galton,  Chairman  of  the  Council. 

Institute  of  Bankers,  Theatre  of  the  London  Institu- 
tion, Finsbury-circus,  E.C.,  6 p.m.  Mr.  Clare- 
mont Daniell,  “The  Drain  of  Gold  to  India,  its 
Effects  on  Trade  and  the  Remedy.” 

Meteorological,  25,  Great  George- street,  S.W.  , 
7 p.m.  I.  Mr.  Charles  Harding,  “The  Gale  of 
October  I5th-i6th,  1886,  over  the  British  Islands.” 
2.  ]\Ir.  Thomas  G.  Benn,  “ The  Climate  of 
Carlisle.”  3.  Mr.  E.  T.  Dowson,  “ Results  of 
Hourly  Readings  derived  from  a Redier  Barograph 
at  Geldeston,  Norfolk,  during  the  four  j-ears  ending 
February,  1886.”  4.  IMr.  R.  L.  Flolmes,  “ Results 

of  Observations  taken  at  Delanasau,  Bua,  Fiji, 
1881-1885.” 

Patent  Agents,  19,  Southampton-buildings,  W.C., 

72  p.m.  Discussion  on  hlr.  Newton’s  paper. 
Geological,  Burlington-house,  8 p.m.  Papers  by 

Prof.  Hughes  and  Mr.  F.  Rutley. 

Thursday,  Nov.  i8...Linnean,  Burlington-house,  W.,  8 p.m. 

I.  Dr.  Maxwell  Masters,  “ Floral  Conformation 
of  Cypripedinm."  2.  Rev.  A.  Eaton,  “Recent 
E pheme7-idce . (Part  V.)  3.  Mr.  J.  G.  Maker, 

“Further  Contributions  to  the  Flora  of  Mada- 
gascar.” 4.  Mr.  S.  Hanley,  “ Supposed  Prece- 
dence of  Hivas  in  Genus  Conus.” 

Chemical,  Burlington  - house,  W.,  8 p.m.  i.  A 
Spectroscopic  Study  of  Dyes  and  Colours.  2. 
Prof.  W.  N.  Hartley,  “ Note  on  Naegeli’s  Theory 
of  Fermentation.”  3.  Dr.  Divers  and  Mr.  T. 
Haga,  “ The  Reduction  of  Nitrites  to  Hydroxa- 
minaby  Hydrogen  Sulphide.”  4.  Dr.  Japp  and  Prof, 
N.  H.  J.  Miller,  “The  Preparation  and  Saponi- 
fication of  Hydrocyanides  of  the  Diketones.” 
National  Indian  Association,  Essex-hall,  Essex- 
street.  Strand,  W.C.,  3-2  p.m.  Mr.  Gulam  Mohamed 

B.  jMunshee,  “ Marriage  Customs  in  Western 
India.”  ' 

Friday,  Nov,  19. ..Civil  Engineers,  25,  Great  George  street, 
S.W,,  72  p.m.  (Students’  Meeting.)  IMr.  Arthur  J . 
Russel],  “Diamond-Mining  in  Parana,  South 
Brazil.” 
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CONTRIBUTIONS  TO  THE  READING  ROOM. 


The  Coicncil  heg  leave  to  ack?iowledge,  with  thanks  to  the  Proprietors,  the  regular  receipt  of 
the  following  Transactions  of  Societies  and  Periodicals  dicrmg  the  year. 


TRANSACTIONS,  &C. 

Aeronautical  Society,  Annual  Report. 

American  Philosophical  Society,  Transactions. 
American  Society  of  Civil  Engineers,  Transactions. 
Art  Union  of  London,  Report. 

Association  of  Engineering  Societies,  Journal. 

Bath  and  West  of  England  Society,  Journal. 
Bayerische  Dampfkessel- Revisions -Verein,  Baye- 
risches  Industrie-und-Gewerbeblatt. 

Berhn,  Verhandlungen  der  Polytechnischen  Gesell- 
schaft. 

British  Association  for  the  Advancement  of  Science, 
Report. 

British  Horological  Institute,  Journal. 

Chemical  Society,  Journal. 

Chemico- Agricultural  Society  of  Ulster,  Journal. 
Doubs,  Societe  d’Emulation  du,  Memoires. 

East  India  Association,  Journal. 

Farmers’  Club,  Journal. 

Franklin  Institute,  Journal. 

Gas  Institute,  Transactions. 

Geological  Society,  Quarterly  Journal. 

Geologists’  Association,  Proceedings. 

Glasgow  Philosophical  Society,  Proceedings. 

Index  Society,  Publications. 

India,  Geological  Survey  of.  Memoirs,  Records,  and 
Paloeontologia  Indica. 

Indian  Meteorological  Memoirs. 

Institute  of  Banlcers,  Journal. 

Institute  of  Patent  Agents,  Transactions. 

Institution  of  Civil  Engineers,  Minutes  of  Proceedings. 
Institution  of  Civil  Engineers  of  Ireland,  Transactions. 
Institution  of  Engineers  and  Shipbuilders  in  Scotland, 
Transactions. 

Institution  of  Mechanical  Engineers,  Proceedings. 
Institution  of  Naval  Architects,  Transactions. 

Iron  and  Steel  Institute,  Journal. 

Linnaean  Society,  Journal. 

Liverpool  Literary  and  Philosophical  Society,  Pro- 
ceedings. 

Liverpool  Polytechnic  Society,  Journal. 

London  Chamber  of  Commerce,  The  Chamber  of 
Commerce  Journal. 

Lyons,  Societe  des  Sciences  Industrielles,  Annales. 
^lanchestcr  Literaiy  and  Philosophical  Society, 
Memoirs. 

i'kianchestcr  Steam  Users’  Association,  Report. 
^Mauritius,  Societe  Royale  des  Arts  et  des  Sciences 
Transactions. 

National  Indian  Association,  The  Indian  Magazine. 


Pharmaceutical  Society,  Journal  and  Transactions. 

Philadelphia,  Academy  of  Natural  Sciences,  Pro- 
ceedings. 

Philadelphia,  Engineers  Club  of,  Proceedings. 

Photographic  Society  of  Great  Britain,  Journal. 

Physical  Society  of  London,  Proceedings. 

Quekett  Microscopical  Club,  Journal. 

Rome,  Giomale  del  Genio  Civile. 

Royal  Agricultural  Society,  Journal. 

Royal  Asiatic  Society,  Journal. 

Royal  Astronomical  Society,  Memoirs. 

Royal  Colonial  Institute,  Proceedings. 

Royal  Cornwall  Polytechnic  Society,  Report. 

Royal  Geographical  Society,  Proceedings  and 
Journal. 

Royal  Institute  of  British  Architects,  Journal  of  Pro- 
ceedings and  Transactions. 

i Royal  Institution,  Proceedhigs. 

j Royal  Irish  Academy,  Transactions  and  Proceedings. 

j Royal  Meteorological  Society,  Quarterly  Journal. 

I Royal  National  Life  Boat  Institution,  “ The  Life 

I Boat.” 

i Royal  Scottish  Society  of  Arts,  Transactions. 

Royal  Society,  Philosophical  Transactions  and  Pro- 
ceedings. 

Royal  Society  of  Edinburgh,  Transactions  and  Pro- 
ceedings. 

Royal  United  Service  Institution,  Journal. 

Schlesische  Gesellschaft  fiir  vateiiandische  Cultur, 
Jahres  Bericht. 

Societe  d’Encouragement  pour  I’lndustrie  Nationale, 
Bulletin. 

Societe  Nationale  d’Acclimatation  de  France,  Bulletin 
Mensuel. 

Society  of  Antiquaries,  Archaeologia  and  Proceedings. 

Society  of  Biblical  Archeology,  Transactions  and 
Proceedings. 

Society  of  Chemical  Industry,  Journal. 

Society  of  Dyers  and  Colourists,  Journal. 

Society  of  Engineers,  Transactions. 

.Society  of  Telegraph  Engineers  and  Electricians, 
Journal. 

South  Wales  Institute  of  Engineers,  Proceedings. 

Statistical  Society,  Journal. 

Victoria  Institute,  Journal  of  the  Transactions. 

Vienna,  Orientalische  Museum,  Das  Handels 
Museum. 

Wiirttemburg,  Konigliche  CentralsteUe  fiir  Gewerbe 
und  Handel,  Jahresberichte. 

Zoological  Society,  Proceedings  and  Transactions. 
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PERIODICALS. 

Twice  a Week. 

Chemiker-Zeitung. 

Commissioners’  of  Patents  Journal. 

Weekly. 

Admiralty  and  Horse  Guards  Gazette. 

Amateur  Photographer. 

American  Architect  and  Building  News. 

American  Potter}'  and  Glassware  Reporter. 
Architect. 

Athenreum. 

Avenir. 

Bradstreet’s. 

British  Architect. 

British  Journal  of  Photography. 

British  and  Colonial  Druggist. 

Builder. 

Builders’  Weekly  Reporter. 

Building  News. 

Chemical  News. 

Colliery  Guardian. 

Colonies  and  India. 

Cosmos  ; Revue  des  Sciences. 

Country  Brewers’  Gazette. 

Electrician. 

Electricite. 

Empire. 

Engineer. 

Engineenng. 

English  iMeclianic. 

European  !Mail. 

Farmer  and  the  Chamber  of  Agriculture  Journal. 
Gardeners’  Chronicle. 

Gardening  Illustrated  World. 

Gas  and  AVater  Review. 

Herapath’s  Railway  Journal. 

Industries. 

Invention. 

Iron. 

Iron  and  Coal  Trades  Review. 

Ironmonger. 

Journal  of  Gas  Lighting. 

Journal  d’Hygiene. 

Land  and  Water. 

London  Iron  Trade  Exchange. 

Mechanical  World. 

Medical  Press  and  Circular. 

Metropolitan. 

Miller. 

Millers’  Gazette. 

Mining  Journal. 

Moniteur  Industriel. 

Mouvement  Industriel  Beige. 

Musical  Standard. 

Nature. 

Photographic  News. 

Photographic  Times  and  American  Photographer. 
Produce  Markets’  Review. 

Queen. 


Revue  Industrielle. 

Sanitary  Engineer. 

School  Board  Chronicle. 

Schoolmaster. 

Science  (New  York). 

Scientific  American. 

Statist. 

Telegraphic  Journal  and  Electrical  Review. 

United  States  Patent  Office,  Official  Gazette. 
Warehousemen  and  Drapers’  Trade  Journal. 

Wool  and  Textile  Fabrics. 

Fortnightly . 

American  Gas  Light  Journal. 

Anthony’s  Photographic  Bulletin. 

Brewers’  Guardian. 

Corps  Gras  Industriels. 

Finance  Chronicle. 

Gaceta  Industrial. 

Indian  Engineer. 

Jeweller  and  Metalworker. 

Monde  de  la  Science  et  de  I’Industrie. 

Moniteur  des  Produits  Chimiques. 

Planters’  Gazette. 

Publishers’  Circular. 

Revue  Internationale  de  I’Electricite. 

Monthly. 

Analyst. 

Antiquary. 

Art  Journal. 

Bookseller. 

British  Mercantile  Gazette. 

British  Trade  Journal. 

Building  Societies’  and  Land  Companies’  Gazette. 
Building  World. 

Cabinet  Maker  and  Art  Furnisher. 

Canadian  Patent  Office  Record. 

Caterer  and  Refreshment  Contractors’  Gazette. 
Chemist  and  Druggist. 

Dental  Record. 

Dyer  and  Calico  Printer. 

Educational  Times. 

Electrical  Engineer. 

Food. 

Furniture  Gazette. 

Gas  Engineer. 

Health  Journal. 

Inland  Architect  and  Builder. 

Journal  of  Science. 

Leather  Trades’  Circular  and  Review. 

Alachinery  Market. 

Magazine  of  Art. 

Manufacturers’  Review  and  Industrial  Record. 
Marine  Engineer. 

Martineau  & Smith’s  Hardware  Trade  Journal. 
Midland  Naturalist. 

Mineral  Water  Trade  Review  and  Guardian. 
Moniteur  Scientifique. 
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Nautical  Magazine. 

Oesterreichische  Monatsschrift  fiir  den  Orient. 
Orchestra  Musical  Review. 

Paper  Makers’  Circular. 

Paper  Makers’  Monthly  Journal. 

Plumber  and  Decorator. 

Pottery  Gazette. 

Saddlers,  Harness  Makers,  and  Carriage  Builders’ 
Gazette. 

Sanitary  Record. 

Sugar  Cane. 

Symons’s  Meteorological  Magazine. 

Textile  jNIanufacturer. 

Textile  Recorder. 

Textile  World. 

Union  Horlogere. 

Watchmaker,  Jeweller,  and  Silversmith. 

Two-Mojtthiy. 

Coach  Builders’,  Harness  Makers’,  and  Saddlers’  Art 
Journal. 


Quarterly. 

Asclepiad. 


NEWSPAPERS. 

Belgian  News, 

Bombay  Gazette,  Overland  Summary. 

Ceylon  Observer  and  Weekly  Summary  of 
Intelligence. 

Ceylon  Times,  Weekly  Summary. 

Eastern  Post. 

Home  and  Colonial  Mail. 

London  Commercial  Record. 

London  and  China  Telegi'aph. 

Nottinghamshire  Guardian. 

Sheffield  and  Rotherham  Independent. 

Times  of  India  (Overland  Weekly  Edition). 

West  London  Observer. 
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INDEX  TO  VOL. 


XXXIV. 


A. 

Abel,  Sir  Frederick,  D.C.L.,  C.R.,  F.R.S.,  chairman's 
address  at  opening  meeting,  5 ; chair,  domestic  electric 
lighting,  494 ; chair,  asbestos  and  its  applications,  582  ; 
cAa/r,  treatmentofsewage,  612  ; adjourned  discussion, 

653  ; chair,  annual  meeting,  851 
Ablett,  W.  H.,  paper,  museums  of  trade  patterns  and  indus- 
trial examples,  144  ; letter,  310 
Abney,  Capt.  W.  de  W.,  F.R.S.,  chair,  films  and  paper  as 
substitutes  for  glass  in  photography,  471  ; disc.,  preparation 
of  drawings  for  photographic  reproduction,  575 
Ab3*ssinia,  animal  foods  of,  849 

, economic  plants  of,  945 

Ackland,  A\m.,  disc.,  calculating  machines,  387 
Ackland,  Thomas,  disc.,  calculating  machines,  38S 
Adams,  Prof.  . Grylls,  F.R.S.,c/?rt//',  electrical  distribution, 
292  ; disc.,  lighthouse  illurainants  at  the  South  Foreland, 
434 

Adelaide  Jubilee  Exhibition,  1296 

Afghan  frontier,  experiences  on,  paper  hy  W.  Simpson,  478; 
letter,  A.  Finn,  552 

Africa,  South,  native  industries  of,  1266 
African,  East,  drugs,  1217  ; letter,  J.  iM.  Hillier,  1280 
^ Agriculture  in  Japan,  122 

in  ^lauritius,  1242 

in  Russia,  225 

Albert  medal,  presentation  to  H.  Doulton  by  H.R.H.  the 
Prince  of  Wales,  113  ; list  of  awards,  355,  395  ; awarded  to 
S.  C.  Lister,  787  ; report  of  council,  855 
Alfa,  production  of,  in  Algeria,  92 
Allport,  Sir  J.,  disc.,  asbestos  and  its  applications,  593 
Alsace-Lorraine,  forests  of,  1089 
Amber,  production  of  in  Germany,  1088 
America,  see  “ United  States 

, South,  preparation  of  hides  in,  680 

Americanists,  international  congress  of,  at  Turin,  127 S 
Amos,  Prof.  Sheldon,  obituary,  141 
Anderson,  Sir  John,  LL.D.,  obituary,  930 
Anderson,  W m.,  chair,  mechanical  motors  for  tramways,  137 
Animal  mechanics,  Cantor  lectures  by  Dr.  B.  W.  Richard- 
son, abstracts,  1265,  1275 
Animal  products  of  the  Canary  Islands,  786 
Antwerp,  commercial  museum  at,  260 

exhibition,  trams  at  the,  227;  experiments  on 
mechanical  motors  for  tramways,  paper  by  Capt.  Galton, 
157 

Archaeology  in  India,  paperhy  J.  Gibbs,  555 
Armitage,  Dr.  I.  ]^.,  paper,  methods  of  rendering  the  blind 
self-supporting,  543 

Art-teaching,  technical,  paper  by  P.  Edward  Hulmc,  57; 

letter,  G.  X.  Hooper,  in 
Artesian  well  at  Pest,  850 

Asbestos  and  its  applications,  paper  by  J.  Boyd,  582 

Ashcroft,  Mr.,  disc.,  testing  materials,  349 

Asia  Minor,  emery  mines  of,  130 

Australia,  South,  economic  plants  in,  1003 

Austria,  jute  industry  in,  962  I 


Austria,  juvenile  labour  in,  393 

, technical  instruction  in,  850 

Aylesbury,  T.  W.,  letter,  harbours  of  refuge,  468 
Ayrton,  Prof.,  F.R.S.,  disc,,  magnetism  of  ships,  243 
Azoff,  sea  of,  fisheries  of,  35 


B. 

Badische  Anilin  und  Soda  Fabrik,  gold  medal  presented  to, 
32 

Bailey-Denton,  J.,  scheme  for  treatment  of  metropolitan 
sewage,  672  ; letter,  757 
Barbary,  beverages  of,  225 
foods  of.  III 

Barber,  Mr.,  disc.,  museums  of  trade  patterns,  153 
Barcelona  exhibition,  1006 
Barff,  Prof.,  obituary,  1093 

Barkly,  Sir  Henry,  G.C.M.G.,  K.C.B.,  F.R.S.,  chair,  in- 
dustries and  commerce  of  New  South  Wales,  683 
Barrels,  export  of  staves  for,  from  Italy,  315 
Basic  process  of  Thomas  and  Gilchrist,  133 
Bateman,  H.,  disc.,  automatic  extinction  ol  fires,  51 
Beall,  Capt.,  disc.,  magnetism  of  ships,  243 
Beaumont’s  (Col.)  compressed  air  engine,  letter  by  Capt. 

Galton,  311  ; letterhy  Col.  Beaumont,  312 
Beaumont,  W.  Worly,  disc.,  testing  materials,  348 
Bechuanaland  and  Austral- Africa,  paperhy  . Mackenzie, 

356 

Bedford,  Mr.,  disc.,  mechanical  art  of  American  watch- 
making, 749 

Beer,  manufacture  of,  in  Germany,  173 

Beeton,  H.  C.,  disc.,  Canada  and  its  national  highwa}-,  527 

Beetroot  sugar  in  Bohemia,  803 

Begg,  paper,  Canada  and  its  national  highway,  512 

Belgian  mail  service,  828 

Belgians,  King  of  the,  prize  offered  by,  467 

Belgium,  bronze  casting  in,  468 

Bessemer,  Sir  Henry,  F.R.S.,  gold  medal  presented  to,  32 
Bhownaggree,  Mancherjee  M.,  silver  medal  presented  to,  for 
paper,  32 

Biddulph,  Major-Gen.  Sir  Robert,  K.C.M.G.,  C.B.,  chair, 
Cyprus,  since  the  British  occupation,  788 
Birch,  Peregrine,  disc.,  treatment  of  sewage,  667 
Bird,  Mr.,  disc.,  preparation  of  drawings  for  photographic 
reproduction,  573 

Birdwood,  Sir  George,  M.D.,  C.S.I.,  chair,  eastern  art 
carpets,  447  ; chair,  archaeology  in  India,  555 
Birkbeck,  Sir  Edward,  Bart.,  M.P.,  chair,  proposed  fishery 
department  for  England  and  Wales,  721 
Blakesley,  T.  H.,  appointed  scrutineer,  852;  disc.,  annual 
meeting,  862 

Blind,  method  of  rendering  the,  self-supporting,  paper  by 
Dr.  T.  R.  Armitage,  543 
Bohemia,  beetroot  sugar  in,  803 

Bolderat,  Mr.,  disc.,  industries  and  commerce  of  New  South 
Wales,  706 

Bone  industry  in  California,  227 
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Books,  notes  on  : — 

Andersen,  Hans,  white  swans,  36 
Anderson,  R.,  lightning  conductors,  93 
Barrett,  W.  A.,  English  glees  and  part  songs,  1280 
Bolas,  T.,  year  book  of  photography,  155 
Canada,  dominion  annual  register,  93 
Christmas  cards,  36 

Cotton,  Sir  Arthur,  national  transit,  1093 

Edinburgh  exhibition  catalogue,  757 

Ellis’s  Irish  education  directory,  392 

Greenwood,  T.,  free  public  libraries,  391 

Grey,  H.,  pocket  encyclopedia,  1281 

Hilton,  J.,  chronograms  continued  and  concluded,  37 

Lynd,  W.,  the  practical  telegraphist,  37 

Miller,  F.,  interior  decoration,  37 

Mulhall,  M.  G.,  history  of  prices,  36 

Paper-makers’  directory,  36 

Parnell,  E,  A.,  life  and  labours  of  John  Mercer,  F.R.S., 
1093 

Peter,  R.  & O.  B.,  histories  ofLaunceston  and  Dunheved, 
392 

Philipson,  J.,  technicalities  of  the  art  of  coach-body- 
making, 36 

Plasse,  F.  X.,  le  clerge  Fran9ais  en  Angleterre,  314 
Platt,  J.,  God  and  mammon,  314 
Rockstro,  W.  S.,  history  of  music,  314 
Smith,  Watson,  report  on  chemical  exhibits  at  inventions 
exhibition,  314 

Standage,  H.  C.,  artists’  manual  of  pigments,  392 
Twining,  T.,  science  in  the  education  of  the  people,  392 
Vogel,  C.,  practical  mercantile  correspondence,  1281 
AVanklyn,  J.  A.,  gas  engineers’  chemical  manual,  1093 
AVeatherly,  F.  E.,  through  the  meadows,  36 
AVcavers’  Company,  facsimile  of  ancient  book,  757 
Wyatt,  John,  life  of,  93 
Borneo,  jungle  products  of,  125 
Botanical  gardens  at  Saharunpur,  943 
Botly,  Wm.,  disc.,  opening  meeting,  32 

Bottomley,  Wm.,  paper,  magnetism  of  ships  and  the 
mariner’s  compass,  229 

Bourne,  Stephen,  letter,  national  scheme  of  emigration,  210 
Boxwood,  a new,  465 
, substitute  for,  681 

Boyd,  J.,  paper,  abestos  and  its  applications,  582 
Boys,  C.  V.,  paper,  calculating  machines,  376;  letter,  tide 
predicting  machine,  445  ; Society’s  silver  medal  awarded, 
787 

Bragge,  Robert,  disc.,  mechanical  art  of  American 
watchmaking,  749 

Bramwell,  Sir  Frederick,  D.C.L.,  F.R.S.,  disc.,  opening 
meeting,  31  ; chair,  machinery  in  mines,  211  ; disc.,  domestic 
electric  lighting,  502 
Brazil,  exports  from,  175 
, railways  in,  126 

Broadwood,  John  and  Sons,  gold  medal  presented  to,  32 
Bromhead,  S.  S.,  disc.,  colonial  possessions  of  Great 
Britain,  291 

Bronze  casting,  artistic, by  G.  Simonds,  245  ; letter, 
T,  Fletcher,  313 

in  Belgium,  468 

Brough,  B.  H.,  paper,  mineral  resources  of  Hungary,  as 
shown  at  the  Budapest  exhibition,  266 
Brussels,  commercial  museum  at,  260 
Bryan,  W.  B.,  disc.,  machinery  in  mines,  224 
Bryce,  Mr.,  disc.,  Indian  manufactures,  717 
Buck,  Sir  E.  C.,  silver  medal  presented  to,  for  paper,  32 
Buda-Pest  exhibition,  mineral  resources  of  Hungary, 
by  B.  II.  Brough,  266 

Burma ; the  eastern  country  and  the  race  of  the  Brahmas, 
/>rt/>c;-by  J.  G.  Scott,  177 

, present  and  future,  paper  by  Holt  S.  Hallett,  96; 

map,  n3 

Burman  gold  and  silver  smithing,  866 
Burmans,  lacquer  work  of  the,  130 


Burmese  arms,  351 

, metal  work  of  the,  467 

palm  products,  390 

Butterine  or  oleomargarine,  by  P.  L.  Simmonds,  754 


C. 

Calculating  machines,  paperhy  C.  V.  Bo3's,  376 
California,  bone  industry  in,  227 

Campbell,  F.  J.,  LL.D.,  disc.,  methods  of  rendering  the 
blind  self-supporting,  516 

Campbell,  Sir  George,  K.C.S.I.,  M.P.,  disc.,  Burmah, 
present  and  future,  108 

Campbell,  Col.  W.  M.  T.,  letter,  canal  navigation,  1092 
Canada  and  its  national  highway',  paper  by  A.  Begg,  512 
Canal  navigation,  1027  ; letter.  Col.  AV.  M.  T.  Campbell, 
1092 

congress  on  internal  navigation,  469,  758 

Canary  Islands,  animal  products  of  the,  986 

, industrial  plants  in  the,  848 

Cantor  Lectures:  — 

ist  Course  : — “ The  microscope,”  by  John  Mayall,  jun., 
987,  1007,  1031,  1055,  1095,  syllabus,  2 
2nd  Course : — “Friction,”  by  Prof.  H.  S.  Hele  Shaw, 
1191,  1219,  1243,  1284,  syllabus,  2 
3rd  Course: — “Science  teaching,”  by  Prof.  F.  Guthrie, 
F.R  S.,  629,  646,  659,  syllabus,  2 
4th  Course  : — “ Petroleum  and  its  products,”  by  Boverton 
Redwood,  F.C..S,  805,  817,  830,  867,  883,  899,  915, 
syllabus,  2 

5th  Course: — “The  arts  of  tapestry  making  and  em- 
broidery,” by  Alan  S.  Cole,  931,  947,  963,  syllabus,  3 
6th  Course  : — “ Animal  mechanics,”  by  B.  AV.  Richard- 
son, M.A.,  M.D.jF.R.S.,  syllabus  3 ; abstracts,  1265, 

1275 

Report  of  council,  855 

Carpets,  eastern  art,  paperhy  A'incent  J.  Robinson,  447 
, oriental,  manufacture,  126 

Carpmael,  Alfred,  disc.,  museums  of  trade  patterns,  152  ; 

disc.,  annual  meeting,  862 
Cassels,  Andrew,  obituary,  961 
Catalonia,  leather  industry  in,  846 

Chadwick,  David,  disc.,  Canada  and  its  national  highway, 

525 

Chain  towage  on  the  Maine,  1006 
Chantoon,  Mr.,  disc.,  Burma,  191 
Chemical  trade  in  1885,  131 

Chemistry  and  Physics,  Section  of  Applied  :— 

Meeting  of  committee,  5 ; report  of  council,  854  ; discon- 
tinuance of  the  section,  1267 
ist  Meeting : — “ Magnetism  of  ships  and  the  mariner’s 
compass,”  by  AVm.  Bottomley,  jun.,  229 
2nd  Meeting  : — “ Photography  and  the  spectroscope  in 
their  applications  to  chemical  analysis,”  by  Prof.  W.  N. 
Hartley,  F.R.S.,  396 

3rd  Meeting  : — “ Films  and  paper  as  substitutes  for  glass 
in  photography,”  by  Leon  AA'’arnerke,  471 
4th  Meeting : — “ On  some  appliances  for  the  utilisation 
of  refuse  and  [dust  fuels,”  by  AValter  G.  McAIillan, 

527 

5th  Meeting  : — “ Asbestos  and  its  application,”  by  James 
Boyd,  582 

6th  Meeting: — “The  scientific  development  ot  the  coal 
tar  colour  industry,  by  Prof.  R.  Meldola,  F.C.S.,  759 
Chesson,  F.  AV.,  disc.,  Bechuanaland,  374 
Chestnuts,  production  of,  in  Italj',  1126 
Chili,  pioduction  of  nitrate  of  soda  in,  1030 
China,  farming  in,  914 
Chimney,  highest,  in  the  world,  175,  353 
Christy,  Thomas,  disc.,  Burmah,  present  and  future,  109 
Churchill,  Lord  Alfred  S.,  chair,  technical  art  teaching,  55, 
disc.,  loadlines  of  ships,  89  ; chair,  artistic  bronze  casting. 
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245 ; chair,  preparation  of  drawings  for  photographic 
reproduction,  569  ; disc.,  annual  meeting,  862 
Clarke,  Archer,  disc.,  preparation  of  drawings  for  photo- 
graphic reproduction,  576 
Clarke,  C.  Purdon,  disc.,  eastern  art  carpets,  457 
Clarke,  Hyde,  disc.,  Burma,  192  ; chair,  national  scheme  of 
emigration,  195 ; disc.,  colonial  possessions  of  Great  Britain, 
291  ; letter,  famines  in  India,  333 ; chair,  Bechuanaland, 
356 ; disc.,  archaeology  in  India,  566 ; chair,  progress  of 
the  British  possessions  in  the  last  quarter  of  a century,  595  ; 
letter,  statue  of  Columbus  at  the  Colonial  and  Indian 
exhibition,  627 ; disc.,  industries  and  commerce  of  New 
South  Wales,  705;  disc.,  everyday  life  of  Indian  women, 
782  ; disc.,  Cj^prus  since  the  British  occupation,  797 
Clowes,  George,  obituary,  1281 
Coal  in  Russia,  46 ; in  Transylvania,  644 

and  iron,  imports  of,  into  Italy,  828 

Coal-fields  in  the  North  of  France,  37 

Coal  tar  colour  industry,  scientific  development  of,  paper 
by  Prof.  R.  Meldola,  759 

Cobb,  Francis,  disc.,  loadlines  of  ships,  88  ; disc.,  annua ^ 
meeting,  862 
Cocoa-nut  fibre,  140 

Coffin,  Mr.,  disc.,  calculating  machines,  388 
Cole,  Alan  S.,  Cantor  lectures,  the  arts  of  tapestry  making 
and  embroidery,  931,  947,  963,  syllabus,  3 
Coleman,  Mr.,  disc.,  progress  of  the  British  possessions  in 
the  last  quarter  of  a century,  609 
Collins,  J.  H.,  disc.,  machinery  in  mines,  224  ; disc.,  mineral 
resources  of  Hungary,  276 

Colonial  and  Indian  exhibition — notices,  74, 129,  135,  260,  305, 
389,  439,  461,  507,  550,  576,  625,  641,  650,  736,  751,  785,  802, 
814,  826,  846  863,  878,  896,  913,  928,  940,  959,  984,  1125,  1216 
1295;  plan  of  the  exhibition,  279  ; statue  of  Columbus  at, 
letterhy  Hyde  Clarke,  627;  opening  ceremony,  641,  674; 
report  of  council,  857  ; Indian  screens,  878,  896 ; testimonial 
to  the  Prince  of  Wales,  913,  931,  940,  1126;  publications, 
940  ; list  of  natives  at,  959,  974 

Colonial  worthies,  statues  of,  by  J.  S.  O’Halloran,  863, 
878 

Colonial  and  Indian  institute,  proposed,  1087,  1125 
Colonial  education,  position  of  science  in,  941  ; forestry,  929 

possessions  of  Great  Britain,  paper  by  Dr.  R.  J. 

Mann,  279 

, progress  of,  paper,  by  P.  L.  Simmonds,  595 

Colquhoun,  W.  R.,  disc.,  Burmah  present  and  future,  107 
Columbus,  statue  of,  at  the  Colonial  and  Indian  exhibition, 
letterhy  Hyde  Clarke,  627 

Combes,  E.,  paper,  industries  and  commerce  of  New  South 
Wales,  683  ; Society’s  silver  medal  awar  87 

Committees  : — 

Chemistry  and  Physics,  Section  of  Applied,  5 
Foreign  and  Colonial  Section,  55 
Indian  .Section,  55 
Musical  pitch,  report,  265 
Conegliano,  exhibition  at,  816 
Conversazione,  1885,  report  of  council,  858 

■ , 1886,  899,  report  of  council,  858 

Cooking  by  machinery,  466 
Corinth  canal,  315 

Cornish,  Mr.,  disc.,  colonial  possessions  of  Great  Britain, 
290 

Cotton  seed,  141 

Council,  1885-86,  I ; members  of  new,  report  of  council, 
861 

, 1886-87,  elected,  863', 

, Captain  Douglas  Galton,  C.B.,  D.C.L.,  F.R.S., 

elected  chairman,  883 

Crampton,  T.  R.,  disc.,  loadlines  of  ships,  89;  disc., 
machinery  in  mines,  224 ; disc.,  mineral  resources  of 
Hungary,  277  ; disc.,  utilisation  of  refuse  and  dust  fuel, 
541  ; disc.,  proposed  fishery  department,  735 
Creak,  Commander,  F.R.S.,  magnetism  of  ships,  242 
Cream  of  tartar,  production  of,  at  Messina,  681 


Crompton,  R.  E.,  disc.,  lighthouse  illuminants  at  the  South 
Foreland,  437  ; disc.,  domestic  electric  lighting,  504 
Crookes,  Wm.,  F.R.S.,  gold  medal  presented  to,  32 
Crossley  Brothers,  gold  medal  presented  to,  32 
Crowder,  W.,  disc.,  utilisation  of  refuse  and  dust  fuel,  542 
Culshaw,  Mr.,  disc.,  methods  of  rendering  the  blind  self- 
supporting,  547 

Cunliffe-Owen,  Sir  Philip,  K.C.M  G.,  disc.,  eastern  art 
carpets,  458 

Cunynghame,  H.,  disc.,  technical  art  teaching,  72 
Cyprus  since  the  British  occupation,  paper  by  G.  Gordon 
Hake,  788 


D. 

Danvers,  F.  C.,  paper,  historical  and  recent  famines  in 
India,  317 

Danvers,  Sir  Juland,  K.C.S.I.,  disc.,  famines  in  India,  330  ; 
chai?-,  Indian  manufactures  from  a practical  point  of  view, 
708 

Davey,  H.,  paper,  machinery  in  mines,  211 ; letter,  312 ; 
letter,  domestic  electric  lighting,  506;  Society’s  silver 
medal  awarded  to  787 
Davids,  Prof.  Rhys,  disc.,  Burma,  192 

Dawson,  Alfred,  disc.,  preparation  of  drawings  for  photo- 
graphic reproduction,  574 

Day,  Dr.  Francis,  disc.,  proposed  fishery  department,  734  ; 
letter,  757 

Day,  L.  F.,  letter,  museums  of  trade  patterns,  174;  disc., 
eastern  art  carpets,  458 

Debenham,  Mr.,  disc.,  films  and  paper  as  substitutes  for 
glass  in  photography,  476 

De  la  Rue,  W.  Warren,  disc.,  artistic  bronze  casting,  260 
De  Meschin,  T.,  disc.,  colonial  possessions  of  Great  Britain, 
291 

Denmark,  pig  breeding  in,  984 

Dewar,  Professor,  F.R.S.,  disc.,  treatment  of  sewage,  670  ; 

chair.,  scientific  development  of  the  coal-tar  industry,  759 
Dibdin,  W.  J.,  report  on  gas  at  the  Inventions  exhibition,  32; 

disc.,  treatment  of  sewage,  671 
Digby,  W.,  disc.,  famines  in  India,  335 
Distribution  reform,  1091 

Dixon,  Harold.,  disc.,  lighthouse  illuminants  at  the  South 
Foreland,  436 

Donaldson,  Hunter,  disc.,  eastern  art  carpets,  457 
Donkin,  j\Ir.,  disc.,  utilisation  of  refuse  and  dust  fuel,  541 
Donnelly,  Colonel  J.  F.  D.,  letter,  action  of  light  on  water 
colours,  930 

Doulton,  Henry,  presentation  of  Albert  medal  to,  by  H.R.H. 

the  Prince  of  Wales,  113 
Drainage  of  the  Lake  Kopais,  946 

Drake,  B.,  disc.,  mechanical  motors  for  tramways,  171  ; 

letter,  226;  disc.,  electrical  distribution,  303 
Drawings,  preparation  of,  for  photographic  reproduction, 
paper  hy  J.  S.  Hodson,  569 
Dredging  machinery  on  the  Panama  Canal,  681 
Drugs,  East  African,  1217;  letter,  J.  M.  Hillier,  1285 
Duka,  Dr.,  disc.,  mineral  resources  of  Hungary,  276 
Dupre,  Dr.,  F.R.S.,  disc.,  treatment  of  sewage,  668 
Duty  on  silver  and  gold  plate,  letter  by  W.  Martin  Wood, 

815 

Dynamite,  pile  driving  by,  850 


E. 

Eden,  Hon.  Sir  Ashley,  K.C.S.I.,  chair,  Burma,  177 
Edinburgh  international  exhibition,  1886,  93,  1282 
Edmunds,  Dr.,  disc,,  Canada  and  its  national  highway,  524  ; 

disc.,  treatment  of  sewage,  672 
Education,  colonial,  position  of  science  in,  941 
Edwards,  E.  Price,  paper,  the  experiments  with  lighthouse 
illuminants  at  the  South  Foreland,  418 ; letter,  552 
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Egypt,  animal  foodstuffs  of,  803 

fodder  plants  of,  391 

, oil  seeds  of,  173 

Electric  lighting,  domestic,  paper  by  W.  H.  Preece,  494 
Electric  lighting  bill,  memorandum  on  Lord  Rayleigh's,  464  ; 
petition  of  the  Society  to  the  House  of  Lords,  511  ; report 
of  council.  859 

Electric  lighting  bill  1882  amendment  (No.  3)  bill,  petition 
of  the  Society  against,  581 ; petition  of  the  institution  of 
civil  engineers,  736 

Electric  railway  on  Mount  Saleve,  126 

Electrical  distribution,  some  points  in,  paper  by  Prof.  G. 
Forbes,  292  ; letter,  Mackenzie  and  Brougham,  352  ; letter, 
G.  Forbes.  468 

Electricity,  elementary  lectures  on,  by  Prof.  G.  Forbes,  975, 
997,  1021,  1048,  io8r,  1121 

Elgar,  Francis,  LL.D.,  paper,  loadlines  of  ships,  77  ; silver 
medal  awarded  to,  787 

Ellis,  A.  J.,  F.R.S.,  silver  medal  presented  to,  for  paper,  32  ; 
disc.,  calculating  machines,  387  ; international  conference 
on  musical  pitch,  439 
Emery  mines  of  Asia  Minor,  130 

Emigration,  importance  of  a national  scheme  of,  paper, 
Arnold  White,  195 
from  Italy,  850 

Erskine,  Hon.  Major,  disc.,  national  scheme  of  emigration, 
208 

Exami.n’Atioxs  : — 

Publication  of  results  for  j886,  759;  report  of  council, 
858  ; programme  for  1887,  975 
Practical  music  (report  of  council),  598 
Exhibitions  : — 

of  Society  of  Arts,  Japanese  objects,  645 

microscopes,  39 

Adelaide,  1296 
American,  1887 — 175 
Antwerp,  see  Antwerp  exhibition 
Barcelona,  1006 

Buda-Pest,  mineral  resources  of  Hungary,  266 

Conegliano,  816 

Edinburgh,  1886 — 93,  126,  1282 

Flavre,  828 

Karlsruhe,  small  industries,  816 

Lecce,  windmills  and  pumping  machinerj',  126 

London,  Colonial  and  Indian,  see  Colonial 

Inventions,  see  Inventions  exhibition 

iMelbourne,  946 
Newcastle,  1126 
Salzburg,  628 
Stockholm,  898 

Explosions  from  fire-damp,  prize  offered  for  prevention  of,  552 

F. 

Factory  statistics  of  Italy,  850 

Famines  in  India,  historical  and  recent,  paper  by  F.  C. 
J )anvers,  317 

Finance,  report  of  council,  862 
Financial  statement,  829 
Finn,  Alex.,  letter,  Afghan  frontier,  552 
Fire-damp  explosions,  prize  for  prevention  of,  552 
Fires,  apparatus  for  the  automatic  extinction  of,  paper  by 
S.  P.  Thompson,  39  ; letter  by  F.  Guthrie,  75 

, inquests  on,  133,  308 

in  theatres  974 

Fisheries  of  Iceland,  124 

of  Pomerania,  944 

of  the  .Sea  of  Azoff,  35 

, freshwater,  of  Italy,  946 

Fishery  board,  letter  by  Prof.  T.  H.  Huxley,  F.R.S.,  548  ; 

by  Prof.  Ray  Lankester,  F.R.S.,  654 
Fishery  department  for  England  and  Wales,  paper  by  Mr. 

Willis  Bund,  721  ; letter.  Dr.  F.  Day,  757 
Flax  in  Russia,  cultivation  of,  112 


Fletcher,  Alfred  E.,  chair,  utilisation  of  refuse  and  dust 
fuel,  527 

Fletcher,  T.,  letter,  artistic  bronze  casting,  313 
Fodder  plants  in  Egypt,  391 
Food  supplies,  390 
Foods  of  Barbary,  irr 

animal,  of  Abyssinia,  849 

Foodstuffs,  animal,  of  Egypt,  803 

Forbes,  Prof.  Qt., paper,  some  points  in  electrical  distribution, 
292  ; letter,  468  ; elementary  lectures  on  electricity,  975, 
997,  1021,  1048,  io8r,  ii2t 
Foreign  and  Colonial  Section 
hleeting  of  committee,  55 
Report  of  council,  853 

ist  Meeting: — “ The  importance  of  a national  school  of 
emigration  for  the  best  interests  of  British  commerce,” 
by  Arnold  White,  195 

2nd  Meeting  : — “ Present  state  of  the  colonial  possessions 
of  Great  Britain,”  by  Robert  James  Mann,  M.D  , 
F.R.C.S.,  279 

3rd  Meeting  : — ” Bechuanaland  and  Austral  Africa,”  by 
John  Mackenzie,  356 

4th  Meeting Canada  and  Its  national  highway,”  by 
Alexander  Begg,  512 

5th  Meeting  : — “ The  progress  of  the  British  possessions 
in  the  last  quarter  of  a century,”  by  P.  L.  Siminonds, 
595 

6i.h  Meeting : — “ The  industries  and  commerce  of  New 
South  Wales,”  by  Edward  Combes,  G.M.G. 

7th  Meeting Cyprus  since  the  British  occupation,” 
by  G.  Gordon  Hake,  788 
Forest  distribution  in  the  United  States,  1091 
Forestry,  colonial,  929 

Forests  of  Alsace-Lorraine,  1089  ; of  France,  of  131,  315  ; of 
Hungary,  849  ; of  [apan,  756 
Formosa,  cultivation  of  tea  in,  1298 

Fortescue,  Lord,  disc.,  proposed  fishery  department,  735 
Fowls,  exportation  of,  from  Italy,  681 
Fox,  Sampson,  gold  medal  presented  to,  32 
France,  crystallised  fruit  trade  in,  847 

, forests  of,  131,  315 

, poultry  breeding  in,  175 

, railway  accidents  in,  828 

, value  of  landed  propert}’  in,  no 

, vintage  of  1885, 172 

, north  of,  coal  fields  In,  37 

Frankland,  Dr.  Percy,  disc.,  treatment  of  sewage,  668 
Friction,  Cantor  lectures  on,  by  Prof.  H.  S.  Hele  Shaw,  1191, 
1219,  1243,  1284;  syllabus  2 

Friswell,  R.  J.,  disc.,  scientific  development  of  the  coal-tar 
colour  industry,  769 

Frodsham,  G.  W.,  disc.,  mechanical  art  of  American  watch- 
making, 749 

Fruit  trade  between  Italy  and  the  United  States,  174 
, crystallised,  trade  in  France,  847 

Fuel,  some  appliances  for  the  utilisation  of  refuse  and  dust, 
paperhy  W.  G.  McMillan,  527 
liquid,  for  steamships,  353 


G. 

Galton,  Capt.  Douglas,  C.B.,  D.C.L.,  F.R.S..  chair, 

automatic  extinction  of  fires,  39  ; results  of  experi- 

ments on  mechanical  motors  for  tramways  at  Antwerp, 
157;  letter  on  Beaumont’s  compressed  air  engine,  311  ; 
thanks  by  council  for  paper,  787  ; elected  chairman  of 
council,  883 

Ganney,  H.,  disc.,  mechanical  art  of  American  watch- 
making, 749 

Garrick,  Hon.  James  F.,  C.M.G.,  disc.,  national  scheme  of 
emigration,  208 

Gas  and  gas  apparatus  in  the  inventions  exhibition,  reporthy 
W.  J.  Dibdin,  32 
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Gaulard,  Mr.,  disc.,  electrical  distribution,  302 
German  census,  393 

trade  in  the  Levant,  1189 

Germany,  division  of  land  in,  1006 

, manufacture  of  beer  in,  173 

, mining  industries  of,  464 

, production  of  amber  in,  1088 

, telegraphs  and  telephones  in,  141 

, trade  of,  with  her  colonial  possessions,  960 

Gibbs  J.,  C.S.I.,  disc.,  famines  in  India,  329  ; paper,  history 
of  archaeology  in  India,  555  ; obUuary,  1299 
Gilchrist,  Percy,  gold  medal  presented -to,  32 
Gladstone,  Dr.,  F.R.S.,  disc.,  photography  and  the  spectro- 
scope, 416 

Glasgow,  Mr.,  disc.,  mechanical  art  of  American  watch- 
making, 750 

Glover.  A.,  disc.,  utilisation  of  refuse  and  dust  fuel,  542 

Gold  washing  in  Italy,  946 

Gold  and  silver  smithing  of  the  Burmese,  866 

Gra)',  Thomas,  chair,  magnetism  of  ships,  229 

Greenwich  observatory  visitation,  827 

Guthrie,  Prof.,  F.R.S.,  letter,  automatic  extinction  of  fires, 
75  ; chair.,  autographic  records  in  testing  materials,  335  ; 
Cantor  lectures,  science  teaching,  629,  646,  659  ; syllabus,  2 ; 
obituary,  1281 

H. 

Hake,  G.  Gordon,  paper,  Cyprus  since  the  British  occupa- 
tion, 788  ; Society’s  silver  medal  awarded  to,  787 
Hallett,  Holt  S.,  paper,  Burmah,  present  and  future,  96 
Hancock,  Mr.,  disc.,  preparation  of  drawings  for  photo- 
graphic reproduction,  574 

Harbours  of  refuge,  letter  by  T.  W.  Aylesbury,  468 
Harcourt,  Prof.  C.  Vernon,  F.R.S.,  disc.,  lighthouse  illumi- 
nants  at  the  South  Foreland,  435 
Harper,  Mr.,  disc  , machinery  in  mines,  224 
Hart,  Ernest,  additional  lectures  on  Japanese  art,  1204,  1231, 
1254,  1268 

Hartley,  Prof.  W.  N.,  F.R.S.,  photography  and  the  spectro- 
scope in  their  applications  to  chemical  analysis,  396 ; 
Society’s  silver  medal  awarded  to,  787 
Harvey,  Capt.  Talbot,  disc.,  Cyprus  since  the  British  occu- 
pation, 800 

Hathom,  Davey  and  Co  , gold  medal  presented  to,  32 
Ha\Te  international  exhibition,  828 
Hearson,  Prof.,  disc.,  testing  materials,  347 
Hedicke,  Mr.,  disc.,  calculating  machines,  388 
Henderson,  Mr.,  disc.,  loadlines  of  ships,  90  ; disc  , utilisa- 
tion of  refuse  and  dust  fuel,  541 
Henty,  Richmond,  disc  , progress  of  the  British  possessions, 
610 

Hides,  preparation  of,  in  South  America,  680 
Hill,  W.  E.,  and  Sons,  gold  medal  presented  to,  32 
Hillier,  J.  M.,  letter.  East  African  drugs,  1280 
Hodson,  J.  S.,  paper,  preparations  of  drawings  for  photo- 
graphic reproduction,  569 

Hooper,  G.  N.,  disc.,  technical  art  teaching,  73  ; letter,  iii 
Hopkinson,  Dr.,  F.R.S.,  disc.,  magnetism  of  ships,  244 
Hughes,  Prof.,  F.R.S.,  disc.,  electrical  distribution,  302 
Hulme,  P.  Edward,  paper,  technical  art  teaching,  57 
Hungarian  textile  industry,  353 
Hungarj-,  forests  in,  849 

, mineral  resources  of,  paper  hy  B.  H.  Brough,  266 

, sericulture  in,  974 

Huntington,  Prof.,  disc.,  photography  and  the  spectroscope, 
417 

Huxley,  Prof.  T.  H.,  F.R.S.,  fishery  board,  548 
Hydrology  and  climatology,  congress  of,  7,  757 

I. 

Iceland,  fisheries  of,  124 

India,  sericulture  in,  letterhy  S.  C.  Lister,  1217 
, wheat  cultivation  in,  1227 


Indian  Section  : — 

Meeting  of  committee,  55 
Report  of  council,  853 

ist  Meeting  : — “ Burmah,  the  Eastern  country,  and  the 
race  of  the  Brahmas,”  by  J.  George  Scott  (.Shway 
Yoe),  177 

2nd  Meeting  : — “ Historical  and  recent  famines  in  India,” 
by  F.  C.  Danvers,  317 

3rd  Meeting  : — “ Experiences  on  the  Afghan  frontier,”  by 
William  Simpson,  478 

4th  Meeting  : — “ The  history  of  archaeology  in  India,”  by 
James  Gibbs,  C.S.I.,  C.I.E.,  555 
5th  Meeting: — “ Indian  manufactures  from  a practical 
point  of  view,”  by  B.  H.  Baden-Powell,  C.I.E.,  708 
6th  Meeting  : — “ Everyday  life  of  Indian  women,”  by 
Capt.  Richard  Carnac  Temple,  771 
Indian  temple,  print  of,  629 
Industrial  arbitration,  986 

property,  international  congress  for  protection  of, 

804 

Industries,  domestic,  in  Russia,  985 

, native,  of  South  Africa,  1266 

Inglis,  J.,  disc.,  lighthouse  illuminants  at  the  South  Fore- 
land, 436 

Institutions  in  Union  : — 

Cork  literary  and  scientific  society,  39 
Hull  church  institute,  143 

Teachers  guild  of  Great  Britain  and  Ireland,  95 
Inventions  (International)  Exhibition: — 

Prizes  awarded  for  exhibits  presented,  32 ; report  of 
council,  857 

Report  on  group  xv.  (gas  and  apparatus)  by  W.  J.  Dibdin,  32 
Publication  of  jury  awards,  92 
Diploma,  143 
Report  of  council,  857 
Iron,  malleable  cast,  141 

and  coal,  imports  of,  into  Italy,  828 

Italy,  emigration  from,  850 

, exportation  of  fowls  from,  63i 

, factory  statistics  of,  850 

, freshwater  fisheries  of,  946 

, gold  washing  in,  946 

, imports  of  coal  and  iron  into,  828 

, population  of,  1190 

, production  of  chestnuts  in,  1126 

, silk  weaving  industry  in,  985 

, wine  growing  in,  iii 

Ivey,  Mr.,  disc.,  automatic  extinction  of  fires,  52 
Ixtle,  cultivation  of,  in  Mexico,  552 

J. 

Jakeman,  C.  J.  W.,  letter,  mechanical  motors  for  tramways 
172 

Japan,  agriculture  in,  122 
, forests  of,  756 

Japanese  art,  additional  lectures  on,  by  E.  Hart,  1204,  1231, 
1254,  1268 

Japanese  exhibition  at  the  Society  of  Arts,  645 
Johnston,  H.  H.,  silver  medal  presented  for  paper,  32 
Jones,  Lieut. -Col.  A.  S.,  V.C.,  disc.,  treatment  of  sewage,  664 
Jones,  Owen,  prizes,  report  of  council,  857  ; list  of  successful 
candidates  for  1886,  1007 

Jopling,  Mr.,  disc.,  utilisation  of  refuse  and  dust  fuel,  542 
Journal,  covers  for,  39 
Jute  industry  in  Austria,  962 

Jurgens,  Anton,  silver  medal  presented  for  paper,  32 
Juvenile  lectures,  “ Waves,”  by  Prof.  Silvanus  P.  Thompson, 
D Sc.,  127,  135  ; report  of  council,  855 

K. 

Kapp,  Mr.,  disc  , electrical  distribntion,  303 
Karlsruhe  small  industries  exhibition,  816 
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Kelk,  Sir  John,  Bart.,  obituary,  1093 

Kidd,  Mr.,  disc.,  films  and  paper  as  substitutes  for  glass  in 
photography,  476 

King’s  College,  London,  course  of  lectures,  1242 
Kopais,  lake,  drainage  of,  946 


L. 

Lacquer  work  of  the  Burmans,  130 
Land,  division  of,  in  Germany,  1006 
-,  reclamation  of,  in  Russia,  644 

Lang,  Hamilton,  disc.,  Cyprus  since  the  British  occupation, 

798  . . r . 

Langston,  A.,  disc.,  automatic  extinction  ot  tires,  51 
Lankester,  Prof.  Ray,  F.R.S.,  letter  on  proposed  fishery 
board,  654;  disc.,  proposed  fishery  department,  733 
La  Rochelle,  oyster  and  mussel  culture  at,  137 
Latham,  Baldwin,  disc.,  machinery  in  mines,  223  ; letter, 
312  ; disc.,  treatment  of  sewage,  666 
Leather  industry  in  Catalonia,  846 

Lecce,  exhibition  of  windmills  and  pumping  machinery  at, 
126 

Lectures  (Additional) 

Elementary  lectures  on  electricity,  by  Prof.  George 
Forbes,  975,  997,  1021,  1048,  1081,  1121 
Japanese  art,  by  Ernest  Hart,  1204,  1231,  1254,  1268 
Report  of  council,  856 

Lennox,  Right  Hon.  Lord  Henry,  obituary,  1006 
Lester,  W.  C.,  disc.,  methods  of  rendering  the  blind  self 
supporting,  546 

Levant,  German  trade  in  the,  1189 
Library,  additions  to  the,  1282 
Licorice  in  Sicily,  cultivation  of,  466 

Liggins,  H.,  disc.,  automatic  extinction  of  fires,  52  ; disc., 
technical  art  teaching,  73;  disc.,  loadlines  of  ships,  89; 
disc.,  museums  of  trade  patterns,  153  ; disc.,  magnetism  of 
ships,  244;  disc.,  artistic  bronze  casting,  258;  disc., 
mineral  resources  of  Hungary,  267  ; dhc.,  colonial  posses- 
sions of  Great  Britain,  290 ; disc.,  Bechuanaland,  375 ; 
disc.,  archscology  in  India, ^567  ; disc.,  progress  of  the  British 
possessions,  608;  disc.,  industries  and  commerce  of  New 
.South  Wales,  706;  disc,  Indian  manufactures,  719; 
disc.,  proposed  fishery  department,  735  ; disc.,  mechanical 
art  of  American  watchmaking,  749;  disc.,  scientific 
development  of  the  coal-tar  colour  industry,  770 
Light,  action  of,  on  water  colours,  letter.  Col.  Donnelly, 
930 ; Simpson,  1092 

Lighthouse  illuminants,  experiments  with,  at  the  South 
Foreland,  paper  by  E.  Price  Edwards,  418 ; letter,  552  ; 
letter  hy].  R.  Wigham,  508 

Lister,  S.  C.,  Albert  medal  awarded  to,  787  ; letter,  seri- 
culture in  India,  1217 

Lloyd,  F.  J.,  silver  medal  presented  to,  for  paper,  32 
Lloyd,  Watkiss,  disc.,  artistic  bronze  casting,  258 
Loadlines  of  ships,  paper,  by  Prof.  F.  Elgar,  77 
Lockycr,  J.  Norman,  F.R.S.,  chair,  mechanical  art  of 
American  watchmaking,  740 
London,  some  changes  in,  116;  health  of,  139 
Lorrain,  J.  G.,  disc.,  automatic  extinction  of  fires,  51 
Low,  Sampson,  obituary,  644 

Lumsden,  Sir  Peter  S.,  G.C.B.,  chair,  Afghan  frontier, 
478 


M. 

Machinery  in  mines  by  H.  Davey,  211  ; letter,  J.  Shone, 

262  ; letter,  H.  Davey,  312  ; Baldwin  Latham,  312 
iVIackcnzie,  J.,  paper,  Bechuanaland  and  Austral  Africa,  356  ; 

Society’s  silver  medal  awarded  to,  787 
Mackenzie  & Brougham,  letter,  electrical  distribution,  352 


Maclean,  J.M.,  M.P.,  chair,  Burmah,  present  and  future,  95  ; 
chair.  Famines  in  India,  317 

Macmillan,  W.  G.,  paper,  some  appliances  for  the  utilisation 
of  refuse  and  dust  fuel,  527 
Madeira,  economic  products  of,  1298 
Madrid,  metropolitan  railway  at,  986 

Magnetism  of  ships  and  the  mariner's  compass,  paper  by 
Wm.  Bottomley,  229 

Maignen,  P.  A.,  disc.,  asbestos  and  its  applications,  592 
Maine,  chain  towage  on  the,  1006 
Manganese  in  Russia,  1054 

Mann,  Dr.  R.  J , paper,  present  state  of  the  colonial  pos- 
sessions of  Great  Britain,  279  ; obituary,  961 
Manufactures,  Indian,  from  a practical  point  of  view,  paper 
by  B.  H.  Baden  Powell,  708  ; letter,  W.  ISIartin  Wood, 

815 

Martell,  Mr.,  disc.,  loadlines  of  ships,  90 
Massey,  W.  H.,  disc.,  calculating  machines,  387 
Mauritius,  agriculture  in,  1242 

Maxwell,  Sir  ].  H.,  disc.,  asbestos  and  its  applications,  593 
Mayall,  J.,  jun..  Cantor  lectures,  the  microscope,  987,  1007, 
1031,  1055,  1095,  syllabus,  2 

Mechanics,  animal.  Cantor  lectures  by  Dr.  B.  W.  Richard- 
son ; abstracts,  1265,  1275 
Medals  : — 

Presentation  of,  session  1884-5,  by  chairman  of  council, 

32 

Albert,  gold,  list  of  awards,  355,  395  ; awarded  to  .S,  C. 
Lister,  787  ; report  of  council,  855  ; presented  to  H. 
Doulton  by  H.R.H.  the  Prince  of  Wales,  113 
Society’s  gold,  for  exhibits  at  international  inventions 
exhibition,  32  ; report  of  council,  857 
Society’s  silver  medals  for  papers  read  session  1884-5,  32  ; 
silver  medals  for  papers  read  session  1885-6  ; awarded  to 
Prof.  Elgar,  H.  Davey,  Prof.  W.  C.  Unwin,  C.V.  Boys 
Prof.  L.  Waldo,  J.  Mackenzie,  E.  Combes,  G.  Gordon 
Hake,  Prof.  W.  N.  Hartley,  Prof.  R.  hleldola,  B.  H. 
Baden  Powell,  Capt.  R.  C.  Temple,  787 
Report  of  council,  856 
Owen  Jones  prizes,  report  of  council,  857 
Meetings  of  the  132ND  Session  : — 

Annual  Meeting,  851 

Chemistry  and  Physics  (Applied)  Section  (see 
Chemistry) 

Foreign  and  Colonial  Section  (see  Foreign) 

Indian  Section  (see  Indian) 

Ordinary  : — 

Report  of  the  council,  852 
Programme  for  session,  i 

ist  Meeting: — Opening  address  by  Sir  Frederick 
Abel,  C.B.,  D.C.L.,  LL.D.,  F.R.S.,  chairman  of 
council,  6 

2nd  Meeting  : — “ Apparatus  for  the  automatic  extinc- 
tion of  fires,”  by  Prof.  Silvanus  P.  Thompson,  39 
3rd  Meeting:  — “Technical  art  teaching,”  by  F. 

Edward  Hulme,  F.L.S.,  F.S.A.,  57 
4th  Meeting: — “The  loadlines  of  ships,”  by  Prof. 

Francis  Elgar,  LL.D.,  M.Inst.C.E.,  77 
5th  Meeting  : — “ Burmah,  present  and  future,”  by  Holt 
S.  Hallett,  96 

6th  Meeting  : — “ Museums  for  trade  patterns,”  by  Wm. 
H.  Ablett,  144 

7th  Meeting : — “ Results  of  experiments  on  mechanical 
motors  for  tramways  made  by  the  jury  at  the 
Antwerp  exhibition,”  by  Capt.  Douglas  Galton, 
D.C.L.,  C.B.,  F.R.S.,  157 

8th  Meeting : — “ Machinery  in  mines,”  by  Henry 
Davey,  21 1 

gth  Meeting  :—“  Artistic  bronze  casting,”  by  George 
Simonds,  245 

loth  Meeting: — “Mineral  resources  of  Hungary,’' 
by  Bennett  H.  Brough,  266 

nth  Meeting : — “ Some  points  in  electrical  distribu- 
tion,” by  Prof.  George  Forbes,  292 
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i2th  Meeting: — “The  employment  of  autographic 
records  in  testing  materials,”  by  Prof.  W.  C. 
Unwin,  336 

13th  Meeting : — “ Calculating  machines,”  by  C.  V. 
Boys,  376 

14th  [Meeting : — “The  experiments  with  lighthouse 
illuminants  at  the  South  Foreland,”  by  E.  Price 
Edwards,  418 

15th  Meeting  : — “ Eastern  art  carpets,”  by  Vincent  J. 
Robinson,  447 

16th  Meeting  : — “ Domestic  electric  lighting,”  by  W, 
H.  Preece,  F.R  S.,  494 

17th  [Meeting  : — “ Methods  for  rendering  the  blind  self- 
supporting,  b}’  T.  R.  Armitage,  M.D.,  543 
i8th  [Meeting  : — “ Preparation  of  drawings  for  photo- 
graphic reproduction,”  by  J.  S.  Hodson,  569 
19th  Meeting : — “ The  treatment  of  sewage,”  by  Dr.  C. 
^Ie}Tnott  Tidy,  612 

20th  Meeting  : — Adjourned  discussion  on  Dr.  Tidy’s 
paper  on  “ Treatment  of  sewage,”  664 
2ist  Meeting: — “ The  proposed  fishery  department,” 
by  J.  W.  Bund  Willis-Bund,  721 
22nd  Meeting  : — “ Mechanical  art  of  American 
watchmaking,”  by  Prof.  Leonard  Waldo,  D.Sc.,  of 
Yale  College,  U.S.,  740 
[Melbourne  international  exhibition,  946 
[Meldola,  Prof.  R.,  F.R..S., /a/c;-,  the  scientific  development 
of  the  coal-tar  colour  industry,  759  ; Society’s  silver  medal 
awarded  to,  787 

Members,  list  of,  report  of  council,  861 
Memorial  tablets,  report  of  council,  861 
Mescal  and  pulque,  production  of,  in  [Mexico,  1004 
^lessina,  production  of  cream  of  tartar  at,  681 
Metal  work  of  the  Burmese,  467 
^Mexican  textile  industr}',  850 
^lexico,  cultivation  of  ixtile  in,  552 

, production  of  pulque  and  mescal  in,  1004 

, production  of  salt  in,  1005 

'Microscope,  the,  Cantor  lectures,  by  J.  ^layall,  jun.,  987, 
1007,  1031,  1055,  1095 

Microscopes,  exhibition  of,  at  Society  of  Arts,  39 
[Milan,  population  of,  174 

Minis,  'Six.,  disc.,  technical  art  teaching,  72  ; disc.,  museums 
of  trade  patterns,  153 

Mills,  Sir  Charles,  K.C.M.G.,  disc.,  national  scheme  of 
emigration,  207 

Mineral  resources  of  Hungary,  paperhy  B.  H.  Brough,  266 
Mines,  accidents  in,  chairman’s  address,  6 ; report  of  com- 
mission, 652 

, machinery  in,  paper,  H.  Davey,  21 1 ; lelter,  I.  Shone, 

262  ; letter,  H.  Dave}-,  312  ; Baldwin  Latham,  312 
Mining  industries  of  Germany,  464 ; in  Spain,  1296 
[Moncrieff,  W.  D.  Scott,  disc.,  mechanical  motors  for  tram- 
ways, 170 

Mont  Saleve,  electric  railway  on,  126 
Mordey,  Mr.  disc.,  electrical  distribution,  304 
Morley,  Samuel,  obituary,  1030 

Moseley,  Professor,  F.R.S.,  disc.,  proposed  fishery  depart- 
ment, 735 

Museums,  commercial,  at  Antwerp  and  Brussels,  260 

of  trade  patterns,  paper,  AV.  H.  Ablett,  144 

letter,  L.  F.  Day,  174  ; letter,  W.  H.  Ablett,  310 
Music,  practical  examinations,  report  of  council,  859 
[Musical  pitch,  report  of  committee  on,  265 ; circular  and 
questions,  460;  report  of  council,  860;  resolution  of 
Tonic  Sol-fa  College,  628;  international  conference  on, 
439 


Navigation  (internal)  congress  on,  469,  758 ; see  “ canal 
navigation  ” also 

Navy  (merchant)  of  the  world,  315 


Newcastle  exhibition,  1126 

New  South  Wales,  industries  and  commerce  of,  paper,  by  E. 

Combes,  683  ; letter  by  Sir  Richard  Owen,  803 
Nicholls,  J.  H.  Kerry,  disc.,  Cyprus  since  the  British 
occupation,  799 

Nilgiris,  botanical  gardens,  577 

0\ 

Obituaey  :— 

Amos,  Prof.  Sheldon,  141 
Anderson,  Sir  John,  930 
Barlf,  Professor,  1093 
Cassels,  Andrews,  961 
Clowes,  George,  1281 
Gibbs,  I.,  C.S.I. 

Guthrie,  Frederick,  F.R.S.,  1281 

Kelk,  Sir  John,  Bart.,  1093 

Lennox,  Right  Hon.  Lord  Henry,  1006 

Low,  Sampson,  644 

Mann,  Dr.  R.  J.,  961 

Morley,  Samuel,  1030 

Pirn,  Admiral  Bedford  C.  T.,  1190 

Robinson,  Sir  W.  Rose,  K.C.S.I.,  657 

Solly,  Edward,  F.R.S.,  579 

Stanesby,  J.  T.  786 

Stevenson,  Daniel,  930 

Tufnell,  E.  C.,  898 

Report  of  Council,  861 

Odling,  Professor,  F.R.S.,  disc.,  opening  meeting,  31 
Oil,  manufacture  of,  from  wood,  in  Sweden,  962 
— seeds  of  Egypt,  173 
Olive  oil  in  Italy,  784 

Orange  and  lemon  cultivation  in  Sicily,  132 
Owen,  Sir  Richard,  K.C.B.,  letter,  industries  and  commerce 
of  New  South  AVales,  803 
Oyster  and  mussel  culture  at  La  Rochelle,  137 

P. 

Palm  products,  Burmese,  390 

Panama  canal,  dredging  machinery  in  the,  681 

Paper  making  in  Siam,  1005 

, toughening,  126 

rails,  38 

Parfitt,  Capt.,  disc.,  magnetism  of  ships,  244 
Paris,  wages  in,  392 
Parisian  manufactories,  353 
Patent-office  committee,  392 

report  for  1885,  1089 

Patents  in  1885,  136 

Paul,  H.  Moncrieff,  disc.,  progress  of  British  possessions, 
610 

Payne,  Alex.,  disc.,  artistic  bronze  casting,  259 
Peace,  Walter,  disc.,  national  scheme  of  emigration,  207 
Pedder,  W.  G.,  disc.,  famines  in  India,  331 ; disc.,  archae- 
ology in  India,  565 
Pest,  artesian  well  at,  850 

Petroleum  and  its  products.  Cantor  lectures,  by  Boverton 
Redwood,  805,  817,  830,  867,  883,  899,  915 

, carriage  of,  on  the  Italian  railways,  126 

Philip,  Mr.,  disc.,  mineral  resources  of  Hungary,  277 
Photographic  reproduction,  preparation  of  drawings  for, 
paper  hy  . H.  Hodson,  569 

Photography,  films  and  paper  as  substitutes  for  glass  in, 
paperloy  L.  Warnerke,  471 

and  the  spectroscope,  in  their  applications  to 

chemical  analysis,  paper  hy  W.  N.  Hartley,  366 
Pigbreeding  in  Denmark,  984 
Pigeons,  carrier,  contest  in  Turin,  1242 
Pile  driving  by  dynamite,  850 
Pirn,  Admiral  Bedford  C.  T.,  obituary,  1190 
Pipe-clay,  substitute  for  in  printing,  125 
Plants,  economic,  of  Abyssinia,  945 ; in  South  Australia,  1003 
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Plants,  industrial,  in  the  Canary  Islands,  848 
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